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Abstract A field trail was conducted during kharif
seasons of 2017 to assess the energy production,
consumption and yield of maize under various plant
population and fertilizer levels. The experiment was
conducted in Randomized Block Design and repli-
cated thrice. The field trail was taken up with nine
treatments which comprised of four different spacings
with one or two plants per hill and various fertilizer
doses. The experimental results showed that 30 cm x
25 cm (one seeding hill ") with 200% RDF registered
more energy output, net energy, energy intensity with
maximum grain and stover yield of maize. Planting
geometry of 60 cm x 25 cm (two seeding hill") with
200% RDF consumed higher input and produced
higher specific energy.
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Introduction

At global level maize occupied third position in
its grain production after rice and wheat. Maize
is grown in almost all the countries with various
environmental conditions. It is not only consumed
by human being as food grain, but also used as feed
for livestock as forage crop. Maize is a C, crop and
it has yielding potential naturally. Even though the
average productivity in India is low, as compared to
other maize growing countries, due to many con-
straints like imbalanced use of fertilizers, lack of
optimal crop stand and optimum planting geometry
(Mangal et al. 2017). Successful maize production
requires an understanding of various management
practices as well as environmental conditions that
affect crop performance (Ecker 1995). Appropriate
plant population and planting geometry are the im-
portant cultural practices which affect yield potential
of maize and its stability (Norwood 2001). Since the
age of subsistence agriculture to present day cultiva-
tion, energy is a key input for agriculture, which is
positively correlated with energy input. Agriculture
is both a producer and consumer of energy (Taheri
Garav et al. 2010).

In recent years, many researchers have investi-
gated on energy in relation to crop production (Liu
et al. 2010). For sustainable agricultural production,
energy use efficiency is one of the main principle. Two
types of energy are direct and indirect energy. Fuel,
electricity is the direct energy which directly used on
the land like land preparation, irrigation, harvesting,
processing (Shafique etal. 2015). Indirect energy used
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in crop production are packing and transporting of
fertilizers, seeds, machineries and pesticides (Ozkan
et al. 2004).

Input - output analysis of energy is used to deter-
mine how efficiently the energy is used (Morteza et
al. 2012). Franzluebbers and Francis (1995) studied
that energy requirements for various cereal crops like
maize and sorghum management systems in USA
and they concluded that decreased energy ratio was
observed with N fertilizer application, except with
cereal as previous crop and low soil available N at
initial. Canakci et al. (2005) studied the energy use
patterns in Turkey with wheat, cotton, maize and
sesame crops. They noticed that in all input energies,
52.7% of share was used for fertilizer application
in maize alone. On this basis, the main objective of
this study was to evaluate energy use pattern and
production of maize under various plant populations
with fertilizer levels.

Materials and Methods

The field experiment was conducted under irrigated
condition during the period from July to October
(kharif seasons) of 2017 and 2018. The site of field
trail was located in Southern region of the country,
Western Agro Climatic Zone of Tamil Nadu at 11°N
latitude, 77°E longitude with an altitude of 426.7 m
above mean sea level. The soil of the experimental
site was sandy loam texture. In both the years, the
field had been in tillage by tractor drawn cultivator
followed by rotavator to get a favorable texture for
crop growth. The initial soil sample analysis of exper-
imental location revealed that soil was alkaline in pH
(8.54) with low soluble salts (0.18 dS m'), medium
in available organic carbon content (0.60%), low in
soil available nitrogen (246 kg ha'), medium in soil
available phosphorus (11 kg ha') and high in soil
available potassium (421 kg ha™).

Randomized Block Design was used for exper-
iment with three replications in both the years. The
field trail was taken up with nine combinations of
different plant density by altering geometry and in-
corporating one or two seedlings per hill with various
fertilizer levels viz., 60 cm x 25 cm with one seeding
hill* and 100% RDF (T,), 60 cm x 25 cm with two
seedlings hill"' and 150% RDF (T,), 60 cm x 25 cm

with two seedlings hill! and 200% RDF (T,), 60 cm
x40 cm with two seedling hill' and 125% RDF (T,),
60 cm x 40 cm with two seedlings hill"' and 150%
RDF (T,), 30 cm x 25 cm with one seeding hill! and
150% RDF (T,), 30 cm x 25 cm with one seeding
hill"' and 200% RDF (T,), 45 cm x30 ¢cm with one
seeding hill"" and 100% RDF (T,) and 45 cm x 30 cm
with one seeding hill"' and 125% RDF (T,). TNAU
maize hybrid Co 6 used as test variety.

Gross plot size was 3.6 m x 6.0 m wherein
various inter and intra row spacings were followed.
Data collections during the field investigation were
noted on the basis of grain yield and energy relation
as followed.

Energy input (MJ ha')
Grain yield (kg ha™)

Specific energy (MJ kg!') =

Net energy (MJ ha'') = Energy output (MJ ha') —
Energy input (MJ ha'')

Energy output (MJ ha)

Energy intensity (MJ [J-') =
& y( ) Cultivation expenses ( [ ha)

Energy Output (grain + byproduct ) (kg ha™)

productivity (kg MJ!)=

Energy input (MJ ha'')

The data required for energy analysis was col-
lected by using the method suggested by Kalbande
and More (2008), Devasenapathy et al. (2009). Input
energy (machinery, seeds, fertilizer, water, chemicals
and labor) and output energy (grain and stover) for the
purpose of analysis were calculated by using energy
equivalents and expressed in Mega Joules (MJ ha
"). Energy efficiency was calculated by taking ratio
of input and output energy for the each treatment
(Dazhong and Pimental 1984). Based on the energy
equivalents of the inputs and output (s), energy pro-
ductivity, specific energy and net energy gain were
calculated (Mohammadi and Omid 2010).

Results and Discussion

Input energy

Energy relations of maize under various planting
geometry and fertilizer levels were given in Tablel.
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Table 1. Effect of different planting density and fertilizer levels on input (MJ ha'), output (MJ ha!) and specific energy (MJ kg™!).

Treatments Energy input Energy output Specific energy
T, : 60 cm x 25 cm — one seeding hill" with 100% RDF 39270 209860 6.39
T, : 60 cm x 25 cm — two seeding hill"' with 150% RDF 59051 277352 8.07
T, : 60 cm x 25 cm — two seeding hill"' with 200% RDF 78539 304221 9.84
T, : 60 cm x 40 cm — two seeding hill"' with 125% RDF 49087 243860 7.20
T, : 60 cm x 40 cm — two seeding hill"' with 150% RDF 58831 261271 8.32
T, : 30 cm x 25 cm — one seeding hill"! with 150% RDF 58757 286268 7.81
T, : 30 cm x 25 cm — one seeding hill” with 200% RDF 78245 318265 9.44
T, : 45 cm x 30 cm — one seeding hill" with 100% RDF 39302 224585 6.18
T, : 45 cm x 30 cm — one seeding hill" with 125% DRF 49046 238018 7.43

Results showed that 60 cm x 25 cm—two seeding hill"!
with 200% RDF consumes more energy (78539 MJ
ha) followed by 30 cm x 25 cm—one seeding hill"!
with 200 % RDF for maize production as compared
to other planting geometries and fertilizer doses. This
might be due to higher dosage of recommended fertil-
izers and higher amount of seed used. Recommended
spacing (control) was 60 cm X 25 cm—one seedling
per hill"! with 100% RDF. When adopting two seed-
lings hill" with 200% RDF in recommended spacing
consumes more energy than control. Whereas, lower
energy input was observed with 45 cm x 30 cm—one
seeding hill" with 100% RDF which registered 39302
MJ ha'!. The reason might be due to less seed rate
and fertilizer dose. This was in agreement with the
findings of Mangal et al. (2017).

Output energy
In terms of output energy, geometry of 30 cm x 25 cm

—one seeding hill"! with 200% RDF recorded higher
energy output of 3,18.265 MJ ha! (Table 1) due to

higher maize grain yield produced. Productivity per
plant was low but production per unit area was high
due to higher plant population which leads to higher
total productivity in geometry of 30 cm x 25 cm—one
seeding hill"! with 200% RDF than normal spacing.
However, 60 cm X 25 cm - one seeding hill! with
100% RDF recorded lower output energy (2,09,860
M1J ha'). These differences in energy output might
be due to higher grain and stover yield production
which resulted in increased output energy. This was in
agreement with the findings of Jayadeva et al. (2010),
Sangeetha (2013).

Specific energy

Energy required to produce one kg of main product
of each treatments is expressed as specific energy
(Table 1). With respect to specific energy, lower
specific energy of 6.39 MJ kg! was noticed under 60
cm x 25 cm-— one seeding hill! with 100% RDF. In
both the treatments the population (1,33,333 plants
ha') and fertilizer doses was same. Higher specific

Table 2. Effect of different planting density and fertilizer levels on net energy (MJ ha'), energy intensity (MJ Rs™), energy productivity

(kg MJ") and energy efficiency.

Net Energy Energy Energy
Treatments energy intensity productivity efficiency
T, : 60 cm x 25 cm — one seeding hill" with 100% RDF 170590 5.39 2.30 5.34
T, : 60 cm x 25 cm — two seeding hill"' with 150% RDF 218300 6.01 1.82 4.70
T, : 60 cm x 25 cm — two seeding hill”" with 200% RDF 225682 6.04 1.49 3.87
T, : 60 cm x 40 cm — two seeding hill"" with 125% RDF 194773 5.84 2.04 4.97
T, : 60 cm x 40 cm — two seeding hill" with 150% RDF 202440 5.96 1.77 4.44
T, : 30 cm x 25 cm — one seeding hill" with 150% RDF 227510 6.20 1.88 4.87
T, ; 30 cm x 25 cm — one seeding hill” with 200% RDF 240020 6.32 1.56 4.07
T, : 45 cm x 30 cm — one seeding hill” with 100% RDF 185283 5.72 2.38 5.71
T, : 45 cm x 30 cm — one seeding hill" with 125% RDF 188972 5.76 1.98 4.85
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energy was observed with 60 cm x 25 cm— two seed-
ing hill"* with 200% RDF (9.84 MJ kg') which was
followed by 30 cm % 25 cm — one seeding hill"! with
200% RDF (9.44 MJ kg™"). The difference in specific
energy might be due to more competition for nutrients
when two seedlings per hill with wider spacing were
maintained than single seedling per hill with closer
spacing adopted.

Net energy and energy intensity

By deducting energy input from energy output of
particular treatment, net energy was obtained and
energy intensity is ratio between output energy and
cultivation expenses (Table 2). Higher net energy
and energy intensity of 2,40,020 MJ ha™' and 6.32 MJ
Rs!, respectively was observed in 30 cm x 25 cm—one
seeding hill! with 200% RDF due to higher grain and
stover yield. In closer spacing and one seedling hill"!
with double the fertilizer level and plant population
than control, per plant input use efficiency was more
due to less interplant competition as compared to
adopting two seedlings hill'. It was followed by
30 cm x 25 cm—one seeding hill! with 150% RDF
(2,27,510 MJ ha'! and 6.20 MJ Rs", respectively).
Plant geometry of 60 cm x 25 cm—one seeding hill"!
with 100% RDF (control) recorded lower net energy
and energy intensity of 1,70,590 MJ ha' and 5.39 MJ
Rs, respectively. The energy use efficiency of per
plant was less due to wider spacing in recommended
plant population with 100% RDF.

Energy productivity and energy efficiency

Energy productivity is quantity of output for every
unit of input (Table 2). Planting geometry of 45 cm
x 30 cm—one seeding hill"! with 100% RDF recorded
higher energy productivity and energy efficiency
(2.38 kg MJ! and 5.71, respectively). The result
of this treatment indicated that energy efficiency
increased as the plant population decreased. This
result corroborates with Mangal et al. (2017) who
reported that energy use efficiency increased linearly
as the planting geometry decreased. Lower energy
productivity and energy efficiency was observed with
geometry of 60 cm x 25 cm— two seeding hill! with
200% RDF (1.49 kg MJ! and 3.87, respectively) in
maize production system due to higher input energy

Table 3. Effect of different planting density and fertilizer levels
stover yield (kg ha') and grain yield (kg ha™') of maize.

Stover  Grain

Treatments yield yield

T, : 60 cm x 25 cm— one seeding hill"! 9556 6150
with 100% RDF

T,: 60 cm x 25 cm—two seeding hill"! 13581 7319
with 150% RDF

T, : 60 cm x 25 cm—two seeding hill"! 14952 7981
with 200% RDF

T, : 60 cm x 40 cm—two seeding hill"! 11492 6817
with 125% RDF

T, : 60 cm x 40 cm—two seeding hill"! 12585 7072
with 150% RDF

T, : 30 cm x 25 cm—one seeding hill’! 14052 7525
with 150% RDF

T,: 30 cm x 25 cm-one seeding hill” 15711 8291
with 200% RDF

T, : 45 cm x 30 cm— one seeding hill”! 10491 6357
with 100% RDF

T, : 45 cm x 30 cm—one seeding hill’! 11281 6599
with 125% RDF

SEd 456 299
CD (p=0.05) 966 633

consumed.This is in line with findings of Lorzadeh
etal. (2011).

Grain and stover yield

Grain and stover yield of maize under different
planting geometry and fertilizer levels are presented
in Table 3. Planting geometry of 30 cm % 25 cm (one
seeding hill") with application 200% RDF produced
higher grain (8291 kg ha™') and stover yield (15711
kg ha'') and it was at par with 60 cm X 25 cm—two
seeding hill! with 200% RDF (7981 and 14952 kg
ha!, respectively), Narrow planting geometry had sig-
nificantly greater stover yield (13.6 t ha') as matched
to wider planting geometry (9.00 t ha'). Higher
dry matter production per unit area was obtained
by increasing plant population with sufficient plant
nutrients and favorable environmental conditions.
This result shows that higher plant density and N was
advantageous for optimum yield (Zeleke et al. 2018).
Whereas, lower grain and stover yield of 6150 and
9556 kg ha' respectively was observed with geometry
of 60 cm x 25 cm (one seeding hill'") with 100 % RDEF.
The highest plant density with higher nitrogen applied
plot recorded maximum grain yield and the lowest



yield was obtained from lower plant population. This
is line with findings of Bozorgi et al. (2011)

Conclusion

Based on the experimental results, it may be conclud-
ed that geometry of 30 cm x 25 cm—one seeding hill"!
with 200% RDF was observed more output energy,
net energy, energy intensity, higher grain and stover
yield. So, this treatment found to be an ideal agronom-
ic options to save energy, higher yield in maize which
is economically viable, sustainable and productive to
the farmers of Western zone of Tamil Nadu.
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