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Table 1. Equivalent energy for inputs and outputs in the wheat production process (Koocheki and Hosseini, 1994)

(a=ly 2 J93l%e) 6550 55le a1y o> 9,5 63959
Equivalent energy (MJ/ Dimensions) Dimensions Inputs/ Outputs
3959
Inputs
1.95 e il 59505
hr Labors
17.60 P skS PSP pan i
Kg Wheat seed
¢ s Y loeile 3
86.70 f’; o e sy
& Weights of machines
73.70 PSS e
Kg N fertilizer
13.40 P kS 0 phd 355
Kg P fertilizer
40.00 P Je938
L Gasoline
Slgels
3.60 celn g S|
Electricity
KWhr
84.90 ol 2,4-D x5 ale
L 2,4-D
11375 7 oSeblus S Gale
L Herbicide
L 95
Outputs
14.48 f’)f?l'“s P..x.;f FHKY
Kg Wheat grain
925 S oks puS oS
Kg Wheat straw

30 Jo5%e YAA pous e (65,555 Sldae jo Q}I—bﬁ.&u
Cils gleal> o 40 (65,08 Sldas 5l o 0 LS
Lol ord 9 9,6 sl Sldes jo 5 pass cutls
Dgy oo o3l Y epie 5 b o g 0b0sS (55,0
2 easS Cuils g eilS glaal> o 3 oY Y pile e
L5 0 el VIR g po g (Bla> (65,951 e 93
S35 Sl 9 LS o ytd YEN cogs Brae (8L b
Sl lp (¥ Jgoz) 09 S o S5 VYO 8y
&35 0ol e O (laiie 3] paiS (glaas o
aby Jabd Job 50 s ilol e g 4l 3 ] YA ac o ol

2 55 809 ol (Brae 5550 i 5 el VFIA oS

&S (LS, Jg5Ke) aosles 5)lee (6550 Glie 9 (LiKa)
63595 omns 93 53 pAiS Ag5 9] B 0 s jgha
oals HLas ¥ Jaax o adlanils o8 jliss pgas po 9 (Sbla>
o 99 )0 (Sl (59,5, Ceslos Sl ool 0
el WA g VAT il o pges yo 5 (SBli> (55,05 1>

B9, 18 JeiKe YFV 5 YOF L Jolao ,LS 4o
oolitul Jols (65,05 Slilos pguye clS Bs,y )0
A9 5 S 3,3 ey s Slidoe o Y] ile |l
S35 Sldes 0 3ls 3590 Y oiile Gline il o0
Srae (Sl b LS 50 Celes FID (:S0le sokar pons 0

Srae G55 e og LSe e g VO Coge

VPAA Ll (Yo Lot VYo 08 o Jasmo psle aslila

AF



2 o855 6 b

laosls 5l plaSya (655l S pas e (Blix (555551
R SO JCT RN JPNICE S WP JNC ] KO0 DR
5 ¥ sladsix) 9 6995 S5 JS 3l aeye 05 YT YO
Logi )T o,3 VA 350 (6395 (6551 IS 31 500 & ln(Y
Bpas 4 daoslys 500 bawgs oyl auoyo YV g laoolys oyl

Lol 08
sloosles (65l Bpan it pomre (55,951 w5
At O a5 puiS 5 il 298 Y Tepndile oy
¥ slasaz) 99 53955 5351 IS 3l e ps O gVVNALNY
ke ol Lawss (699)9 551 U5 5l wep0PY sgam (T g
oo ool aoolys ;00 lawgs o] 5l ao ofY 4 eolys
039 Sl el 5055 B an (6 )50 4 Lyl iy o
PS5 )0y calin (ylyae 5l eoliiwl g o sgas g YT yile
il 97 Bre lp Fie lalSal; g Wl o
U5 3 Bl (55,051 w0 ] oty (5359
TV 3505 woal Brae puiS alds sln 45 699,955
6855 6t oaincs yols QLS 1o Jg5iE0 YADY) o] duo
(S o g5)s S (gloals oy YT blo i g ol

Gran g )lnl Slides 5 g Jyame sl g cdls il
J958e Y YAAY) euilecBl suo ;0 YV 4SS jge0 50 sl 00

J992) 092 pgm y0 5 (S (55,9 1 i 5 00 o S
99 e yolas odles (s (651 (fien s B (F
PAYY g YADY ol oy pgms po g (SHBla> ()9S 1> pitnnns
57 e 395 o0 AlaxDlo (¥ Jou2) 092 1S o o35
S 2o ¥ ogam Bl (65)0 51 )3 pediinns 5 pae

D92 g0 (65)95 1 0 (B s 555
a8 50 olil 950 Sleay sl g Y Ineile 0
FYYP o] (Bran 530 5 iS04 0,55S 00 puiS adgs
il e o ionn el Casay S e JgilKe
$39S pias 93 )3 poditens o jokas loosles (B s
S5l Egorme 092 S 53 935 Y WAMY g o g (2bila>
s 93 )3 A5 95 (5l om0 § s (8 e
VAAVE 5 VPATE (i pgmoye 5 ibli> (55,5055
SeI85 8132 yenn 555 855 o alamdla b S0 15 JyslSa
P Eras i) FpS 2oy V0 Gl (65,051 L pusS
(S rae srosles 3l plaS 1o gt Jol> g 10 (5,951
S309S B s 93 53 pAT S8 )0 (6999 531 S )
(S99 58 50 Ogr Dgliie pouye g (blax
i D ol 5 e 0 w5l 298 ¥ Topetle (339

s 0 00l plaisl 0 a1y (65,50 Bran jl ppe

oSS 65kl o yroko (B oyl (sagy JUuw-T Jgao

Table 2. Future scenarios for irrigation management of wheat
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* 2% of wheat production use this scenario to manage wheat irrigation.
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Table 3. The mean of direct inputs and their equivalent energy in the wheat production process for two
conservational and conventional tillage systems
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Table 4. The mean of indirect inputs and their equivalent energy in the wheat production process for two
conservational and conventional tillage systems
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Fig. 1- Wheat yield variation versus water applied in both conservational and conventional tillage systems
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Table S. The energy produced by wheat grain and straw from both conservational and conventional tillage systems

LS o Jssle) (2leys 35 GLSe 5o £,55LS) o Slas 5 sialejl glo,los
Thermal value (MJ ha') Yield (Kg ha) oo slag L
L. . . L. . . J T‘Pl Treatments and
bl 65,5 S pgwye g5, S oblis g5, S pow e Siy9S Productions scenarios
Conservational Conventional Conservational Conventional
tillage tillage tillage tillage
49975 51438 3450 3551 poss ails
Wheat grain
51137 31578 5527 3413 pasS o bl sl led
Wheat straw Treatments
101112 83016 8977 6964 pAS 0353
Biological yield
76999 76999 5316 5316 HpaS 4l
Wheat grain
47214 78691 5103 8505 pasS o Jl sl
Wheat straw Scenario 1
124213 155690 10419 13821 Udiae dame
Biological yield
65117 65117 4495 4495 paS ails
Wheat grain
39928 66547 4315 7192 paS o Fs> sl
Wheat straw Scenario 2
105045 131664 8810 11687 pS 00giCun
Biological yield
60364 60364 4167 4167 pous ailo
Wheat grain
37014 61690 4001 6668 pasS o po syl
Wheat straw Scenario3
97378 122054 8168 10835 pS o0giCuns
Biological yield
36598 36598 2527 2527 poss il
Wheat grain
22441 37402 2425 4042 pasS o Pz szl
Wheat straw Scenario 4
59039 74000 4952 6569 pS 00giCuns
Biological yield
27092 27092 1870 1870 pous ails
Wheat grain
16612 27687 1795 2992 P o5 iy Sl
Wheat straw Scenario 5
43704 54779 3665 4862 paS o0giCuns
Biological yield
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Table 6. Energy indices for wheat production by experimental treatments and future studies scenarios from two

conservational and conventional tillage systems
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(J95% N S3Al gl 7 2° Js39) 2 J935S) Jyazo <152
5 (p5oks EE G (s (S Producti
EP SE NE J roductions
(kg MJ) (MJ kg™) (GJ ha') El EO ,
g g (GJ ha-l) (GJ ha )
Conservational tillage, treatment: _bla> 55,551 g 1 siolej] jlos
0.21 4.73 3.1 34.6 16.8 51.4 pas alls
Wheat grain
. . 1.9 14.8 16.8 31.6 P o8
Wheat straw
. . 49 66.2 16.8 83.0 e
Biological yield
Conventional tillage, treatment: sgw o (53,555 pimsm : ciolej] Lo
€[Sl
0.17 5.74 2.5 30.2 19.8 50.0 pos &
Wheat grain
. . 2.6 313 19.8 511 puiS o8
Wheat straw
. . 5.1 813 19.8 101.1 e
Biological yield
Conservational tillage, scenario 1 bli> (5,551 gt sl (552l
0.31 32 4.5 60.0 17.3 77.0 pas el
Wheat grain
27 30.0 17.3 472 puS o8
Wheat straw
7.2 107.0 17.3 124.2 PS5 0055 s
Biological yield
Conventional tillage, scenario 1 pew o (55,05 pimm 13l (592 b
Z
0.26 38 38 57.0 202 77.0 P s
Wheat grain
3.9 58.0 20.2 78.7 e
Wheat straw
7.7 135.0 202 155.7 P 0355
Biological yield
Conservational tillage, scenario 2 _bla> 55,5515 pis p30 (52 )b
Z
0.27 3.8 3.8 48.0 16.9 65.1 P sl
Wheat grain
24 23.0 16.9 39.9 puS o8

Wheat straw
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6.2 88.0 16.9 105.1 PS5 0355y
Biological yield
Conventional tillage, Scenario 2 pew o (55,55 pim o580 ($g0 )lis
0.23 4.4 33 45.0 20.0 65.1 puis il
Wheat grain
33 47.0 20.0 66.5 oS ols
Wheat straw
6.6 112.0 20.0 131.7 P 0g e
Biological yield
Conservational tillage, scenario 3 sbli> (55,5515 g (oo (532,00
0.25 4.1 3.6 43.0 16.9 60.4 pais ails
Wheat grain
2.2 20.0 16.9 37.0 pasS oS
Wheat straw
5.8 80.0 16.9 97.4 f“ °°9‘=-;
Biological yield
Conventional tillage, scenario 3 pew o (55,905 pimm ipgm (S92,
0.21 4.8 3.0 40.0 19.9 60.4 pais ails
Wheat grain
3.10 42.0 19.9 61.7 pouS oS
Wheat straw
6.10 102.0 19.9 122.1 PS5 0395
Biological yield
Conservational tillage, scenario 4 _bla> 55,555 piaas 10, 50 b
0.16 6.5 22 20.0 16.3 36.4 pis 4l )
Wheat grain
1.4 6.0 16.3 22.6 poiS o5
Wheat straw
3.6 43.0 16.3 59.0 IS 0055 s
Biological yield
Conventional tillage, scenario 4 ssw o 55,051 piam 1o,k ($92,ln
0.13 7.7 1.9 17.0 19.3 36.6 poss ‘*5‘0.
Wheat grain
1.9 18.0 19.3 374 pAS ols
Wheat straw
3.8 55.0 19.3 74.0 oS 0395 e 5
Biological yield
Conservational tillage, scenario 5 bla> 55,555 piuas (oo o2l
16.1 .
0.12 8.6 1.7 11.0 27.1 pas aula.
Wheat grain
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1.0 1.0 16.1 16.6 pAS ols
Wheat straw
2.7 28.0 16.1 43.7 oS 09gicen
Biological yield
Conventional tillage, SCENATIO 5 pouw po (65,95 pim tp2xs (S92l
0.10 10.2 1.4 8.0 19.0 27.1 pasS 4l
Wheat grain
1.5 9.0 19.0 27.7 paiS o5
Wheat straw
2.9 36.0 19.0 54.8 oS 0395 5
Biological yield
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2 P35 a5 T 5905 5 651 e s ol o
Srae Lulyh )3 powye 5 (SBli> (65)3 S w9
VEIA 31 (B yae (55 (6l et 00,5 )l oaial g (S8
S o JssES V0 B YVA 3l sadss g3l 5 VUA L
B0 51 o5l opsorte s TV B VA 5 sl oS s
Y oile (9 ol ojlis laaidl og Jo5Ke 5 o, SYOV
2 kel ST el 5 paS B pme ,30 w5l 055 (55,518
stz FHE 223 pgm po 5 (bl (65,951 pitacns 90
St (i sims oo polailogs ) (B ras 65
Ol e 50 50 oolaiuwld e Sligas g ST ile 39
Sy a3l 058 B pan (giluans 5 (Brae s calio ke
S 55 (65 slaazmin (505 wge Wlsice (k]

Al deglaxly o (Brd il o ol sndS

9 psye 9 SBl> (65,551 Slapia )5 Ll 5 5
g lp ) slo)Sal; Jloslas 5 Ol agzrg bl o

9 o0 Slgidiy poiS 0dgi 10 (g5l B e (g5l
3 eolarl (65,50 lrdsiw 0,50, ol lis Leazsly (af
2 ey ye $59S 1 4y Cond (Sbli> (65,051 s
gl e 3)lge 10 iy .0l oz )| a0 ails wdgs
A& 055l sime Jgame st 1 (65, slaazins Lol
bla> (65,051 Sldas Canyd 5 canlin gl oy oo

VPAA Ll (Yo Lot VYo 08 o Jasmo psle aslila

aA



2 o855 6 b

P2 58S (swdige g (S8 SliEm dugo (55 HgliS
S0l 3l (s wlie 5 (65,98 5596l g Olinios
si9 cnl 82l sl oY ol litel el g cogas Jblsa

Asled oo Sl ,08 Liagh

Abdollahpour, S.H. and Zaree, S., 2010. Evaluation of
wheat energy balance under rainfed farming in Kerman-
shah. Journal of Sustainable Agricultural Science. 20(2),
98-106. (In Persian with English abstract).

Ahmadi, M. and Agha-Ali Khani, M., 2012. Analysis of
energy use in cotton production in Golestan for suggest-
ing procedures to enhance resources productivity. Journal
of Agroecology. 4(2), 151-158. (In Persian with English
abstract).

Anonymous, 1993. Iranian comprehensive water plan.
The plains development features. V (1): North and
Azarbaijan Watersheds. Jamab consulting Company. p.
288. (In Persian with English abstract).

Anonymous, 2014. Crop production features (2012-2013)
in Iran. Agricultural Ministry. Iran, p. 167 (In Persian with
English abstract).

Canakcei, M., Topakci, M., Akinci, I. and Ozmerzi. A.
2005. Energy use pattern of some field crops and vege-
rable production: Case study for Antalya Region. Turkey.
Energy Conversion and Management. 46, 655-666.

Erdal, G., Esengun, K., Erial, H. and Gunduz, O., 2007.
Energy use and economic analysis of sugerbeet produc-

tion in Tokat province of Turkey. Energy. 32, 35-41.

Farshi, A.A., Shariati, M.R., Jaroallahi, R., Ghaemi, M.R.,
Shahabifar, M. and Tavallaei, M.M., 1997. An estimate
of water requirement of main field crops and orchards in
Iran, I: Field crops. Agricultural Education, Agricultural
Research, Education and Extension Organization of Iran.
Karaj, Iran, pp. 567 (In Persian with English abstract).

(S lo)S o Sy b g 65,00 5 ol By (55500

DS Oy

S 5wl

oy 5 osel wlindss lejle ) Alie Saiws

&b

Ghasemi Mobtaker, H., Keyhani, A., Mohammadi, A.,
Rafiee, S. and Akram, A., 2010. Sensitivity analysis of
energy inputs for barley production in Hamedan on Iran.
Agriculture, Ecosystems and Environment. 137, 367-
372. (In Persian with English abstract).

Hatirli, S.A., Ozkan, B. and Fert, C., 2005. An economet-
ric analysis of energy input-output in Turkish agriculture.
Renewable and Sustainable Energy Reviews. 9(6), 608-
623.

Heydargholinezhad Kanari, M. and Hassanzadeh Ghorot
Tappeh, A., 2003. Evaluation of energy balance in rainfed
wheat in Mazandaran. Journal of Pazhohesh and Sazande-
ghi. 58(1), 63-65. (In Persian with English abstract).

Koga, N., 2008. An energy balance under a conventional
crop rotation system in northern Japan: Perspectives on
fuel ethanol production from sugar beet. Agriculture, Eco-
systems and Environment. 125, 101-110. (In Persian with
English abstract).

Koocheki, A. and Hosseini, M., 1994. Energy efficiency
in agricultural ecosystems. University of Mashhad public.
Mashhad, Iran. (In Persian with English abstract).

Leach, G., 1976. Energy and food production. IPC Sci-
ence and Technology Press Ltd. London, UK.

Mandal, K.G., Saha, K.P, Ghhosh, PK., Hati, K.M. and
Bandyopadhyay, K.K., 2002. Bioenergy and economic
analysis of Soybean based crop production systems in
Central India. Biomass and Bioenergy. 23, 337-345.

Mani, 1., Kumar. P., Panwar, J.S. and Kant, K., 2007.

VWAA (lils Vol ) V50 ¢ anome pole aslilad

a4



wy® &35 659 0 pe (SBgo]

Variation in energy consumption in production of wheat-
maize with varying altitudes in Hilly Regions of Himachal
Paradesh, India. Energy. 32, 2336-2339.

Pervanchon, F., Bockstaller, C. and Girardin, P., 2002.
Assessment of energy use in arable farming systems by
means of an agro-ecological indicator: the energy indica-
tor. Agricultural Systems. 72, 149-172.

Piringer, G. and Steinberg, L.J., 2006. Re-evaluation of
energy use in wheat production in the United States. Jour-
nal of Ecology. 10, 149-167.

Raee Jadidi, M., Homayounifar, M., Sobohi Sabiuni, M.
and Kheradmand, V., 2010. Investigation of energy effi-
ciency and productivity in tomato production. Journal of
Agricultural Economics and Development. 24(3), 363-
370. (In Persian with English abstract)

Rajaby, M.H., Soltani, A., Zeinali, E. and Soltani, E.,
2012. Evaluation of energy use in wheat production in
Gorgan. Journal of plant production. 19(3), 143-171. (In
Persian with English abstract).

Rathke, G.W. and Diepenbrock, W., 2006. Energy bal-
ance of winter oilseed rape (Brassica napus L.) cropping
as related to nitrogen supply and preceding crop. Euro-
pean Journal of Agronomy. 24, 35-44.

Sing, H., Sing, A K., Kushwala, H. L. and Sing, A., 2007.
Energy consumption pattern of wheat production in India.
Energy. 32, 1848-1854.

Tabatabaeefar, A., Emamzadeh, H., Ghasemi Varnam-
khasti, M., Rahimzadeh, R. and Karimi, M., 2009. Com-
parison of energy of tillage systems in wheat production.
Energy. 34, 41-45.

Tipi, T., Cetil, B. and Vardar, A., 2009. An analysis of en-
ergy use and input costs for wheat production in Turkey.
Journal of Agriculture and Environmental Sciences. 7,
352-356.

Uhlin, H., 1998. Why energy productivity is increasing
An [-O analysis of Swedish agriculture. Agricultural Sys-
tems. 56, 443-465.

Valadiani, A., Hassanzadeh Gort Tapeh, A. and Valadiani,
A., 2005. Evaluation of energy balance in dryland wheat
farms in East Azarbaijan and its effect on environment.
Journal of Agricultural Sciences. 15(2), 1-12. (In Persian
with English abstract).

Witney, B., 1995. Choosing and using farm machines.
Land Technology Ltd, UK.

T B
-

>
/

VWAA (lils Vol ) V50 ¢ anome pole aslilad

Voo



Environmental Sciences Vol.17/ No.2 / Summer 2019

81-102

Futures study of energy use efficiency in irrigated wheat production in eastern Urmia Lake
Abolfazl Nasseri” and Ramin Nikanfar
Agricultural Engineering Research Department, East Azarbaijan Agricultural and Natural Resources Research and

Education Center, AREEQO, Tabriz, Iran

Received: 2018.06.30 Accepted: 2018.11.05

Nasseri, A. and Nikanfar, R., 2019. Futures study of energy use efficiency in irrigated wheat production in eastern Urmia
Lake. Environmental Sciences. 17(2): 81-102.

Introduction: In all countries, agricultural production is dependent on energy, especially fossil fuels. About 10 to 20 per-
cent of the total energy used in developed countries is consumed in food production. Efficient use of energy in the agri-
cultural sector is one of the fundamental necessities for sustainable agriculture development, because increasing energy
efficiency will save fossil fuels and reduce air pollution. In addition, the global energy crisis and the need for targeted energy
consumption in agricultural production make the research on energy efficiency analysis in wheat production necessary. En-
ergy efficiency values in wheat production in the east of Urmia Lake have not been assessed so far. Therefore, the present
study was conducted with the aim of evaluating future research of energy indices, including net energy, energy efficiency,
specific energy, and energy productivity as well as providing suitable and applicable solutions for improving energy indices

in wheat production.

Material and methods: In this research, energy productivity in two conservational and conventional tillage systems in
wheat production in the east of Urmia Lake was evaluated for two years by measuring and collecting data. Energy indices
such as net energy, energy efficiency, specific energy, and energy efficiency were determined in wheat production. Accord-
ing to the current conditions of Lake Urmia, water resources were limited and, therefore, the value of irrigation water was
significant from the environmental and economic point of view. Consequently, in order to rebuild future conditions of en-
ergy consumption in wheat production, irrigation scenarios were applied as a future study strategy. Irrigation management

scenarios included three conditions of full, deficit and excessive irrigation in wheat farms.

Results and discussion: Energy productivity from conservational and conventional tillage systems were 210 and 170 g

MJ, respectively. Future study scenarios were comprised of three conditions of full, deficit and over-irrigation in wheat

*Corresponding Author: £mail Address. ab.naseri@areeo.ac.ir
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farms. The energy consumed to produce wheat with the first (full and over-irrigation) and second (deficit irrigation) scenar-
ios were 18.5 and 17.7 GJ ha'!, respectively. The energy produced of wheat grains by the first and second group scenarios
was respectively 67.5 and 31.8 GJ ha'. The average energy efficiency in grain production with first and second groups was
3.7 and 1.8 and energy productivity was 253 and 125 g MJ"!, respectively. The effective strategies for increasing energy
productivity in wheat production in the northwest of the country may include the application of light-weighted machinery,

selection of the appropriate amount of seeds, and enhancement of fertilizer and water use efficiency.

Conclusion: Results revealed that in terms of energy indices, the application of the conservational tillage system is pref-
erable over conventional tillage in wheat grain production. However, the energy indices by two tillage systems were not
statistically different in wheat production. It seems that the appropriate practices of conservation tillage by appropriate
selection of equipment would improve the energy indices in wheat production.

Keywords: Energy balance, Energy efficiency, irrigated wheat, Conservational agriculture.
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