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Abstract

In this study, conventional tillage (CT), reduced tillage (RT) and zero tillage (ZT) methods energy
input-output analysis during second crop corn production have been carried out. The trials were performed
between 2015-2016 in Ceylanpinar Directorate of Agricultural Enterprises Karatas region, Turkey. The
findings showed that among tillage methods, the least energy input was ZT (23724.15 MJ ha'), and the most
energy output was CT (138510 MJ ha'). In energy productivity, the highest value was on ZT (5.54). The
highest value in corn yield was found in CT method with 9500 kg ha-1. This is followed by ZT (9100 kg ha-1)
and RT (8750 kg ha-1), respectively. As a result, although CT can be preferred due to its high yield, it has been
observed that ZT and RT tillage methods should be supported especially due to its ecological and high energy
productivity.
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Introduction

Three of the most important problems that the earth should tackle in the future are ensuring energy,
water and food supply safety given that the energy is consumable, fossil fuels harm on ecology, works on
alternative ecologist production techniques and productive usage of energy have great importance. Energy
productivity is the first element of a sustainable global energy system. While providing environmental and
social advantages, energy productivity can reduce climate change, enhance energy safety and boost the economy.
One of the greatest inputs, especially in agriculcural production, is energy. Igbal (2007) stated in his work that
during the transition from conventional agriculture to modern agriculture, commercialized energy usage
acutely increased. Conservation agriculture (CA)-based systems play a vital role in sustainable agriculeural
production, which provide a wide range of provisioning, regulating and supporting ecosystem services that are
essential to increase efficient use of natural resources (soil, water, air, fuel) and to realize environmental and
food security goals in accordance with UNDP Sustainable Development Goals (Ghosh ez al, 2019). It is
estimated that at present, no-tillage is practiced on more than 105 million hectares worldwide however No-
tillage technology is practiced in South America; 37.8% is practiced in the United States and Canada, 11.5% in
Australia and New Zealand and 3.7% in the rest of the world, including Europe, Asia and Africa (Derpsch ez

al., 2010). Research over energy usage for different goods in agricultural production was conducted by several
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researchers. Marakoglu and Carman (2009) determined the energy balance of different tillage methods in
chickpea production in their study. As a result, when the energy output and input ratios were examined, they
found that; in direct planting + herbicide application, 1.604; in direct planting, 1.369; in the conventional
application, 1.192 and in reduced tillage the ratio is 1.141, respectively. Altuntas ¢z /. (2019) examined the
effects of different tillage methods on energy while growing grain in the dry soil environment, in Sivas. As a
result, concerning energy ratio, specific energy, energy productivity and energy-saving, direct planting,
conservation tillage and reduced tillage can be used rather than conventional tillage. In the Second crop silage
corn cultivation in the Mid-Black Sea Passage Zone, protected soil tillage, flat planting (KD) system is
determined as more preferable than conventional tillage and applicable concerning energy resources and
environmental protection (Altuntas ez al., 2008).

This study aims to analyse the energy input-output of conventional tillage, reduced tillage and zero
tillage. With the result of the data obtained in this study, it is aimed to use energy more efficiently, especially
in corn production.

Materials and Methods

Determination of the trial area

The trials were conducted between 2015-2016 on the parcel connected to the General Directorate of
Agricultural Enterprises numbered 160/1, located in Karatas in two regions of Ceylanpinar district of
Sanliurfa. The satellite view of the trial area is shown in Figure 1.

Figure 1. Satellite view of the trial area

Machines used in the trial

Some technical and dimensional specifications of agricultural equipment and machinery used in the
trials are given in Table 1.

In the first application, conventional tillage (CT) was practiced using a moldboard plow + gobble disc
harrow + pneumatic precision sowing machine for corn production. In the second application, reduced tillage
(RT) was practiced using a double gobble disc harrow direct pneumatic precision seeder. In the third
application, zero tillage (ZT) was practiced using a direct pneumatic precision sowing machine without soil

tillage.
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Table 1. Technical specifications for agricultural equipment and machinery

Machinery Number of Working width Working

bodies (cm) depth (cm)
Moldboard plow 8 320 25
Goble disc harrow 40 440 15
Pneumatic precision seed drill 6 420 4
Fertilizer intermediate hoeing machine 6 420 4
Direct manure spreader 8 560 4
Pneumatic precision direct seed drill - (No-Till) 6 420 4
Spraying machine - 3200 -
Harvester S 350 -

Calculation of energy input-output

Human labour energy, fuel and oil energy consumed by agricultural machines, irrigation energy and
electricity energy for drying were evaluated as direct energy inputs. Tractor and Tool-Machine manufacturing
energy, chemical fertilizer, seed production and energy consumed for pesticides used in the trial were evaluated
as indirect energy inputs.

The following equations were used while calculating direct and indirect energy. The following equation
is used for human labour energy.

HLE = HLxUHL

Here: HLE: Human labour energy (MJ ha'), HL: Human labour (h ha"), UHL: Unit labour energy
(MJh)

The following equation is used for fuel energy.

FE = FC x FEE

Here; FE: Fuel energy (diesel) (Mj ha'), FC: Fuel consumption (I ha'), FEE (Fuel energy equivalent
(M 1)

The following equation is used for machinery energy.

ME =W xE) /(T xEFC)

Here: ME: Machine energy (Mj ha'), W: Weight of the implement (kg), E: manufacturing energy of
the agricultural tractor or implements (Mj kg'), T: Economic life of the implement (h), EFC: Effective field
capacity (hah™)

The coefficients in Table 2 are used for energy equivalents of input and outputs in agricultural
production.

Table 2. Energy equivalents of inputs and outputs in corn production

Inputs Enca‘\% C{}E;ﬁ;cm References
Unit human labor (h) 2.3 (Baran et al., 2016; Barut et al., 2011)
Diesel (1) 56.31 (Kizilaslan, 2009; Mani et al., 2007)
Water for irrigation (m?) 0.63 (Barut eral,, 2011)
Agricultural machinery (kg) 121.3 (Barut et al.,, 2011; Konak et 4l., 2004)
Tractor (kg) 158.3 (Barut et al, 2011)
Nitrogen fertilizer (kg) 60.6 (Singh ez al.,2008; Baran et al., 2016)
Phosphorus fertilizer (kg) 11.1 (Baran et al., 2016; Barut et al., 2011)
Herbicide (kg) 269 (Baran et al., 2016)
Seeds (kg) 104 (Barut et al, 2011)
Irrigation (m?) 0.63 (Barut eral,, 2011)
Corn (kg) 14.58 (Konak et al., 2004)
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Energy effectiveness analysis

In energy efficiency analysis, many researchers have performed calculations of energy use efficiency,
energy productivity, specific energy and net energy generation (Barut ez 4/.,, 2011; Baran ez al., 2016; Altunta ez
al., 2019). The following equation is used for energy effectiveness.

Energy use efficiency = Energy output (Mj h™") / Energy input (Mj h)

Energy productivity (kg Mj ") = Product output (kg ha') / Energy input (Mj ha)

Specific energy (Mj kg') = Energy input (Mj ha") / Product output (kg ha)

Net energy (MJ ha') = Energy output (MJ ha™") — Energy input (M] ha™')

Calculation of the total amount of energy input and output

The sum of direct and indirect energy inputs was taken as total energy input. Used equation is given
below.

TEI = DEI + IEI

Here; FE: Total energy input (Mj ha'), DEI: Direct energy input (M;j ha™), IEI (Indirect energy input)
(Mj ha'')

Output obtained from the second crop corn production was the corn yield. Total energy output was
calculated by multiplying the amount of product per hectare (kg) with the corn energy equivalent coefficient.
Used equation is given below.

TEO =TPx14.53

Here: TEO: Total energy output (Mj ha™), TP: Total product (kg ha™)

The equivalent coefficient value for corn grain was taken as 14.58 MJ kg (Konak ez 4., 2004).

Used inputs and the amount

In the trials, 71 May 69 Fao - 650 group, second crop corn was used in South-eastern Anatolia Region,
whose vegetation period was 123 - 125 days and seed known as main crop corn was used in other regions. In
second crop corn production, 29.4 kg of sown norm corn seed was planted to the hectare.

In trials, 400 ml of Mero EC 810 and 27 grams of Ekipp WG 61 herbicide were used and 4.3 kg total
herbicide was applied to hectare for narrow and broadleaf weeds as an effective material in tillage applications.

Fertilizer DAP 18-46-0 di ammonium phosphate base fertilizer and 46% Nitrogen Urea fertilizer were
used. 205 kg nitrogen fertilizer and 104 kg phosphorus fertilizer were used for hectare.

In irrigation, 5178 m® of water was used for hectare.

Results

The determination of fuel consumption

Fuel consumption of machinery and equipment was calculated for each work performed. The results
obtained are given in Table 3.

When the fuel consumption values were examined, the highest fuel consumption was seen in the CT
with 49.38 L ha'1. This is 42.15% of the total fuel consumption. The lowest fuel consumption was seen in the
ZT with 25.73 1 ha'' and, this was 21.96% of total fuel consumption.

Total energy input
To achieve the total energy input for different tillage methods, direct and indirect energy inputs are
summed. Energy inputs for soil tillage applications and the ratio of this energy input to total inputs are given

in Table 4.
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As Table 4 shows, among tillage methods, CT generated the highest energy input with 26919.74 Mj ha
!. This was followed by RT (26083.29 Mj ha') and ZT (23724.15), respectively. The main reason for this could
be the usage intensity of tillage tools and machinery. Among energy input parameters, fertilizer generally took
the highest amount (CT 50.44%, RT 52.06%, Z'T 57.23%), this was followed by irrigation energy (CT 12.12%,
RT 12.51%, ZT 13.75%) and human labour energy had the lowest amount (CT 0.12%, RT 0.10%, ZT 0.07%).

Table 3. Fuel consumption values

Agricultural equipment | Fuel consumption (| ha)
Conventional tillage
Moldboard plow 15.666
Goble disc harrow 9.111
Pneumartic precision seed drill 7.301
Fertilizer intermediate hoeing machine 5.298
Spraying machine 1.800
Harvester 10.198
Total value 49.38
Reduced tillage
Goble disc harrow 9.051
Goble disc harrow 7.700
Pneumatic precision direct seed drill 7.876
Direct manure spreader 5.425
Spraying machine 1.800
Harvester 10.193
Total value 42.04
Zero tillage
Stubble seed drill 8.353
Direct manure spreader 5.377
Spraying machine 1.800
Harvester 10.198
Total value 25.73
Table 4. Energy inputs obtained from corn production
CT Rate (%) | RT | Rate (%) | ZT Rate (%)
Direct energy input (Mj ha)
Fuel energy (diesel) 2780.33 10.33 2367.14 9.08 1448.78 6.11
Human labour energy 32.56 0.12 25.53 0.10 17.25 0.07
Irrigation energy 3262.28 12.12 3262.28 12,51 3262.28 13.75
Total direct energy 6075.17 22.57 5654.95 21.68 4728.31 19.93
Indirect energy input (Mj ha™)
Machine energy 3052.87 11.34 2636.64 10.11 1204.14 5.08
Nitrogen ferdlizer | 15 500 | 4615 12423.00 47.63 12423.00 52.36
energy
Phosp h°(r1?;femhzer 1154.40 429 1154.40 443 1154.40 487
Seed energy 3057.60 11.36 3057.60 11.72 3057.60 12.89
Agricultural spraying | 3¢ o 430 1156.70 443 1156.70 488
energy (herbicide)
Total indirect energy 20844.57 77.43 20428.34 78.32 18995.84 80.07
Total energy input 26919.74 100 26083.29 100 23724.15 100
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Total energy outcome

Efficiency, which is the most important factor in comparing the methods, is an important parameter
using energy output. Energy outputs for different tillage methods were examined in this work (Table 5).

The highest value among the energy outputs is seen in CT with 138510.00 MJ ha'. This was followed
by ZT (131365.80 MJ ha') an RT (127575.00 MJ ha'), respectively (Table 5).

Energy efficiency analysis results

[t is necessary to adopt new practices in soil preparation in our country's agriculture to use agricultural
tools and machines with new technologies in soil tillage and to reduce product losses, more effective
applications are necessary. Energy efficiency values were investigated separately for different tillage methods
(Table 6).

Energy ratio or energy use efficiency is the most frequently used energy use efficiency criterion value.
High energy efficiency value means that energy efficiency in production is high. Table 6 shows that the highest
rate of energy use efficiency values was in ZT with 5.54. This was followed by CT (5.15) and RT (4.90),
respectively.

The value of energy productivity (efficiency) indicates the amount of product produced (kg)
corresponding to the amount of unit energy (M]) consumed. In other words, with the help of energy
productivity (efficiency) values, it is determined how much product was cx obtained with the unit quantity of
energy entering production. As presented in Table 6, the highest rate of energy productivity values was in ZT
with 0.38 kg Mj" This was followed by CT (0.35 kg Mj") and RT (0.34 kg Mj '), respectively.

Specific energy value shows the consumed amount of energy (MJ) to produce a product unit (kg). Low
specific energy value means that energy efficiency in production is high. “The lowest rate of specific energy
values was in ZT with 2.63 kg Mj " This was followed by CT (2.83 MJ kg ') and RT (2.98), as shown in Table
6, respectively.

The higher the net energy efficiency is, the higher the energy efficiency in production is. As Table 6
shows, the highest rate of net energy values was in CT with 111590.26 Mj ha''. This was followed by CT
(107641.65 MJ ha') and RT (101491.71 MJ ha''), respectively.

Table 5. Energy outputs obtained from corn production

Conventional tillage
Cornyield (kgha™) 9500
Total energy output (M] ha™') 138510.00
Reduced tillage
Corn yield (kg ha™) 8750
Total energy output (MJ ha™') 127575.00
Zero tillage
Corn yield (kg ha™) 9010
Total energy output (MJ ha) 131365.80

Table 6. Energy cfficiency results

Parameters CT RT ZT

Energy use efficiency 5.15 4.90 5.54

Energy productivity (kg Mj") 0.35 0.34 0.38

Specific energy (Mj kg') 2.83 2.98 2.63
Net cnergy (M] ha')) 111590.26 10149171 107641.65
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Discussion

In Table 3, ZT (25.73 1 ha'), RT (42.04 1 ha') and CT (49.38 | ha) results were obtained in fuel
consumption. The similar results were obtained in the studies conducted on this subject. Cakir ez 4/. (2006)
stated that direct planting and no-tillage methods had eight times less fuel consumption and six times more job
success compared to conventional applications. Application in direct seeding is zero tillage in which no-tillage
is made during the whole vegetation period of the plant. In this method, 40% of energy is saved (Aykas ez al.,
2005). The highest fuel consumption was measured in the conventional method (PLG), whereas the lowest
value was found in direct seeding method (DIR) as 60.5 | ha' and 7.5 I ha' in 2002, respectively. The
conventional method required seven times more fuel than the direct seeding method (Yalcin and Cakir, 2006).
As can be seen from the obtained results, the lowest fuel consumption in 2002, 2005, 2008 was 11.91, 10.24
and 11.57 1 ha! with no-till seeding, respectively (Gozubuyuk e 4l., 2010). Lithourgidis ez a/. (2005) found
that in no-tillage and reduced tillage methods in silage corn production was total time saving 35.9%, 5.6% and
total fuel saving 36.0%, 7.2%, respectively.

In Table 4, ZT (23724.15 M] ha'), RT (26083.29 Mj ha') and CT (26919.74 Mj ha') results were
obtained in total energy inputs. Among the energy input parameters, fertilizer had the highest value, followed
by irrigation energy and human energy. The similar results were obtained in the studies conducted on this
subject. Fertilizer energy had the highest share of production inputs in all methods, with 13552.50 MJ ha™*
(Baranezal., 2016). Bilalis ez al. (2013) stated that the energy input for corn and tomato in conventional tillage
was higher than that in organic tillage and this rate was 25.90% for tomato and 29.34% for corn. Celen ez 4l.
(2017) conducted energy input-output analysis in apple cultivation. Consequently, they stated that the highest
energy consumption among the general energy inputs was fertilizer energy, fuel-oil energy, chemicals,
machinery, human labor and irrigation energy, respectively. In corn production, fertilizer energy has the
highest rate of utilization among total input energies. This was followed by seeds, tool and machinery and fuel
and oil energy, respectively. Abbas ez al. (2018) have stated that the biggest input for optimum energy
requirement in corn production is fertilizer input with 14760.24 M] ha' and that if farmers use energy
cfficiently, this value can be saved by 17.11%. Mortaza ez al. (2012) analyzed energy use for corn production in
[ran. As a result, they noted that the total energy input for corn production was 392323 MJ ha’, and 44% of
this was chemical fertilizer and 27% was electricity. Jacobs et al. (2016) reported that 33-48% of total energy
input in silage maize production was chemical fertilizer and 34-40% of it was fuel-oil energy. Kosutic ez /.
(2005) reported that fuel energy inputs in conventional tillage, protective tillage and stubble direct sowing
applications are 1813.1, 1133.1 and 270.1 MJ ha'!, respectively.

In Table 5, CT (138510.00 MJ ha'), ZT (131365.80 MJ ha') and RT (127575.00 M]J ha") results
obtained in total energy output. The main reason for this is the higher yield in CT. Barut ez a/. (2011) found
that the energy output of the second crop silage corn production was 232 354.08 MJ ha'' in conventional tillage
and 197 585.92 MJ ha' in direct-sowing (no-till) application. Konak e /. (2004) determined the energy
output in traditional corn production in Konya as 102060 M] ha™. Dalgaard ez a/. (2001) reported that energy
efficiency in organic farming was higher than conventional agriculture, but the yields were lower.

The energy efficiency values obtained in Table 6 are similar to many studies. In a study conducted by
Oren and Ozturk (2006) on wheat, in Southeast Anatolia Region, the energy rate was found to be 2.21, the
specific energy value was 7.18 MJ kg, and the energy productivity was 0.14 kg MJ". Khaledian ez 4/. (2010)
found that the energy value required for the production of 1 kg of corn is 2 MJ kg™ for conventional and direct
planting. Baran ez 4/. (2016) found that net energy productivity in corn production was (198190.21 Mj ha™')
in reduced soil tillage and (179699.04 Mj ha') in direct planting. The average yield of the maize crop was
determined to be 6600 kg ha' with an energy ratio of 3.8 and the specific energy of 3.88 MJ kg (Canakci ez
al., 2005). The energy values were found by Canakci ez 4l. (2005) to be lower than our results. The reason for

this is that the yield was lower than the values we obtained.
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Barut ez al. (2011) found that the highest benefit/cost ratio and productivity were 2.13 in reduced tillage
and 2.07 in direct planting (no-tillage) in their study on the use of energy in different tillage methods in second
crop corn production. As a result, they emphasized that reduced soil tillage (RT) and direct planting methods
(ZT) should be supported concerning energy profitability and sustainability. Kumar ez 4/. (2013) found that
the energy productivity of wheat production in irrigated conditions in the Indo-Gangetic Plains was 0.176 kg
MJ" in traditional practice and 0.222 kg MJ" in direct sowing. Cikman ez al. (2010) examined the effects of
different tillage methods on productivity in corn and cotton in the Harran Plain. As a result, they stated that
the productivity was high in the reduced tillage and non-tillage methods and with the decrease in the need for
inputs (fuel, time, labour force), an increase was observed in income.

Conclusions

Asaresult, compared to conventional tillage, reduced tillage especially zero tillage, it needs higher inputs
in terms of machinery investment, maintenance-repair, labour force and causes high carbon emissions.
Therefore, zero tillage and reduced tillage methods should be supported due to their high energy efficiency and

environmental friendliness.
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