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ABSTRACT

Two field experiments were conducted at Tadong in Sikkim in the humid mid-hill acidic soils during rainy ( kharif)
season of 2004, 2005 and 2006 to optimize the rate, source and schedule of nitrogen management for increasing
the yield and nitrogen-use efficiency of transplanted rice (Oryza sativa L.) under 9 schedules, 4 rates (0, 80, 120
and 160), 3 nitrogen sources (urea, farm yard manure and neem cake-coated urea) in comparison with farmers’
practices. N application @ 80 kg/ha as ¥ N 10 days after transplanting (DAT) + ¥4 N at maximum tillering (MT) + %
at panicale initiation (PI) recorded the highest yield (5.44 t/ha), recovery efficiency (82%) and agronomic efficiency
(47.9 kg grain / kg N applied). The grain yield increased with increase in the N rate from 80 to 160 kg/ha. Conjunc-
tive application of FYM and urea increased the N uptake by 11.1 to 26.2%, recovery efficiency (11.1 to 46.7%) and
agronomic efficiency (5.4 to 14.8 %). Basal application of FYM @ 2.5 t/ha and top-dressing 80 kg N/ha through
urea as ¥ N at 10 DAT + %2 N at MT+ % at PI stage recorded the highest recovery efficiency (66.3%) and agro-
nomic efficiency (38.7 kg grain / kg N applied). At 120 kg N/ha neem cake increased the recovery efficiency by
12.1 and 37.6% and agronomic efficiency by 9.9 and 15.8% over N_,, with and without FYM. Farmers’ practice of
application of FYM basal @ 5 t/ha and FYM @ 2.5 t/ha along with top-dressing of DAP @ 40 kg/ha at Pl gave low
yield and N-use efficiency.
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Rice Oryza satival.) is the second most important transplanted HYV of rice to nitrogen management under
cereal of Sikkim, cultivated on 14,150 ha with an average submerged acidic soils of mid-hill conditions of Sikkim.
yield 1,516 kg/ha (Anonymous, 2007). The production Hence this study was conducted using different nitrogen
levels are below the regional and national averages, prosources and rates in comparison with farmers’ practices to
viding ample scope for increasing both production and optimize the rate, source and schedule of nitrogen man-
productivity. The low-yields of rice in Sikkim can be re- agement for increasing the yield and N-use efficiency of
lated to palatability preference for low yielding traditional transplanted rice.
cultivars, partial implementation of recommended man-
agement practices, low nutrient input etc. Since 1975 the MATERIALS AND METHODS
State Agriculture Department has introduced many high-  Two field experiments were simultaneously conducted
yielding varieties (HYVs) of rice, yet the traditional culti- on rice at the ICAR Sikkim Research Farm, Tadong, lo-
vars occupy almost 50% of the net sown area. Thesesated at an altitude of 1,400 m above mean sea-level in the
HYVs are also cultivated under low input management. humid mid-hill acidic soils during rainklarif) seasons of
Nutrient management at farmers’ fields is limited to farm- 2004, 2005 and 2006. The first experiment was laid out in
yard manure (FYM) @ 2.5 to 5 t/ha as basal dose with orrandomized block design with 10 treatments and 4 repli-
without top-dressing of diammonium phosphate (DAP) @ cations. These nitrogen treatments wergn® nitrogen
20 to 40 kg/ha at panicle-initiation stage. Low use effi- (the control); T, full N through FYM broadcast and incor-
ciency of applied nitrogen under submerged conditionsporated (Bl); T, %2 N through FYM (BI) + %2 N top-
has been well documented for plains under various mandressed at maximum tillering stage, ¥2 N at 10 days
agement practices (Barla and Upasani, 2008; Sihah, after transplanting (DAT) + % N at maximum tillering
2001), but no studies are available on the response ofMT) stage; T, full N top-dressed at 10 DAT,I*; N Bl
at transplanting +; N at maximum tillering +/; N at
Corresponding author: E-mail: ravisikkim@yahoo.co.in panicle initiation (PI); T %N at 10 DAT + % N at maxi-
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mum tillering + % at PI; J %2 N Bl at transplanting + %2 effective tiller density and panicle length, which increased
N at maximum tillering + %2 at PI,;J% N Bl at transplant- ~ with increase in N rate (Table 2). Integration of
ing + %2 N at 7 days before panicle initiation (DBPI), T N, +FYM produced the highest tiller density and

160 2.5t/ha
Y4 N Bl at transplanting + ¥ N at 10 DAT + % N at maxi- panicle length, which resulted in the highest rice yi¢|g.
mum tillering + % N at PI. + FYM, . recorded higher tiller density and panicle

The second experiment, conducted simultaneously, wadength than NCLJ,, indicatingits ability for sustained N
also laid out in randomized block design with 9 treatmentssupply.
and 4 replications. In this experiment different sources and
doses of nitrogen were applied as: nitrogen sole applica-Effect on yield
tion through urea @ 80, 120 and 160 kg N/ha as ¥2 N at 10 Different schedules of nitrogen application (Experi-
DAT + ¥4 N at maximum tillering + % at Pl alone{T)); ment 1) produced significantly higher rice-grain yield than
and in conjunction with broadcast and incorporation of the control, which increased progressively during the 3
well-rotten FYM @ 2.5 t/ha (FT,), along with farmer's  years of study (Table 1). Three split N applications as ¥ N
practices. Slow-release N fertilizer as neem-coated ureagt 10 DAT + % N at MT + % at PI ()l recorded the high-
produced by coating urea with neem-seed cake @ 20% thest yield in all the 3 years, with an increasing trend from
weight of urea with coal tar solution in kerosene as bind-4.9 to 5.6 t/ha, being 6.3 to 45.2% higher than under other
ing solution, was applied @ 120 kg N/ha basal just beforeschedules. Delay in the basal dose till 10 DAT ensured
transplanting. The nutrient management of farmers of establishment of seedlings, and split application at crucial
Sikkim for rice production consisted of two practices; viz. stages of maximum tillering and panicle initiation resulted
F,, FYM was applied basal @ 5 t/ha to supply 20 kg N/ha; in higher absorption and translocation of nitrogen to effec-
and E, FYM @ 2.5 t’ha and DAP top-dressed @ 40 kg/ha tive plant parts, i.e. flag leaf and panicles, and reduced the
at panicle initiation to provide 40 kg N/ha. FYM contained losses, resulting possibly in high grain yields (Laethal,
0.40% N, 0.92% P, 0.43% K, and 0.31% organic carbon,1998). Application of Iy wholly through FYM produced
with 17.3:1 C:N ratio. the lowest grain yield, perhaps because of its inability to

In both the experiments 25 day-old seedlings of ‘Pant Synchronize the N supply with all the growth stages. Top-
Dhan 10’ were transplanted at 20 x 15 cm spacing with 2dressing of full N dose at 10 DAT also proved ineffective.
seedlings/hill. The flood-water level of 10 cm was main- Application of half the N dose basally either as urea or
tained in all the plots till the flowering stage. The clay FYM did not result in significant gain in yield compared
loam soils had pH 5.35, organic carbon 1.85%, availablewith that where it was applied at 10 DAT. Three and four
N (alkaline KMnQ) 212.3 kg/ha, available (Brays;)FP split applications of nitrogen were significantly different
26.4 kg/ha, available K (NJ@Ac-extractable) 197.1 kg/ from each other and superior to other treatments, which
ha, and (CEC) 15.6 cmol{(pkg. N, P and K were applied could be due to better supply of N at crucial growth stages,
@ of 80, 60 and 40 kg/ha, through FYM (in terms of or- confirming the finding of Singtet al. (2007). Higher
ganic equivalents), urea, single superphosphate and murileaching and overflow losses resulted in significantly
ate of potash respectively, with full P and K as basal doselower yield with 4 splits than with 3 split applications. The
FYM was applied basal 3 days before transplanting infarmers’ application of FYM @ 5 t/ha proved inadequate

both the experiments. in terms of N supply required for high yield and produced
only 1.93 to 2.13 t/ha, which was significantly higher only

RESULTS AND DISCUSSION over the control. The increase in straw yield each year

Effect on growth under the influence of various N schedules was signifi-

Different schedules of N application showed significant cantly higher over than the control. Straw production
effect on effective tiller density and panicle length at har- showed similar trend as grain yield.
vest for all the treatments including the farmers’ practice  All the treatments and the farmers’ practice generated
(Table 1), recording higher values for split application. higher harvest index (HI) values than the control. Benefits
Maximum tiller density and panicle length observed in the of delayed application of half the N dose until the Pl stage
treatment ¥ N 10 DAT + % N at MT + % at PLJT  were reflected in the highest HI for 3 consecutive years
showed the benefit of split application ensuring continuedthat ranging from 46.8 to 48.9, whereas the farmers’ prac-
N availability compared with single application. Lad#ta  tice produced the lowest Hl.
al. (1998) reported similar findings. The panicles in the  All the rates and sources of N application (Experiment
farmers’ practice were significantly shorter than all the 2) produced yields significantly different from each other
other treatments. and higher than the \ontrol. Rice yield increased with
The rates and sources of N significantly influenced theincrease in N level from 80 to 160 kg/ha in both sole ap-
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plication as well as in conjunction with FYM, but it de-
creased in the third year at higher rates due to the inci-
dence of leaf and neck blast. Application of 80 kg N/ha
increased the yield by 120 to 156% over the control; the
increases were larger at higher rates of N application
(Table 2). Amalgamation of N+FYM, .t/ha produced the
highest grain yield, whereas the farmers’ practice also
yielded 63 to 70% more than the control. Nitrification in-
hibition induced by NCLJ increased the yield by 210 to
234% over the control and 6.0 to 16.0% ovey, Bind
N,+FYM, . .. Higher N application increased the N up-
take, leading to greater dry-matter production and its trans-
location towards sink (Dagt al., 2000). The farmers’
practice that supplied only 40 kg N/ha yielded more than
the control but significantly lower than all the other treat-
ments. An increase in the N rate from 80 to 120 kg/ha and
doubling to 160 kg/ha increased the yield by 23.8% and
37.8% respectively, but when it was increased from 120 to
160 kg/ha the increase was only 11.2%. Application of
N, +FYM, . .. produced the highest straw yield. The
straw yield showed similar trend as grain yield and in-
creased with increase in N rate. All the treatments includ-
ing the farmers’ practice recorded higher HI values than
the control, the highest HI was recorded for the combined
application of N+ FYM, . in all the 3 years. HI was
higher when urea was combined with FYM and increaseg
with the increase in N rate.

rice

Effect on N uptake

Split application of ¥4 N 10 at DAT + ¥4 N at MT + Y%
at PI (T)resulted in the maximum uptake of N which was-C
significantly higher (7.9 to 112.5%) than other scheduleg
(Table 3). The total N uptake at harvest was significantlys
influenced by N fertilization, showing significant variation ®
between schedules and over the control. The short suppd/
of N in the farmers’ practice was amply reflected by the>
lowest N uptake. This perhaps could be related to slo@
decomposition rate of FYM in submerged conditions un<
der the maximum air temperature of 25 té€uring the
rainy (kharif) season. These findings are in consonanc
with those of Ladhat al. (1998).

The rates and sources of N showed significant differe
ences in N uptake amongst the treatments (Table 3). Inté-
gration of FYM with urea resulted in significantly higherqqc’_J
uptake at all the rates of nitrogen application MNFYM, 3

. 'ecorded the highest uptake that increased with the raj;é
of N application. An increase in N level from 80 to 120w
kg/ha and to 160 kg/ha increased the uptake by 30.7 aﬂ‘fd
55.6%, respectively, but that from 120 to 160 kg/ha mw
creased the uptake by 19% only. Similarly, the N uptakl%*J
increased by 11.1 to 26.2% on integration with FYM. Ni- 2
trification inhibition through neem cake increased the up,_
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3.56
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0.13 0.17 0.2
0.4 0.5
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7.3

190
9.5

184
8.0

385 350 351 356
0.20

2.13
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3.71
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0.6

28 22
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0.35 0.54
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CD (P
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20 kg N/ha

*Farmers’ practice: FYM @ 5 t/ha
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take by 8.5 and 24.8% over Nand N, +FYM, _ . re- whereas when it was raised from 120 to 160 kg/ha AE
spectively. Higher concentration of N in rhizosphere led to decreased by 14.1%. Conjunctive application of urea +
higher N uptake by the plant biomass. Rice plant prefersFYM increased the AE by 5.4 to 14.8%. This amalgam-
NH,*-N at early stage of the crop growth, which was ation also provided greater stability in crop production and
higher under continuous submergence, probably due to théncreased the nutrient-use efficiency due to modification
slow rate of nitrification prevailing under oxygen-stress of the soil physical behaviour (Nambiar and Abrol, 1992).
condition (Manguiatt al,, 1994). The integration of Recovery efficiency decreased with increase in N rate in
chemical fertilizer with organic fertilizer such as FYM the integrated mode, but the trend was erratic for urea
improved the productivity because of nutritional and alone. At N,, neem cake increased the RE by 12.1 and
growth-stimulating substances (Sharma and Mittra, 1988).37.6% and AE by 9.9 and 15.8% compared with\\th
or without FYM. It confirms the finding of Mishra (1992),

Effect on N-use efficiency and could be attributed to lower leaching losses of nitrate-

Nitrogen-use efficiency in terms of recovery efficiency N caused by the inhibitory effect of neem cake.
and agronomic efficiency was higher for 3 and 4 split ap-

plications of N compared with other schedules, pointing to Economics
lower losses and higher N availability for longer duration.  The highest net return and benefit : cost (B:C) ratio
A reverse trend was observed for production efficiency were recorded for 3-split N applications as ¥4 N at 10 DAT
(PE). Maximum recovery efficiency and agronomic effi- + % N at MT + ¥ at Pl amongst the various N application
ciency were observed for %2 N at 10 DAT + % N at MT + schedules evaluated (Table 3). Split applications generally
% at PI, which was 11.1 to 97.1% and 9.0 to 180.1%realized higher net return. The net return and benefit : cost,
higher under than other schedules (Table 3). It strengthentiowever, increased with the increase in N level from 80 to
the argument that higher NUE with one-fourth split appli- 160 kg N/ha. Maximum return and net return/Re invested
cation of fertilizer dose at 10 DAT may be due to better were highest with I\, Conjunctive application of FYM
translocation, distribution and remobilization of absorbed with highest return was also observed g but the high-
N in different plant organs, i.e. flag leaf and spikelets, with est net return/Re invested was recorded at F Y, ,
which N is used in CQfixation (Ladheetal., 1998). The = perhaps because of the lower cost of cultivation. Neem-
farmers’ practice proved to be an inefficient schedule of N coated urea was also cost effective, with a return of Rs
management. 69,850 and benefit : ratio, ratio 1.81. The farmers’ prac-
Agronomic efficiency and production efficiency de- tices brought the lowest return in this study.
creased with increase in N level from 80 to 160 kg/ha and Three-split N applications as ¥4 N at 10 DAT + ¥4 N at
was higher when integrated with FYM (Table 3). The MT + % at Pl showed the best performance amongst the
highest values of AE and PE were observed fgr#N  various N application schedules evaluated. However, the
FYM, . ..and farmers’ practice. When N level was in- study reveals that the schedule of broadcast and incorpo-
creased from 80 to 120 kg/ha and to 160 kg/ha the agroration of FYM @ 2.5 t/ha 3 days before transplanting, fol-
nomic efficiency decreased by 6.6 and 21.7% respectivelyJowed by top-dressing of 80 kg N/ha through urea as ¥4 N

Table 2. Effect of nitrogen application on yield and growth of transplanted rice

Treatment Yield (t/ha) Harvest-index Effective tillers/m Panicle length (cm)
2004 2005 2006 2004 2005 2006 2004 2005 2006 2004 2005 2006
Grain Straw Grain Straw Grain Straw

T,No-Ncontrol 2.03 414 196 388 187 376 329 336 332 151 157 148 238 234 232
T, Ny, 449 551 466 542 478 558 449 462 461 224 242 263 247 243 246
T, N, 564 612 589 616 571 6.14 480 489 482 276 288 279 255 245 247
T, N, 637 6.89 654 667 627 645 480 495 493 324 335 327 258 248 249
T,FYM, +N, 485 527 507 539 522 565 479 485 480 297 308 295 252 246 24.4
T,FYM, +N, 582 6.11 614 635 589 607 488 492 493 339 357 347 258 249 247
T,FYM, +N, 654 665 672 664 663 654 499 503 503 374 386 379 261 252 251
T,NCU-N, 630 642 648 671 625 6.14 495 491 504 289 311 302 251 247 245
T, FP 331 508 324 520 318 536 395 384 372 178 172 166 239 237 234
SEmz 016 018 017 023 016 0.17 29 50 41 02 017 016
CD (P=0.05) 046 054 051 066 047 051 11 15 13 06 05 05

FP: Farmers’ practice: FYM @ 5t/ha + DAP @ 40 kg/ha= 40 kg N/ha
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Table 3. Effect of nitrogen management on N uptake, N-use efficiency and economics of transplanted rice (pooled data of 3 years)

Treatment Total N uptake N use efficiency Net return Benefit :
at harvest (kg/ha) RE (%) AE PE (x*1Rs/ha) Cost ratio

Experiment 1
T,, Control 22.8 18.58 1.08
T, 20t FYM 41.6 235 17.1 72.8 22.79 1.24
T, 10tFYM + N, 51.1 35.3 23.4 66.3 39.82 1.71
T, N+ N, 61.3 48.0 31.8 66.1 46.90 1.71
T,, Ny, 10 DAT 54.2 345 24.7 71.3 40.93 1.53
T N+ N+ N, 77.2 68.0 41.0 60.3 54.99 1.73
T, N+ Ny + N, 88.4 82.0 47.9 58.5 60.26 1.98
Tg N+ Nyt Ny 81.9 78.8 43.9 59.4 57.46 1.83
Te Nt N, 50.2 34.3 22.0 64.1 37.80 1.37
T Nog+ Nyt N+ N, 68.2 56.7 35.7 63.0 49.73 1.57
Farmers’ practice* 28.4 28.0 20.8 74.2 23.94 1.13

SEm+ 1.9

CD (P=0.05) 5.7
Experiment 2
T,, No-N control 28.3 20.46 1.10
T, Ng, 64.4 45.2 33.7 74.4 51.93 1.72
T, N, 84.2 46.6 31.6 67.9 63.61 1.77
T, N 100.2 45.0 27.7 61.8 70.60 1.80
T, FYM, +N_, 81.3 66.3 38.7 58.3 62.95 1.89
T FYM, N0 96.9 57.2 33.3 58.2 65.68 1.68
T, FYM, +N, 111.3 51.9 29.3 54.8 72.91 1.65
Tg NCU-N,,, 105.1 64.1 36.6 57.1 69.85 1.81
T,, Farmers’ practice 45.4 37.8 32.3 77.5 33.64 1.38

SEm+ 2.0

CD (P=0.05) 5.9

RE - Recovery efficiency; AE = agronomic efficiency (kg grain/kg N applied); PE = production efficiency (kg grain/kg N uptake)
*Farmers’ practice: FYM @ 5 t/ha = 20 kg N/BRarmers’ practice: FYM @ 5t/ha + DAP @ 40 kg/ha= 40 kg N/ha
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