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A B S T R A C T

The energy consumption of intensive tillage practices is higher, decreasing soil and environment sustainability.
Conservation agriculture practices i.e. reduced or no-tillage could be suitable options to conserve energy and
environment and increase profitability. However, previous studies evaluated the energy consumption, produc-
tivity and profitability in two or three tillage systems, a comprehensive assessment of multiple tillage systems is
needed. Therefore, six tillage i) conventional (CT), ii) conventional with bed (CTB), iii) reduced (RT), iv) reduced
with bed (RTB), v) zero (ZT), and vi) zero with bed (ZTB) were practiced to evaluate the energy consumption,
productivity of wheat-maize and their economic returns. The results showed that CT, RTB, RT, ZTB, and ZT
reduced 21% and 13%, 81% and 93%, 36% and 56%, 169% and 263%, and 81% and 152% energy consumption
than CTB in wheat and maize, respectively. Considering mean productivity, CT and CTB increased by almost
wheat (953.43 kg ha�1) and maize (466.66 kg ha�1) yields. However, ZT, and RT had higher EP (energy pro-
ductivity, 32%) and EUE (energy use efficiency, 30%) in wheat, 14% EP and 10% EUE as compared to CTB in
maize. The lower EP and EUE in maize were mainly due to higher inputs/energy consumption in comparison to
wheat. The input cost of CT, and CTB was higher in wheat than in other tillage practices, but the wheat yield was
statistically similar in CT, CTB, RT, and RTB in both years. The RT had a higher benefit-cost ratio (BCR) in wheat
(1.52) and maize (0.74) than intensive CT practice (1.44 (wheat), 0.61 (maize)). In wheat, EUE and EP were
significantly higher under RT and ZT treatments, however, both were significantly reduced under bed plantation,
contrarily no specific trends were observed in maize. In conclusion, RT could be used for wheat cultivation that
consumed lower energy inputs and produced higher EUE, EP, and statistically equal grain yield as compared to
CT. However, this practice might not be useful for maize cultivation and needs further evaluation.
1. Introduction

Crop production practices contribute ~5% of total global energy
consumption (Yadav et al., 2018; Malhi et al., 2021). In different agri-
culture production systems, tillage has been identified as a major energy
consumer and source of greenhouse gas production (Choudhary et al.,
2020; Ahmad et al., 2024). Compared to no-tillage (NT), conventional
liq), mrehmani@gudgk.edu.pk (M
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tillage (CT) inverts the soil surface, and increases water infiltration and
nutrient availability (Babu et al., 2020; Ahmad et al., 2023), which fa-
cilitates crop growth and yield enhancement in different cropping sys-
tems (Nisar et al., 2021). However repetitive CT practices often decrease
soil structure stability and energy use efficiency (Liu et al., 2021). The CT
practices in South Asia (Pakistan, India, Nepal, Bangladesh, and China)
had an indirect effect on environmental pollution and production system
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Table 1
Description of tillage operations used in different tillage treatments.

Treatment Crop Tillage particulars (number of operations)

Cultivation Rotavator/straw chopper Planking Bed making via ridger Seeding drill

CT Wheat 3 1 2 – –

Maize 3 2 2 – 1
CTB Wheat 3 2 2 1 1

Maize 3 2 2 1 1
RT Wheat 1 1 1 – –

Maize 1 1 1 – 1
RTB Wheat 1 1 1 1 1

Maize 1 2 1 1 1
ZT Wheat – 1 – – 1

Maize – – – – 1
ZTB Wheat – – – 1 1

Maize – 2 – 1 1
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sustainability (Bhatt, 2017; Singh et al., 2019).
NT requires less fuel energy, decreasing carbon dioxide emissions and

global warming (Yadav et al., 2021a). Eco-environment management
practices and cropping cultivation are important factors for a sustainable
crop production system and ultimately food security (Kumar et al., 2018).
Intensive crop cultivation practices decline productivity factors, resource
use efficiency, natural resource degradation and nutrient depletion in
comparison with conservation agriculture practices like reduced (RT)
and NT in different cropping systems (Zhao et al., 2020; Guo et al., 2021).
Similarly, Yadav et al. (2018) reported that conservation tillage practices
enhance soil health quality, profitability, and resource utilization effi-
ciency under rice-mustard production patterns in Indo-Gangetic plains of
India. The over-exploitation of natural resources increased environ-
mental challenges by reducing energy use efficiency (EUE) and
increasing emissions of greenhouse gases (Kumar et al., 2013; Gathala
et al., 2016). Globally in the last four decades, the allocation of agricul-
tural farmlands per person decreased significantly, mainly due to rapidly
increasing population, urbanization, changing climatic conditions and
soil degradation (Gomiero, 2016; Wily, 2018). It has decreased from 0.44
to 0.18 ha-1 and is expected to decrease by 0.1 ha by 2050 (Mobtaker
et al., 2010). Moreover, farming communities in Asian and African
continents have poor resources mainly due to less institutional access
(enormously affects resource use efficiency) as well as high input costs of
agricultural production systems that substantially decrease economic
returns (Mehmood et al., 2015; Ndayisaba et al., 2023). The low profit-
ability and high energy input cost ultimately lower the living standards of
farming communities in developing countries (Chaudhary et al., 2009;
Tuti et al., 2012).

Farmers mainly adopt conventional cropping systems despite assess-
ing regional resources (Jat et al., 2018). Furthermore, intensive usage of
tillage, fertilizer, chemicals and irrigation water increased production
cost and decreased the benefit margin (Li et al., 2021a). Increasing the
input energy for cultivation does not give maximum profit due to
increased production costs that also reduce EUE and increase greenhouse
gas emissions (Meena et al., 2015; Gathala et al., 2016). Crop production
is an active source and sink of bioenergy (Chaudhary et al., 2009). Higher
energy output and lower energy input in crop production systems
increased net energy gain (Bhunia et al., 2021). However, to estimate the
effectiveness of different cropping systems in energy conservation, the
use of various patterns of energy must be evaluated, and analysis of en-
ergy budgeting is required for appropriate management to enhance
agricultural productivity (Sharma, 1991). Energy analysis of agricultural
ecosystems is a useful method to determine energy sustainability and
environmental influence (Gong et al., 2021). Furthermore, optimizing
natural resources, with more energy-efficient crop cultivation technolo-
gies, is needed to enhance cost benefits and mitigate environmental
consequences (Kumar, 2011). The economics, energy and the environ-
ment are all interlinked and must be evaluated to increase resource
allocation (Gathala et al., 2016). Tillage operations, amount of organic
2

manure and chemical fertilizers, plant protection measures, harvesting
and threshing, yield and biomass production affect energy input-output
relationships in cropping systems (Kumar et al., 2013; Elhami et al.,
2016; Bhatt, 2017; Ahmad et al., 2024). Considering the energy
input-output relationship, sustainable productivity is a major issue in all
production systems. Likewise, Singh et al. (2021) have evaluated the
input and output energy relationship in wheat cropping systems. Simi-
larly, Chaudhary et al. (2009) analyzed EUE in rice-wheat cropping in
four different tillage systems. However, this could not reflect the energy
use efficiency scenario of multiple tillage practices for different regions.
Efficient energy utilization in agroecosystems can be helpful in reducing
production cost and associated environmental issues leading to agro-
nomic and environmental sustainability of crop production.

This study aimed to provide valuable insights into the impact of
tillage practices on yield, profitability, and energy efficiencies of wheat-
maize cropping systems, thus facilitating the adoption of sustainable and
conservation agricultural practices. Therefore, this study was conducted
to compare six different tillage practices to comprehensively elevate the
energy consumption, yield productivity and economic returns under the
maize-wheat cropping system. The specific objectives of this study were
to (1) compare the EUE of different tillage systems in maize-wheat
cropping (2) evaluate the productivity and profitability of various
tillage practices of whole cropping system (3) analyze the relationship of
energy indices with yield productivity and economic returns.

2. Materials and methods

2.1. Experimental site

A field experiment was conducted during 2019–2020 at Agronomy
Research Farm (31.45� N, 73.13� E at an altitude of ~186 m above sea
level) at the University of Agriculture Faisalabad, Pakistan. The region
has semi-arid, hot and humid summers (26.9–45.5 �C) and dry cool
winters (4.1–19.4 �C). Rainfall dominates during monsoon seasons
(July–August) with a mean annual value of 230 mm.

2.2. Experimental details

The experiment was laid out in a randomized complete block design
(RCBD) with six different tillage treatments conducted in triplicate, and
plot size of wheat andmaize was 120m2 (8m� 15m). Tillage treatments
consist of (i) conventional tillage (CT) (ii) conventional tillage with bed
planting (CTB) (iii) reduce tillage (RT) (iv) reduced tillage with bed
planting (RTB) (v) zero tillage (ZT) (vi) zero tillage with bed (ZTB). The
bed width was 75 cm and the bed-to-bed distance was 30 cm in each
tillage treatment. All the details of field sowing operations are given in
Table 1. Wheat or maize was sown with seed cum fertilizer drill in each
tillage treatment. Wheat (variety Anaaj-2017) at 100 kg ha�1 was sown
on November 07, 2018, and November 09, 2019, by maintaining a 23 cm



Table 2
Energy equivalents of inputs and outputs used in cultivation operations.

Particulars Unit Energy co-efficient (MJ
unit �1)

References

Tractor kg 64.8 Devasenapathy et al.
(2009)

Cultivator kg 62.7 Devasenapathy et al.
(2009)

Planking kg 62.7 Devasenapathy et al.
(2009)

Levelling kg 149 Devasenapathy et al.
(2009)

Seed cum fertilizer
drill

kg 133 Devasenapathy et al.
(2009)

Sprayer kg 129 Devasenapathy et al.
(2009)

Combine harvester kg 83.5 Devasenapathy et al.
(2009)

Irrigation water m3 1.02 Devasenapathy et al.
(2009)

Human (adult
man)

Man-
h

1.96 Devasenapathy et al.
(2009)

Diesel L 56.31 Singh et al. (2008b)
Wheat grain kg 15.1 Nisar et al. (2021)
Maize grain kg 15.7 Nisar et al. (2021)
N kg 60.6 Devasenapathy et al.

(2009)
P kg 11.1 Devasenapathy et al.

(2009)
K kg 6.7 Devasenapathy et al.

(2009)
Herbicide kg

(a.i)
238 Pimentel (1980)

Fungicide kg
(a.i)

216 Pimentel (1980)

Insecticide kg
(a.i)

199 Pimentel (1980)

Electricity kWh 11.93 Esengun et al. (2007)
Wheat straw kg 12.50 Nisar et al. (2021)
Maize straw kg 12.50 Nisar et al. (2021)

a.i: active ingredient.
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row-row distance in flat sowing and bed planting. Wheat was fertilized
with 115-75-62.5 N, P2O5, and k2O kg ha�1 using urea (46% N), dia-
mmonium phosphate (18% N, 46% P) and sulfate of potash (50% K2O),
respectively. N fertilizer was applied with three equal splits at the sow-
ing, anthesis and grain formation stages. A total of four irrigations (each
of 3-acre inches or 308.37 m3) were applied during the wheat growth
cycle. Crop was harvested on 22nd April and 24th April during the 1st
and 2nd year of study respectively. Maize (variety Sahiwal gold) was
sown at 30 kg ha�1 on June 04, 2019, and June 06, 2020, by maintaining
a 25 cm plant-plant and 75 cm row-row distance. Maize was fertilized
with 187-115-62.5 N, P2O5 and K2O kg ha�1 using urea (46% N), dia-
mmonium phosphate (18% N, 46% P) and sulfate of potash (50% K2O),
respectively (Hakeem et al., 2016). Fertilizer was applied with three
equal splits at the sowing, knee height and pre-tasseling stages. A total of
10 irrigations (308.37 m3 each time) were applied during the maize
growth crop period. Crop was harvested on the 12th and 15th of
September during the 1st and 2nd year of study, respectively.
2.3. Energy analysis

2.3.1. Energy inputs
Energy input estimations were based on the human labor require-

ment, use of different types of machinery and quantity of materials, en-
ergy calculation was computed using different input and output energy
equivalents (Table 2).

2.3.2. Seed energy
Seed energy was calculated by the multiplication of quantity (Qs) of

seed (kg ha�1) used at the time of sowing with the amount of energy
3

stored (SE) in each seed unit (equation (1)).

SE
�
MJ ha�1

�¼Qs�Se (1)

2.3.3. Fuel energy
Total fuel was quantified using volumetric methods such as tillage,

sowing, harvesting and threshing operations. Total fuel (Fuel Energy, FE)
was calculated by the multiplication of quantity of diesel (Qd) with the
energy present (Le) in each liter (equation (2)).

FE
�
MJ ha�1

�¼Qd�Le (2)

2.3.4. Human labor energy
Human labor (HL) is required individually in each tillage, fertilizer,

irrigation, chemicals, harvesting and threshing operation during the crop
growth period. It was calculated by multiplication of total hours (Hd) per
day needed with the human energy used (Eh) per hour (equation (3)).

HL
�
MJ ha�1

�¼Hd�Eh (3)

2.3.5. Irrigation energy
Irrigation applied to the field, during crop growth period, was

measured with a water flow meter. It was calculated by multiplication of
total quantity of water (Qw) to field with the water energy (We) used
during irrigations (equation (4)).

WE
�
MJ ha�1

�¼Qw�We (4)

2.3.6. Electric energy
Electricity energy (EE) was calculated by the multiplication of total

electricity (Te) used during irrigation applied to the fields with the
amount of energy present in electricity (Eh) per hour (equation (5)).

EE
�
MJ ha�1

�¼ Te�Eh (5)

2.3.7. Fertilizer energy
Fertilizer energy (FE) was calculated by the multiplication of fertil-

izers applied (AN, AP and AK in kg ha-1) to the field with the amount of
energy present in chemical fertilizer (CN, CP and CK in MJ kg�1) in each
fertilizer unit (equation (6)).

FE
�
MJ ha�1

�¼ðAN�CNÞþ ðAP�CPÞ þ ðAK�CKÞ (6)

2.3.8. Chemical energy
Chemical energy (CE) was calculated by the multiplication of amount

of chemicals applied (AH, AI and AF in kg ha�1) to crop with the quantity
of energy present in (QH, QF and QI in MJ kg�1) in each chemical
(equation (7)).

CE
�
MJ ha�1

�¼ðAH�QHÞþ ðAI�QFÞ þ ðAF�QIÞ (7)

2.3.9. Machine energy
The different agriculture operations run by machinery utilize their

respective energy i.e., machine energy (ME). The total duration of the
tractor (Dm h ha�1) of each implement was multiplied by the total
amount of energy (Tmi, MJ ha�1) present in each machinery unit
(equation (8)).

ME
�
MJ ha�1

�¼
Xn

i¼1
Dmi�Tmi (8)

2.3.10. Total input energy
The total input energy (TIE) was calculated by adding all external

inputs applied during the whole crop period (equation (9)).

TIE
�
MJ ha�1

�¼MEþFEþHEþ SEþFEþCEþWE þ EE (9)



Fig. 1. Mean energy inputs from seed, fertilizer, irrigation, machines and chemicals in maize and wheat in both years in different tillage practices (2019, 2020).
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2.3.11. Energy outputs
Yield energy (YE) was calculated by the multiplication of the yield

rate (Yr) with the amount of energy (Ey) present in wheat andmaize crops
(equation (10)).

YE
�
MJ ha�1

�¼ Yr�Ey (10)

Straw energy (StE) of wheat and maize was calculated by the multi-
plication of the amount of straw (Ast, kg ha�1) and straw energy present
(Est, kg ha�1) after crop harvest (equation (11)).

StE
�
MJ ha�1

�¼Ast�Est (11)

Total output energy (TOE) was calculated by combining yield energy
(YE) and straw energy (StE) (equation (12))

TOE
�
MJ ha�1

�¼YE þ StE (12)

2.3.12. Energy indices
Energy indices include different parameters such as specific energy

(SE, equation (13)), energy productivity (EP, equation (14)), energy use
efficiency (EUE, equation (15)), net energy gain (NEG, equation (16))
and energy profitability (PE, equation (17)) involving all parameters
during energy consumption in the farm operation and energy production
from straw and grain were calculated from given equations.

SE¼ TEI
GY

(13)

Where SE is specific energy (MJ kg�1); TIE, total input energy (MJ kg�1);
GY, grain yield (kg ha�1)

EP¼ GY
TEI

(14)

Where EP is energy productivity (kg ha�1); GY, grain yield (kg ha�1); TIE,
total input energy (MJ kg�1).

EUE¼ TOE
�
MJha�1

�

TIE
�
MJha�1

� (15)
4

Where EUE is energy use efficiency; TOE, total output energy (MJ ha�1);
TIE, total input energy (MJ ha�1)

NEG
�
MJ ha�1

�¼ TOE � TEI (16)

Where NEG is net energy gain (MJ ha�1); TOE, total output energy (MJ
ha�1); TIE, total input energy (MJ ha�1)

PE¼ NEG
�
MJha�1

�

TIE
�
MJ ha�1

� (17)

Where PE is energy profitability; NEG, net energy gain (MJ ha�1); TIE,
total input energy (MJ ha�1).

2.4. Economic analysis

The economic capability of different treatments was calculated from
the cost of cultivation (CC) including labor wages, cost of farm inputs
(pesticides, seed and fertilizers), harvesting and threshing operations.
The total economic revenue based on the market value of crop (MP) and
net profit (NP) was obtained by using equation (19). The benefit-cost
ratio (BCR) was calculated following Iqbal et al. (2019), based on the
given equations.

GR¼GY �MP (18)

Whereas GR is gross revenue, GY is the grain yield of the crop (kg ha�1)
and MP is the latest market price (US $ ha�1) in the local market.

NP¼GR� CC (19)

Where NP is net profit; GR, gross revenue; CC, cost of production.

BCR¼ NP
CC

(20)

Where BCR is benefit-cost ratio; NP, net profit; CC, cost of production.



Fig. 2. Effects of different tillage systems (conventional tillage (CT), conventional tillage with bed planting (CTB), reduce tillage (RT), reduce tillage with bed planting
(RTB), zero tillage (ZT), zero tillage with bed (ZTB)) on yield and straw production of wheat and maize in two years (2019, 2020).
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2.5. Statistical analysis

All the obtained data were statistically analyzed using Statistix 8.1
software with one-way analysis of variance (ANOVA). Treatment means
were compared using the least significance difference (LSD) test at p ¼
0.05.

3. Results

3.1. Energy input

The energy inputs were different in wheat and maize crops. The dif-
ference in energy inputs between maize and wheat was mainly attributed
to fuel, labor, irrigation, fertilizer, electricity, chemical and machine
energy (Fig. 1). Different tillage treatments consumed different energy,
mainly higher in CTB. In wheat crop CT, RTB, RT, ZTB, and ZT reduce
fuel energy consumption by about 21%,81%, 36%,169% and 81% as
compared to CTB respectively. The difference in energy consumption was
due to lower tillage and machine operations. Briefly, 17%, 61%,
29%,114% and 61% lower tillage implementation was done for CT, RTB,
RT, ZTB, and ZT than CTB in maize crop. The labor energy in wheat and
maize crops was maximum in CTB ranging from 313 to 329 MJ ha�1 and
470–486 MJ ha�1, respectively. In the wheat crop irrigation energy
requirement was the same for all treatments (3886.2 MJ ha�1) and maize
crop had more irrigation energy than wheat (9715 MJ ha�1). Electrical
5

energy consumption in wheat crop followed the same pattern as water
energy input, maize crop had more (149%) electric energy requirements
as compared to wheat. The fertilizer input energy was 8151.25 MJ ha�1

in wheat, and 12945.25 MJ ha�1 in maize. In wheat crop chemical en-
ergy for CT, RTB, RT, ZTB, ZT and CTB was same because the herbicide,
fungicide, and insecticide application rates were the same for all treat-
ments. However, maize consumed about 231% higher chemical energy as
compared to wheat. Among tillage systems CTB consumed higher energy
inputs than CT, RTB, RT, ZTB, ZT and CTB in wheat and maize crops, for
wheat, CT, RTB, RT, ZTB, and ZT reduced machine energy consumption
by about 29%, 144%, 56%, 499% and 152% as compared to CTB
respectively. Similarly, 13%,93%,56%,263% and 152% lower energy
was consumed for CT, RTB, RT, ZTB, and ZT than CTB in maize crop. The
mean energy consumption difference in wheat andmaize was 29% (fuel),
49% (labor), 150% (irrigation), 149% (electricity), 58% (fertilizer) and
49% (machine energy) (Fig. 1). Overall maize crop consumed almost
83% higher energy as compared to wheat.

3.2. Grain and straw yield

Maximum wheat grain yield was observed in CT (4703 and 4615 kg
ha�1) followed by RT and ZT and minimum grain yield was obtained in
ZTB (3701 and 3709 kg ha�1) in 2019 and 2020, respectively. Maize
maximum yield was found in CTB (6366 and 6226 kg ha�1) that was
followed by RT and ZT and minimum grain yield was obtained in ZT



Fig. 3. Effects of different tillage systems (conventional tillage (CT), conventional tillage with bed planting (CTB), reduce tillage (RT), reduce tillage with bed planting
(RTB), zero tillage (ZT), zero tillage with bed (ZTB)) on specific energy (SE), energy productivity (EP), energy use efficiency (EUE) of wheat and maize in two years
(2019, 2020).
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Fig. 4. Effects of different tillage systems (conventional tillage (CT), conventional tillage with bed planting (CTB), reduce tillage (RT), reduce tillage with bed planting
(RTB), zero tillage (ZT), zero tillage with bed (ZTB)) on net energy gain (NEG), energy profitability (EPF) of wheat and maize in two years (2019, 2020).
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(5800 and 5693 kg ha�1) in 2019 and 2020, respectively. Wheat straw
yield was higher under CT 10059–9225 kg ha�1 and the minimum was
observed in ZTB 7338–7753 kg ha�1 in both years. Maize straw yield was
higher under CTB 15020–14416 kg ha�1 andminimummaize straw yield
was obtained in ZT ranged about 13650-13266 kg ha�1 in 2019 and
2020, respectively (Fig. 2).
3.3. Energy indices

The energy outputs were different in wheat and maize crops. Specific
energy (SE) was significantly higher in CTB (7.90–7.646 MJ kg ha�1) and
the minimumwas obtained in ZT (6.32–6.23 MJ kg ha�1) in wheat during
both experimental years. With regards to energy productivity (EP), higher
EP (0.158–0.161 kg ha�1) was observed in ZT, while lower under CTB
(0.126–0.131 kg ha�1) in 2019–2020 respectively. Maximum wheat en-
ergy use efficiency (EUE) was ~6.68 in ZT and RT and minimum 5.13 in
CTB (Fig. 3). Net energy gain (NEG) was higher in CT (154.94–166.75 GJ
ha�1) and minimum (121 0.92–126.98 GJ ha�1) in ZTB followed by CTB,
RT, RTB and ZT in 2019 and 2020 respectively. Mean maximum wheat
energy profitability (EPF) under ZT and RT (5.68) and minimum in CTB
(4.30) during both seasons were observed, respectively. About maize SE,
the amount of energy required for a unit of production was significantly
7

higher (9.21 MJ kg ha�1) in CTB and lower (8.36 MJ kg ha�1) in ZT in
2019 and 2020 respectively. Inmaize, maximumEP ranged from0.1087 to
0.1221 kg ha�1 followed by CT, CTB, RT, RTB, ZT and ZTB in both years,
respectively. Maximummaize energy use efficiency (EUE) was observed in
ZT (5.48–5.61) and minimum was obtained in CTB (5.13–4.94) that was
followed by CT, RT, RTB and ZTB in both years respectively (Fig. 3). In
maize, ZT, ZTB, CT, RT, RTB showed less NEG almost
0.77–2.98%,2.98–1.39%,1.98–0.71%,6.30–7.88% and 5.19–4.19% as
compared to CTB in 2019 and 2020, respectively (Fig. 4). Mean maximum
maize EPFwas (4.61) in ZT and RT andminimumwas recorded in CTB and
CT (4.11) during both years.
3.4. Economics and benefit-cost ratio

The total cost under CTB through different inputs was higher than for
all other treatments. On average ZT had 31.10% less cultivation cost than
CTB. Among the various cost components such as labor cost, irrigation,
fertilizer, chemicals, and acquisition of machinery were the primary
sources of expenditure and it was greater under CTB in comparison to all
other treatments however, the minimum cost induced for all farm op-
erations was observed for the ZT system (Fig. 5). The cost of production
of wheat was lower by 31-11% in CT, RT, RTB, ZT, ZTB than CTB. The



Fig. 5. Effects of different tillage systems (conventional tillage (CT), conventional tillage with bed planting (CTB), reduce tillage (RT), reduce tillage with bed planting
(RTB), zero tillage (ZT), zero tillage with bed (ZTB)) on input cost and gross revenue of wheat and maize in two years (2019, 2020).

Fig. 6. Effects of different tillage systems (conventional tillage (CT), conventional tillage with bed planting (CTB), reduce tillage (RT), reduce tillage with bed planting
(RTB), zero tillage (ZT), zero tillage with bed (ZTB)) on benefit cost ratio (BCR) of wheat and maize in two years (2019, 2020).
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mean net income was highest in CTB (580 US $ ha�1) followed by RTB
(528 US $ ha�1), CT (518 US $ ha�1), ZTB (499 US $ ha�1), RT (472 US $
ha�1) and ZT (442 US $ ha�1). The maximum benefit-cost ratio (BCR) of
wheat was found in RT (1.32–1.72) and the minimum was recorded
(0.90–1.13) in ZTB during both years, respectively. Different tillage
treatments also consumed different energy, mainly higher in CTB and
lower in ZT. The production cost of maize was lower by 18-3% in CT, RT,
RTB, ZT and ZTB than in CTB. The mean net income was maximum in
CTB (782 US $ ha�1) followed by CT (752 US $ ha�1), RTB (738 US $
ha�1), ZTB (713 US $ ha�1), RT (687 US $ ha�1) and ZT (663 US $ ha�1),
respectively. In maize, BCR was found maximum in ZT and RT (0.75),
while the minimum was recorded in ZTB (0.64–0.65) during 2019 and
2020, respectively (Fig. 6).
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4. Discussion

The energy consumption pattern stated that input energy was
maximum for CT and minimum for NT. The total energy used in each
treatment was determined by the intensity, quantity, and type of tillage
operations (Choudhary et al., 2020; Kan et al., 2020). In this study,
maximum fuel consumption was observed in CTB, and minimum was
recorded in ZT in both crops (wheat and maize). The data presented in
the study exhibit an energy saving of 9575, 8221, 6419, and 4617 MJ
ha�1 in CT, RTB, RT and ZT than that of CTB (35846 MJ ha�1), respec-
tively. The previous study shows that almost 50–70% of fuel energy
contributed to the TIE of CT during seedbed preparation (Singh et al.,
2019; Choudhary et al., 2020; Kan et al., 2020; Meena et al., 2021).
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Similar findings have been observed in our study, revealing most of the
energy difference due to fuel consumption in different tillage treatments
(Fig. 1) Furthermore, Yadav et al. (2021b) reported that decreased tillage
operations under ZT/RT reduce fuel consumption than CT. For wheat and
maize comparison, wheat had almost 83% less energy inputs than that of
maize, this is mainly attributed to lower fertilizer, irrigation and elec-
tricity costs. Consistent with these findings, Kumar et al. (2021)
explained that fertilizer, water and diesel consumption contributed
almost 60%, 25% and 10% for TIE in wheat-maize cropping systems in
comparison to conservation practices.

Experimental plots treated with ZT, ZTB produced lesser wheat yield
as compared to CT, CTB, RT and RTB. However, wheat yield produced in
experimental plots where wheat crop was treated with CT, CTB, RT and
RTB was statistically at par with each other, whereas significant differ-
ences were observed in TIE. Observed energy input differences can be
attributed to variations in diesel consumption under different tillage
treatments. This indicates less energy inputs used in reduced tillage
treatments could be sufficient to produce equivalent yield. Gathala et al.
(2016) reported less inputs/energy consumption as a sustainable practice
to improve crop yield. In contrast to maize yield, CTB had higher pro-
ductivity as compared to other treatments. The higher maize yield in CTB
was possibly due to a raised bed that facilitates maize roots to establish
better, and absorb water and nutrients efficiently than that of other
treatments (Fiorini et al., 2018). Moreover, the EP and EUE in maize and
wheat were higher in RT and ZT in both growing years, and this was
mainly due to lower energy inputs and optimum yield production (Li
et al., 2002; Singh et al., 2008a; Ghosh et al., 2016). In the same way, RT
and ZT had higher EPF which was confirmed by previous energy indices.
Nisar et al. (2021) also reported that various energy indices such as EUE,
EP and NEG are important parameters to distinguish efficient energy
practices without compromising crop productivity. Similarly, our study
results showed that less energy inputs via RT, ZT and RTB are useful
tillage practices to conserve energy, but only RT and RTB could be used to
conserve energy without compromising wheat and maize yield (Fig. 2).

The input cost was lesser in wheat as compared to maize (Fig. 5),
which was mainly attributed to the different amounts of inputs in both
crops which have been indicated in Fig. 1. The main difference in inputs
between maize and wheat was fertilizer, water, and electricity cost
(Fig. 1). The highest input cost was noted under CTB in both crops.
However, a lesser amount of irrigation, fertilizer and electricity reduced
input cost in wheat in comparison to wheat. The higher input cost in bed
tillage was mainly due to the extra consumption of diesel for preparing
seed beds (Li et al., 2021b; Sarwar et al., 2021). Noticeably, gross reve-
nue of RT, RTB was statistically equal to CT and CTB in wheat and RTB
was statically equal to CT for maize gross revenue. This indicated that all
these compared treatments had statistically equal yields in wheat and
maize. Similarly, Elhami et al. (2016) also reported that bed planting
consumed more diesel, increased cost and reduced BCR. In addition, net
revenue was higher in wheat than in maize, which significantly affected
BCR. The higher BCR was mainly attributed to lower input costs with a
higher yield. Contrarily, lower BCR in maize was possibly due to higher
input cost and lower net revenue generated by maize grains and straw
yield. The BCR in 2020 under wheat was higher than in 2019 owing to
the higher market price of wheat yield. These results are consistent with
Sarwar et al. (2021) which showed higher market value and lower input
prices enormously increased BCR. However, consistent market values of
yield could be a useful tool to predict better crop economics. Further-
more, BCR with other energy indices should be evaluated to maintain
sustainable production systems in relation to environment conservation.

5. Conclusions

Input and output energy balance in crop cultivation is a major
determinant factor for a sustainable and environment-efficient crop
production system. The study confirmed the hypothesis that conservation
tillage practices i.e. RT, RTB, ZT and ZTB reduced energy input and input
9

cost than intensive tillage systems (CT, CTB). Noticeably, RT significantly
decreased energy inputs, increased energy utilization and wheat yield as
compared to CT. More importantly, RT had a statistical mean equal
wheat grain yield (4382.36 kg ha�1) in comparison to CT (4659.13 kg
ha�1) that significantly increased economic returns and BCR as compared
to conventional tillage (CT). However, maize yield was higher under CTB
than other tillage practices, in return, CTB consumed more energy and
reduced EUE. Higher (þ94%) profitability of wheat than maize, was
mainly due to higher (þ83%) inputs (fertilizer, electricity, water).
Overall, RT shows potential for enhancing wheat productivity and
profitability by increasing energy use efficiency, as compared to intensive
tillage system. Obtained results can show signs of substantial assistance
for farmers suffering from escalating fuel expenses. However, further
investigation into maize cultivation under reduced inputs is required to
maximize yield and profitability. This study offers valuable insights into
the adoption of sustainable and conservation agricultural practices, such
as reduced tillage, and their implications for wheat-maize cropping
systems.
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