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("Abstract: The aim of this experiment was to determine the energy efficiency indices in the rice-blackgram cropping system under various conservation filage and crop )
management pracices for hilly zone of Kamataka during 2014-15 and 2015-16. Minimum tillage with BBF or no tilage with flat bed with crop residues retained on the surface
combined with RPP (Recommended package of practices) + brown manuring of sunnhemp significantly improved crop growth and yield of rice and blackgram and increased
system productivity to the tone of 36.25 and 30.94 percent compared to conventional fillage with inorganic nutrients and pest management. The higher energy output (1,52,364 and
1,43,838 MJ ha'"), energy use efficiency (10.03 and 9.72), energy productivity (0.689 and 0.667) and net energy (1,37,039 and 1,28,945 MJ ha'') were recorded in minimum filage
with BBF or no fillage with residue retention on the surface as compared to rest of the tillage practices. Among the crop management practices, recommended package of
practices + brown manuring of sunnhemp (CV), integrated nutrient and pest management + brown manuring of sunnhemp (CMz) and organics (FYM 50 % +VC 50 %) equivalent
100 % RDN and biological pest management + green leaf manuring (Gliricidia) @ 5 t ha' (CMs) noticed higher output energy (9.60 to 17.91 %), energy use efficiency (11.09 to

20.74 %), energy productivity (9.46 to 20.83 %) and net energy (12.55 to 19.27 %) as compared to inorganic nutrient and pest management.
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Introduction

Energy is the basic driving force in human development. The history of civilization
is largely a story of man’s progress in harnessing energy, i.e. converting energy to
a more useful form. In agriculture, energy is important in terms of crop production
and agro-processing for value adding [1]. In the evolution from traditional to
modern farming, the commercial energy use was increased sharply [2]. This trend
led to ecstatic impacts of environmental immensity e.g. degradation and erosion of
the soil structure and environmental pollution brought about carbon dioxide
emissions, loss of quality food and risk of their toxicity and high energy costs
created. As a result, these systems reduced energy efficiency more than
traditional systems making instability of these systems [3]. Since efficient use of
the energy resources is vital in terms of increasing production, productivity,
competitiveness of agriculture as well as sustainability of rural living, energy
auditing is one of the most common approaches to examining energy efficiency
and environmental impact of the production system. Agricultural activities like
output-input ratio, relevant indicators and energy use patterns can be calculated
by researchers. Also, the energy audit provides sufficient data to establish
functional forms to investigate the relationship between energy inputs and outputs.
Estimating these functional forms is very useful for determining elasticity of inputs
on yield and production [4].

Material and Methods

An experiment was carried out at Agriculture Research Station, Mundgod, Uttara
Kannada District of Karnataka on conservation agriculture for the rice-blackgram
system for hilly zone of Karnataka in 2014-15 and 2015-16. Main plot consists of
conservation tillage (CT) practices, CT (minimum ftillage) with BBF (135 cm) with
residue retention on the surface (CT1), CT (no ftillage) with flat bed with residue
retention on the surface (CT2), CT (minimum tillage) with incorporation of all crop

residues (with rotavator) (CT3) and conventional tillage (CT4). Sub plots consists,
RPP + brown manuring of sunnhemp (CMs), integrated nutrient and pest
management (INM + IPM: 50 % organic + 50 % inorganic) + brown manuring of
sunnhemp (CM2), organics (FYM 50 % + VC 50 %) equivalent 100 % RDN and
biological pest management + green leaf manuring (Gliricidia) @ 5 t ha-* (CMs)
and inorganic nutrient and pest management (CM4) along with control
(conventional tillage + sunnhemp green manure with hodta operation) was
conducted in strip-block design consists of sixteen treatments with control and
three replications. The inputs in the calculation of energy use in labour, machinery,
diesel oil, fertilizers, seeds, while rice and blackgram yield were included in the
output as presented in [Table-1].
Table-1 Energy coefficient used in energy calculation

S Energy source  Energy coefficient (MJ/unit) Reference
1

Human labor 1.96 MJ hr!
2 | N 60.60 MJ kg1
3 |P 11.10 MJ kg~!
4 | K 6.70 MJ kg*
5 | Insecticide 199 MJ kg-! [5]
6 Fungicides 92 MJ kg!
7 | Herbicide 238 MJ kg'!
8 Diesel 56.31 MJ I
9 Paddy seeds 14.57 MJ kg! [2]
10 | Straw 12.50 MJ kg!
11 | Machinery 62.7 MJ hrt
12 | bullock pair 10.1 MJ hr! 5]
13 FYM 0.30 MJ kg-!

The rice equivalent yield and energy indices were calculated by using the
formulae as follows below.

Rice equivalent yield (REY)

REY (q ha'') = Crop yield (q ha"') X Price of crop (Rs. g*) / Price of rice (Rs. q°)
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Table-2 Rice equivalent yield and total output energy as influenced by conservation practices in rice-blackgram system for hilly zone of Kamataka
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CTs
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CTs
CTs4
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CT1. CT (minimum tillage) with BBF (135 cm) with residue retention on the surface; CTz. CT (no tillage) with flat bed with residue retention on the surface.

Conservation Tillage
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95.85¢
86.48
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Crop Management (CM) Practice
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CTs. CT (minimum tillage) with incorporation of all crop residues (with rotavator); CT.. Conventional tillage.
CMi. RPP (Recommended package of practices) + brown manuring of sunnhemp; CMz. Integrated nutrient and pest management (INM + IPM: 50 % organic + 50 % inorganic) + brown manuring of sunnhemp.
CMs. Organics (FYM 50 % +VC 50 %) equivalent 100 % RDN and biological pest management + green leaf manuring (Gliricidia) @ 5t ha-'.
CM. Inorganic nutrient and pest management; Control. Conventional fillage + sunnhemp green manure with hodta operation; Means fallowed by the same alphabet do not differ significantly by DMRT (P=0.05)

Table-3 Energetics in (Rice equivalent yield) rice-blackgram cropping
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system as influenced by conservation practices in rice-blackgram system for hill
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Energy use efficiency
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Energy indices

Energy use efficiency =Total energy output (MJ ha")/ Total energy input (MJ ha-")
Energy productivity =Grain yield (kg ha")/ Total energy input (MJ ha-)

Net energy = Energy output (MJ ha-') - Energy input (MJ ha-1)

Results and Discussion

Rice equivalent yield

Significantly higher rice equivalent yield was recorded with all conservation tillage
systems as compared to conventional tillage (CT4). Conservation tillage with BBF
with residue retention on the surface (104.57 g ha-'), no tillage with flat bed with
residue retention on the surface (98.72 q ha') and minimum tillage with
incorporation of all crop residues (89.00 q ha-") recorded significantly higher rice
equivalent yield of 20.74, 16.05 and 6.88 percent over conventional tillage (82.88
q ha'), respectively [Table-2]. Because of optimum soil moisture conditions,
conservation tillage with crop residues, could have hastened the decomposition of
crop residues and enhanced availability nutrients than conventional tillage.
Increased REY in conservation tillage with reduced or no tillage with crop residues
retention on the surface or incorporation of crop residue practices might be due to
the enhanced and sustained availability of soil moisture for a longer period
between the two showers in rice crop and better moisture conservation for
blackgram crop in rabi season, it is grown mainly on residual soil moisture
conditions. Further, the experimental results showed that, crop residues retention
reduce the evaporation of soil moisture, soil erosion and regulates the soil
temperature variations help in sustaining crop yield under rainfed conditions. In no
tillage or reduced tillage plots lower bulk density, improved soil porosity and high
infiltration rate favour the crop root penetration which might have resulted in better
crop growth and yield [6 and 7). Among the crop management practices,
application of RPP + brown manuring of sunnhemp (CM) recorded significantly
higher REY (10213 q ha') as compared to inorganic nutrient and pest
management (CM4) (83.84 q ha") [Table-2]. Application of FYM and green
manuring has positive effect on increasing the soil available nutrients, soil
moisture and soil physical properties which had a direct influence on crop growth
and yield over application of NPK alone. The application of green manure
increased the grain yield of rice over no green manure (NPK alone) [8]. In-situ
incorporation of Sesbenia aculeate @ 12 t ha-' remarkably increased the grain (18
%) and straw (16 %) yield of rice over no organic manures, owing to the increased
in growth and yield atfributing characters of rice (9). Among the interactions,
CT1CM1 (CT (minimum tillage) with BBF (135 cm) with residue retention on the
surface and RPP + brown manuring of sunnhemp was recorded significantly
higher REY (115.41 q ha'') over rest of the treatment combinations [Table-2]. The
increase in rice equivalent yield was mainly attributed to more favorable soil
physical condition, available nutrient and soil moisture retention improved the crop
growth and yield of crops. After three experimental years, they found 9.2 percent
higher soil organic carbon stock in no tillage as compared to conventional tillage
[10]. Similarly, nutrient stratification in conservation tillage practice was also
recorded by many authors. Stratified nutrients especially in 0-15 cm surface soil
may be attributed to steady supply of nutrients to crops throughout growing period
which enhanced better crop growth and yield parameters as compared to
conventional tillage practices.

Output energy

The total output energy was recorded significantly due to conservation tillage and
crop management practices in 2014, 2015 and pooled analysis. Minimum tillage
with BBF or no tillage with residue retention on the surface recorded significantly
higher output energy (1,52,364 and 1,43,838 MJ ha-!, respectively) as compared
to conventional tillage (1,20,751 MJ ha), followed by minimum tillage with
incorporation of all crop residues (1,29,673) [Table-2]. Among the crop
management practices, recommended package of practices + brown manuring of
sunnhemp (CMy), integrated nutrient and pest management + brown manuring of
sunnhemp (CMz) and organics (FYM 50 % +VC 50 %) equivalent 100 % RDN and
biological pest management + green leaf manuring (Gliricidia) @ 5 t ha-' (CMs)
noticed 9.60 to 17.91 percent higher output energy as compared to inorganic
nutrient and pest management (1,22,152 MJ ha-') [Table-2]. Interaction effect of

minimum tillage with BBF with residue retention on the surface and RPP + brown
manuring of sunnhemp recorded 6.58 to 36.25 percent higher output energy as
compared to rest of the treatments. This might be due to higher yield was
recorded under conservation tillage as compared to conventional tillage.

Energy use efficiency

The energy use efficiency was recorded significantly due to conservation tillage
and crop management practices in 2014, 2015 and pooled analysis. Minimum
tilage with BBF or no tillage with residue retention on the surface recorded
significantly higher energy use efficiency (CT1), no tillage with flat bed with residue
retention on the surface (CT2) and minimum tillage with incorporation of all crop
residues (CT3) recorded 21.85 to 40.08 percent higher energy use efficiency as
compared to conventional tillage (6.01) [Table-3]. Among the crop management
practices, integrated nutrient and pest management + brown manuring of
sunnhemp (CM2) and organics (FYM 50 % +VC 50 %) equivalent 100 % RDN and
biological pest management + green leaf manuring (Gliricidia) @ 5 t ha' (CMs)
noticed 11.09 to 20.74 percent higher energy use efficiency as compared to
inorganic nutrient and pest management [Table-3]. Interaction effect of minimum
tilage with BBF with residue retention on the surface and organics (FYM 50 %
+VC 50 %) equivalent 100 % RDN and biological pest management + green leaf
manuring (Gliricidia) @ 5 t ha! recorded 5.42 to 53.39 percent higher energy use
efficiency as compared to rest of the treatments [Table-3]. However, it was found
on par with minimum tillage with BBF with residue retention on the surface plus
integrated nutrient and pest management + brown manuring of sunnhemp (11.03)
and no tillage with flat bed with residue retention on the surface plus organics
(FYM 50 % +VC 50 %) equivalent 100 % RDN and biological pest management +
green leaf manuring (Gliricidia) @ 5 t ha-* (10.76) [Table-3]. This may be because
of lesser inputs used at conservation tillage as compared to conventional tillage.

Energy productivity

Minimum ftillage with BBF or no fillage with residue retention on the surface
recorded significantly higher energy productivity (0.689 and 0.667 kg MJ-') as
compared to conventional illage (0.413 kg MJ-1) [Table-3]. This could be attributed
to lesser energy (operation time, manual labour and fuel) requirement under zero
tilage than conventional tillage. It is congruous to the findings of [11]. Among the
crop management practices, organics (FYM 50 % +VC 50 %) equivalent 100 %
RDN and biological pest management + green leaf manuring (Gliricidia) @ 5 t ha-"
(CMs) noticed significantly higher energy productivity (0.629) as compared fo rest
of the treatments. But it was found on par with integrated nutrient and pest
management + brown manuring of sunnhemp (CM) (0.619) [Table-3]. Interaction
effect of minimum fillage with BBF with residue retention on the surface plus
organics (FYM 50 % +VC 50 %) equivalent 100 % RDN and biological pest
management + green leaf manuring (Gliricidia) @ 5 t ha-" recorded 5.40 to 53.36
percent higher energy productivity as compared to rest of the treatments.
However, it was found on par with CT1CM2 (0.757) and CT2CMs (0.739) [Table-3].
Higher energy output in conservation tillage systems is mainly due to maximum
energy produced with lower energy expenditure by saving energy in filage
practices and burning of fossil fuels as well as reducing weeding operations than
conventional tillage practices [12]. Tillage before planting which require about one
third of the total operational energy could be saved without affecting the crop
yields [13].

Net energy

On pooled analysis, minimum tillage with BBF or no tillage with residue retention
on the surface recorded significantly higher net energy (1,37,039 and 1,28,945 MJ
ha') as compared to conventional tillage (1,00,583 MJ ha-'), followed by minimum
tilage with incorporation of all crop residues (1,12,761 MJ ha-') [Table-3]. Among
the crop management practices, recommended package of practices + brown
manuring of sunnhemp (CM), integrated nutrient and pest management + brown
manuring of sunnhemp (CMz) and organics (FYM 50 % +VC 50 %) equivalent 100
% RDN and biological pest management + green leaf manuring (Gliricidia) @ 5t
ha! (CMs) noticed 12.55 to 19.27 percent higher net energy as compared to
inorganic nutrient and pest management (1,04,892 MJ ha-') [Table-3].
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Interaction effect of minimum tillage with BBF with residue retention on the surface
and RPP + brown manuring of sunnhemp noticed 4.74 to 42.37 percent higher net
energy as compared to rest of the treatments [Table-3]. This might be due to
higher yield was recorded under conservation tillage as compared to conventional
fillage.

Conclusion

The experiment was undertaken with the aim to find the influence of conservation
tilage on energy saving in rice-hlackgram system with minimum tillage with BBF
or no tilage with flat bed with crop residue retention on surface plus
recommended package of practices + brown manuring of sunnhemp or organics
(FYM 50 % + VC 50 %) equivalent 100 percent RDN and biological pest
management + green leaf manuring (Gliricidia) @ 5 t ha* or integrated nutrient
and pest management + brown manuring of sunnhemp for sustainable and eco-
friendly agriculture. On the basis of two years field study it may be safely
concluded that the minimum fillage with BBF or no tillage with flat bed with crop
residue retention on surface plus recommended package of practices + brown
manuring of sunnhemp recorded higher energy output, energy use-efficiency
energy productivity and net energy than conventional tillage plus inorganic nutrient
and pest management. Conservation tillage practices increasing energy use
efficiency and energy productivity from 5.42 to 53.39 percent over conventional
tilage. Recommended package of practices + brown manuring of sunnhemp or
organics (FYM 50 % +VC 50 %) equivalent 100 percent RDN and biological pest
management + green leaf manuring (Gliricidia) @ 5 t ha* or integrated nutrient
and pest management + brown manuring of sunnhemp increased energy use
efficiency and energy productivity from 11.09 to 20.74 percent as compared to
inorganic nutrient and pest management.

Application of research: The research highlights are useful to apply it by the
farmers where, rice-blackgram cropping system will be cultivated under
conservation agriculture technologies in hilly zone of Kamnataka.

Research Category: Agronomy.

Abbreviations: ha- hectare, cm- centimetre, kg- kilograms, DMRT- Duncan’s
multiple range test, SEm- Standard error mean.
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