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ABSTRACT

A field experiment was conducted during the rainy seasons of 2016 and 2017 at Agricultural Research Farm,
Banaras Hindu University, Varanasi, Uttar Pradesh, to evaluate the effect of integrated nutrient management and
seed rate on growth, yield and economics of direct-seeded hybrid rice (Oryza sativa L.). The treatments comprised
3 seed rates (16 kg, 20 kg and 24 kg/ha) and 5 nutrient management, i.e. 100% recommended dose of fertilizer
(RDF) through inorganic fertilizer, 100% RDF through inorganic fertilizer + ZnSO,.7H,0 25 kg/ha followed by (fb)
0.2% FeSO, and 0.2% Borax foliar spray at 20 and 40 days after sowing (DAS), 75% recommended dose of nitro-
gen (RDN) through inorganic fertilizer + 25% N through FYM, 50% RDN through inorganic fertilizer + 50% N
through FYM, and 75% RDN through inorganic fertilizer + 25% N through vermicompost. The experiment was laid
out in split plot design with 3 replications. Rice hybrid sown at seed rate of 20 kg/ha showed superior performance
in respect of tillers/m?, dry-matter accumulation, leaf-area index (LAI), soil plant analysis development (SPAD)
value and yield parameters, i.e. grain and straw yields, net returns and benefit—cost ratio as compared to seed
rate of 16 and 24 kg/ha. Amongst the integrated nutrient management options, an application of 50% RDN by urea
+ 50% N by FYM resulted in better performance, being comparable with those of 75% RDN through inorganic fer-
tilizer + 25 % N through FYM. However, 100% RDF through inorganic fertilizer recorded the lowest growth and
yield parameters. Seed rate of 20 kg/ha along with 50% RDN through inorganic fertilizer + 50% N through FYM
was found to be a better option for obtaining optimum crop plants and nutrient-management practices in direct-
seeded hybrid rice.
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Rice is cultivated world-wide over an area of about
160.6 million ha. In India, area under cultivation of rice is
around 44 million ha with production of 109.70 million
tonnes during 2016-17 (DES, 2018). Uttar Pradesh is the
largest rice-growing state in India, with an area of about
5.87 million ha and production of 12.22 million tonnes
(DES, 2015). Direct-seeding technique offers a useful
option to reduce the limitations of transplanted rice. Di-
rect-seeded rice occupies 26% of the total rice area in
South Asia (Gupta et al., 2006). Direct seeding of rice
avoids puddling, does not need continuous submergence,
and thus reduces the overall water demand for rice culture.
When rainfall at planting time is highly variable, direct
seeding may reduce the production risk (Singh et al.,
2006). Direct seeding can also reduce the hazard by avoid-
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ing terminal drought that lowers the yield of transplanted
rice, mainly if the latter is recognized late due to delayed
rainfall. Direct seeding can also facilitate crop intensifica-
tion (Singh et al. 2008).

Seed rate has a great impact on plant density and the
competitiveness of the crop stand, tillers, time to maturity
and yield. Optimum planting density is the primary factor
for obtaining higher yield in rice (Sivaesarajah et al.
1995). The number of plants/unit area has an impact on
plant architecture, growth and development pattern and
the production photosynthesis (Abuzar et al. 2011). Seed-
ing rate is important traits for achieving higher seed yield
in rice (Kurmi and Sarmah, 1993). Farmers are using 30—
60 kg/ha for direct-seeded rice for inbred variety; how-
ever, with introduction of hybrids in direct-seeded rice,
present quantity of seed rate seems to be higher on account
of prices of hybrid seeds.

Application of inorganic fertilizers alone in large quan-
tities over a longer period of time has resulted in imbal-
ance in the supply of nutrients. The combined use of or-
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ganics and chemical fertilizers help in maintaining yield
stability through correction of marginal deficiencies of
secondary and micro-nutrients, enhancing efficiency of
applied nutrients and providing favourable soil physical
conditions (Pingali and Rosegrant, 1994). An INM ap-
proach is considered as most powerful tool for enhancing
crop productivity and profitability for small and marginal
farm holders. It becomes necessary and inevitable to uti-
lize the INM technology coupled with direct-seeded rice
(DSR) principles.

Vermicompost and FYM are good source of organic
manure that can be used as an alternative to chemical fer-
tilizers in rice cultivation (Prasad et al., 2002). Choudhary
and Suri (2014) reported that, FYM added good amounts
of N, P and K in soil in addition to other macro and micro-
nutrients essential for plant growth. Application of
vermicompost increases total microbial population of N,
fixing bacteria and actinomycetes (Tejada and Gonzalez,
2009). Jadhav et al. (2014) revealed, that recommended
dose of nitrogen, phosphorus and potassium, i.e. 80-50—
50 N-P and K kg/ha, and FYM with soil application of Fe
and Zn resulted in significantly higher rice seed yield.
Mohan et al. (2017) reported that application of 100%
RDF + 2 foliar spray of 10 kg/ha ZnSO, + 5 kg/ha FeSO,
+ 10 kg Borax/ha + 10 kg/ha sulphur recorded increase in
yield-attributing characters, viz. number of panicles,
length of panicle, number of grains per panicle and test
weight of rice which undoubtedly results in increase in
yield of rice crop.

Micronutrients deficiency is a common nutritional
problem in the rice-wheat cultivation. Crop production
and quality is affected with deficient micronutrients (Fe, B
and Zn) all over the world (Rashid and Ryan, 2004 and
Rafique et al. 2008). Many studies have indicated that,
micronutrients deficiency is a serious nutritional problem
for upland crops. The foliar feeding of micronutrients is an
effective method to yield improvement and grain nutrient
enrichment (Johnson and Mortimer, 2005). Keeping these
facts in view, the present study was undertaken to study ef-
fects of seed rate and integrated nutrient management on
growth, yield parameters and net returns of direct-seeded
hybrid rice.

MATERIALS AND METHODS

The field experiment was carried out during the rainy
(kharif) seasons of 2016 and 2017 at the Agricultural Re-
search Farm, Banaras Hindu University, Varanasi, (25° 18’
N, 83° 03’ E, 75.7 m above the mean sea-level) in the
Northern Gangetic alluvial plains, Uttar Pradesh. The site
was well-drained, sandy clay-loam soil, non-saline (EC
0.22 and 0.26 dS/m) with pH 7.52 (1 : 2.5 soil : water) and
medium in organic carbon (0.42%), available P (22.85 kg/
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ha), available K (218.5 kg/ha) and low in available N
(178.6 kg/ha) .

The experiment was laid out in a split-plot design with
3 replications. The seed rate was subjected to main plots
while INM in subplots. A combination of 15 treatments,
consisting of 3 seed rates, viz. S, (16 kg/ha), S, (20 kg/ha),
S, (24 kg/ha), and 5 integrated nutrient-management treat-
ments, viz. T, 100% recommended dose of fertilizer
(RDF) through inorganic fertilizer; T,, 100% RDF through
inorganic fertilizer + ZnSO,. 7H,O 25 kg/ha followed by
(fb) 0.2% FeSO, and 0.2% Borax foliar spray at 20 and 40
days after sowing (DAS); T,, 75% recommended dose of
nitrogen (RDN) through inorganic fertilizer + 25% N
through FYM; T,, 50% RDN through inorganic fertilizer
+50% N through FYM; and T, 75% RDN through inor-
ganic fertilizer + 25% N through vermicompost. Dry-
seeded hybrid rice cultivar ‘ARIZE 6444’ was sown on 29
June 2016 and 23 June 2017 during the first year and the
second year respectively. The experimental field was
ploughed with tractor-drawn plough followed by disking,
dry weeds and stubbles were removed. Sowing was done
manually with the help of kudal (local furrow maker) at a
row spacing of 20 cm after putting fertilizers and covered
with soil. Irrigation was done for proper germination after
sowing the rice seeds. Recommended dose of fertilizer of
nitrogen (140 kg/ha), P,0O, (60 kg/ha) and K, O (60 kg/ha)
were applied through urea (46% N), single superphos-
phate (16% P,O,) and muriate of potash (60% K,O). In T,
and T, treatments, 25% and 50% N through FYM and in
T, 25% N through vermicompost was applied 15 days
before sowing and required basal dose of nitrogen in T,
(25% N) and T, (25% N) was applied through urea, re-
spectively. Nitrogen 50% was applied at the time of sow-
ing and rest nitrogen dose was applied in 2 equal splits at
tillering and panicle initiation stages. In T, treatment, Zinc
was applied in soil as basal dose whereas iron and boron
were applied as foliar spray i.e. 0.2% FeSO, and 0.2%
Borax applied at 20 and 40 DAS. Standard practices were
followed to record biometrical observations and yield.
Data were recorded on growth attributes, viz. plant height,
tillers, leaf- area index, dry-matter accumulation, SPAD
value, yield (grain and straw yields), harvest index, net
returns and benefit—cost ratio. Available N, P, K and zinc
were estimated after rice harvesting as per the standard
soil analysis methodology.

RESULTS AND DISCUSSION

Growth attributes

At 60 DAS and at harvesting stage, seed rate of 20 kg/
ha exhibited significantly better performance (Table 1)
with respect to variation in tillers/m?, dry-matter accumu-
lation (g running/m) and leaf-area index than with 16 and
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24 kg/ha. However, in case of plant height seed rate of 16
kg/ha resulted in the maximum plant height and it was
found at par with 20 kg/ha. Growth attributes are impor-
tant components, indicating performance of rice hybrids
which might be owing to better phenotypic plasticity in
reduced seed rate, i.e. 20 kg/ha. In recent past, reduced
seed rate is being successfully used in rice crop production
system like system of rice intensification for enhanced
crop growth as reported by Pathania et al. (2016).
Amongst the integrated nutrient-management treat-
ment, at 60 DAS and at harvesting stage; T, (50% RDN
through inorganic fertilizer + 50% N through FYM) treat-
ment recorded significantly higher plant height, number of
tillers/m?, dry-matter accumulation, leaf-area index and
SPAD value than the rest of the INM treatments, except
variations in plant height and LAI at 60 DAS which was
found to be at par with T, (75% RDN through inorganic
fertilizer + 25% N through FYM) . In case of variations in
dry-matter accumulation, T, treatment [100% RDF +
ZnS0O,.7H,0 25 kg/ha tb 0.2% (FeSO + Borax) at 20 and
40 DAS] was at par with T, treatment (75% RDN through
inorganic fertilizer + 25% N through vermicompost) at 60
DAS and at harvesting stages. At 60 DAS, tillers/m?, leat-
area index and SPAD value; T, treatment [100% RDF +
ZnS0,.7TH,0 25 kg/ha tb 0.2% (FeSO, + Borax) at 20 and
40 DAS] was at par with T, treatment (75% RDN through
inorganic fertilizer + 25% N through vermicompost). The
minimum value of growth parameters was observed in T,
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treatment (100% RDF through inorganic fertilizer). This
might be owing to better availability of nutrients during all
the crop growth stages which might have resulted in more
nitrogen absorption by the roots for the synthesis of pro-
toplasm responsible for rapid cell division consequently
increasing plant shape and size. Our findings confirm the
results of Ashwini et al. (2015).

Interaction effects on dry-matter accumulation and
tillers/m?

At harvesting stage, interaction effect of INM and seed
rate on dry-matter accumulation and tillers/m?> was found
significant (Table 2). Seed rate 20 kg/ha (S,) in combina-
tion of 50% RDN through inorganic fertilizer + 50% N
through FYM) (S,T,) resulted in the highest dry matter
and tillers/m* and it was statistically at par with ST, treat-
ment combination and significantly superior to rest of the
treatment combinations. Higher dry-matter accumulation
in seed rate (20 kg/ha) in combination with 50% RDN
through inorganic fertilizer + 50% N through FYM might
be due to uniform release and continuous availability of
nutrients to the optimum seeding density. Our results con-
firm findings of Dutta and Chauhan (2010).

Yield

Rice sowing at 20 kg/ha resulted in significantly higher
grain and straw yields than 16 and 24 kg/ha seed rate. The
minimum grain and straw yields were recorded with seed

Table 1. Effect of seed rate and integrated nutrient management on growth attributes in direct-seeded hybrid rice (average data of 2 years)

Treatment Plant height (cm) Number of Dry-matter Leaf-area SPAD
60 DAS At harvest tillers/m? accumulation index value
60 DAS At harvest (g running/m) 60 DAS 60 DAS
60 DAS At harvest
Seed rate (S) (kg/ha)
S, 16 72.04 107.93 383.99 365.59 53.18 190.99 3.90 39.86
S,, 20 70.10 102.19 491.81 466.37 64.17 242.39 4.50 41.17
S,, 24 62.82 93.58 453.37 422.17 59.55 221.16 4.24 37.98
SEm=+ 0.81 1.80 3.54 1.68 0.45 1.49 0.06 0.63
CD (P=0.05) 3.17 7.06 13.91 6.59 1.76 5.85 0.25 NS
Integrated nutrient management (T)
T,, 100% RDF 61.59 90.77 396.09 360.64 52.35 185.67 3.78 35.64
T,, 100% RDF + ZnSO,.7H,0 67.84 100.38 430.56 410.79 58.02 210.56 4.16 39.60
25 kg/ha fb 0.2% (FeSO,+
Borax) at 20 and 40 DAS
T,, 75% RDN + 25% N by FYM 72.16 106.27 472.77 453.98 62.37 239.96 4.46 41.89
T,, 50% RDN + 50% N by FYM 74.14 110.11 493.07 465.29 65.85 248.42 4.65 43.15
T,, 75% RDN + 25% N by 65.89 98.64 422.79 399.53 56.23 206.29 4.02 38.07
vermicompost
SEm=+ 0.88 1.16 5.81 2.88 0.79 2.81 0.08 0.53
CD (P=0.05) 2.58 3.39 16.95 8.39 2.30 8.20 0.24 1.55

SPAD, Soil plant analysis development; RDF, recommended dose of fertilizer; RDN, recommended dose of nitrogen; DAS, days after

sowing; fb, followed by
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rate of 16 kg/ha (Table 3). However, harvest index was not
influenced by variable seed rate treatments during 2 years
study. The grain yield of a crop is the integrated result of
a number of physiological processes. The better perfor-
mance of yield in 20 kg/ha seed rate might be owing to
better performance of growth attributes owing to optimum
seeding density. Hybrid rice cultivar shows phenotypic
plasticity and because of optimum seeding density ob-
tained in 20 kg/ha seed rate, fullest yield potential of hy-
brid cultivar might have been realized.

Amongst the various INM options, T, treatment (50%
RDN through inorganic fertilizer + 50% N through FYM)
resulted in significantly higher grain and straw yields.
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treatment (75% RDN through inorganic fertilizer + 25% N
through FYM). In case of grain and straw yields, T, treat-
ment [100% RDF + ZnSO,.7H,0 25 kg/ha fb 0.2%
(FeSO, + Borax) at 20 and 40 DAS] was at par with T,
(75% RDN through inorganic fertilizer + 25% N through
vermicompost). This might be owing to increased growth
attributes, viz. number of effective tillers, dry-matter accu-
mulation (g running/m), leaf-area index and SPAD value,
which finally transformed into higher yield. However,
harvest index was not significantly influenced by INM
treatments during both the years. Similar results were also
recorded by Pandey et al. (2007), who observed that appli-
cation of inorganic fertilizer @ 100-60-40 kg/ha N-P-K

However, in the case of straw yield it was at par with T, along with 10 tonnes farm yard manure (FYM) recorded

Table 2. Interaction effects of seed rate and integrated nutrient management on number of tillers/m? and dry-matter accumulation (g running/
m) at harvesting in direct-seeded hybrid rice (average data of 2 years)

Number of tillers/m?
Seed rate (S)

Integrated nutrient management (T) Dry-matter accumulation (g running/m)

Seed rate (S)

S-16 S,-20 S, 24 S-16 S,-20 S, 24
T,, 100% RDF 297.97 413.33 370.62 153.58 212.97 190.46
T,, 100% RDF + ZnSO,.7H,0 25 kg/ha tb 0.2% 378.58 441.63 412.15 195.11 228.68 207.89

(FeSO,+ Borax) at 20 and 40 DAS

T,, 75% RDN + 25% N by FYM 384.61 517.69 459.65 207.31 265.35 247.22
T,, 50% RDN + 50% N by FYM 396.17 528.98 470.72 209.18 278.96 257.12
T,, 75% RDN + 25% N by vermicompost 370.64 430.22 397.72 189.78 225.99 203.10

SEm= CD (P=0.05) SEm= CD (P=0.05)
T at same levels of S 4.98 14.54 4.86 14.20
S at same or different levels of T 4.76 14.47 4.60 13.88

RDF, recommended dose of fertilizer; RDN, recommended dose of nitrogen; DAS, days after sowing; tb, followed by

Table 3. Effect of seed rate and integrated nutrient management on yield, harvest index, Net returns, benefit: cost (B: C) ratio, organic carbon
and available N, P, K and Zn (after rice harvesting during second year) in direct seeded hybrid rice (average data of 2 years)

Treatment Grain Straw Harvest Net Benefit: Available Available Available Available
yield yield index returns  cost ratio N P K Zn
(t/ha) (t/ha) (%) (¥ /ha) (kg/ha)  (kg/ha)  (kg/ha)  (mg/kg
of soil)
Seed rate (S) (kg/ha)
S, 16 491 6.89 41.02 52,189 1.17 204.7 21.7 215.5 1.15
S,, 20 6.22 8.83 40.57 77,510 1.69 206.0 23.9 217.4 1.17
S, 24 5.64 8.06 40.53 64,733 1.37 203.1 22.0 214.9 1.13
SEm+ 0.04 0.15 0.54 599 0.014 1.98 0.27 2.52 0.01
CD (P=0.05) 0.16 0.61 NS 2,352 0.06 NS NS NS NS
Integrated nutrient management(T)
T,, 100% RDF 4.85 6.72 40.64 57,547 1.45 188.3 19.6 200.4 1.02
T,, 100% RDF + ZnSO,.7H,0 25 kg/ha  5.46 7.62 40.83 67,199 1.58 204.4 21.6 214.6 1.21
b 0.2% (FeSO, + Borax) at 20 and
40 DAS
T,, 75% RDN + 25% N by FYM 5.99 8.68 40.24 76,510 1.71 212.0 234 223.2 1.10
T,, 50% RDN + 50% N by FYM 6.28 9.11 40.37 78,427 1.60 222.4 23.9 230.4 1.16
T,, 75% RDN + 25% N by vermicompost 5.37 7.50 41.44 44,371 0.70 196.3 21.3 210.9 1.05
SEm+ 0.08 0.14 0.47 1,553 0.031 3.35 0.541 1.89 0.011
CD (P=0.05) 0.23 0.43 NS 4,534 0.09 9.79 1.58 5.36 0.03
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the highest grain yield.

Interaction effects on grain yield

Interaction effects of seed rates and INM practices on
grain yield was significant (Table 4). Seed rate 20 kg/ha
and 50% RDN through inorganic fertilizer + 50% N
through FYM (S,T, ) resulted in the highest grain yield
and it was superior to rest of the seed rate and INM com-
binations. Integrated sources of nutrients, i.e. fertilizers
and farm yard manures, might have resulted in optimum
availability essential minerals for crop plants in unit area
obtained by seeding at 20 kg/ha and worked as catalyst for
efficient use of applied nutrients for increasing the yield.
Ramkrishna et al. (2007) also reported similar results.

Available nitrogen, phosphorus and potassium

Data pertaining to soil analysis, done after rice harvest-
ing during the second year, revealed that seed rate treat-
ment did not cause significant variations in available N, P,
K and zinc in soil. All the nutrient-management treatments
positively changed available N and K as compared to ini-
tial available soil nutrients. Amongst the INM treatments,
T, treatment (50% RDN through inorganic fertilizer +
50% N through FYM) showed significantly higher avail-
able N and K than all the nutrient management treatments.
T, treatment (75% RDN through inorganic fertilizer +
25% N through FYM) was found at par with T, treatment
[100% RDF + ZnSO,.7H,0 25 kg/ha fb 0.2% (FeSO, +
Borax) at 20 and 40 DAS)] with respect to available N and
it was significantly higher than T, in case of available P, K
and Zn. Treatment T, [100% RDF + ZnSO,.7H,0 25 kg/
ha b 0.2% (FeSO, + Borax) at 20 and 40 DAS] recorded
higher available Zn than T, treatment (75% RDN through
inorganic fertilizer + 25% N through FYM) and T, treat-
ment (50% RDN through inorganic fertilizer + 50% N
through FYM) treatments. This might be owing to higher
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availability of Zn because of application of zinc sulphate
in T,. Enhanced available pool of soil N with the applica-
tion of fertilizers and organics after 2 years of experimen-
tation might be owing to better decomposition and miner-
alization in the soil (Sharma and Subehia, 2014). The soils
under inorganic fertilization exhibited reduction in avail-
able N and K as compared to integrated nutrient treat-
ments. Higher available K under INM treatments than
chemical fertilizers might be because of the addition of
organic matter that reduced K-fixation and released K due
to interaction of organic matter with clay, besides the di-
rect K addition to the pools of soil (Urkurkar et al., 2010).

Economics

Economic analysis showed that seed rate of 20 kg/ha
resulted in significantly higher net return and benefit—cost
ratio than the other seed rate treatments. The minimum net
return and benefit—cost ratio was recorded under 16 kg
seed rate/ha (Table 3). This might be owing to more grain
yield in 20 kg/ha seed rate treatments. These findings are
in agreement with those of Mehala et al. (2016). Amongst
various INM, T, treatment (50% RDN through inorganic
fertilizer + 50% N through FYM) gave significantly
higher net returns and it was at par with T, treatment (75%
RDN through inorganic fertilizer + 25% N through FYM).
Integrated nutrient management treatment T, (75% RDN
through inorganic fertilizer + 25% N through FYM)
showed significantly higher benefit—cost ratio than T , T,
and T, (50% RDN through inorganic fertilizer + 50% N
through FYM). This might be owing to better yield and
reduced cost of cultivation in treatment T,. Similar find-
ings were also recorded by Pandey et al. (2007).

Interaction effects on net returns
Seed rate and INM practices had significant interaction
effect on net return (Table 4). Combination of ST, (seed

Table 4. Interaction effects of seed rate and integrated nutrient management on grain yield in direct seeded hybrid rice (average data of 2

years)

Integrated nutrient management (T)

Grain yield (t/ha)

Net returns (Z/ha)

Seed rate (S) Seed rate (S)

S-16 S,-20 S.-24 S-16 S,-20 S-24
T,, 100% RDF 4.0 5.5 4.9 43,059 71,439 58,144
T,, 100% RDF + ZnSO,.7H,0 25 kg/ha fb 0.2% (FeSO + 5.0 5.8 5.4 60,145 75,668 65,784

Borax) at 20 and 40 DAS

T,, 75% RDN + 25% N by FYM 5.1 6.7 6.0 60,448 91,699 77,382
T,, 50% RDN + 50% N by FYM 5.3 7.1 6.3 60,020 95,475 79,785
T, 75% RDN + 25% N by vermicompost 4.9 5.7 5.3 37,272 53,269 42,573

SEm= CD (P=0.05) SEm+= CD(P=0.05)
T at same levels of S 0.13 0.40 2,690 7,854
S at same or different levels of T 0.13 0.39 2,480 7,371

RDF, recommended dose of fertilizer; RDN, recommended dose of nitrogen; DAS, days after sowing; fb, followed by
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rate 20 kg/ha and 50% RDN through inorganic fertilizer +
50% N through FYM) showed the highest net returns and
it was statistically at par with S T, treatment combinations
and significantly superior to the rest of the seed rate and
INM combinations.

It can be concluded that seed rate of 20 kg/ha along
with 50% recommended dose of nitrogen through inor-
ganic fertilizer + 50% N through FYM should be applied
in direct-seeded hybrid rice for getting optimum yield un-
der eastern Gangetic plains of Uttar Pradesh.
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