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Energy consumption in agriculture products is directly related to agricultural tillage systems. This study
investigated the role of conservation tillage on optimal energy consumption and sustainable rural
development in the production of irrigated wheat in Miami City. The required information is obtained by
completing a questionnaire with face-to-face interviews based on outputs and inputs. The input and output
energy and energy indexes were investigated using energy equivalence coefficients. The highest and lowest
input energy consumption was related to conventional tillage (47886 MJ/ha) and no-tillage (40448 MJ/ha),
respectively. In comparison with other inputs, nitrogen fertilizer accounted for the largest share of input
energy in all three conventional tillage (35%), low tillage (38%), and no-tillage (41%). After nitrogen
fertilizer, fuel energy, irrigation water, and electric energy accounted for the highest amount. Regarding
fuel energy, conventional tillage ranked first with 16% of the total and no-tillage ranked last with 6.6%. In
all three tillage methods, more than 75% of energy consumption is provided from non-renewable sources.
The results showed that the conservation tillage system is an important step towards optimal use of inputs
and energy in wheat production. In addition, the development of conservation agriculture can reduce the
production of greenhouse gases and environmental damage and lead to the stability of production.

Introduction

Excessive consumption of energy in agriculture has been noticed by sustainable development experts as
one of the important challenges that threaten the environment. Energy consumption in agriculture products
is directly related to agricultural tillage systems. Studies conducted in Iran have shown that energy
consumption in the agricultural sector is increasing every year. In the past, the main goal in agricultural
production has been mainly focused on increasing yield and production. Whereas, today, economic and
sustainable production is more important due to the improvement of product quality, reduction of input
consumption, and preservation of natural resources and the environment. Considering the excessive
consumption of fossil fuels and greenhouse gas emissions, all efforts are aimed at reducing energy
consumption, especially fossil fuels, and greenhouse gas emissions as much as possible to achieve
sustainability in production. Therefore, it is necessary to evaluate the energy consumption and its
environmental effects on the emission of greenhouse gases in wheat production. To investigate the role of
conservation tillage in the sustainable development of agriculture, with the approach of reducing the amount
of energy consumed in irrigated wheat production, this research was conducted in Miami city.
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Materials and Methods

In this study, the effect of tillage methods (conventional tillage, reduced tillage, and no-tillage) on optimal
energy consumption in irrigated wheat production was investigated. Conventional tillage operations include
(plowing with a moldboard plow + disc), reduced tillage (plowing with a compound tiller), and no-tillage
(direct planting). Data collection was done by filling out the form with face-to-face interviews with farmers
in the region, Experienced experts, and mechanized service companies in 60 wheat production farms.
Energy efficiency, energy productivity, energy intensity, and net energy were calculated using standard
relationships. Energy consumption was divided into direct energies (manpower, fossil fuels, electric energy,
and irrigation water), and indirect energies (agricultural machines, chemical fertilizers, pesticides and
herbicides, and seeds). To calculate the global warming potential, carbon dioxide was considered as the
basis for determining the effect of greenhouse gases on global warming, and the warming potential of other
greenhouse gases was measured according to this gas.

Results and Discussion

The amount of energy related to each of the inputs was calculated by multiplying the consumption amount
by the energy equivalent of each input. The highest and lowest input energy was related to the conventional
tillage (47886 MJ/ha) and direct planting (40448 MJ/ha), respectively. These results showed that in the
conventional method compared to the conservation methods, there is an increase in mechanized agricultural
operations, and this problem causes an increase in fuel and energy consumption. Other researchers (Pazuki
Tarodi et al., 2016) reported similar results. In comparison with other inputs, nitrogen fertilizer accounted
for the largest share of input energy in conventional tillage (35%), reduced tillage (38%), and no-tillage
planting (41%). The greater share of nitrogen fertilizer energy in different production systems is due to the
relatively high energy equivalent and high consumption of nitrogen fertilizer in water wheat cultivation. By
conducting soil tests and managing nitrogen fertilizer consumption, it is possible to reduce input energy
consumption and increase energy efficiency. After nitrogen fertilizer, fuel, and electric energy accounted
for the highest amount of energy. More consumption of fuel and related energy in the conventional method
is due to heavy plowing operations and more operations in land preparation compared to no-tillage. Other
researchers (Rajabi et al., 2013; Safa, 2008) reported similar results. The average energy intensity in the
three methods of conventional tillage, reduced tillage, and no-tillage was 4, 3.7, and 3.5 megajoules per kg
respectively, which no-tillage has a lower yield due to less energy consumption compared to the other two
methods have less energy intensity (less energy consumption per unit of product production). The intensity
of energy consumption is proportional to the intensity of tillage operations. By reducing tillage operations,
fuel consumption and energy consumption intensity will decrease. Yousefi et al. (2018) reported obtained
similar results. The average energy efficiency in the conventional tillage, reduced tillage and no-tillage was
3.3%, 3.7%, and 3.9% respectively. No-tillage had higher energy efficiency than the other two methods
due to less energy consumption. The reason for the low energy efficiency in conventional tillage can be
related to its high dependence on inputs and excessive energy consumption for production. The amount of
energy efficiency in conventional tillage was lower than in conservation tillage methods. The highest and
lowest values of global warming potential were related to the conventional tillage (6480.9 kilograms of
CO2 equivalent per hectare) and no tillage (5479.7 kilograms of CO2 equivalent per hectare), respectively.
Other researchers (Yousefi et al., 2016, Mohamadzadeh et al., 2018) reported similar results. The high
global warming potential in conventional tillage is due to the number of tillage operations and the energy-
intensive plowing operation, which causes more fuel consumption and consequently increases the global
warming potential in comparison with no-tillage.

Conclusion

In this study, the trend of energy flow and global warming potential was investigated in conventional tillage,
low tillage, and no-tillage methods in the production of irrigated wheat. Results showed, that the amount of
energy input in the conventional tillage (47776 megajoules) compared to reduced tillage (43451
megajoules) and no-tillage (40448 megajoules) was more, and this caused the energy efficiency in the
conventional tillage to be lower than the conservation methods. The most direct and indirect input energy
was related to diesel fuel and nitrogen fertilizer, respectively. Excessive use of agricultural machines and
performing multiple operations are the main factors for increasing fuel consumption and a significant
increase in carbon dioxide emissions. Also, the high consumption of nitrogen fertilizer and irrigation water
leads to an increase in energy consumption and the production of greenhouse gases and increases the
potential for global warming. Therefore, with more management in accurate and timely consumption of
inputs, using agricultural machines at the optimal time, and avoiding additional operations, it is possible to
greatly reduce the creation of greenhouse gases and environmental hazards.
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Table 3. The amount of input and output energies to the separation of agricultural method in each method megajoules per hectare
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Table 4. Direct and indirect energy values of energy indicators in each method in terms of mega joules per hectare

fooine Sl SisSLeS by, @l cals
Direct planting Low tillage method Common planting
S, RPN RPN $39,9
Js oSl Js ) oSl Js ) oeSlee Input
Percentage ~ AVerage  percentage  AVErage  Percentage Average
of total of total of total
39,3
Inputs
\gd VEEAOIY FY/A VAOYV/Y \ YAOFYY (LS 5 J9550) poiiiions
Direct (megajoules per hectare)
04/t YETYIY avIY YEAVY/S 00 YEYEY/Y Sy Jg5Ke) porimns yo
Indirect (megajoules per hectare)
Y¥/Y A~ YE/ V- FO-/A YY/4 VYFYS/A Gl Jg5l8e) piyayans
Renewable (megajoules per hectare)
YOIA T-FEVA Yo/ TYR99/A Y YEEEAV LS Jg3l8e) b aass
Non-renewable (megajoules per hectare)
¥/a IV Ay () &350 0334
- . . Energy efficiency(/.)
) AR . AN . Al (U535 2 p55k5) 551 55902
Energy efficiency (kg/megajoule)
- Y/ - YIv - ¥ (p,S5hS » Jo3lKe) (65,1 was
Energy intensity (megajoules/kg)
- AAARARY - \Y#-AY - VYYVYYA (U550 Lalls (55,1

Net energy (megajoules)

(SipleS sbpile ¢ oleowd olge 5l eslaiul 13 aboales
&5 o polie Bras aiails 5 @l laplls ol sloaasin
6ol ol bl b ol yon sl jo Bl cplp 4SS 5wl oo Lond
Ol b by ladgr sl S 4y 4y olows g 1 ail o
Sl Gl s slapllss ) 1y pdyanazs 5 me 5 5550 2

A G5)l55 (2010) Moore lawgs ajlie gl

223 V7 3ga> gl by, 50 S (5 e ¥ i b

3 ookl 1 adl g0 doys 4 sgas abli> slo g, jo g
Olyie 4 ES g B pas alS pogdle (Sbli> (55,0515 las,
ool Conoal Bl 55 (Jaoe Cannsj e 15 1 pdilingaos g
s § (55,5508 mly CblS gy dns 50 (65l 003l (peSile
culs uL.A O?.| 3 aS 0 do e YA g VIV XY iy ‘:.x;f
Slls ;500 oy, 59 4 G (655 S Bpae o 4 eritne
Lal Gy 0o 65l ool oo mlby Jeds om SYL 6550 o3l
S5l Pt B pany (639,9 slaodles 4 ol by (il 4 (g0
@l <Al 65l Gogere Oliee crlnle ol Cos ads ol
e ol ol Jdo (F Jguz) conl jieS” sblas sla g, 51 (/YY)

Sras @ baye @ml) () 50 Sde peiites 655 Spae

g bl (blS (e (silweslel) ely; Oldes jo yiin CS g

lacrile 5l oolaiul a5 sl las alive gl bl oo (Cbilo

Cog Bpan Gl Slol Jole oplSe gl o 55 laS
(Tipi etal., 2009) wisb o

o158l liord (SloosS wdgi 5 4 sl 5l 990 555

peiine of (Brae S35 A 50 6psleS sbageile 5 )0
&l 5d e (695,5 5551 rrtier Fsoz Gillae w235 )13
52 (5950 055 4 by ye ki yed § S gus s bgsye o paiS
Mehrabi and Esmaili, ) o 3,155 01,50 laws alie zls
O+ 5l i g5 allas 4w ,a 45 .(2018, Canakci et al., 2005
299 S5 45 Abl oo prinne yuf Djg0 4 (5995 (555 So )0
F sz o aSiliy aumdls |y pege G5 syl T 5 (53955
4 (5995 6551 5 a0 YO 5l Sl (s 5o )0 w058 00 oaaline
G L ggdse nl s by pilnend sl
SInl 65y0las ol (Kinly ogas 15 (2016) Beheshti-Tabar
sbsif G Gras sl Slies pilnass slagsyl &
Wy slepls 6551 Gpae 2l el G pilaess



\F.F JLA/\ o)Lo..i: \e. 0)56/‘5})51..:5 U?"‘“")"‘"& 4.:).,.\..;

JUPRN Y¥

(0 Jso2) il o (S 13 CO2 Jolao p,55hS OFVAY) aiiina
Yousefi et al., ) o 5,15 Ko o Kaagh laws alie mls
s> sl S il (2016, Mohamadzadeh et al., 2018
285 9 e 65,9515 Slkee Slani oy ipgus o () 53 S
&5 4 g i S g SBpas rge &S Wl 3t Sliles (09
peiame Sl b anlie o Sl (ile,S Jewsly il
Sldos olxil g (65,9l sl yiilo solaal 3 (89,0005 \.\...abb.a
el alasdle LB T3l g g b il Lol ele e
5 535 yan 5 i Cupe b alpls a3l oSSl
B 5 dite Olej 50 5)9liS sl etle Sl eslital 5 Laosles aBgen
SIS sla3l5 sloxy) 53l g0 b g oo 3Ll Slilas alool 5

ols 2ol 1) asmacionsy Ol bla

Slaghy) & Comd pgmire hg) 0 loindle 9 SS9 (651 35
Pazuki Tarodi et al., 4 (2012) Faiz-Bakhsh .ol o sbla>
33 obeily Gl else 51 (S 1, Weosles j2eS <3 yae 5 (2016)

NS (Byre (85,9 Slaptac

9 SisSBpS wmly CllS by aw 5o (g5, Dad Sl
S aS 05 0,5 5kS 5 Jo3lRe YO o VIV ¥ i3 a4 puS s
FoS Sran Jodo 4 ieS o Sles 5925 b (55,051 2 Ole )
&5 B pan) yiaS (6550 Dol gl K0 ) 99 4 S (555
Srae @55 Gl il (Jyaze odg ol e Gl 4 S
Sllee als L ocwl (65,056 allee ol L cslin
loe Bl (5l Sras Sal g S g Bras s)S
b )15 (2018) Yousefi etal.  lawgs alice gl

bgiye iy Sz GlaleyS ey jlade o yeS g 0 e
il (S 0 CO2 Jolao o ,SslS FYAL/) pousje g, 4

& PSS adgi pllis w50 Sl Salo,S Jailiy polio -0 Jguz
Table 5. Values of global warming potential in three irrigated wheat production systems
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