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Identification of agricultural practices which maximize crop productivity, energy use efficiency (EUE)
and minimize greenhouse gas (GHG) emissions is essential. There is dearth of information in rainfed
agriculture in general and conservation agriculture in particular, hence a study was conducted to assess
the EUE and GHG emissions of different tillage practices like conventional tillage (CT), reduced tillage (RT)
and zero tillage (ZT) and residue levels (harvesting heights resulting in 0, 10 and 30 cm anchored residue)
in pigeonpea-castor systems under semi-arid rainfed regions of India. CT recorded 30 and 31% higher
energy inputs than ZT in pigeonpea and castor, respectively. The fuel consumption in ZT was 58 and 81%
lower than CT in pigeonpea and castor, respectively. This lower fuel consumption in ZT reduced the GHG
emissions by 21 and 23% in pigeonpea and castor, respectively, in comparison with CT. EUE and energy
productivity were maximum in ZT with 10cm anchored residue. Further, castor grown on pigeonpea
residue recorded 10 and 20% higher energy inputs and GHG emissions over pigeonpea grown on castor
residues. Our results indicate that, reduction in one tillage operation with residue have a minimal impact
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on the crop yields but have a substantial environmental benefits.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

One of the biggest challenges in agriculture during the 21st
century is to meet the food and fodder demands of the growing
population and livestock from decreasing per capita land avail-
ability without environmental degradation. To meet these growing
demands improved agronomic practices such as intensive tillage,
optimized use of fertilizers, improved crop protection practices and
burning of crop residues for disposing of the residues from the field
are being adopted (Ghasemi Mobtaker et al., 2010). These practices
are highly productive but are energy intensive, hence have con-
tributed to a 10-fold increase in the global energy budget since the
start of the 20th century (Tandon and Singh, 2010) and increase
in anthropogenic emissions of greenhouse gases (GHG) especially
non-CO, emissions grew by 0.9% year~!, with a slight increase in
growth rates after 2005 (Tubiello et al., 2013). This increase in
energy inputs and GHG emissions in agriculture is mostly due to
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higher fossil fuel combustion during farm operations especially
tillage (Koga et al., 2003). Globally, with growing concern on cli-
mate change, the focus is to reduce anthropogenic GHG emissions
in general and from agriculture in particular. Since the fossil energy
inputs and CO, emissions are directly related (Tzilivakis et al., 2005)
studies on increasing the energy use efficiency in crop production is
need of the hour. Further, these studies help in development of sus-
tainable practices with higher productivity, energy use efficiency,
and preservation of natural resources and also offer opportunities
for mitigation of climate change (Dalgaard et al., 2011; Dyer and
Desjardins, 2003).

Among the different agro techniques, soil tillage is one of the
greatest fossil fuel energy consumers and contributes about 30% of
the total energy use in crop production (Singh et al., 2008) and in
turn increases greenhouse gas emissions (Soni et al., 2013). Thus,
reducing the energy consumption from fossil fuels in agricultural
systems will lead to reduction of GHG emissions. Hence, in the cur-
rent context of growing environmental concerns, reduced or zero
tillage is essential, as it can reduce the negative effects of agricul-
ture on the environment by reducing fossil fuel consumption which
in turn reduces energy input, CO, emissions, wind and water ero-
sion of soil along with the reduction in cost of cultivation (Johnson
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etal, 2005; Liebig et al.,2005). But zero tillage has not been adopted
widely due to yield variability and also low yields under rainfed
conditions (Giller et al., 2009). Hence, in recent times conserva-
tion agriculture (CA) which includes minimum soil disturbance,
residue retention and crop rotation has emerged as an important
management strategy to fight climate change while maintaining
crop productivity. The benefits of individual components of CA like
reduced tillage, crop rotation are well known, but the components
have not been integrated properly. Many studies have been con-
ducted on CAinrice-wheat systeminirrigated Indo-Gangetic plains
of south Asia (Kumar et al., 2013; Jat et al., 2009), but research in
rainfed regions is limited. Further, the success of CA depends on the
soil cover or residues. However, the major constraint in adoption of
CA is non availability of crop residues due to competing demands
of residue for fodder, fuel and also lack of suitable implements to
sow the crop (Giller et al., 2009).

In India, 2/3rd of total arable land is rainfed which contributes
about 44% of the food production. In the rainfed areas crop pro-
duction is uncertain due to irregular weather conditions, degraded
soil with low inherent soil fertility and low water holding capacity.
Pigeonpea {Cajanus cajan (L.) Millsp.} and castor {Ricinus commu-
nis (L.)} are important pulse and oilseed crops of semi arid rainfed
regions of India. Pigeonpea is fifth prominent grain legume crop in
the world and occupies second position among pulse crop in India.
More than 90% of the pigeonpea area is under rainfed conditions,
which is typically characterized by recurring droughts, result-
ing in lower productivity. Also, castor is an important industrial
oilseed crop and India accounts for 60% of area and 68% of global

production. These crops require less input and are highly suitable
for marginal environment. In India, these crops are largely grown
by small holders, although the productivity of these crops is low
due to erratic monsoon and low soil fertility.

Several studies have evaluated the energy balance (Moreno
etal.,2011; Arvidsson, 2010; Tabatabaeefar et al., 2009; Singh et al.,
2008) and greenhouse gas emission (Filipovic et al., 2006; Koga
et al., 2003; West and Marland, 2002) in different cropping sys-
tems but very few studies have combined the energy analysis and
GHG emissions from agricultural systems (Mohammadi et al., 2014;
Kiisterman et al., 2013; Soltani et al., 2013; Soni et al., 2013). Also,
there is limited information from rainfed production systems com-
bining different tillage methods and residue management system.
Hence this study was conducted with following objectives: (i) to
assess the energy input, output and energy use efficiency of CA and
CT systems, and (ii) to determine the carbon input, output, CO, eq.
emissions, carbon sustainability index and carbon efficiency of CA
systems in pigeonpea and castor cropping systems under rainfed
production systems.

2. Materials and methods
2.1. Cropping systems and treatments

Field experiments were initiated in 2009 at Hayathnagar
Research Farm (HRF) of the Central Research Institute for Dry-
land Agriculture (CRIDA), Hyderabad, India (17°23'N latitude,
78°29'E longitude, altitude 540 m above mean sea level) in

Table 1
Package of practices in different tillage treatments in pigeonpea-castor cropping systems.
Crop Month Operation CT RT ZT
Pigeonpea April/May Land preparation Disk plowing once - -
June Cultivator once Cultivator once -
June (second fortnight Disk harrow once Disk harrow once -
depending on rainfall)
Sowing +basal dose of Sowing +25:50 N:P Sowing +25:50 N:P Sowing +25:50 N:P
fertilizer + pre Kgha! Kgha! Kgha!
emergence herbicide
Pre emergence - Pendimethalin Pendimethalin
herbicide
July Inter-cultivation Bullock pair + hand - -
weeding
August Inter-cultivation/post Bullock pair +hand Quizalofop-p-ethyl Quizalofop-p-ethyl
emergence herbicides weeding
September Inter- cultivation Bullock pair + hand Bullock pair + hand
weeding weeding
October and November Plant protection Need based plant Need based plant Need based plant
protection measures protection measures protection measures
January Harvesting Combiner Combiner Combiner
Castor April/May Land preparation Diskplowing once - -
June Cultivator once Cultivator once -
June Disk harrow once Disk harrow once -

June (second fortnight
depending on rainfall

Sowing +basal dose of
fertilizer + pre
emergence herbicide
Pre emergence
herbicide

July Inter-cultivation
August Inter-
cultivation/herbicides
September Inter-cultivation
September Top dressing

October and November

December-February

Plant protection

Harvesting - 3
pickings, final harvest
in February

Sowing +25:50 N:P
kgha!

Bullock pair + hand
weeding

Bullock pair +hand
weeding

Bullock pair +hand
weeding

N fertilizer 25 kg ha~!
Need based plant
protection measures
Manual

Sowing +basal
fertilizer

Pendimethalin

Quizalofop-p-ethyl

Bullock pair +hand
weeding

N fertilizer 25 kg ha~!
Need based plant
protection measures
Manual

Sowing +basal
fertilizer

Pendimethalin

Quizalofop-p-ethyl

N fertilizer 25 kg ha~!
Need based plant
protection measures
Manual

CT - conventional tillage, RT - reduced tillage, ZT - zero tillage.
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the semi-arid region of Southern part of India. Average sea-
sonal (June-January) rainfall during the experimental period was
720 mm, which accounts for approximately 42% of annual poten-
tial evapo-transpiration. Average annual maximum and minimum
temperature during experimental period was 32°C and 20°C,
respectively. The soil at the experimental site represents Typic Hap-
lustalf. The arable part of the soil consists of 62.8% sand, 6.2% silt
and 31% clay.

Pigeonpea-castor bean annual crop rotation was followed dur-
ing rainy season from 2009-10 to 2013-14. Though the experiment
was initiated in year 2009, the results from year 2010 onwards
were considered as the first year of experiment did not have any
residue cover in the experimental plot. The experiment was laid
out in split-plot design with three tillage system as main plots and
residue levels as subplots, replicated three times. Tillage treatments
were assigned to the main plots (300 m?) which were split ran-
domly into three sub plots (100 m?) based on the harvest height
(anchored residues). 5m buffer strips were maintained between
the large plots. Recommended cultivation practices of the crops
for this region were adopted in all the treatments. The sequence
of field operations performed in pigeonpea and castor in different
treatments are presented in Table 1. Tillage implements and oper-
ations done in different treatments were defined as per American
Society of Agricultural and Biological Engineers (ASABE) standards
(ASAE, 2004a, b).

The tillage treatments included CT, which was the usual farm-
ers practice in the region and consists of one pass with disk
plough (15-20 cm depth) in off season during April/May with sum-
mer showers, followed by one pass of cultivator (10cm depth)
and disk harrow after the onset of monsoon in second fort-
night of June just before sowing of the crop. Weed control was
done by inter-cultivation with bullock drawn harrow and hand
weeding. Reduced tillage (RT) consists of one pass of cultivator fol-
lowed by disk harrowing before sowing with onset of monsoon
in June. Weed control was achieved by pre-emergence herbicide
pendimethalin spray at the rate of 1.0 kg a.i. ha~! at the time of sow-
ing followed by one inter-cultivation operation with bullock drawn
harrow, hand weeding once at 40 days after sowing and applica-
tion of post-emergence herbicide Quizalofop-p-ethyl at the rate
of 0.05kga.i.ha~!. The third treatment was direct sowing with-
out tillage (ZT) in which direct sowing was done without any
tillage and weed control was achieved with pendimethalin spray
at the rate of 1.0kga.iha~! and Quizalofop-p-ethyl at the rate
of 0.05kga.i.ha~! as pre and post-emergence herbicides, respec-
tively. In all the three tillage systems, crop was sown with precision
planter cum herbicide applicator developed at CRIDA (Plate1). The
sub plot treatments involved harvesting at different heights which
resulted in different residue heights, since they are anchored to soil
standing in the field they were referred to as anchored residuesi.e.,
harvesting at base (0 cm), (10 cm) and (30 cm) resulting in different
residue quantities.

Seed, stalk, anchored residue and flat residue (leaf fall) yields
of pigeonpea and castor were recorded after 12% moisture content

Plate 1. CRIDA precision planter with herbicide and fertilizer applicator.

was attained during all the experimental years. Root shoot ratio,
carbon and nitrogen content in the grain, biomass, residue and root
was determined in pigeonpea and castor once during the study
period and these values were used to estimate the root biomass,
N input, carbon output and calculation of N, O emissions.

2.2. Energy balance

Energy input of different tillage and residue treatments in
pigeonpea-castor systems were estimated by using both direct
(amount of fossil fuel used in tillage, sowing, harvesting, human
labor, bullock labor and electricity) and indirect (energy used in
production of machinery and raw materials like mineral fertilizers,
pesticides and seeds) energy inputs. The energy input is the con-
version of all the inputs in to energy values by multiplying with
corresponding energy coefficients and summing up of all these
energy inputs. The direct and indirect energy coefficients used were
taken from the literature and are presented in Supplementary Table
1 (Thyagaraj, 2012; Singh and Mittal, 1992; Mittal and Dhawan,
1988; Green, 1987). Energy coefficients reported in the literature
varied; this differential values are due to difference in calculation,
spatial and temporal system boundaries used (Hiilsbergen et al.,
2001). Due to this differential coefficient values the results of dif-
ferent studies using different methodologies are not comparable.
However, in this study energy coefficient values from Indian studies
were used since this study has more relevance in Indian context. In
this study only the energy used in crop production was considered
but the renewable/built-in source of energy (solar radiation, wind,
inbuilt fertility in the soil) was excluded since it has no opportunity
cost and moreover these inputs are independent of the manage-
ment practices. However, in this study manual labor, bullock power
input was considered unlike the other studies of developed coun-
tries since significant amount of human labor was used for weeding
and inter-cultural operations in CT like in any developing country,
and the value corresponds to the biochemical energy potentially
consumed by a person (Sartori et al., 2005).

Energy input of a machine (indirect energy use) was calculated
by using equation (Canakci, 2010)

G x MP
ME =
TCes

where ‘MEF’ is the energy use of machine (MJ ha=1), ‘G’ the weight of
machine (kg), ‘MP’ is the energy use in the machine manufacturing,
M] kg~1; ‘T’ the economic life of machinery (h) and ‘C,¢ the effective
field capacity (hah~1).

Fuel consumption in different tillage treatments depends on
depth and width of ploughing, soil type, moisture content, size
of the tractor and the implement used for ploughing. So the fuel
consumption in different tillage treatments which were done with
different tillage implements pulled by a 48HP two wheel drive trac-
tor was estimated during treatment imposition and at sowing on
volume basis.

The energy output of seed and stalk of castor and pigeonpea for
each treatment was calculated based on the total yield (kgha=1)
and its corresponding calorific values. Crop residues left over in
the field were not considered in the energy balance calculation
(Moreno et al., 2011). The formulae used for estimation of the
energy efficiency variables (energy use efficiency, energy produc-
tivity and net energy) are presented in Table 2.

2.3. Greenhouse gas emissions

Environmental impacts of CA practices were assessed by calcu-
lating the Global warming potential (GWP). The GWP is the total
set of GHG emissions (CO,, N,O and CH,4) produced directly and
indirectly in crop production and they were converted into CO,
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Table 2
Description and units of energy and carbon parameters used in this study.
Parameters Description Abbreviation Unit
Direct energy Diesel +labor + bullock + electricity DE GJha!
Indirect energy Machinery +fertilizers + pesticides + seeds IDE GJha!
Renewable Energy Labor +bullock + seed Er GJha!
Non renewable energy Machinery +diesel + electricity + chemical fertilizers + pesticides Engr GJha!
Total energy input Sum of direct and indirect energy or sum of renewable and non renewable energy El GJha!
Grain energy output Energy in the harvested grain (main product) Eog GJha™!
Total energy output Energy in the harvested total biomass (grain + straw) Eo¢ GJha!
Grain net energy Grain energy output — energy input NEg GJha!
Total net energy Total energy output — energy input NE; GJha!
Grain energy use efficiency Grain energy output/energy input EUE, -
Total energy use efficiency Total Energy output/energy input EUE; -
Grain energy productivity Grain yield/energy input EPg kg MJ~!
Total energy productivity Total biomass yield/energy input EP; kg MJ~!
Global warming Potential Sum of total CO, and N, 0 emission converted into CO2 eq. GWP kg CO; eq.ha™!
GHG emission Sum of total CO; and N, 0 emission converted into CO2 eq. GHG kg CO; eq.ha™!
Carbon input (Sum of total GHG emission in CO; eq.) x 12/44 CI kg Ceq ha™!
Carbon output Total biomass x 0.4 co kg Ceq. ha™!
Carbon sustainability index (Coutput — Cinput)/Cinput CSI -
Carbon efficiency C output/Cinput CE -

equivalent by using global warming potential equivalent factors
of 1 and 310 for CO, and N,O, respectively (IPCC, 2006). In this
study only CO, and N,O gases were considered. CH4 emissions
were not considered since the study was in rainfed crops and not
low land rice further residue burning was absent. In this experi-
ment the amount of GHG emissions in terms of CO, equivalent was
estimated by multiplying the input (diesel fuel, chemical fertilizer
and biocide) with its corresponding emission coefficient. In line
with previous studies (Dalgaard et al., 2001), the emission coeffi-
cients used in the study are presented in Supplementary Table 1
(Lal, 2004; West and Marland, 2002). However the emission coef-
ficient for each individual pesticide and herbicide are unavailable,
so we assumed that the emission during the processes of produc-
tion, transportation, storage, and field application are same for the
pesticides within a class (Lal, 2004).

Besides the CO, equivalent emission from farm operations in
crop production, direct and indirect N,O emissions from the syn-
thetic fertilizer application and N, O released during decomposition
of crop residues left in the soil (Forster et al., 2007) were estimated
by using IPCC methodology (IPCC, 2006). The anchored residue, leaf
and root biomass obtained in different treatments were used for the
calculation of N, O emissions (Supplementary Table 2).

The direct (emission factor) and indirect N,O emission (frac-
tion of leaching and volatilization) factors are variable, uncertain
and moreover they depend on oxygen status of the soil, amount of

Energy Input (GJ ha?)

Fertilizers

Fossil fuel
Bullock labor
Electercity
Machinery
Insecticides
Herbicides

Manual labour

Pigeonpea

Fig. 1. Source-wise energy consumption (GJ ha~') in different tillage treatments in pigeonpea—castor cropping systems.

zero tillage.

Seed

Fossil fuel

fertilizer, soil type, crop and temperature etc. (Dobbie and Smith,
2003). In spite of the variations in emission factors the IPCC rec-
ommended use of a common default factors for these emissions.
But in India some studies have reported a specific emission fac-
tor which is lower than IPCC default factor (Tirado et al., 2010;
Bhatia et al., 2004; Singh et al., 1991). Hence in this study method-
ology suggested by Rochette et al. (2008) was used for estimating
direct N, O emission factors and indirect emissions (FRAC ecp ). Fur-
ther in these equations the direct and indirect emissions from crop
residue decomposition and synthetic N fertilizer application are
considered as function of the ratio of precipitation to potential
evapo-transpiration.

EF = 0.022 x (P/PE) —0.0048

where EF is the emission factor with a unit of kg N;O-N kg~! N; P/PE
is the ratio of precipitation to potential evapo-transpiration during
the growing season based on long-term data. The direct soil N,O
emissions (N3 Op;rect) from the application of synthetic N fertilizer
(Nsnr) and crop residue N (Ncgr) were estimated as follows:

N2Opirect = (NsnF + Ncr) x EF x (44/28) x 310

where 44/28 is a coefficient converting N,O-N into N, 0, 310 is the
global warming potential.

HCT
ERT

T

Seed

Fertilizers

Bullock labor
Electercity
Machinery

Insecticides
Herbicides

Manual labour

Castor

CT - conventional tillage; RT - reduced tillage; ZT -
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Fig. 2. Direct, indirect, renewable and non renewable energy input (G] ha—') in different tillage treatments in pigeonpea-castor cropping systems. CT - conventional tillage;
RT - reduced tillage; ZT - zero tillage. DE - direct energy; IDE - indirect energy; ER - renewable energy and ENR - non renewable energy.

The indirect soil N O emissions (N3 Ojpgirect) from nitrate leach-
ing and volatilization of NH3 and NOx were calculated as follows:

N2Omndirect = {(NsnF +Ncr) x FRAC each X EFeach

+ (NsnE x FRACGasm x EFyp)} x (44/28) x 310
where, Fracye,cp, i the fraction of N lost by leaching and runoff.
FRAC|cach = 0.3247 x (P/PE) — 0.0247

FRACGasm is the fraction of volatilized nitrogen from synthetic fertil-
izer and crop residues. Various studies conducted in India reported
the volatilization to be about 15% (Parashar et al., 1998; Aggarwal
and Kaul, 1978) as against 10% of the IPCC default value. The higher
value is due to high annual temperature in India as compared to
temperate countries. The IPCC recommended and revised emission
factors used in this study are presented in Supplementary Table 3.

Total carbon output is the sum of the carbon equivalent of grain,
straw and root biomass produced by the crop. The carbon sus-
tainability index which is ratio of difference between total carbon
output and input to the total carbon input and carbon efficiency of
different tillage practices and cropping systems were calculated as
suggested by Lal (2004).

2.4. Statistical analysis

An experiment was laid out using split plot design with three
replications to study the effect of tillage and residue levels on
various parameters of energy and carbon. Tillage practices viz., con-
ventional, reduced and zero tillage was introduced as main plot
treatments and different anchored residue heights (0 cm, 10cm
and 30 cm harvesting height) as subplot treatments. The statisti-
cal analysis was carried out using proc glm of SAS software version
9.2. Tukey'’s studentized range test (HSD) was employed to offer
corrections to P-values while doing multiple comparisons. P value
less than 0.05 has been used as the criteria for rejecting the null
hypothesis of equality of means for main plot treatments, subplot
treatments and interaction between main plot and subplot treat-
ments separately.

3. Results and discussion

In year 2009, experiment was initiated without in-situ residues
hence we did not consider the results of 2009 in this paper and con-
sidered the results from 2010-11 to 2013-14. Differences in crop
yields were observed in different years in both castor and pigeon-
pea. These differences in yields across years were mainly due to

inter-annual variation in the total amount and distribution of rain-
fall but the variations within year were attributed to the treatments
(Data not shown). However we did not observe any significant
interaction between tillage and different years. Significantly higher
seed yield was obtained in CT in pigeon pea (1191kgha~1) and
castor (2037 kgha~1) and this was on par with RT. ZT recorded 19
and 20% lower yield as compared to CT and 17 and 18% over RT in
both pigeonpea and castor, respectively. These results are in agree-
ment Alvarez and Steinbach (2009). This relative yield increase in
zero tillage over time and transition period has been attributed to
improved soil conditions with residue retention, such as organic
carbon, soil enzyme activity, microbial biomass, porosity and struc-
tural stability (So et al., 2009). These results indicate the importance
of long term experiments.

3.1. Energy balance

The present study compared the energy analysis between dif-
ferent tillage operations and crop residue levels in pigeonpea and
castor rotation. Globally, energy analysis have been done to com-
pare various variables. Hernanz et al. (1995), Borin et al. (1997),
Zentner et al. (1998, 2004), and Rathke et al. (2007) compared con-
servation systems (minimum tillage, zero tillage) and conventional
systems. However the differential energy coefficients reported in
the literature, can affect the conclusions derived from these studies
when differences among treatments are less. Different tillage sys-
tems significantly influenced the energy inputs whereas residue
levels did not differ significantly. Total energy inputs averaged
across castor and pigeonpea was 8.5, 7.5 and 5.9GJha~! in con-
ventional tillage (CT), reduced tillage (RT) and zero tillage (ZT),
respectively. CT recorded 30 and 12% higher energy input over zero
and reduced tillage, respectively (Fig. 1). Higher energy input in
CT was due to increased number and depth of tillage operations
which accounted for higher machinery use and increased fossil fuel
consumption. The present study results agree with the finding of
Houshyar et al. (2015) and Rathke et al. (2007). But some studies
(Zentner et al., 2004) reported that there is no significant differ-
ence between conservation tillage and conventional tillage since
the savings in fuel in zero tillage is compensated for by higher her-
bicide and N fertilizer requirements. However Cantero-Martinez
etal.(2003) differed with additional N fertilizer requirement under
mediterranean semi arid rainfed conditions. Besides fossil fuel
consumption intercultural operations and manual weeding also
contributed to higher energy use in CT. In this study human labor
is considered since in CT human labor is used for weed control
unlike in studies of Moreno et al. (2011) and Rathke et al. (2007) of
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Fig. 3. Operation-wise energy consumption (GJ ha~!) in different tillage treatments in pigeonpea-castor cropping systems. CT — conventional tillage; RT - reduced tillage;

ZT - zero tillage.

developed countries. Soltani et al. (2013) and Kustermann et al.
(2013) also indicated lower energy input in RT and ZT.

Averaged across crops, conventional tillage recorded 12% higher
direct energy than indirect energy whereas RT and ZT recorded 41
and 72% higher indirect energy than CT, respectively. The fossil fuel
share in CT (34%) and RT (26%) was highest where as in zero tillage
it was only 16% this higher fossil fuel consumption in CT and RT was
due to land preparation and sowing. The fossil fuel consumption for
land preparation and sowing was less as compared to other studies
like Houshyaretal.(2015) was due to use of CRIDA precision planter
for sowing and the advantage of this implement is sowing, fertilizer
and pre-emergence application of herbicide is done simultaneously
in a single operation. The decrease in number of tillage operations
saved 32 and 68% fossil fuel in RT and ZT, respectively as compared
to CT. The share of fertilizers was highest in ZT (34%) but in CT
and RT the fossil fuel share of energy was followed by fertilizers.
Energy use of fossil fuel consumption and fertilizers were followed
by insecticide application. Herbicides share was 10 and 13% in RT
and ZT, respectively. The share of fertilizers and insecticides energy
in different tillage systems was similar in all the treatments within
the crop as in different studies. This was purposefully kept similar to
study the influence of tillage systems and residue levels on the out-
put of the crop. However, the higher fossil energy use in pigeonpea
and manual labor use in castor was due to differential harvesting
and threshing methods. In developing countries like India, under
rainfed conditions usually combine harvester and manual thresh-
ing was done. But the detailed analysis revealed that major human
energy is used in harvesting of castor. Castor is currently harvested
in 2 to 3 picking manually. The challenging issue for the use of
pluckers in castor harvesting is that the varieties available in castor
do not mature at the same time hence the use of machine cuts
the plant in the first round and may also pluck immature cap-
sules leading to yield reduction by around 35-40%. Hence use of
castor harvester may become reasonable on the condition of har-
vester or crop variety improvements; i.e., a crop variety that leads
to simultaneous castor maturity, or a flexible harvester to harvest
the yield several times economically. Whereas threshing was done
with sheller. Renewable energy share to total energy input was 22,
14, and 10% in CT, RT and ZT, respectively. The higher renewable
energy use in CT and RT is due to manual weeding and intercultural
operations. Whereas in zero tillage herbicides were used for weed
control. In both the crops when averaged across residue treatments,
CT recorded higher non renewable energy as compared to ZT. This
differential non renewable energy consumption in both the crops
was due to use of fossil fuel for land preparation and sowing (Fig. 2).

Operation wise energy consumption is presented in Fig. 3. In CT
highest share of energy input was in land preparation and sowing
(33% of total energy input) while fertilizer application has recorded
highest energy use in RT (26% of total energy input) and ZT (32% of
total energy input) practices in pigeonpea. However, in castor fertil-
izer application was the highest energy consumer and it accounted
to 37,41 and 53% of total energy input in CT, RT and ZT, respectively.
Weed control through herbicide application reduced the energy
use in RT and ZT as compared to manual weeding in CT. Similar
observations were reported by Singh et al. (2008) in ZT in soybean
based cropping systems under rainfed conditions. The energy use
for harvesting and threshing operations were lower in ZT as com-
pared to conventional and RT as they are directly related to grain
and biomass yields and these yields were comparatively lower in
ZT.

Grain Energy Output (EOg) was directly related to the yield,
hence the highest energy output was observed in the treatment
with highest yield. EOg was significantly influenced by the crop,
tillage practices, height of harvested residues and year. Variation
in grain yield contributed to the variation in energy output in dif-
ferent years. This variation in yield was due to difference in both
quantity and distribution of rainfall in different years during the
crop growth period. Averaged across years, tillage and residue level,
castor recorded highest EOg than pigeonpea. This differential EOg
in different crops is due to difference in the yield. Energy out-
put was significantly (P<0.05) influenced by tillage practices in
both the crops. In pigeonpea and castor highest EOg was observed
in CT (29.77GJha~!, 50.69 G] ha~!, respectively), followed by RT
(28.99GJha~1, 49.37GJha~!, respectively) and ZT (24.08 GJha!,
40.61 GJ ha~1, respectively). CT and RT were on par with each other
but were significantly higher than ZT in both the crops. These
results are in agreement with Borin et al. (1997). Different residue
heights have significant (P <0.05) influence on EOg. In both the crops
30 and 10cm anchored residue recorded highest energy output
and was significantly superior to 0 cm anchored residue, in agree-
ment with Goglio et al. (2014). Interaction between tillage and
anchored residue height were non significant in pigeonpea but sig-
nificant in castor. In castor 30 cm anchored residue (53.50 GJ ha~1)
had maximum EOg and was on par with 10cm (51.71 GJha=1) and
0cm (46.84 GJ ha—1)anchored residues in CT,10(51.12GJha~1)and
30cm (50.95GJha1) anchored residues in RT. But this was sig-
nificantly superior to RT 0 cm and all anchored residue heights in
ZT. 6 and 14% higher output was observed in ZT 10 cm anchored
residue over ZT 0 and ZT 30 cm anchored residue. Furthermore, the
energy output in 0 and 30 cm were statistically on par with each
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Table 3
Energy (GJ ha—') balance in different tillage and residue height treatments in pigeonpea-castor cropping systems.
Tillage  Residue (cm)  EI(GJha=')  EO4(GJha=')  EO((GJha~')  EUE, EUE; NEg (GJha=')  NE((GJha=')  EPg (kgMJ~')  EP;(kgMJ 1)
Pigeonpea
CT 0 8.0473 26.417 53.697 3.29M 6.697 15.592 41.65M 0.13A 0.477
10 8.0472 31.624P 59.37Ab 3.9410 7.39Ab 21.954P 47.32A30 0.161> 0.507>
30 8.047a 31.284° 60.254P 3.894b 7.5A0 18.86MP 48.204° 0.164° 0.52AP
RT 0 6.9882 26.51A 56.37A 3.82Ma 8.182 15.417 45.87M 0.15% 0.57%2
10 6.9882 29.08b 55.15A2> 4.1840 7.93Ab 16.694° 44,6610 0.17A> 0.55A
30 6.9882 31.364° 61.9140 4.524b 8.9180 18.88Ab 51.414P 0.184° 0.628>
T 0 5.59¢ 21.3582 46.537 3.867 8.3982 10477 38.127 0.15% 0.6082
10 5.59¢a 25.9780 50.64582b 4,675 9.128ab 16.3240 42.23Ab 0.198b 0.6382b
30 5.59¢ 24.9180 49.818P 4.4970 8.988> 13.71Ab 41.40%° 0.184° 0.638>
Castor
CT 0 8.96M 46.841° 72.98A2 5.3A 8.14Ma 38.5972 64.0372 0.217 0.497
10 8.96M 51.717 78.7740 5.774b 8.7840 42.764° 69.814P 0.234° 0.534AP
30 8.96M 53.5144 79.7340 5.97A%  8.9Ac 44,5580 70.774° 0.24A% 0.53A¢
RT 0 7.9382 46.024° 70.03A2 5.882 8.83M 38.09%2 62.1172 0.23A 0.5472
10 7.938a 51.127 77.56AP 6.444P 9.77% 43.194° 69.63AP 0.264° 0.594P
30 7.9382 50.95A 78.63AP 6.42A30 9.918¢ 43.03Ab 70.70AP 0.26A 0.618¢
ZT 0 6.16% 40.67A° 60.7082 6.6182 9.8582 34,5382 54.54B2 0.2682 0.5982
10 6.16% 43.14M 68.488> 78b 11.11 36.9880 62.3380 0.28%> 0.698>
30 6.16%2 37.99M 59.0380 6.1670 9.578¢ 31.848> 52.878> 0.25Mb 0.598¢

Due to significant interaction between tillage and residue levels, the effect of tillage has been analysed at the same level of residue and the effect of residue at the same level
of tillage; capital letters in the superscript indicate the effect of tillage, whereas lower case letters the effect of residue levels; means followed by the same letter are not
significantly different at P=0.05; CT - conventional tillage; RT - reduced tillage; ZT - zero tillage; 0cm, 10 cm and 30 cm are harvesting heights from soil; other abbreviation

details as in Table 2.

other (Table 3). Similar results were observed in total energy out-
put (EO¢), which included energy output of grain and crop residue
harvested and removed from the field. Crop residue left over in the
field was not included in calculation of total energy output since
they were returned to the land at the end of crop season (Moreno
etal, 2011).

Energy use efficiency (EUE) was influenced by different tillage
treatments and anchored residue height in both pigeonpea and cas-
tor (Table 3). Averaged over treatments castor recorded higher EUE
(6.16 EUEg and 9.43 EUE;) as compared to pigeonpea (4.07 EUE;
and 8.11 EUE). ZT (4.34, 6.59 in pigeonpea and castor, respec-
tively) and RT (4.17, 6.22 in pigeonpea and castor, respectively)
recorded significantly higher EUEg than CT but in RT and ZT they
were statistically similar in both the crops. Similar observations
were recorded in EUE;. Barut et al. (2011) reported higher energy
use efficiency in minimum tillage as compared to CT. Irrespec-
tive of tillage treatments anchored residue heights influenced the
EUE significantly in both the crops. In general, with increase in
anchored residue height EUE; and EUE; also increased. Anchored
residue height of 30 and 10 cm registered highest EUEg and EUE;
and were on par with each other but they were statistically superior
to 0 cm anchored residue. In pigeonpea no significant interaction
was observed between tillage and residue heights in both EUEg and
EUE;, but in castor the interaction was significant. In pigeonpea
maximum EUEg was observed in ZT 10 cm anchored residue and
this was significantly higher than all the residue heights and tillage
treatments. In castor significant interaction in tillage and residue
height was observed and it is of the order 10 cm anchored residue
height in ZT>RT 30cm >ZT Ocm > RT 10 cm >ZT30 cm.

In general, Grain Net Energy gain (NEg), Total Net Energy gain
(NE¢), Grain Energy Productivity (EPg) and Total Energy Productiv-
ity (EP¢) was higher in castor. In both the crops NEg and NE; was
significantly influenced by the tillage treatments (Table 3). CT has
higher NEg and NE; and was significantly superior to ZT in both the
crops and RT in pigeonpea but in castor CT and RT were on par with
each other. Different anchored residue height significantly influ-
enced NEg and NE; in both the crops. Highest NE; and NE; was
observed in 30 and 10 cm anchored residue and these were signifi-
cantly higher than 0 cm in both the crops. In pigeonpea there was no
significant interaction between tillage and residue height, whereas

in castor significant interaction between tillage and residue height
was observed. ZT 10 cm anchored residue recorded highest NEg and
this was followed by ZT 30 cm.

Castor recorded higher grain energy productivity (EPg) and
total energy productivity (EP;) as compared to pigeonpea
(Table 3). In pigeonpea, RT (0.174kgM]~') and ZT (0.167 kgM]~1)
have higher EPg than CT (0.148kgM]~1!), but EP; was higher
in ZT (0.621kgM]J-!) followed by RT (0.581kgM]~') and CT
(0.496 kg MJ~1). While, in castor ZT has higher EPg and EP; over RT
and CT. In both the crops EPg and EP; was significantly influenced
by anchored residue heights. 10 and 30 cm anchored residue have
higher EPg and EP; over Ocm in both the crops. Significant inter-
action between tillage and anchored residues was not observed in
pigeonpea unlike in castor. In castor ZT 10 cm recorded significantly
higher EPg and EP; over other tillage and residue heights.

3.2. Greenhouse gas emissions and Global warming potential

In general castor grown on pigeonpea residue had 20 and 26%
higher CO, emissions and N,O based CO, emissions (Table 4).
The data averaged over years and treatments in different crops
revealed that castor grown on pigeonpea residues (castor) have
22% higher GWP (757 kg CO, eq.ha~1) over pigeonpea grown on
castor residues (pigeonpea) (619 kg CO, eq.ha~1). The differential
GWP in pigeonpea and castor was due to difference in the quantity
of N fertilizer applied, quantity and N content of crop residue (root
and aboveground) recycled in the field (Gan et al.,, 2011; Janzen
etal.,2003). Haas et al. (2007) and Isaksson (2005) in Germany and
Sweden field conditions, respectively, observed lower energy and
GHG emissions in the crop cultivation without N fertilizers over
crop production with fertilizer application.

N, O emission from agricultural soils is one of the chief source
with the biggest uncertainty in GHG emissions These uncertain-
ties are due to uncertainties related to the emission factors, natural
variability, activity data, lack of coverage of measurements, spatial
aggregation, and lack of information on specific on-farm practices
(Lesschen et al.,, 2011) and moreover the emission factors also
depends on the crop, soil moisture conditions, rainfall and tempera-
ture. In the [PCC (2006) guidelines globally the uncertainty range of
the 1% EF is 0.3-11.0% (Smith et al., 1998; Flessa et al., 1995; Kaiser
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Table 4
CO, equivalent (kg CO, eq.ha~!) emission from various sources in different tillage and residue height treatments in pigeonpea-castor cropping systems.
CT RT T

Emission source 0 10 30 0 10 30 0 10 30
Pigeonpea
Primary tillage and sowing 163.3 163.3 163.3 102.1 102.1 102.1 32.2 32.2 322
Inter-cultivation 6.2 6.2 6.2 1.6 1.6 1.6 0.0 0.0 0.0
Harvesting 61.7 61.7 61.7 61.7 61.7 61.7 61.7 61.7 61.7
Threshing 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Application of fertilizers 135.7 135.7 135.7 135.7 135.7 135.7 135.7 135.7 135.7
Application of pesticides 6.7 6.7 6.7 8.9 8.9 8.9 8.9 8.9 8.9
Pesticides 127.9 127.9 127.9 127.9 127.9 127.9 127.9 127.9 127.9
Herbicides 0.0 0.0 0.0 17.6 17.6 17.6 17.6 17.6 17.6
CH4 based CO; eq. emissions 0 0 0 0 0 0 0 0 0
N;O based CO; eq. emissions
Direct emissions 126.5 139.7 170.0 119.4 1334 159.6 110.6 126.2 1471
Indirect emissions 34.0 35.6 394 33.1 34.8 38.1 32.0 33.9 36.5
Total GWP 661.9 676.8 710.8 607.9 623.7 653.1 526.5 544.1 567.5
Castor
Primary tillage and sowing 163.3 163.3 163.3 102.1 102.1 102.1 32.2 32.2 32.2
Inter-cultivation 6.2 6.2 6.2 1.0 1.0 1.0 0.0 0.0 0.0
Harvesting 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Threshing 53 53 53 5.0 5.0 5.0 4.0 4.0 4.0
Application of fertilizers 284.2 284.2 284.2 284.2 284.2 284.2 284.2 284.2 284.2
Application of pesticides 6.7 6.7 6.7 8.9 8.9 8.9 8.9 8.9 8.9
Pesticides 127.9 127.9 127.9 127.9 127.9 127.9 127.9 127.9 127.9
Herbicides 0.0 0.0 0.0 184 184 184 184 184 184
CH4 based CO; eq. emissions 0 0 0 0 0 0 0 0 0
N, O based CO, eq. emissions
Direct emissions 169.4 185.4 262.6 168.9 181.3 193.1 130.8 137.0 159.0
Indirect emissions 40.5 42.7 52.8 40.5 42.2 43.8 354 36.2 39.1
Total GWP 803.4 821.6 908.9 756.8 770.9 784.4 641.8 648.7 673.6

CT - conventional tillage, RT - reduced tillage, ZT - zero tillage; 0 cm, 10 cm and 30 cm are harvesting heights from soil; GWP - global warming potential.

et al., 1998; Veldkamp et al., 1998) where as in Asian and Indian
conditions the values ranged from 0.14 to 12.8% (Ghosh et al., 2003;
Babu et al., 2006). consequently, the methodology exclude factors
that are crucial in determining current emissions, and has no means
to assess the potential impact of future climate and land-use change
(Flynn et al., 2005). Additionally, this IPCC default approach does
not provide incentives to mitigation measures, since the effect is
not expressed in the national GHG emissions inventory. IPCC also
encourages countries to use a Tier 2 approach, in which N20 EFs
are disaggregated based on environmental and crop management
related factors Few countries already developed Tier 2 approaches
for N, O soil emissions for specific sources, e.g. Canada (Rochette
et al., 2008) and New Zealand (De Klein and Ledgard, 2005). Hence
in the present study Rochette et al. (2008) method which is a
function of precipitation and PET is used to estimate the emission
factors. The direct and indirect emission factors used in this study
is lower than the IPCC default factor and hence the emissions are
much lower than that of IPCC default factors. Similar observations
were made under Indian conditions by Bhatia et al. (2004). This is in
agreement with some studies but differed with some other studies.

Contribution analysis of different subsystems to the GHG emis-
sions was done to assess the influence of different factors on GHG
emissions in pigeonpea and castor in conventional and conserva-
tion agriculture systems. It was observed that in both the crops CT
recorded maximum CO, emissions from fossil fuel and this was
followed by fertilizer application and pesticides, whereas in RT and
ZT fertilizer application, pesticides had highest CO, emissions. The
contribution of CO, emission from different tillage system is 32, 22
and 8.3% in CT, RT and ZT, respectively. In both the crops the direct
N, O based CO, emissions are higher in CT as compared to RT and
ZT. The increase in height of anchored residues has increased both
the direct and indirect N,O based CO, emissions. In pigeonpea and
castor direct and indirect N, O emissions from crop residues was an
important source of GHG emissions in all the tillage systems except

in CT 0 cm anchored residues followed by fossil fuel, fertilizers and
pesticides in CT. Whereas in RT and ZT highest share of CO, eq.
emissions was from fertilizer application and this was followed by
pesticides and fossil fuel. The fossil fuel share was 24, 16 and 6% in
CT, RT and ZT, respectively. This difference in share of fossil fuel to
GHG emissions in different tillage treatments was due to reduced
number and depth of tillage operations in RT and ZT. While in castor
in all the tillage treatments fertilizer application was the principal
source of CO, equivalent emissions which is followed by N, O, fossil
fuel and pesticides in CT and N, O, pesticides and fossil fuel in RT
and ZT, respectively.

Among the different tillage practices in pigeonpea and castor
CT had highest GWP (kg CO, eq.ha~1) which was 9 and 10% higher
than RT, while ZT have 20 and 22% lower GWP (kg CO, eq.ha—1) as
compared to CT in pigeonpea and castor, respectively. GWP of CT
and RT were significantly higher than ZT in both the crops. Lowest
GWP in ZT was due to savings on fossil fuel from reduced number
of passes and also emissions associated with energy consumed in
manufacture, transport, repair and use of machines (Mohammadi
et al., 2014). GWP of 10 and 30cm anchored residue height in
both crops was higher than 0 cm. This increase in GWP was due
to addition of higher quantity of residues in 30 and 10 cm anchored
residue. Gan et al. (2009) and Goglio et al. (2014) observed similar
increase with increase in quantity of residues. In pigeonpea 30 cm
anchored residue had highest GWP (CO, eq.ha~!) as compared
to 10 and Ocm anchored residue in all the three tillage systems,
whereas 0 cm and 10 cm were on par with each other except in RT
where they were significantly different.

Carbon output was higher in castor as compared to pigeon-
pea (Table 5). The pooled data revealed that carbon output
was significantly influenced by tillage treatments and anchored
residue height. Among the tillage treatments in both the crops, CT
recorded higher carbon output (1963 kgCha~! in pigeonpea and
3456kgCha~! in castor) and this was on par with RT and both
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Table 5
Carbon input (kg Ceq ha™1), output(kg Ceq. ha™!), sustainability index and carbon efficiency in different tillage and residue height treatments in pigeonpea-castor systems.
Pigeonpea Castor
Tillage Residue (cm) Cinput Coutput CSI CE Cinput Coutput CSI CE
CT 0 1637 1862Ab 10.3972 11.397 21242 32757 14.582 15.574b
10 1634 198742b 11.18% 12.18A 21740 35314b 15.67A° 16.67A%
30 1774¢ 204172 10.4372 11.437 242h¢ 3562A¢ 13.83M 14.8340
RT 0 14782 1906 11.85% 12.85% 20082 31874 15.19%2 16.194°
10 1508P 18467 11.33A 12.31A 20480 35284b 16.695° 17.6982
30 1618¢ 206842 11.87 12.842 2078¢ 35864 16.5882 17.588
ZT 0 126 15938b 11.59%2 12.5972 167 2733Ba 15.43A2 16.43A0
10 130 166982b 11.867 12.867 169 311370 17.5580 18.55¢
30 138¢¢ 16607 10.9672 11.96%2 176 27645¢ 14.35%2 15.3540

Due to significant interaction between tillage and residue levels, the effect of tillage has been analyzed at the same level of residue and the effect of residue at the same level
of tillage; capital letters in the superscript indicate the effect of tillage, whereas lower case letters the effect of residue levels; means followed by the same letter are not
significantly different at P=0.05; CT - conventional tillage, RT - reduced tillage, ZT - zero tillage; 0 cm, 10 cm and 30 cm are harvesting heights from soil; other abbreviation

details as in Table 2.

were significantly superior to ZT (1641 kg Cha~! in pigeonpea and
2870kg Cha~! in castor). This increase in C output is due to higher
grain yields of pigeonpea and castor under CT as compared to ZT.
Wilhelmetal.(1987)also reported lower yields in ZT. Among differ-
ent anchored residue heights, 30 cm anchored residue had highest
carbon output as compared to 0 and 10 cm height in pigeonpea.
Further significant interaction between tillage and residue height
was observed in pigeonpea, whereas in castor no significant inter-
action was observed. In all the three tillage systems 10 and 30 cm
anchored residue recorded significantly higher carbon output as
compared to 0 cm anchored residue.

In the context of the global climate change and anthropogenic
emissions of GHGs into the atmosphere, sustainability of a pro-
duction system increases with increased use efficiency of carbon
based inputs (Lal, 2004). Averaged across years, Carbon Sustain-
ability Index (CSI) and carbon efficiency (CE) were higher in castor
as compared to pigeonpea (Table 5). The data revealed that CSI and
CE were higher under RT (11.66, 12.66) and this was followed by
ZT (11.47,12.47) and CT (10.67, 11.67), however they were statis-
tically on par with each other in pigeonpea. While in castor CSI and
CE were higher in RT and ZT and were on par with each other and
significantly superior over CT. Dubey and Lal (2009) reported sig-
nificant effect of tillage practices on CSI and CE. This higher CSI
and CE in RT was due to higher carbon output with lower car-
bon input whereas in ZT the carbon input was lower. The CSI and
CE in different anchored residue heights did not significantly dif-
fer with each other in pigeonpea but in castor 10cm anchored
residue recorded significantly higher CSI and CE as compared to
0 and 30 cm anchored residue. In pigeonpea significant interaction
between tillage and residue height was not observed. Whereas in
castor ZT 10 cm anchored residue had higher CSI closely followed
by RT 10 and RT 30 cm anchored residue and these treatments were
on par with each other but were significantly superior to all residue
heights in CT and RT O cm and ZT 0 and 30 cm anchored residue. ZT
10cm anchored residue had highest CE followed by 10 and 30 cm
anchored residue in RT and was significantly higher than all residue
height in CT, RT 0 cm residue height, 0 and 30 cm residue height in
ZT. Higher CE indicates more efficient use of carbon.

4. Conclusions

Fossil fuel based carbon dioxide emissions are well known as a
major contributor to energy input and GWP in the crop production.
Hence the present study aims to reduce the GWP and energy input
of agriculture by adopting conservation agriculture in pigeonpea
and castor one year rotation under rainfed conditions. The results
indicated that the energy input was higher in CT as compared to RT

and ZT, however, no difference was observed in different anchored
residue height. In both the crops CT and RT have highest EOg with 10
and 30 cm anchored residue. But ZT with 10 and 30 cm anchored
residue recorded highest EUE. CT had highest GHG emissions as
compared to RT and ZT in both the crops. Furthermore, the contri-
bution of fossil fuel to total energy input and CO, emissions is the
highest. Hence, reduction in tillage operation reduced the energy
input and CO, emission. In both the crops 30 cm anchored residue
emitted higher GHG as compared to 0 and 10 cm. The results of
this study revealed that yields in CT are higher under rainfed con-
ditions but these yields were on par with RT. However, the yield
gap between the tillage treatments is narrowing down over years.
Hence, it may take time for the ZT to out yield CT and RT. But from
the environmental point there is energy saving, higher EUE and
lower GHG emissions from ZT followed by RT. Keeping in view,
yield and environmental impacts, RT with 10 cm anchored residue
may be recommended. Further, the harvesting height at 10 cm adds
residue to the soil which improves the soil quality and also helps
to overcome the competing use of residue.

Acknowledgements

Authors are thankful to Dr. M. Maheswari, PI, National Initia-
tive on Climate Resilient Agriculture (NICRA) for the support and
encouragement. This study was financially supported by NICRA
project. We are grateful to the two anonymous reviewers and
the editor for comments and suggestions for improvement of the
manuscript.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.eja.2015.02.001.

References

Aggarwal, RK,, Kaul, P., 1978. Loss of nitrogen as ammonia volatilization from urea
on loamy sand soil of Jodhpur. Ann. Arid Zone 17, 242-245.

Alvarez, R., Steinbach, H.S., 2009. A review of the effects of tillage systems on some
soil physical properties, water content, nitrate availability and crops yield in
the Argentine Pampas. Soil Tillage Res. 104 (1), 1-15.

Arvidsson, J., 2010. Energy use efficiency in different tillage systems for winter
wheat on a clay and silt loam in Sweden. Eur. J. Argon. 33 (3), 250-256.

ASAE, 2004. Terminology and definitions for agricultural tillage implements.
Report no. ASAE S414.1 FEB04, ASABE.

ASAE, 2004. Terminology and definitions for soil tillage and soil-tool relationships.
Report no. ASAE EP291.2 FEB04, ASABE.

Babu, Y., Li, C,, Frolking, S., Nayak, D., Adhya, T., 2006. Field validation of DNDC
model for methane and nitrous oxide emissions from rice-based production
systems of India. Nutr. Cycl. Agroecosyst. 74, 157-174.


http://dx.doi.org/10.1016/j.eja.2015.02.001

G. Pratibha et al. / Europ. J. Agronomy 66 (2015) 30-40 39

Barut, Z.B., Ertekin, C., Karaaga, H.A., 2011. Tillage effects on energy use for corn
silage in Mediterranean Coastal of Turkey. Energy 36, 5466-5475.

Bhatia, A., Pathak, H., Aggarwal, P.K., 2004. Inventory of methane and nitrous oxide
emissions from agricultural soils of India and their global warming potential.
Curr. Sci. 87,317-324.

Borin, M., Menini, C., Sartori, L., 1997. Effects of tillage systems on energy and
carbon balance in north-eastern Italy. Soil Tillage Res. 40, 209-226.

Canakci, M., 2010. Energy use pattern and economic analysis of pomegranate
cultivation in Turkey. Afr. J. Agric. Res. 5 (7), 491-499.

Cantero-Martinez, C., Angas, P., Lampurlanés, ]., 2003. Growth, yield and water
productivity of barley (Hordeum vulgare L.) affected by tillage and N
fertilization in Mediterranean semiarid rainfed conditions of Spain. Field Crops
Res. 84, 341-357.

Dalgaard, T., Olesen, J.E., Petersen, S.O., Petersen, B.M., Jergensen, U., Kristensen, T.,
Hutchings, NJ., Gyldenkarne, S., Hermansen, J.E., 2011. Developments in
greenhouse gas emissions and net energy use in Danish agriculture - how to
achieve substantial CO, reductions? Environ. Pollut. 159, 3193-3203.

Dalgaard, T., Halberg, N., Porter, J.R., 2001. A model for fossil energy use in Danish
agriculture used to compare organic and conventional farming. Agric. Ecosyst.
Environ. 87 (1), 51-65.

De Klein, C., Ledgard, S., 2005. Nitrous oxide emissions from New Zealand
agriculture - key sources and mitigation strategies. Nutr. Cycl. Agroecosyst. 72
(1), 77-85.

Dobbie, K.E., Smith, K.A., 2003. Nitrous oxide emission factors for agricultural soils
in Great Britain: the impact of soil water-filled pore space and other
controlling variables. Global Change Biol. 9, 204-218.

Dubey, A., Lal, R., 2009. GWP and sustainability of agricultural production systems
in Punjab, India, and Ohio, USA. ]. Crop Improv. 23, 332-350.

Dyer, ].A., Desjardins, R.L., 2003. Simulated farm fieldwork, energy consumption
and related greenhouse gas emissions in Canada. Biosyst. Eng. 85 (4), 503-513.

Filipovic, D., Kosutic, S., Gospodaric, Z., Zimmer, R., Banaj, D., 2006. The possibilities
of fuel savings and the reduction of CO, emissions in the soil tillage in Croatia.
Agric. Ecosyst. Environ. 115, 290-294.

Flessa, H., Dorsch, P., Beese, F., 1995. Seasonal variation of N,O and CH4 fluxes in
differently managed arable soils in southern Germany. J. Geophys. Res. 100,
23115-23123.

Flynn, H.C., Smith, J., Smith, K.A., Wright, ]., Smith, P., Massheder, ]., 2005. Climate
and crop-responsive emission factors significantly alter estimates of current
and future nitrous oxide emissions from fertilizer use. Global Change Biol. 11,
1522-1536.

Forster, P., Ramaswamy, V., Artaxo, P., Berntsen, T., Betts, R., Fahey, DW., et al.,
2007. Changes in atmospheric constituents and in radiative forcing. In:
Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M., Averyt, K.B., Tignor, M.,
Miller, H.L. (Eds.), Climate Change 2007: The Physical Science Basis.
Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge Univ. Press,
Cambridge UK and New York, pp. 129-234.

Gan, Y., Liang, C., Wang, X., McConkey, B., 2011. Lowering GWP of durum wheat by
diversifying cropping systems. Field Crops Res. 122 (3), 199-206.

Gan, Y.T., Campbell, C.A., Jansen, H.H., Lemke, R., Liu, L.P., Basnyat, P., McDonald,
C.L., 2009. Carbon input to soil by oilseed and pulse crops in semiarid
environment. Agric. Ecosyst. Environ. 132, 290-297.

Ghasemi Mobtaker, H., Keyhani, A.,, Mohammadi, A., Rafiee, S., Akram, A., 2010.
Sensitivity analysis of energy inputs for barley production in Hamedan
province of Iran. Agric. Ecosyst. Environ. 137, 367-372.

Ghosh, S., Majumdar, D., Jain, M.C., 2003. Methane and nitrous oxide emissions
from an irrigated rice of North India. Chemosphere 51, 181-195.

Giller, K.E., Witter, E., Corbeels, M., Tittonell, P., 2009. Conservation agriculture and
smallholder farming in Africa: the heretics’ view. Field Crops Res. 114 (1),
23-34.

Goglio, P., Grant, B.B., Smith, W.N,, Desjardins, R.L., Worth, D.E., Zentner, R., Malhi,
S.S., 2014. Impact of management strategies on the global warming potential
at the cropping system level. Sci. Total Environ. 490, 921-933.

Green, M.B., 1987. Green Energy in pesticide manufacture, distribution and use. In:
Helsel, Z.R. (Ed.), Energy in World Agriculture, vol 2. Elsevier, New York, pp.
165-177.

Haas, G., Deittert, C., Koepke, U., 2007. Farm-gate nutrient balance assessment of
organic dairy farms at different intensity levels in Germany. Renew. Agric.
Food Syst. 22, 223-232.

Hernanz, J.L., Girén, V.S., Cerisola, C., 1995. Long-term energy use and economic
evaluation of three tillage systems for cereal and legume production in central
Spain. Soil Tillage Res. 35, 183-198.

Houshyar, E., Dalgaard, T., Tarazkar, M.H., Jergensen, U., 2015. Energy Input for
Tomato production. What Economy says, and what is good for the
Environment? J. Cleaner Prod. 89, 99-109.

Hiilsbergen, K.-]., Feil, B., Biermann, S., Rathke, G.-W., Kalk, W.-D., Diepenbrock, W.,
2001. A method of energy balancing in crop production and its application in a
long-term fertilizer trial. Agric. Ecosyst. Environ. 86, 303-321.

IPCC, 2006. Intergovernmental Panel on Climate Change, 2006. IPCC Guidelines for
National Greenhouse Gas Inventories. Agriculture, Forestry and other Land
Use, vol. 4. Intergovernmental Panel on Climate Change, Paris, France.

Isaksson, L.H., 2005. Abatement costs in response to the Swedish charge on
nitrogen oxide emissions. J. Environ. Econ. Manage. 50, 102-120.

Janzen, H.H., Beauchemin, K.A., Bruinsma, Y., Campbell, C.A., Desjardins, R.L., Ellert,
B.H., Smith, E.G., 2003. The fate of nitrogen in agroecosystems: an illustration
using Canadian estimates. Nutr. Cycl. Agroecosyst. 67, 85-102.

Jat, M.L, Gathala, M.K,, Ladha, ].K,, Saharawat, Y.S., Jat, A.S., Kumar Vipin Sharma,
S.K., Kumar, V., Gupta, R., 2009. Evaluation of precision land leveling and
double zero-till systems in the rice-wheat rotation: water use, productivity,
profitability and soil physical properties. Soil Tillage Res. 105,

112-121.

Johnson, ].M.F., Reicosky, D.C., Allmaras, RR,, Sauer, T]., Venterea, R.T., Dell, CJ.,
2005. Greenhouse gas contributions and mitigation potential of agriculture in
the central USA. Soil Tillage Res. 83, 73-94.

Kaiser, E.-A., Hohrs, K., Kiicke, M., Schnug, E., Heinemeyer, O., Munch, J.C., 1998.
Nitrous oxide release form arable soil: importance of N-fertilisation: crops and
temporal variation. Soil Biol. Biochem. 30, 1553-1563.

Koga, N,, Tsuruta, H., Tsuji, H., Nakano, H., 2003. Fuel consumption-derived CO,
emissions under conventional and RT cropping systems in northern Japan.
Agric. Ecosyst. Environ. 99, 213-219.

Kumar, V., Saharawat, Y.S., Gathala, M.K,, Jat, A.S., Singh, S.K,, Chaudhary, N., Jat,
M.L.,, 2013. Effect of different tillage and seeding methods on energy use
efficiency and productivity of wheat in the Indo-Gangetic Plains. Field Crops
Res. 142, 1-8.

Kiisterman, B., Munch, J.C., Hiilsbergen, K.-J., 2013. Effects of soil tillage and
fertilization on resource efficiency and greenhouse gas emissions in a
long-term field experiment in Southern Germany. Eur. J. Agron. 49,

61-73.

Lal, R., 2004. Carbon emission from farm operations. Environ. Int. 30, 981-990.

Lesschen, ].P., Velthof, G.L., de Vries, W., Kros, J., 2011. Differentiation of nitrous
oxide emission factors for agricultural soils. Environ. Pollut. 159 (11),
3215-3222.

Liebig, M.A., Morgan, ].A., Reeder, ].D., Ellert, B.H., Gollany, H.T., Schuman, G.E.,
2005. Greenhouse gas contributions and mitigation potential of agriculture
practices in north-western USA and western Canada. Soil Tillage Res. 83, 25-52.

Mittal, J.P., Dhawan, K.C., 1988. Research manual on energy requirements in
agricultural sector. New Delhi. ICAR, 20-23.

Mohammadi, A., Rafiee, S., Jafari, A., Keyhani, A., Mousavi-Avval, S.H., Nonhebel, S.,
2014. Energy use efficiency and greenhouse gas emissions of farming systems
in north Iran. Renew. Sustainable Energy Rev. 30, 724-733.

Moreno, M.M,, Lacasta, C., Meco, R., Moreno, C., 2011. Rainfed crop energy balance
of different farming systems and crop rotations in a semi-arid environment:
results of a long-term trial. Soil Tillage Res. 114, 18-27.

Parashar, D.C., Kulshreshtha, U.C., Sharma, C., 1998. Anthropogenic emissions of
NOy, NH3 and N0 in India. Nutr. Cycl. Agroecosyst. 52, 255-259.

Rathke, G.-W., Wienhold, BJ., Wilhelm, W.W., Diepenbrock, W., 2007. Tillage and
rotation effect on corn-soybean energy balances in eastern Nebraska. Soil
Tillage Res. 97, 60-70.

Rochette, P., Worth, D.E., Lemke, R.L., McConkey, B.G., Pennock, D.J.,
Wagner-Riddle, C., Desjardins, R.L., 2008. Estimation of N,O emissions from
agricultural soils in Canada: 1. development of a country-specific methodology.
Can. J. Soil Sci. 88, 641-654.

Sartori, L., Basso, B., Bertocco, M., Oliviero, G., 2005. Energy use and economic
evaluation of a three year crop rotation for conservation and organic farming
in NE Italy. Biosyst. Eng. 91 (2), 245-256.

Singh, B., Singh, Y., Khind, C.S., Meelu, O.P., 1991. Leaching losses of urea-N applied
to permeable soils under lowland. Fert. Res. 28, 179-184.

Singh, K.P., Prakash, V., Srinivas, K., Srivastva, A.K., 2008. Effect of tillage
management on energy-use efficiency and economics of soybean (Glycine max)
based cropping systems under the rainfed conditions in North-West
Himalayan region. Soil Tillage Res. 100, 78-82.

Singh, S., Mittal, ].P., 1992. Energy in Production Agriculture. Mittal Publications,
New Delhi, India.

Smith, K.A., McTaggart, L.P., Dobbie, K.E., Conen, F., 1998. Emissions of N,O from
Scottish soils: as a function of fertilizer N. Nutr. Cycl. Agroecosyst. 52, 123-130.

So, H.B., Grabski, A., Desborough, P., 2009. The impact of 14 years of conventional
and no-till cultivation on the physical properties and crop yields of a loam soil
at Grafton NSW, Australia. Soil Tillage Res. 104, 180-184.

Soltani, A., Rajabi, M.H., Zeinali, E., Soltani, E., 2013. Energy inputs and greenhouse
gases emissions in wheat production in Gorgan, Iran. Energy 50, 54-61.

Soni, P., Taewichit, C., Salokhe, V.M., 2013. Energy consumption and CO, emissions
in rainfed agricultural production systems of Northeast Thailand. Agric. Syst.
116, 25-36.

Tabatabaeefar, A., Emamzadeh, H., Ghasemi Varnamkhasti, M., Rahimizadeh, R.,
Karimi, M., 2009. Comparison of energy of tillage systems in wheat production.
Energy 34, 41-45.

Tandon, S.K., Singh, S., 2010. Energy balance in conservation agriculture and
conventional farming: a comparision. In: Joshi, P.K., Challa, J., Virmani, S.M.
(Eds.), Conservation Agriculture-Innovations for Improving Efficiency Equity
and Environment. National Academy of Agricultural Sciences (NAAS), New
Delhi, India, pp. 259-280.

Thyagaraj, C.R., 2012. Enhancing energy use efficiency through conservation
agriculture. In: Pratibha, G., Srinivasa Rao, Ch., Rao, K.V,, Srinivas, 1., Korwar,
G.R., Venkateswarlu, B. (Eds.), Compendium of Lectures Conservation
Agriculture Strategies for Resource Conservation and Mitigation of Climate
Change. Central Research Institute for Dryland Agriculture, Hyderabad, India.

Tirado, R., Gopikrishna, S.R., Krishnan, R., Smith, P., 2010. Greenhouse gas
emissions and mitigation potential from fertilizer manufacture and application
in India. Int. J. Agric. Sustainability 8 (3), 176-185.

Tubiello, F.N., Salvatore, M., Rossi, S., Ferrara, A., Fitton, N., Smith, P., 2013. The
FAOSTAT database of greenhouse gas emissions from agriculture. Environ. Res.
Lett. 8 (1), 15009.



40 G. Pratibha et al. / Europ. J. Agronomy 66 (2015) 30-40

Tzilivakis, J., Warner, D.J., May, M., Lewis, K.A,, Jaggard, K., 2005. An assessment of Zentner, R.P., Lafond, G.P., Derksen, D.A., Nagy, C.N., Wall, D.D., May, W.E., 2004.
the energy inputs and greenhouse gas emissions in sugar beet (Beta vulgaris) Effects of tillage method and crop rotation on non-renewable energy use
production in the UK. Agric. Syst. 85, 101-119. efficiency for a thin black chernozem in the Canadian prairies. Soil Tillage Res.

Veldkamp, E., Keller, M., Nufiez, M., 1998. Effects of pasture management on N,O 77,125-136.
and NO emissions from soils in the humid tropics of Costa Rica. Global Zentner, R.P., McConkey, B.G., Stumborg, M.A., Campbell, C.A,, Selles, F., 1998.
Biogeochem. Cycle 12, 71-79. Energy performance of conservation tillage management for spring wheat

West, T.O., Marland, G., 2002. A synthesis of carbon sequestration carbon production in the Brown soil zone. Can. J. Plant Sci. 78,
emissions and net carbon flux in agriculture: comparing tillage practices in the 553-563.

United States. Agric. Ecosyst. Environ. 91, 217-232.

Wilhelm, W.W., Schepers, J.S., Mielke, L.N., Doran, J.W., Ellis, ].R., Stroup, W.W.,
1987. Dryland maize development and yield resulting from tillage and
nitrogen fertilization practices. Soil Tillage Res. 10, 167-179.



	Impact of conservation agriculture practices on energy use efficiency and global warming potential in rainfed pigeonpea-castor systems
	1 Introduction
	2 Materials and methods
	2.1 Cropping systems and treatments
	2.2 Energy balance
	2.3 Greenhouse gas emissions
	2.4 Statistical analysis

	3 Results and discussion
	3.1 Energy balance
	3.2 Greenhouse gas emissions and Global warming potential

	4 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	References


