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Integrated crop management modules for enhancing productivity and
profitability of direct-seeded basmati rice (Oryza sativa)
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ABSTRACT

A field experiment was conducted during rainy season (June—October) of 2016, to study the effect of different
integrated crop management (ICM) modules on productivity and profitability of direct-seeded basmati rice. The ex-
periment was laid out in a randomized block design with eight treatment combinations, i.e. ICM modules (ICM, to
ICM,). The study indicated that the yield attributes, grain yield (4.03 t/ha), harvest index, as well as gross
(¥96,253/ha) and net (¥50,693/ha) returns as well as gross B: C ratio (2.11) of rice crop were significantly higher
in the ICM_, i.e. zero till (ZT)-summer mungbean residue retention (SMB-RR) + ZT- direct seeded rice (DSR) +
wheat residue @ 3 t/ha + 75% of recommended dose of fertilizers @ 100 : 50 : 50 kg N : P,O, : K,O/ha (RDF) (N
through Zn coated urea/ZCU) + glyphosate as pre-plant (PP) @ 1 kg a.i./ha + pretilachlor as pre-emergence (PE)
@ 0.75 kg a.i./ha followed by bispyribac-sodium @ 25 g a.i./ha as post emergence (POE) at 25 days after sowing
(DAS) + need based water management, disease and integrated pest management, with comparison to other
modules. The escalation of cost due to transplanting was increased ¥5,045/ha compared to direct—seeded rice.
The increase in net returns with ICM, was 36.7, 41.4 and 9.3% over ICM,, conventional transplanting/TPR + 100%
of RDF + butachlor-PE @ 1 kg a. i./ha + 1 hand-weeding (HW); ICM_, ZT-DSR + wheat residue @ 3 t/ha + 75%
RDF + AMF + NPK-biofertilizer + glyphosate as PP @ 1 kg a.i./ha + pretilachlor-PE @ 0.75 kg a.i./ha followed by
bispyribac-sodium @ 25 g a.i./ha as POE at 25 DAS + 1 HW and ICM,, ZT-SMB-RR + ZT- DSR + wheat residue
@ 3 t/ha + 50% RDF + AMF + NPK-bf + glyphosate as PP @ 1 kg a.i./ha + pretilachlor-PE @ 0.75 kg a.i./ha fol-
lowed by bispyribac-sodium @ 25 g a.i./ha as POE at 25 DAS + 1 HW), respectively. Hence, the superior ICM
module, i.e. ICM, may be useful for improving profitability and B : C ratio of direct-seeded rice with respect to other

modules.
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Rice (Oryza sativa L.) is an important staple food of
Asian population providing ~35-80% of total caloriein-
take. Basmati rice isageographical indication and famous
for their desirable cooking quality parameters used to pre-
pare several dishes. The higher water requirement for the
conventional rice is alarmingly receding the ground water
table in upper and trans Indo-Gangetic Plains Region
(IGPR) by ~30—40 cm every year (Mahajan et al., 2012)
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and inefficient input use and irrational production prac-
tices resulting in decline system productivity and resource-
use-efficiency. In India, traditional transplanting practices
is most common in IGPR and this has several advantages
like increased nutrient availability (P and Fe), weed sup-
pression and stop percolation, easy crop establishment on
one hand with drawbacks like higher loss of water in pud-
dling, more time and labour requirement, surface evapora-
tion, root injury due to uprooting of seedling and adversely
affect soil physical properties through puddling operations
and more water requirement on other hand. Pumping ex-
cessive water for puddling during peak summer in north-
western Indo-Gangetic plains leads to declining water
table. Keeping above facts in view, direct-seeded rice
(DSR) isapotential aternative and offers advantages like
faster and easier planting, reduced labour and less drudg-
ery, earlier crop maturity by 7-10 days, more efficient
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water use and less methane emission with higher profit-
ability (Farooq et al., 2008). It is being followed with vari-
ous modifications of tillage and crop establishment prac-
tices which are used to suit site-specific requirements, but
has not got popularity, even though its benefits over tradi-
tional transplanting because of deficiency of nutrients (Fe
and Mn), weeds and nematodes infestation, which can
cause maximum yield losses in direct—seeded rice. Weeds
are emerging as the most important problem in DSR due
to presence of weed seed banks in the soil, early crop
weed competition and lack of standing water for suppress-
ing the weeds. Furthermore, chemical and mechanical
weeding, other agronomic interventions may also play
important rolein better crop management along with weed
control. Therefore, it is quite possible that various man-
agement strategies in integrated manner under different
crop establishment methods including zero tillage (ZT),
mulching and residue intervention may influence the weed
and nutrient dynamics, enhance productivity and
sustainability of rice. In above context, integrated crop
management (ICM) practices hold great promises which
take into account economical, social and environment
sustainability (Kumar and Shivay, 2008). Thus, present
study was conducted to find out the effect of different in-
tegrated crop management modules for enhancing produc-
tivity and profitability of direct-seeded basmati rice.
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The experiment was conducted at the experimental
farm of ICAR-Indian Agricultural Research Institute
(IARI), New Delhi, India, situated at latitude of 28°38' N
and longitude of 77°09' E and 228.6 m above the mean
sea-level. During the crop growth period, the temperature
and RH ranged between 21°C to 39.2°C and 42 to 98%, re-
spectively. Total rainfall received during crop season was
1153.5 mm. The soil of experimental site was sandy-clay-
loam in texture with pH 7.9, oxidizable-SOC 0.503%, al-
kaline KMnO, oxidizable-N 169.5 kg/ha, 0.5 M NaHCO,
extractable-P 11.5 kg/ha, and 1 N NH,OAc extractable-K
275.3 kg/ha. The experiment was laid out in randomized
block design with 8 treatment combinationsi.e. ICM mod-
uleswith 3 replications. ICM modules include ICM, con-
ventional transplanting (TPR) + 100% of recommended
dose of fertilizers @ 100:50:50 kg N: P,O,: K O/ha(RDF)
+ butachlor as pre-emergence (PE) @ 1 kg a. i./ha+ 1
hand-weeding (HW); ICM,,, TPR + 75% RDF (N through
zinc coated urea/ZCU + NPK bio-fertilizer/NPK-bf) +
butachlor as PE @ 1 kg ai./ha+ 1 HW; ICM,, Direct
seeded rice (DSR) + 100% of RDF (N through ZCU) +
pretilachlor as PE @ 0.75 kg a.i./ha followed by (fb)
bispyribac-sodium @ 25 g a.i./ha as post-emergence
(POE) at 25 DAS; ICM,,, DSR + 75% RDF + AM fungi
(AMF) + NPK-bf + pretilachlor as PE @ 0.75 kg a. i./ha
/b bispyribac-sodium @ 25 g a. i./haas POE at 25 DAS +

Table 1. Effect of integrated crop management modules on yields and profitability of direct-seeded basmati rice

Treatment Panicles/ Panicle Panicle Grain 1,000- Grain Straw Harvest Cost of  Gross Net Gross
m? length  weight weight grain yield yield index cultivation returns returns  benefit:
(cm) (9) (g/panicle) weight  (t/ha) (t/ha) (%) (x10® (x10® (x 108 cost
(9) F/ha) F/ha) F/ha) ratio
ICM, 3233 28.3 241 234 254 3.68 5.94 38.3 51.1 88.2 37.1 1.73
ICM, 3117 28.3 2.50 243 257 3.36 6.06 36.0 48.3 80.8 32.6 1.68
ICM, 338.3 26.4 212 2.03 25.2 3.02 5.59 35.1 43.0 72.9 29.9 1.70
ICM, 322.3 27.7 222 2.07 253 3.16 5.69 35.7 434 76.1 32.7 1.75
ICM, 341.7 25.0 2.04 1.94 25.1 3.26 5.62 36.7 44.3 78.4 34.1 177
ICM, 335.3 26.2 2.03 1.94 25.1 3.38 5.98 36.0 455 81.3 35.8 1.79
ICM, 343.7 26.9 2.08 2.02 25.2 4.03 5.81 41.0 45.6 96.3 50.7 211
ICM, 316.7 26.7 211 2.07 25.2 3.87 5.77 40.3 46.2 92.5 46.4 2.01
SEmz+ 4.72 0.64 0.05 0.04 0.08 0155 0.374 1.16 - 371 371 0.08
CD (P=0.05) 14.33 1.96 0.14 0.12 0.23 0.471 NS 352 - 1.3 11.3 0.24

ICM, Integrated crop management; ICM,, Conventional transplanting (TPR) + 100% of recommended dose of fertilizers @ 100 : 50: 50 kg N : P,O; : K,O/ha
(RDF) + butachlor as pre-emergence (PE) @ 1 kg a.i./ha + 1 hand-weeding (HW); ICM,, TPR + 75% RDF (N through zinc coated urea/ZCU + NPK bio-
fertilizer/NPK-bf) + butachlor as PE @ 1 kg a.i./ha+ 1 HW; ICM,, Direct seeded rice (DSR) + 100% of RDF (N through ZCU) + pretilachlor as PE @ 0.75 kg
ai./ha followed by (fb) bispyribac-sodium @ 25 g a.i./ha as post-emergence (POE) at 25 DAS; ICM,,, DSR + 75% RDF + AM fungi (AMF) + NPK-bf +
pretilachlor as PE @ 0.75 kg a.i./ha fb bispyribac-sodium @ 25 g a.i./ha as POE at 25 DAS + 1 HW; ICM,, Zero tillage (ZT)-DSR + wheat residue @ 3 t/ha
+ 100% of RDF (N through ZCU) + glyphosate as pre-plant application (PP) @ 1 kg a.i./ha+ pretilachlor as PE @ 0.75 kg a.i./ha fb bispyribac-sodium @ 25
gai./haasPOE at 25 DAS; ICM, ZT-DSR + wheat residue @ 3 t/ha+ 75% RDF + AMF + NPK-bf + glyphosate as PP @ 1 kg a.i./ha+ pretilachlor-PE @ 0.75
kg ai./ha fb bispyribac-sodium @ 25 g a.i./ha as POE at 25 DAS + 1 HW; ICM,, ZT-summer mungbean residue retention (SMB-RR) + ZT- DSR + wheat
residue @ 3 t/ha + 75% RDF (N through ZCU) + glyphosate as PP @ 1 kg a.i./ha+ pretilachlor-PE @ 0.75 kg a.i./ha fb bispyribac-sodium @ 25 g a.i./ha as
POE at 25 DAS and ICM,, ZT-SMB-RR + ZT- DSR + wheat residue @ 3 t/ha + 50% RDF + AMF + NPK-bf + glyphosate as PP @ 1 kg ai./ha+ pretilachlor-
PE @ 0.75 kg a.i./hafb bispyribac-sodium @ 25 g a.i./ha as POE at 25 DAS + 1 HW and need based integrated water, disease and pest-management followed
in al modules
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1HW; ICM,, zerotillage (ZT)- DSR + wheat residue @ 3
t/ha + 100% of RDF (N through ZCU) + glyphosate as
pre-plant application (PP) @ 1 kg a.i./ha+ pretilachlor as
PE @ 0.75 kg a.i./hafb bispyribac-sodium @ 25 g a.i./ha
as POE at 25 DAS; ICM,, ZT-DSR + wheat residue @ 3
t/ha+ 75% RDF + AMF + NPK-bf + glyphosate as PP @
1 kg a.i./ha+ pretilachlor-PE @ 0.75 kg a.i./ha fb
bispyribac-sodium @ 25 g a.i./haas POE at 25 DAS + 1
HW; ICM_, ZT-summer mungbean residue retention
(SMB-RR) + ZT-DSR + wheat residue @ 3 t/ha + 75%
RDF (N through ZCU) + glyphosate as PP @ 1 kg a.i./ha
+ pretilachlor-PE @ 0.75 kg a.i./hafb bispyribac-sodium
@ 25gai./haasPOE a 25 DASand ICM,, ZT-SMB-RR
+ ZT-DSR + wheat residue @ 3 t/ha + 50% RDF + AMF
+ NPK-bf + glyphosate as PP @ 1 kg a.i./ha+ pretilachlor-
PE @ 0.75 kg a. i./hafb bispyribac-sodium @ 25 g a.i./ha
asPOE at 25 DAS + 1 HW and need based water manage-
ment (IW M), integrated disease management (IDM) and
integrated pest management (IPM) followed in all mod-
ules. The mungbean residue was retained using paraguat
spray on standing mungbean crops 4-5 days before sow-
ing of direct-seeded rice. Rice variety ‘ Pusa Basmati 1509’
was sown using a seed rate of 30 kg/ha on 17th June,
2016. All the practices and inputs were followed based on
the treatment combinations.

The study revealed that yield attributesi.e. panicles/m?,
panicle length (cm), panicle weight (g), grain weight/
panicle, filled graing/panicle, 1,000—-grain weight (g) and
grain yield (t/ha) were significantly differed among the
treatments or ICM modules; while straw yield (t/ha) was
found non-significant (Table 1). The yield attributing pa
rameters maximum with ICM_ a CA based ICM module
which remained at par with ICM,, and ICM_. The CA
based ICM modules ICM_ under wheat and summer
mungbean residue retained plot exhibited higher magni-
tude of yield attributing characters over conventional till-
age (CT) based ICM modules which might be the outcome
of better crop growth performance under zero-tilled based
ICM modules owing to improved soil physico—chemical
and biological properties due to less farm machinery traf-
ficking (Paul et al., 2014), more soil organic matter and
nutrient additions by the crop residue retentions (Paul et
al., 2014; Prasad et al., 2016), and the degradation of
weed flora by the pre—plant application of non-selective
herbicide, i.e. glyphosate @ 1.0 kg a.i./haunder zero-tilled
plots. The ZT with residue retention based ICM modules
are al so reported to holds more moisture in soil (0—15 cm
depth) over CT plots (Paul er al., 2014) coupled with less
weed incidence over CT based ICM modules, thus, |ead-

[Vol. 62, No. 4

ing to better crop growth, yield attributes and yield in rice.
Also may be due to better availability of macro and micro
nutrients, better soil physical and biological properties
which ultimately provide balanced nutrition to the crop
plants (Dass et al., 2014). The cost involved in the cultiva-
tion between 743,002-51,126/ha among different ICM
modules due to varying inputs and agronomic operations
liketillage and crop residues, land configuration, fertilizer
doses, weed management, water management, pest and
disease management etc. (Table 1). The cost of cultivation
under CT based ICM modules were comparatively higher
due to nursery management, tillage and puddling. The
gross returns of rice followed the similar trend as that of
grain yield of rice. Net returns and of B: C ratio in rice
crop also followed the similar trend as that of gross re-
turns. The escalation of cost due to transplanting was in-
creased ~ ¥5,045/ha compared to direct—seeded rice. The
increase in net returns with ICM, was 36.7, 41.4 and 9.3%
over ICM, ICM and ICM,,.

Direct-seeded basmati rice under CA based integrated
crop management practices is an option to increase pro-
ductivity and profitability over other ICM modules.
Overal, conservation agriculture based ICM_, module was
the best performer and it may be useful to farmers for
improving profitability and sustainability in the Indo-
Gangetic plains of North-western India.
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