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ABSTRACT

The present field experiment was conducted during the wet season of 2012 and 2013 to find out the optimum
nutrient management practice for aromatic rice Gobindabhog in an alluvial soil. The experiment was laid out
in split plot design with five organic matter levels (O1- Control or no organic manure, O2- FYM @ 2.5t ha *, O3-
FYM @ 5t ha’, O4- Mustard cake (MC) @ 0.5t ha?, and O5- MC @ 1t ha) in main plot and three inorganic
fertilizer levels(IN1- N, P, K ,IN2-N_ P K, IN3-N, P, K, )insubplot. Among thetreatment combinations,
the highest total dry matter production and number of tillers per unit area, straw and grainyieldand N, P and
K uptake by rice were observed in treatment receiving mustard cake @ 1t ha* along with inorganic fertilizer

@N,, P, K. Considering the net return (Rs.16, 057 and Rs.28, 767/ha) and benefit: cost ratio (1.53 and 1.92)

in both the year, treatment receiving 2.5t ha' FYM along with chemical fertilizer @ N, P, K. was the most

profitable nutrient management practice.
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Gobindabhog is one of the indigenous short grained,
low yielding aromatic ricevariety grown by thefarmers
of Gangetic alluvial zone of India following mostly
chemical-based agricultural practices, which led to
increased productivity but with inferior grain quality,
degraded soil health and increased pollution (Banerjee
et al. 2013). Global energy crisis coupled with
environmental pollution and high price of chemical
fertilizers compelled the agricultural technologist and
farmers for adopting integrated nutrient management
practiceto supplement chemical fertilizer consumption.
The combined use of organic and inorganic sources of
plant nutrient not only enhances the production,
productivity and quality of crops but also helps in
sustaining soil productivity. Integrated nutrient
management (INM) envisages the integrated use of
nutrientsfrom different potential sourcesencompassing
chemical fertilizer, organic manure, biofertilizer, green
manure and other locally available cheap nutrient
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sourcesfor profitable crop production, sustaining soil
health, and protecting environment beyond soil (Mishra
et al. 2013; Pal 2016). The present field experiment
was conducted to find out the economically efficient
nutrient management practice for aromatic rice
Gobindabhoginanaluvial soil.

MATERIALS AND METHODS

The field experiment was conducted during the wet
season of 2012 and 2013 in an Inceptisol at university
farm BCKV (22.8°N latitude and 88.30°E longitude),
Kalyani to find out the optimum nutrient management
practice for aromatic rice Gobindabhog for higher
productivity and net return. Experimental soil waswell
drained and silty clay in texture (38.5% sand, 37.0%
silt and 24.5% clay) (Bouyoucos 1962) neutral in
reaction (pH 6.8), normal ineectrical conductivity (0.26
dS m?), cation exchange capacity 12.7 cmol (+) kg*
and high in oxidizable organic carbon (7.6 g kg?)



(Jackson, 1973), low in available N (116.3 mg kg?)
(Bremner and Keeney 1966), high in available
phosphorus (16.3 mg kg?) (Olsen et al. 1954) and
mediumin available potassium (56.3 mg kg?) (Hanway
and Heidel 1952).

Theexperiment waslaid out in split plot design
with three replications in which main plots received
different doses of organic manure from two sources
(farm yard manure and mustard cake) and subplots
received different doses of chemical fertilizers. The
main plot treatments comprised of O1: control (no
organicmanure), O,: 25tha*FYM, O,: 5tha' FYM,
O,: 0.5t ha' mustard cake (MC) and O,: 1t ha* MC.
The sub-plot treatments included three levels of
chemical fertilizersviz., IN1: N, P, K, ,IN2:N_ P K.
and IN3: N, P, K... Ondry weight basis, the percent
nutrient composition (N: P,O,: K, 0) of organic manures
were 0.6: 0.2: 0.5 and 4.5: 1.5; 1.0, respectively for
FY M and mustard cake, respectively. Organic manures
and chemical fertilizers were applied before
transplanting as per treatment requirement. Twenty days
old rice seedlings (cv. Gobindabhog) weretransplanted
at aspacing of 15 cmx 15 cmin 4 m x 2.5 m plots
during second fortnight of July. The total amount of P
and K and one half of nitrogen were applied as basal
and the remaining one half of N was applied three
weeks after transplanting of rice. Standard agronomic
practices including pest and disease control were
followed and the crop was grown to maturity.

Growth parameters like dry matter yield and
number of tiller per m2at activetillering, panicleinitiation
stage and grain and straw yield of rice were recorded
following standard methods. For estimation of nutrient
uptake by rice only the harvested portion of the crop
was taken into account. Total N content in oven dry
plant sample was determined by micro-kjeldahl
digestion method (Jackson 1973). Total Pand K inoven
dry plant sample were measured in tri-acid digestion
extract (Black 1965).

Main effects of main plot and subplot along
with their interaction effects were calculated for each
variable. All those means were compared for their
significancefollowing split plot design. Pooled split plot
analysis technique was further made for each year to
compare stage, organic manureand inorganic fertilizer
dose means and to test therelated main and interaction
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effects by including stages, organic manure and
inorganic fertilizer treatments as an additional source
of variation, respectively. Standard error of mean for
all main and interaction effectsand L SD (0.05) values
were calculated only for those effects which were
sgnificant.

RESULTS AND DISCUSSION

Dry matter production and number of tiller per m?
increased consistently with advancement of crop
growth (Table 1a). Again, both the sources of organic
manures (FYM and mustard cake) had a positive and
significant influence on these two yield-attributes of
Gobindabhog over control (no organic manure addition).
Thiscould beexplained by greater and well synchronized
release of nutrients from organic sources with plant
demand. The highest mean dry matter yield (331.58 g
m2) and number of tillers per m2 (319.84) were
recorded in treatment receiving 1t ha* of mustard cake.
Banerjeeet al. (2013) also reported that application of
mustard cake (50% recommended dose of N as basal
+50% RDN at 21 DAT) resulted in the highest growth
and yield-attributes. The mean dry matter yield and
number of tillers per m? asoincreased significantly with
increase in the level of chemical fertilizer (Table 1a).
The highest mean dry matter accumulation (329.88 g
n2) and number of tillers per m2(314.33) were observed
with highest fertilizer dose (IN3). Theinteraction effect
showed that the highest mean dry matter yield (341.40
g m?) was recorded in treatment receiving 1 t ha™
mustard cake along with fertilizer @ N, P, K.,
(O5IN3) (Table 1b). The highest mean tiller number
per m? (325.28) was also observed in O5IN3.
Application of mustard cake @ 1 t ha* along with the
highest dose of fertilizer resulted to 10 per cent increase
in tiller production per m? over no organic manure
treatment. The result was in the conformity with that
of Nwaiwe et al. (2010). Ghosh (2007) aso reported
similar observation when FYM or green manure was
applied on rice. He opined that organic manure might
have improved root development, thereby higher
biomass production and lesser tiller mortality. The
greater tiller production in mustard cake applied
treatment over FYM treated plots was possibly
attributed to faster mineralization of plant nutrientsfrom
mustard cake than FY M.

Irrespective of source organic manure had a
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Table 1a. Effect of integrated nutrition on dry matter
accumul ation and number of tillersof rice

Stages Dry matter accumulation  Number of tillers per m?
(gm?)
2012 2013 Mean 2012 2013 Mean
AT 183.92 188.00 185.96 293.02 300.21 296.61
PI 27328 278.64 27596 30520 314.65 309.93
Harvest 500.27 506.97 503.62 317.86 319.27 31857

Mean 319.16 32454 321.85 30536 311.38 308.37
LSD(0.05) 4.30 502 263 213 0.97 0.93

Organics

01 312.64 32093 316.79 28457 289.94 287.25
02 31255 31843 31549 31472 31290 31381
03 323.69 323.75 32372 29741 312.82 305.12
04 318.30 325.02 321.66 314.66 317.00 315.83
05 328.61 33455 331.58 31544 32423 319.84

Mean 319.16 32454 321.85 30536 311.38 308.37
LSD(0.05) 5.55 648 415 275 1.25 1.47
Chemical fertilizer

IN1 311.89 315.83 313.86 301.24 303.54 302.39
IN2 318.92 324.67 321.80 303.13 313.65 308.39
IN3 326.66 333.11 329.88 311.71 316.95 314.33
Mean 319.16 32454 321.85 30536 311.38 308.37
LSD(0.05) 1.72 148 117 1.56 119 2.55

Table 1b. Interaction effect of organic and inorganic
nutrient on dry matter accumulation and number of tillers
of rice

Treatment  Dry matter accumulation Number of tillers
combinations (gm?) per n?
2012 2013 Mean 2012 2013 Mean

O1IN1 306.56 310.80 308.68 271.58 280.28 275.93
O1IN2 312.80 321.64 317.22 289.89 291.29 290.59
O1IN3 31858 330.36 324.47 202.24 29825 295.25
O2IN1 307.49 309.18 308.33 310.80 303.11 306.96
O2IN2 31236 318.12 31524 317.97 321.41 319.69
O2IN3 317.80 328.00 322.90 315.39 314.19 314.79
O3IN1 31840 313.73 316.07 302.58 301.89 302.23
O3IN2 32496 324.00 324.48 275.74 316.29 296.02
O3IN3 327.71 33351 330.61 313.91 320.29 317.10
O4IN1 30840 319.78 314.09 313.74 31220 312.97
O4IN2 317.71 324.00 320.86 313.94 316.63 315.29
O4IN3 328.80 331.29 330.04 316.30 322.16 319.23
O5IN1 318.62 325.64 322.13 307.51 320.22 313.87
O5IN2 326.80 335.60 33120 318.12 322.61 320.37
O5IN3 34040 34240 341.40 320.69 329.87 325.28

Mean 319.16 32454 321.85 305.36 311.38 308.37
LSD(0.05) 6.65 575 368 6.03 4.59 8.08

significant and positive effect on straw and grainyield
of aromatic rice Gobindabhog (Table 2a). Among the
two sources of organic manure mustard cake proved
itssuperiority over FY M. Themean effect of gpplication
of mustard cake @ 1t ha! and FYM @ 5t ha?
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Table 2a. Effect of Integrated nutrition on straw and grain
yield of aromatic rice Gobindabhog

Treatments  Straw yield (t hat) Grainyield (t ha®)
2012 2013 Mean 2012 2013 Mean

Organics

o1 409 456 4.33 2.09 2.28 219
02 422 512 4.67 217 2.78 248
o3 419 542 4.81 222 2.95 2.59
o4 452 545 4.99 248 317 2.83
05 483 5.65 5.24 247 325 2.86

Mean 437 524 481 229 2.89 259
LSD(0.05) 039 047 0.33 0.17 0.13 0.12
Inorganicfertilizers

IN1 428 523 4.76 2.27 281 254
IN2 440 522 481 2.38 2.88 2.63
IN3 443 527 4.85 2.29 297 2.63

Mean 437 524 481 229 289 2.59
LSD(0.05 NS NS NS NS 0.16 NS
registered 21 and 11 per cent increase in straw yield
and 30.6 and 18.3 per cent increase in grain yield of
aromatic rice over no organic manure treated plot,
respectively. However, inorganic fertilizer addition had
no significant response on the yields of rice except in
grainyield during 2013. Theinteraction effect of organic
manure and chemical fertilizer reveal ed that the highest
straw yields (4.96 and 5.68 t ha! in 2012 and 2013,
respectively) were recorded with the application of
mustard cake @1t ha?! plus chemical fertilizer @
N,,P,,K,, which were 24 and 27.9 per cent higher
than the treatment receiving only chemical fertilizer @
NP, K., (Table 2b). Substitution of 1/4th to 1/3rd of
RD of N through organic sourcesviz. FYM or Azolla
or in situ green manuring with Sesbania to rice in
conjunction with 75% RD of N, P and K through
chemical fertilizer registered the higher grain and straw
yield of rice as compared to 100% recommended dose
of fertilizer (Mohanty et al. 2013; Mondal et al. 2014).
In year 2012, the highest grain yield (2.70 t ha) was
recorded with application of mustard cake @ 0.5t ha'*
along with chemical fertilizer @ N, P, K, (O4IN3),
whichwason par with thetreatment (O5IN3) receiving
mustard cake @ 1t ha?! plus chemical fertilizer @
N,,P,.K,,: In2013, the highest grainyield (3.32t ha)
was observed in treatment O5IN3. 21.2 and 37.2 per
cent moregrain yield of ricewererecorded in treatment
receiving mustard cake @ 1 t ha* in conjunction with
inorganic fertilizer @ N, P, K,, (O5IN3) over the
treatment receiving only inorganic fertilizer @
N,,P,oK,, (O1IN3). This was due to additional effect
of organic manure applied alongwith
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Table 2b. Interaction effect of organic and inorganic nutrients on straw and grain yield and economics of aromatic rice

Gobindabhog.
Treatment
combinations Straw yield (t ha')  Grainyield (t ha) Cost of cultivation Net return (Rs.ha?)  B:Cratio
(Rs. ha?)

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
O1IN1 4.00 4.44 2.00 214 27,217 28,354 13,148 17,385 1.48 161
O1IN2 4.05 4.56 2.06 2.28 27,668 28,826 13,877 19,815 1.50 1.69
O1IN3 4.23 4.69 2.22 242 28,240 29,423 16,489 22,129 1.58 175
O2IN1 4.15 5.08 215 274 29,802 30,939 14,368 28,179 1.48 191
O2IN2 4.45 5.15 2.25 2.79 30,253 31,411 16,057 28,767 153 192
0O2IN3 4.05 5.13 2.10 2.80 30,825 32,008 12,315 28,353 140 1.89
O3IN1 4.06 5.43 211 2.89 31,552 32,689 11,786 29,727 137 191
O3IN2 4.42 5.41 2.34 2.90 32,003 33,161 15,993 29,438 150 1.89
O3IN3 4.09 5.43 2.20 3.06 32,575 33,758 12,497 32,058 1.38 1.95
O4IN1 4.42 553 2.39 3.08 35,552 37,189 13,3%4 29,112 1.38 1.78
O4IN2 4.32 5.40 2.34 3.19 36,002 37,661 11,913 30,679 133 181
O4IN3 4.82 541 2.70 3.25 36,575 38,258 18,581 31,341 151 1.82
O5IN1 4.76 5.69 235 3.20 43,052 45,189 5,406 23648 113 1.52
O5IN2 4.76 5.58 2.38 322 43,503 45,661 5,525 23482 113 151
O5IN3 4.96 5.68 2.69 332 44,075 46,258 11,003 24970 125 154
Mean 4.37 5.24 2.29 2.89
LSD(0.05) 0.94 0.20 0.46 0.36

Cost of rice seed: Rs. 45.00 (2012), 50.00 kg (2013); labour wage: 167.00 man day * (both the years); rate of power tiller:
250.00 (2012), 300 hour ' (2013); cost of FYM: 0.70 kg™ (both the years); cost of mustard cake: 15, 000 (both the years); cost
of urea5.60 (2012) and 5.80 kg * (2013); cost of SSP: 6.80 kg'* (both theyears); cost of MOP: 14.00 (2012), 16.00 kg (2013);
rate of paddy: 19, 000 (2012), 20,000t (2013); rate of straw: 800 (2012), 850t 1(2013).

theinorganicfertilizer. Increaseintheyidd of ricewith
addition of nutrients through integrated nutrient
management improves soil productivity and increases
fertilizer use efficiency. The result was well
corroborated with thefindings of severd authors (Ghosh
2007; Wardana et al. 2010).

Nutrient (N, P and K) uptake increased
consistently from active tillering to harvesting stage
keeping in parity with the dry matter production of rice
(Table 3a). Among two organic sources nutrient uptake
wassignificantly higher with mustard cake than FY M,
which might be due to faster release of nutrientsfrom
the former than the latter source. Nutrient uptake also
increased significantly with increase in the dose of
inorganic fertilizer. The combined effect of organic and
inorganic sources of nutrient revealed that at harvest
the highest nutrient uptake (53.9 and 63.1 kg N ha?,
14.4 and 17.7 kg P ha' and 84.0 and 87.3 kg K ha?)
was recorded in treatment receiving 1 t ha! mustard
cake along with chemical fertilizer @ N, P,.K,,
(O5IN3), whilethe least (40.6 and 44.3 kg N ha?, 9.5
and 11.0 kg P ha' and 65.2 and 68.4 kg K ha?) in
treatment receiving only chemical fertilizer @
N,,P.,oK,, (O1IN1) in two consecutive years (Table

3b). Use of organic manure improved soil physical,
chemical and biological environment which in turn
increased the nutrient absorption efficiency of theplant.
Higher nutrient uptake by rice due to combined use of
organic manure along with chemical fertilizer by
increasing organic carbon, available N, Pand K in soil
was reported by several authors (Ramkrishna et al.
2007; Walia et al. 2010; Karmakar et al. 2011).

The cost of cultivation varied from Rs.27, 217
and Rs.28, 354/hain O1IN1 (receiving only chemical
fertilizer @ N, P, K, ) toRs. 44, 075 and Rs. 46, 258/
haintreatment O5IN3 (receiving 1t ha mustard cake
with chemical fertilizer @N P, K.,) during 2012 and
2013, respectively (Table 2b). This variation was
primarily dueto variation in prices of organic manures
and fertilizers. However, the highest net return was
receivedin O,IN, (Rs.18, 581/ha) and in O,IN, (Rs.32,
058/ha) during 2012 and 2013, respectively. Thus,
considering net return (Rs.16, 057 and Rs.28, 767/ha)
and benefit: cost ratio (1.53 and 1.92) of both theyears
treatment O,IN, receiving 2.5 t ha' FYM along with
chemical fertilizer @ N, P,.K,. was the most
economically efficient treatment combination. Banerjee
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Table 3a. Effect of integrated nutrition on total uptake of nitrogen, phosphorus and potassium (kg ha ) by aromatic rice

Gobindabhog.
Organics N uptake P uptake K uptake
2012 2013 2012 2013 2012 2013
AT* PI** Har- AT Pl Har- AT Pl Har- AT Pl Ha- AT Pl Har- AT Pl Har-
vest vest vest vest vest vest

01 175 265 434 182 275 469 340 524 100 35 54 113 248 377 681 258 391 702
02 178 273 467 186 280 497 331 548 109 35 56 135 252 382 707 263 392 775
03 193 282 481 188 279 532 405 612 115 39 6.1 147 274 305 708 266 390 79.7
04 184 276 492 188 283 576 395 598 128 40 6.1 157 264 389 750 269 398 817
05 195 289 505 202 297 611 411 605 134 43 62 169 273 400 814 283 411 856
Mean 185 27.7 476 189 282 537 376 577 117 38 59 144 262 389 732 268 396 79.0
LSD(0.05) 136 095 026 140 167 278 035 028 039 035 039041 19 197 031 200 216 1.22
Chemical fertilizer
IN1 269 454 179 273 514 269 36 55 110 37 56 139 250 380 712 254 385 769
IN2 277 472 190 283 537 277 38 57 117 39 58 144 262 386 725 269 393 789
IN3 285 501 198 292 559 285 39 61 125 40 63 149 274 401 758 281 411 811
Mean 277 476 189 282 537 277 38 58 117 38 59 144 262 389 732 268 396 790
LSD(0.05) 049 025 032 044 166 049 010 014 016 010 012036 052 055 041 0.01 048 113

AT* stands for active tillering stage and PI** for panicleinitiation stage

Table 3b. Interaction effect of integrated nutrition on total uptake of nitrogen, phosphorus and potassium (kg ha ) by

aromatic rice Gobindabhog.

Treatment N uptake P uptake K uptake
combina 2012 2013 2012 2013 2012 2013
tions AT* PI** Ha- AT Pl Har- AT Pl Ha- AT Pl Har- AT PI Har- Har-
vest vest vest vest vest AT Pl vest
O1IN1 169 258 406 173 265 443 32 50 95 33 51 110 235 369 652 242 379 684
O1IN2 178 268 431 184 276 472 36 52 99 37 54 114 251 377 680 259 389 701
O1IN3 178 270 465 187 283 490 34 55 106 36 58 115 259 385 711 273 404 722
0O2IN1 171 271 442 173 274 477 32 51 102 32 51 128 244 374 686 247 377 755
02IN2 178 273 474 188 279 497 33 54 111 35 55 136 250 384 697 264 303 767
O2IN3 185 273 486 197 285 517 34 60 114 37 62 139 261 389 737 278 406 805
O3IN1 188 276 463 179 269 504 39 59 105 37 58 143 267 393 686 253 382 76.6
O3IN2 194 284 481 187 278 534 41 61 115 39 60 146 274 386 6993 263 378 80.0
O3IN3 198 287 498 198 290 557 41 64 124 41 64 151 280 406 739 280 410 824
O4IN1 174 266 478 181 273 549 38 56 124 40 57 153 247 379 739 258 39.0 7938
O4IN2 185 278 483 186 282 575 39 61 125 39 62 158 268 385 744 269 392 825
O4IN3 193 285 51.7 196 2928603 42 63 136 42 65 160 276 401 765 281 412 829
O5IN1 182 274 483 190 282 595 39 59 125 41 61 161 258 383 798 270 395 843
O5IN2 191 285 492 203 297 607 39 58 134 42 61 168 270 395 803 287 412 852
O5IN3 211 308 539 212 310 631 45 64 144 46 65 177 292 421 840 294 425 873
Mean 185 277 476 189 282 537 38 58 117 38 59 144 262 389 732 268 396 790
LSD(0.05) 0.71 109 056 072 099 371 022 031 036 023 028081 022 031 036 023 028 081

AT* stands for active tillering stage and PI** for panicle initiation stage

et al. (2013) reported that integrated use of FYM and
mustard cake equivalent to 50 kg N ha'* fetched higher
net return and B: C ratio in comparison to other organic
manuresin aromatic Gobindabhogrice.

CONCLUSION

Among the fifteen integrated nutritional package
practiced in this study application of 1 t ha® mustard
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cake along with chemical fertilizer @ N, P, K.,
recorded the highest grain and straw yield of aromatic
rice Gobindabhog. However, considering net return and
benefit: cost ratio the treatment comprising of FYM @
2.5t ha' along with chemical fertilizer @ N, P K.,
could be recommended as the most economically
efficient nutritional package of aromatic rice

Gobindabhog for the soils of thisalluvial zone.
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