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ABSTRACT

A field experiment was conducted during Pre Kharif seasons (February to May) of 2013 and 2014 at the In-
structional Farm, Uttar Banga Krishi Viswavidyalaya, Pundibari, Coochbehar, West Bengal to evaluate the growth,
yield and economics of maize (Zea mays L.) under moisture conservation and nutrient-management practices.
Among the moisture-conservation practices, irrigation resulted in the highest yield attributes such as cob length,
cob girth, 100-grain weight, cob/plant, grain/cob, rows/cob and grain weight/cob, leading to the highest grain yield
(4.35 t/ha), stover yield (12.0 t/ha), harvest index (26.4%), water-use efficiency (0.11 kg/ha/mm), net returns (30.1
x 10%%/ha) and benefit: cost ratio (1.19). Application of irrigation significantly increased the plant height (218 cm at
harvesting), leaf-area index [4.41 at 75 days after sowing (DAS)], dry-matter accumulation (1,203 g/m? at harvest-
ing), crop-growth rate (20.2 g/g/m2at 61-75 DAS), nitrogen (89.9 kg/ha), phosphorus (54.3 kg/ha) and potassium
(104.1 kg/ha) uptake. Among the nutrient management practices, the highest plant height (216 cm at harvesting),
leaf-area index (4.26 at 75 DAS), dry-matter accumulation (1,167 g/m? at harvest), crop-growth rate (19.5 g/g/m?at
61-75 DAS), grain yield (4.21 t/ha), stover yield (11.7 t/ha), harvest index (26.3%), nitrogen (90.3 kg/ha), phos-
phorus (51.5 kg/ha), potassium (99.4 kg/ha) uptake, net returns (25.8 x 10%¥/ha) and water-use efficiency (0.10
kg/ha-mm) were recorded under treatment receiving 75% recommended dose of fertilizer (RDF) + phosphate-
solubilizing bacteria (PSB) + Azotobacter + vermicompost @ 5.0 t/ha but the highest benefit: cost ratio (0.98) was
recorded under 100% RDF + PSB + Azotobacter (N,). Our result showed that maize grown with irrigation and sup-
plied with 75% RDF + PSB + Azotobacter + vermicompost @ 5.0 t/ha (N,) proved the best for obtaining overall

gain on a sustainable basis.
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Maize is a C, plant belonging to the grassy family
Poaceae, with its origin in Central America. In West Ben-
gal, maizeis cultivated in an area of 128.7 thousand ha
with a production of 522.4 thousand tonnes (IIMR, 2014).
In North Bengal, pre- rainy season (pre kharif) maize are
gaining popularity among the farmers primarily because of
the optimum yield potential owing to residual supply of
nutrients from previous crops. Unfortunately, inadequate
supply of irrigation during pre-kharif Season in this region
isthe major constraint for low grain yield. However, inad-
equate supply of water at its critical developmental stages
and high sensitivity of different maize cultivars to water
stress are of immense importance (Shakhatreh et al.,
2001). Thereis some evidence of decline in the productiv-
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ity of pre- kharif maize even with the application of rec-
ommended dose of fertilizer. Moreover, the soils are defi-
cient in nutrients, especially nitrogen, phosphorus and
potassium. Limited rainfall during the February—May in
these areas makes pre-kharif maize vulnerable to mois-
ture-stress conditions during its critical growth stages, re-
sulting in severe yield reduction. Thus, better management
of moisture and nutrients is especially important for in-
creasing crop production of maize in tarai region of West
Bengal.

Relatively little is known about the response of pre-
kharif maize to moisture-conservation and nutrient-man-
agement practices under tarai zone of West Bengal. The
area therefore, requires adoption of location-specific soil-
moi sture conservation and nutrient-management practices
by which the area could be enhanced on a production ba-
sis of maize. Hence this study was carried out to see the
effect of moisture-conservation and nutrient-management
practice on growth and yield of pre-kharif maize.
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MATERIALS AND METHOD

A field experiment was conducted during pre-kharif
seasons (February to May) of 2013 and 2014 at the In-
structional Farm, Pundibari, Coochbehar (26°19'86" N and
89°23'53" E, 43 m above mean sea-level), West Bengal.
The climatic condition of tarai zone is sub-tropical, with
eminent characteristics of rainfall, high humidity and pro-
longed winter. Physico-chemical properties of soil were:
sand (64.19%), silt (20.47%) and clay (15.34%) measured
by inter-national pipette method (Piper, 1950). The soil
had pH 5.11 measured by potentiometric method (Jackson,
1967), organic carbon (0.85%) measured by tritrimetric
determination (Walkley and Black, 1934), total nitrogen
(211.5%) measured by modified Kjeldahl’s method (Jack-
son, 1967), available phosphorous (18.24 kg/ha) measured
by Bray’s method (Jackson, 1967) and available potassium
(112.93 kg/ha) measured by flame photometer method
(Jackson, 1967). Four types of moisture-conservation
practices such as M, without irrigation and without
mulch; M, irrigation as and when required (2 irrigations
at knee-high and silking stage); M., dry weed biomass
mulch @ 5.0t/ha; M,, FYM mulch @ 5.0 t/ha, were as-
signed to main plots. Different sources of nutrients were
used to assign 4 different subplot treatments such as N,
100% recommended dose of fertilizer (RDF); (80 kg/haN
+ 40 kg/ha P + 40 kg/haK); N,, 100% RDF + phosphate-
solubilising bacteria (PSB)+ Azotobacter; N, 75% RDF +
PSB + Azotobacter + vermicompost @ 5.0 t/ha; N, 50%
RDF + PSB + Azotobacter + 50% vermicompost @ 2.5t/
ha. The experiment was laid out in a split-plot design with
3 replications. The results were analyzed taking consider-
ation of pre- harvest parameters such as plant height, dry-
matter accumulation (DMA g/m?), leaf-areaindex (LAI)
(Watson, 1947) and crop-growth rate (CGR g/g/m?)
(Watson, 1952), water-use efficiency (WUE) (Reddy and
Reddi, 2007) whereas post-harvest parameters such as
cobs/plant, grain/cob, 100-grain weight (g), cob length
(cm), cob girth (cm), grain yield (t/ha), stover yield (t/ha),
harvest index (%), nitrogen, phosphorus and potassium
uptake (kg/ha). Economic analysisistotal cost of cultiva-
tion (¥/ha), gross income (F/ha), net income (z/ha) and
benefit: cost ratio. The pooled data obtained from 2 years
(2013 and 2014) studies were analyzed statistically follow-
ing split-plot design as per the procedure given by Gomez
and Gomez (1984).

RESULT AND DISCUSSION

Growth parameters

The plant height of maize gradually increased with the
advancement of crop age. However, there was an increas-
ing trend of plant height up to harvesting. Higher plant
height (218 cm at harvest) was observed under irrigated
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plot (M,) and this might be owing to easy availability of
soil moisture which helps to devel op suitable environment
for root growth and improve micro-environment for their
growth (Table 1). Maize plant height increases on applica-
tion of irrigation at critical stages (Girijesh et al., 2014).
The highest dry-matter (1203 g/m?at harvest) accumula-
tion, leaf-areaindex (4.41 at 75 DAS) and crop-growth
rate (20.2 g/m? at 61-75 DAS) was also recorded under ir-
rigated plot (Table 1). De and Bandyopadhyay (2013) re-
ported higher values of growth parameters such as dry-
matter accumulation, LAl and CGR in irrigated plots and
application of irrigation along with mulch significantly in-
creased the leaf-area index of spring maize (Singh et al.,
2015). Moisture-conservation practices by FYM and dry
weed biomass mulch significantly influenced the growth
parameters of maize. The highest plant height (211 cm at
harvest) LAI, (4.21 at 75 DAS), DMA (1132 g/m? at har-
vesting) and CGR (18.68/g/m?) at 61-75 DAS) was re-
corded under FYM mulch compared to dry weed biomass
mulch (Table 1). The lowest growth parameters were re-
corded under without irrigation and mulch (M ). Spread-
ing of FYM as mulching materials increased the moisture
content in soil which enhanced the crop growth and devel-
opment (Singh et al., 2014). This might be owing to mulch

Table 1. Effect of moisture conservation and nutrient management
practices on growth parameters of maize (2 years pooled
data)

Treatment Plant height Leaf-area Dry-matter Crop-

(cm) (At index accumulation growth rate
harvesting) (At 75 (g/m?) (At (g/lg/m?)
DAS) harvesting) (At 61-75
DAS)
Moisture-conservation practices (M)
M, 192 3.92 953 154
M, 218 441 1,203 20.2
M, 206 4.10 1,082 17.2
M, 211 421 1,132 18.6
SEm+ 131 0.01 5.20 0.33
CD (P=0.05) 4.51 0.05 17.9 112
Nutrient management Practices (N)
N, 204 4.13 1,069 17.1
N, 209 4.19 1,112 18.2
N, 216 4.26 1,167 19.5
N, 197 4.06 1,023 16.5
SEm+ 1.29 0.02 2.42 0.11
CD (P=0.05) 3.77 0.04 7.07 0.33

M,, without irrigation and without mulch; M, irrigation as and
when required; M,, dry-weed biomass mulch @ 5.0t/ha; M.,
FYM mulch @ 5.0 t/ha; N,, 100% RDF 80:40:40 kg/haN: P,O,:
K,0O; N,, 100% RDF + Phosphate solubilising bacteria (PSB) +
Azotobacter, N,, 75% RDF + PSB + Azotobacter + vermicompost
@ 5.0 t/ha; N,, 50% RDF + PSB + Azotobecter + 50%
vermicompost @ 2.5t /ha
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particularly restricts the loss of water vapour from soil
surface to microclimate and diminishes the direct evapo-
ration loss of water (Yaun et al., 2009) and increased the
availability of soil water to the crops that enhances the
growth and development of crops (Fuchs and Hadas,
2011). The higher plant height, (216 cm at harvest), leaf-
areaindex, (4.26 at 75 DAS) dry-matter accumulation
(1167 g/m? at harvest) and crop growth rate (19.5 g/g/m?
at 61-75 DAS) were recorded under 75% RDF + PSB +
Azotobacter + vermicompost @ 5.0 t/ha(N,) compared to
the other treatments (Table 1). This might be owing to the
availability and absorption of higher amount of macro-
and micro- nutrients from the applied nutrients in soil like
vermicompost, inorganic fertilizers, phosphate-
solubilising bacteria and Azotobacter. The application of
vermicompost and 100% recommended dose of fertilizer
significantly influenced the growth of maize (Hebbarai et
al., 2006).

Yield-attributing characters and yield of maize

The moisture-conservation practices significantly influ-
enced the yield-attributing characters and yield of maize.
However, the highest cob/plant (1.49), grain/cob (338),
100-grain weight (35.1 g), cob length (18.5 cm), cob girth
(15.8 cm), rows/cob (17.1) and grain weight/cob (81.9 g)
was recorded under irrigated plot (M,) compared to the
other treatments (Table 2). Elzubeir and Mohamed (2011)
also found the highest values of yield-attributing param-
eters like cab girth, cob length on application of 2 irriga-
tions at silking and grain-development stage. Application
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of 2irrigations at knee-high and silking stage recorded the
highest grain yield (4.35 t/ha), stover yield (12.0 t/ha) and
harvest index (26.4%) (Table 3). This might be owing to
the improved moisture content in soil which enhanced the
crop growth, yield-attributing characters and ultimately in-
creased the yield. Moisture-conservation practices by
FYM and dry-weed biomass mulch aso significantly in-
fluenced the yield attributing characters such as rows/cob,
100-grain weight, grain/cob, cob length, cob girth, rows/
cob, grain weight/cob, grain yield, stover yield and harvest
index (Tables 2, 3). The moisture conservation practices
by mulching significantly influenced the yield attributes
and yield of maize as reported by Kumar (2015).

The use of nutrients in an integrated manner signifi-
cantly increased the yield-attributing characters and yield.
The highest cob/plant (1.47), grain/cob (319), 100-grain
weight (34.6 g), cob length (18.7 cm), cob girth (16.0 cm),
rows/cob (17.1), grain weight/cob (79.8 g) and grain yield
(4.2 t/ha), stover yield (11.7 t/ha) and harvest index
(26.3%) were found with treatments receiving 75% RDF
+ PSB + Azotobacter + vermicompost @ 5.0 t/ha (N,)
(Tables 2, 3). Increase in grain and stover yields with in-
tegration of inorganic fertilizers along with vermicompost,
Azotobacter and phosphate-sol ubilizing bacteria might be
owing to improved yield-attributing characters (rows/cob,
grain/row, 100-grain weight, grain/cob, cob length, rows/
cob, grain weight and cob girth). The use of nutrientsin
an integrated manner significantly influenced the yield-at-
tributing characters and grain yield of maize (Hashim et
al., 2015).

Table 2. Effect of moisture conservation and nutrient-management practices on yield attributes of maize (2 years pooled data)

Treatment Cobg/plant ~ Grain/cob 100-grain Cob Cob Rows/cob Grain
weight (g) length girth weight/
(cm) (cm) cob
Moisture Conservation Practices (M)
M, 1.22 238 28.6 14.3 133 131 68.0
M, 1.49 338 35.1 185 15.8 17.1 81.1
M, 1.33 313 31.2 15.7 14.4 14.9 75.7
M, 1.40 322 321 16.7 14.9 15.9 777
SEmz+ 0.04 9.77 0.86 0.59 0.22 051 1.40
CD (P=0.05) 0.12 33.81 2.98 2.01 0.76 157 4.78
Nutrient Management Practices (N)
N, 1.33 298 30.7 154 14.1 14.6 75.2
N, 1.39 307 324 16.8 15.0 15.7 77.1
N, 147 319 34.6 18.7 16.0 17.1 79.8
N, 1.25 286 29.4 14.3 133 135 715
SEmz+ 0.02 554 0.82 0.48 0.45 0.36 0.97
CD (P=0.05) 0.07 16.17 241 141 NS 1.25 334

M,, without irrigation and without mulch; M, irrigation as and when required; M., dry-weed biomass mulch @ 5.0t/ha; M, FYM muich
@ 5.0t/ha; N,, 100% RDF 80:40:40 kg/haN: P,O,: K,O; N, 100% RDF + Phosphate solubilising bacteria (PSB) + Azotobacter; N,, 75%
RDF + PSB + Azotobacter + vermicompost @ 5.0 t/ha; N,, 50% RDF + PSB + Azotobecter + 50% vermicompost @ 2.5t /ha
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Nutrient uptake of maize

The highest uptake of nitrogen (89.9 kg/ha), phospho-
rus (54.3 kg/ha) and potassium (1104.9 kg/ha) was re-
corded under irrigated plot (M,) (Table 3). This might be
because of adequate supply of moisture that influenced the
nutrient uptake of N, P and K as reported by
Mudalagiriyappaet al. (2012). The moisture-conservation
practices by FYM mulch aso resulting in the highest up-
take of nitrogen (84.9 kg/ha), phosphorus (49.9 kg/ha) and
potassium (96.7 kg/ha) compared to the dry-weed biomass
mulch (Table 3). Application of FYM as a mulch material
not only efficiently conserved the soil moisture but also
provided the better availability of nutrients, improved the
soil physical properties (Chander et al., 2013) and in-
creases the nutrient uptake by maize (Kumar, 2015).

The nutrient-management practices significantly influ-
enced the uptake of nitrogen, phosphorus and potassiumin
maize might be owing to the higher biomass and grain
yield, as uptake is the resultant of higher dry-matter con-
tent and percentage of nutrients content in crop (Table 3).
However, the highest uptake of nitrogen (90.3 kg/ha),
phosphorus (51.5 kg/ha) and potassium (99.4 kg/ha) was
recorded under treatments receiving 75% RDF + PSB +
Azotobacter + vermicompost @ 5.0 t/ha (N,) (Table 3).
This might be owing to the increased growth, nutrient in-
flux and photosynthetic rate which resulted in more ab-
sorption and translocation of these nutrients to the grain
and stover. Moreover, balanced and integrated nutrient-
management practices significantly influenced the higher
uptake of primary nutrients (Owlaer al., 2015).
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Economics

The effect of moisture conservation practices, highest
gross return (55.3x10° #/ha), net returns (30.1x10°F/ha)
and benefit: cost ratio (1.19) were recorded under irrigated
plot (M) (Table 4). The higher profitability of this treat-
ment might be owing to the higher grain yield and lower
total cost of cultivation and better utilization of moisture
which improved the fertility of soil which ultimately in-
creased the yield. The moisture-conservation practices by
mulching, FY M mulch resulted in the highest gross return
(48.9 x10° 7/ha) net return (23.7x10° #/ha) and benefit:
cost ratiom (0.95) compared to the dry-weed biomass
mulch. However, the lowest gross return (34.5x10° #/ha),
net return (9.3x10° #/ha) and benefit: cost ratio (0.37)
were recorded under without irrigation and mulch (M ).
This might be that to the fact FY'M and dry-weed biomass
mulch significantly increases the availability of moisture
to the crops which ultimately increased the net return and
benefit: cost ratio. Moreover, use of straw as mulch mate-
ria significantly increases the higher net returns and ben-
efit: cost ratio over spreading FY M mulch and no mulch-
ing as reported by Singh et al., (2014).

The highest gross return (53.3x10° #/ha) and net return
(25.8x10° #/ha) were obtained under treatments receiving
75% RDF + PSB + Azotobacter + vermicompost @ 5.0 t/
ha (N,), owing to the higher grain yield (Table 4). How-
ever, the highest benefit: cost ratio (0.98) was recorded un-
der treatment receiving 100% RDF and Azotobacter +
PSB (N,) because of the lower cost of cultivation com-
pared to the other treatments (Table 4). The application of

Table 3. Effect of moisture conservation and nutrient management practices on yield and NPK uptake of maize (2 years pooled data)

Treatment Grainyield Stover Harvest Nitrogen Phosphorus Potassium
(t/ha) yield (t/ha) index (%) (kg/ha) (kg/ha) (kg/ha)
Moisture Conservation Practices (M)
M, 2.73 9.53 22.1 76.4 414 85.5
M, 4.35 12.0 26.4 89.9 54.3 104.1
M, 3.29 10.8 23.2 814 44.7 91.1
M, 3.85 11.3 25.3 84.9 49.9 96.7
SEm+ 0.86 0.52 0.53 1.00 0.82 0.96
CD (P=0.05) 2.96 1.83 1.85 3.00 2.42 2.99
Nutrient Management Practices (N)
N, 3.36 10.7 23.8 80.7 46.5 92.7
N, 3.69 111 24.7 85.8 48.6 95.8
N, 421 11.7 26.3 90.3 515 99.4
N, 2.96 10.2 22.2 76.1 43.8 89.6
SEm+ 0.46 0.24 0.25 0.36 0.53 0.50
CD (P=0.05) 1.35 0.72 0.74 1.24 1.83 1.74

M,, without irrigation and without mulch; M,, irrigation as and when required; M., dry-weed biomass mulch @ 5.0t/ha; M, FYM muich
@ 5.0t/ha; N,, 100% RDF 80:40:40 kg/haN: P,O,: K,O; N,, 100% RDF + Phosphate solubilising bacteria (PSB) + Azotobacter; N,, 75%
RDF + PSB + Azotobacter + vermicompost @ 5.0 t/ha; N,, 50% RDF + PSB + Azotobecter + 50% vermicompost @ 2.5t /ha
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Table 4. Effect of moisture conservation and nutrient management practices on economics and water-use efficiency of maize cultivation (2

years pooled data)
Treatment Cultivation Gross return Net return Benefit: Water-use
cost (x 10%ha) (x 10%ha) (x 10%ha) cost ratio efficiency
(Kg/ha-mm)
Moisture Conservation Practices (M)
M, 237 345 9.3 0.37 0.06
M, 237 55.3 30.1 1.19 0.11
M, 245 41.6 16.4 0.65 0.08
M, 24.7 48.9 237 0.95 0.09
SEm+t - 1080.2 1075.3 0.04 0.002
CD (P=0.05) - 3,729.4 3,702.1 0.14 0.006
Nutrient Management Practices (N)
N, 23.7 42.6 189 0.80 0.08
N, 23.7 46.8 231 0.98 0.09
N, 275 53.3 25.8 0.93 0.10
N, 25.9 375 11.6 0.45 0.07
SEm+t - 620.1 612.4 0.02 0.001
CD (P=0.05) - 1,810.3 1,805.2 0.07 0.004

M,, without irrigation and without mulch; M, irrigation as and when required; M., dry-weed biomass mulch @ 5.0t/ha; M, FYM muich
@ 5.0t/ha; N,, 100% RDF 80:40:40 kg/haN: P,O,: K,O; N, 100% RDF + Phosphate solubilising bacteria (PSB) + Azotobacter; N,, 75%
RDF + PSB + Azotobacter + vermicompost @ 5.0 t/ha; N,, 50% RDF + PSB + Azotobecter + 50% vermicompost @ 2.5t /ha

vermicompost and increased recommended dose of fertil-
izers from 50 to 100% enhanced the yield, but net return
and benefit: cost ratio were lower due to the high cost of
cultivation, as also reported by Nagappa and Biradar
(2007). However, application of recommended dose of
fertilizers along with Azotobacter resulted in higher net
returns and benefit: ratio as also reported by Joshi et al.,
(2013).

Water-use efficiency

The water-use efficiency was highest (0.11 kg/ha/mm)
under treatment supplied with 2 irrigations— at knee-high
and silking stage. The moisture conservation practices in-
volving FY M mulch exhibited the highest-water use effi-
ciency as compared to dry weeds biomass mulch (Table
4). Mulching significantly influenced the water-use effi-
ciency of maize, might be owing to the reduction of
evaporation loss through organic mulch was responsible
for higher water-use efficiency by the crop (Sarkar and
Singh, 2007). Among the nutrient-management practices,
the highest (10.10 kg/ha/mm) water-use efficiency was re-
corded under treatments receiving 75% RDF + PSB +
Azotobacter + vermicompost @ 5.0 t/ha (N,) compared to
the other treatments. This might be owing to the availabil-
ity of applied nutrients was attributable to higher grain
production per unit of water used with better utilization of
nutrient, water, improved root growth and higher nutrient
uptake.

Application of 2 irrigations at knee-high and silking

stage significantly affects the growth, productivity and
profitability of maize. Adoption of moisture-conservation
practices by applying FYM and dry weed biomass mulch
helped in improving the crop growth and yieldsin a sus-
tainable way. The use of different sources of nutrient not
only increased the availability of nutrients but also their
uptake by the crop and proved to be better in terms of
growth and yield of the maize. From this studly, it isrecom-
mended to apply 75% RDF + PSB + Azotobacter +
vermicompost @ 5.0 t/ha (N,) along with 2 irrigations at
knee-high stage and silking stage of maize for obtaining
overall gain under the rarai region of West Bengal.
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