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Table 1- Equivalent of input and output energies for wheat production in Shahrekourd township

295/ 5399
Inputs/outputs

(LS 5 Jg3le) (551 Jolne
Energy equivalent (MJ.ha)

Fos)
Reference

Les3959
Inputs
(p)Ssks) ps )3
Wheat seed (kg)
(cebs) Glust (g9
Labor (hr)
(p55ks) <1 tlo g ol
Machinery (kg)
(oo i) syl
Irrigation (m®)
e sladgs
Chemical fertilizers
(p,5oks) 3o
Nitrogen (kg)
(p55Ls) yiud
Phosphate (kg)
(pSoks) ol
Potash (kg)
Cogw &g
Fuel type
(2 Jsgsts
Diesel (L)
(%)) ensm
Gasoline (L)

(el 2 Slgoles) iy 2SI
Electricity (kWh)
eloosd dlgo
Chemicals
(o530 oslo ,55LS) oSl
Herbicides (active ingredient (kg))
(o530 bo p,S5k) o iS5
Fungicides (active ingredient (kg))
(o530 oo p,55LS) Lo jiS' pt
Insecticides (active ingredient (kg))
9>
Output
(p55kS) pais 4>
Wheat grain (kg)
(p55ks) pais L3S 5 ol8
Straw (kg)

15.7

1.96

142.7

1.02

60.6

111

6.7

38

37

12.1

287

99

237

14.7

9.25

(Tipi et al., 2009)
(Azkan et al., 2004)
(Zahedi et al., 2014)

(Zahedi et al., 2014)

(Rajaby et al., 2012; Akcaoz et al., 2009)
(Rajaby et al., 2012; Akcaoz et al., 2009)

(Rajaby et al., 2012; Akcaoz et al., 2009)

(Rajaby et al., 2012)
(Rajaby et al., 2012)

(Kaltsas et al., 2007)

(Tzilivakis et al., 2005)
(Tzilivakis et al., 2005)

(Tzilivakis et al., 2005)

(Tipi et al., 2009; Singh et al., 2007)

(Tabatabaei-Far et al., 2009)
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* Including the construction, repair, maintenance and transportation
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Table 4- Evaluation results of total energy as direct, indirect, renewable and non-renewable forms in irrigated and rainfed
farming under tillage and no tillage systems in fields of Shahrekourd township

RS JS 5l ae

Average Percent from total
()m » J9)l§‘°) $ip! s i s i
Energy (MJ.ha™) b o b o
Rainfed Irrigated Rainfed Irrigated
9
o SiFe oo S o Si uis@ S
e 33 et 33 e $3 33 33
“5”_9“’ Tillage “5”_9;" Tillage “5”_9“’ Tillage No- Tillage
No-tillage No-tillage No-tillage tillage
oo (5551 1138° 2408° 1138 2408° 9 14 26 40
Direct energy
o o (55 51 10891° 15121° 10891° 15121° 91 86 74 60
Indirect energy
Rhn0ed 1t 5550 9587° 13057° 9587° 13057° 80 74 62 51
Non-renewable energy
rhnsed g5 2442" 4471° 2442° 4471° 20 26 38 49

Renewable energy

ol 1, Sike oy LSD 9051 bl ys 3 me (M3 39 g piis ot yLis aliie g >yl s g i3y 5
In each column and for each parameter, different superscript letters show significant difference of means at 5% level.

1o AT16 1) s (53] maw g Mo y> D24 T p0S Mg
slaodles (w3 (35 (nl ) 0535 dslxe ($39)9 JS 535
295 o0 Do maeyt ol & byje <51 4 53939
Copde )3 e ol 3B polatdl 33 4 1) aw oy (3390
o DA a0 om lise oYL L gy ol o S
(Alipour et o) San g jgude gl b assl ). (2 Jgas) s,
= e (Mirini et al., 2001) ) Sen g oy g al., 2013)
sloplaips gyl 4 (639)5 miitume s $51 Olie oyl &S 0l
il clhae sl (k0 395 4 Blate =)
0 (655 s oyt oled 3 313 L5 gl
OeS 5 oy 45 gk & 039 o LB (gl 5l sl
S B gh D CulS Copde 3 oS 4 g oSt 5
dwle (10y3 51) (65,515 L (ol S’ <y a5 (100 80)
ol glite cla oS 55 el ol el Silso .0
O e 225 BB (5550 py i (4 Jgaz) 505 (caeg S
gt > S Sl ity 550555 gy 99 2 ) ol €S g l3e 0
Al G 4 puSe ases Auaos BB e o5yl s 5l Jg

5 RART ulilne o e Oy90 4 555 @

Jox 3 Lpadld cpl polie . cond s LB podphsios ué
itne pé (653 Conss o pe (coled )3l o ool L5 4
S5l GryeS g i A5 Gosb 21 enltiane (5551 51 b
91) (55,5515 (igims mm2d CoiS Cupde )3 S A el il
el G 4 (w03 60) (65,0515 b T cusS oo g (a0
s _sixe SN LSD 9051 ol 52 yaslis ol celaySileo
L o €t Coppice sl ol o0l (4 Jgiz) 15 oaalie
T4 (55,855 (o ol cuiS Cupde lp g 20 80 (65,515
& e s Sai639)9 w2 4 dr g5 b AD Al o>
4 ot (SB03g e 3030 5 [y 40) (55,08 L
S gu diilo mrins (loodles | i 5 039 oS E)lje £ ()
OhlSar g 5 e sl ond oozl Sludl g9y 5 )kl &
4 (8399 50 JS 5 &S wasb ol (Alipour et al., 2013)
1212 § quiicnn e (5551 o ys B2/ (o) iy T paS
5 S oromen 39 (6551 plinaes lie 4 bgye 20y
3 e pé (655 waw (Ghorbani et al., 2011) l,LSen



201 (65,8515 g 90 i 058 papdh b e T 9 020 PSS €150 3 (550l Sl y syt

& 25 4o

55 pgama bl 5148 sl Lt 3o ) ) Jeols gl
o e A e (i g (p S pAS Mg e (B
5 (LS > 3150 12860) (55)s515 (ot > S Copta
ool (e 53 Ja515e 20589) (6j)sl L olyan (ol oyt
gy do olad )3 (B pan (£5,5] o i oS 0 L guls .8l
LS ogde odleg (! & sl (1988 95 Bpan 4 by
4 Sl gl (S5 el Wl (s 551 DI
Ao Bpan b g S 905l plool 5 ookl b dusy oo Has 4 .34
g as)ie S ol g (S5 Oluogad Lis p ogde 368
bl Ly ) 5,50 bl ol oo sl Sogll il
2l il e g0

S350 ) e eyl (6551 Cod by pe (oolod )
o palie e (S35l (35S g (i 4S50k 4 g2 peniliune
Cope 5 (20,0 91) (65,1 (g o2 Sl Copte )3 a5
Opgin ol gl el cans 4 (aoyd 60) (65,5 b T cusS
Lol dr byspo (55,51 45 (53939 sloodles o o o5 3b oL
395 4 ) e (il (05955 395 Dgdioe Cgune palilune
L5555 Gg med CulS Ca e 53 el 3o ol
Lacy pie oolad )3 .y duopd DAL & my liee oYL
039 dood JoB (65,5l puin pdpoded 6551 Cons
P et A pdahiednd (65l npeS 5 i S sk
& cuiS e g (103 80) (65,555 e wed S o e
9 (303 51) (6586 L

oS dlob oy yips a8 0 Lis 5ads oyl ol ggeze jd
55 Bymme LS el (65,5 gt o S & bgyye
S dploe K05 S e dw YL Cupae ol 55 (2/43)
S35 de 3 1) ey BB whew 55555 Slilas ) oo Jlas
oiblS ccuwl s ely; oY g ame Algr wilolw S 40 (4358
S o 3 (2l bley ile (Bl s yiwy apd Sllas
o3 Ologad 5 el clal>Me LB 53T oS 205 0
Glial aS 906 4 (65,55 Clloe JialS uscen )b S
G 5L (55)9LaS bl bl (yess ciles s |y (65,6515
5 YT peile 33,5 LialsS” s a0 S ol b 5l (cpSsls
559 Oloj 3 (e b G lae Lads (S (53,85

49) (5855 L ol S Cope > pipnios (655l ooyt
(40253 20) (65,5515 (ygd 23 CudS o e 33 (35S g (20
ol 2 P8 g)lie Sty Sl sol ol (4 Jga2) A5 oaalie
&5l @lis jleslawl .l (65,01 pdbaiss pls 4 dilais
Sl S S8 S phlnass ple b & plinaos
o YL (Kazemi et al., 2015) b o g5 (slapllas
S o3les ) ot 2 Ol |y ol S paspaos (5
J=B slassysl jo savemds ol ) & ol basye )l
2 ol 5l sosles (ks Sl (3ap 255 855 )18 oS
@305 sl e 1 T Al )3 5l o5 Y guao Ay
2 Ik TAT00) 595 oo 00litd (o Cogus 0329 42 (55
2 el o 5iere 1S enlple (300 pS5kS a5 )
Y gaze Ay )3 55l pilbnses plie Bpas ol cox
b9y Bk 3l (9 dlex I (b 355 Bpae S (o)
P53 (o)ll e 08 Ay Bpae Copte szmen sl
9 —ob 365" 3l oalatwl s 358 3l odlatul ¢ ely; gls jd Y gd
JLesl U opiomen (Alipour et al., 2013) wib o 0pué 5 JI
o=l Yl iyl cats QDS Olgiee 551 e oo
goee Oldes (aee blyS 390 320kl Slg5 o0 £o90
Gy GialS glyy 20y ©ge edles A el 5 55
5 5al)lS Slisaers 3l oolitl (3,85 g8 L jé (slass sl
wlio loslil o YL L L oyt celage,sld 6,518 4
S5l (Sly (ials jolate 4 0nigd o5 b g pjSele (655
gt L 29 o0 dpogi 335 o0 Sk 35 (o slacd g
($hHPF L o5 slagbyy jloslitel alex 5l (e and st
YL LS By sl olad cglel (slagstg) Mol
ol Js! gy90 e Gl g SYIodle oo 308 5 )l
2l iuli8l dlllas 5)5e ddlaio )3 1y (6551 Bras LS g)lie o
slaclles p (osad 4y (5,0l Bypins ialS Jb ja
Olidl el (Jomaze Wy (391 ol ©jg0 )3 (> sy
lal (b slagng) 53 e Jlie plie 39300 31 Camd
Sae SialS el sl 03l o5 5 (2B Cpgo @ Ll S

250 &SN 9 g ol Bpan g



1395 yliwtl 2 oylos B oo 1539l cwliis poy & pii 292

oS Sl g Ch s 3 (g2, o Lalea
et g 1 sl adg S Sleslarwl YT il
o=l Sialy ials s a8 )Ll cladilobu I oaliz .l
3y o g ly e pinlinaes glags il 4 1y slaabls
slacd g w ddas 65,00 mlio a5l Gl By ins sqw il
Jos 4 xS olr G bz i (2liosd glaodled plo g

..))9]

Sl Swlew
2lS g la yisy GLls)lS g o)5)slis” 5l gy
Sl g Jlre Jlaz il (65)5liS sl lojlo (el
alie 5 £55liS psle oSl 5 g adllas (pl 3 () Sen g

20,5 o (S8 g S5 5,5 b

4 e S8 SLs T olge (lidl g (Sogd ol bis
Dges Jalgs 1550l Al > i3l
Copie plgie 4 (55856 b Ubey bl Giulejl ol
o5 sLaghy) dwg 48 4l S ool oS Kl oo i
Syae (2HLS (lalEl 4 Ll oo adlllas 3)90 adais )5 (55,5
Ol 9o 4 4295 L D9 oxie 3)5 0l pAS g)l5e ) 555
slagbyy jlosliwl cuow @ |y l)55liS” Glg5 e (5531 B pae
Oh9y 93 o 3 oilefl ol 53 b Bgw yieS (65886 b blis
D5ty e L Sl (B 51 ol () 3 g ol S
=hi Capte SRl i @l elie sl » calnl
s Slojer jlate & CullS Gl o e (e ol Cayy
o ialS g late 4y adlate sl Sk b olhj obS o 5l
S rdols ol pslaio 4 (sl)) 0als Cule) eyl ©lds
oialS jodaie 4 5ym (lacile g lacs)lon 5 BT g JyuS
o)L Sain Y epilo 5l ool ¢ olow (sLaoslas s

&l

Abdollahpour, S., and Zarei, S. 2010. Evaluation of energy balance in rainfed wheat fields of Kermanshah province.
Journal of Sustainable Agriculture Knowledge 2: 97-106. (In Persian with English Summary)
Agriculture Yearbook. 2015. Agriculture Yearbook of Field Crops. Vol.1. Jihad Agriculture Ministry, Information

Office 156 pp.

Alipour, A., Keshavarz Afshar, R., Ghaleh Golab Behbahani, A., Karimi Nejad, A., and Mohammadi, V. 2013.
Investigation of energy flow in irrigated wheat ecosystems: A case study: Rey township. Journal of Sustainable
Agriculture Knowledge 23: 69-106. (In Persian with English Summary)

Akcaoz, H., Ozcatalbas, O., and Kizilay, H. 2009. Analysis of energy use for pomegranate production in Turkey.

Journal Food, Agriculture and Environment 7: 475-480.

Bonari, E., Mazzoncini, M., and Peruzzi, A. 1995. Effect of conservation and minimum tillage on winter oilseed

rape in a sand soil. Soil and Tillage Research 33: 91-108.

Broumand, A., Aghkhani, M., and Sadrnia, H. 2015. A Comparison of utilization systems in terms of energy
consumption of soybean production in Moghan region. Journal of Agroecology 6: 905-915. (In Persian with English

summary)

Canakci, M., Topakci, M., Akinci, I., and Ozmerzi, A. 2005. Energy use pattern of some field crops andvegetable
production: Case study for Antalya region, Turkey. Energy Conversion and Management 46: 655-666.
Dahiphale, V.V., and PawarK, R. 1992. Studies on energy requirement of Rabi sunflower crop production. Journal

of Maharashtra Agriculture University 17: 443-445.

Ghorbani, R., Mondani, F., Amirmoradi, S., Feizi, H., Khorramdel, S., Teimouri, M., Sanjani S, Anvarkhah, S., and
Aghel, H. 2011. A case study of energy use and economical analysis of irrigated and dryland wheat production systems.

Applied Energy 88: 283-288.

Hasanzadeh Ghoorttappeh, A., Ghalavand, A., Ahmadi, M., and Mirnia, S. 2001. Investigation of different nutrition
systems on energy efficiency of sunflower cultivars. Journal of Agriculture and Natural Resources 8: 67-78. (In Persian

with English Summary)

Heydari Gholinejhad, A., and Hasanzadeh Ghoorttappeh, A. 2003. Study of inputs efficiency in irrigated and
dryland wheat cropping of West Azarbayjan province. Research in Crop Sciences 1: 1-12. (In Persian with English



203 (55,5515 g 99 i 058 pipdh ki ey T 9020 £ £)150 30 (55l iy sy

Summary)

Kaltsas, A.M., Mamolos, A.P., Tsatsarelis, C.A., Nanos, G.D., and Kalburtji, K.L. 2007. Energy budget in organic
and conventional olive groves. Agriculture, Ecosystem and Environment 122: 243-251.

Kazemi, H., Kamkar, B., Lakzaei, S., Badsar, M., and Shahbyki, M. 2015. Energy flow analysis for rice production
in different geographical regions of Iran. Energy 84: 390-396.

Merrill, S.D., Black, A.L., and Bauer, A. 1996. Conservation tillage affects root growth of dryland spring wheat
under drought. Soil Science Society of America 60: 575-583.

Molaei, K., and Afzali Niya, S. 2012. Determination of energy indices in wheat and colza production in cropping
and industrial plain of Namdan Eghlid. Ecophysiology Journal 4: 26-36. (In Persian with English Summary)

Mrini, M., Senhaji, F., and Pimentel, D. 2001. Energy analysis of sugarcane production in Morocco. Environment,
Development and Sustainability 3: 109-126.

Ozkan, B., Akcaoz, H., and Fert, C. 2004. Energy input—output analysis in Turkish agriculture. Renewable Energy
29: 39-51.

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

Safa, M., and Tabatabaee-Far, A. 2002. Energy consumption in wheat production in irrigated and dryland farming.

In Proceedings of the International Agricultural Engineering Conference 28-30 Nov., Wuxi, China. p. 183.

Safa, M., and Tabatabaee-Far, A. 2008. Fuel consumption in wheat production in irrigated and dryland farming.
World Journal of Agricultural Sciences 1: 86-90.

Shamabadi, Z. 2013. Investigation of minimum tillage methods on energy use efficiency and yield of dryland wheat.
Journal of Soil and Water Resources Conservation 3: 69-77. (In Persian with English Summary)

Singh, J.M. 2002. On farm energy use pattern in different cropping systems in Haryana, India. Master of Science.
International Institute of Management University of Flensburg, Germany.

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

Tajic Jalali, A., Nehbandani, A., Soltani, A., Zeinali, E., and Ajam Noroozi, H. 1393. Energy use in wheat
production in Kordkoy region as influenced by seed-bed preparation and sowing methods. Plant Production Research
Journal 20: 71-90. (In Persian with English Summary)

Tipi, T., Cetin, B., and Vardar, A. 2009. An analysis of energy use and input costs for wheat production in Turkey.
Journal of Food, Agriculture and Environment 7: 352-356.

Tzilivakis, J., Warner, D.J., May, M., Lewis, K.A., and Jaggard, K. 2005. An assessment of the energy inputs and
greenhouse gas emission in sugar beet (Beta vulgaris L.) production in the UK. Agriculture System 85: 101-119.

Usefi, M., and Mahdavi Damghani, A. 2013. Investigation of water use efficiency and energy in irrigated systems in

Kermanshah province. Journal of Agroecology 5:113-121. (In Persian with English Summary)

Usefi, M., and Mahdavi Damghani, A. 2013. Investigation of water use efficiency and energy in irrigated systems in
Kermanshah province. Journal of Agroecology 5: 113-121 (In Persian with English Summary)

Zahedi, M., and Eshghizadeh, H.R. 2014. Energy use efficiency and economical analysis in cotton production
system in an arid region: A case study for Isfahan province, Iran. International Journal of Energy Economics and Policy
4(1): 43-52.



Journal of Agroecology =t $39LaS (ol pg2 4 pids
Vol. 8, No. 2, Summer 2016, p. 281-295 A s 281-295 . 1395 oyliasl 2 oylas 8 uls

Assessing Energy Flow in Rainfed and Irrigated Wheat Fields of Shahrekourd
Township under two Tillage Systems

H. Kazemi'", P. Alizadeh? and A. Nehbandani?
Submitted: 08-07-2015
Accepted: 08-11-2015

Kazemi, H., Alizadeh, P., and Nehbandani, A. 2016. Assessing Energy Flow in Rainfed and Irrigated Wheat
Fields of Shahrekourd Township under two Tillage Systems. Journal of Agroecology 8(2): 281-295.

Introduction

Energy analysis of agricultural ecosystem is essential for sustainable production. The relation between
agriculture and energy is very close. Agriculture is an energy consumer and the energy supplier. Agriculture’s
use of energy is recognized in three external inputs: labor, machines, and fertilizers (Connor et al., 2011).
Significant gains in energy efficiency were arisen in agriculture following the phenomenal increase in energy
prices in the 1970s. Greater use of diesel motors, larger tractors, using conservation tillage methods and
optimized fertilizer use efficiency were the main causes (Ozkan et al., 2004). Safa & Samarasinghe (2013) were
reported that fuel consumption in tillage and harvesting was more than other operations in wheat fields of
Canterbury, New Zealand. Effective application of agricultural techniques and efficient use of support inputs can
minimize environmental problems and in consequence promote sustainable agricultural intensification. In this
study, the energy flow investigated in irrigated and rain-fed wheat cropping systems under two tillage and no-
tillage methods in the Shahrekourd city, during 2013.

Materials and methods

The study was carried out in the Sharekourd city (Chaharmahal Bakhteyari province). This region is located
within 32° 20' and 32° 21' Lat. N, 50° 48' and 50° 50' Lon. E. Data were collected from 40 farmers with
questionnaire method. In this study, a randomized complete design with four scenarios (rain-fed and irrigated
farming with tillage and no-tillage systems) was used, that 10 farms were considered as a replication in each
scenario. All data detail information on the questionnaire were averaged and arranged. First, all inputs and
outputs of wheat production were determined, quantified and entered into Microsoft Excel spreadsheets, and
then transformed into energy units and expressed in MJ.ha™. Based on the total energy equivalents of the inputs
and output and the energy use efficiency (energy ratio), net energy, energy productivity and specific energy were
calculated. The input energy was divided into direct, indirect, renewable and non-renewable forms. Indirect
energy included energy embodied in seed, fertilizers, chemicals, machinery; while direct energy covered human
labor, water for irrigation, electricity and diesel fuel were used in the wheat production. The LSD test (P<0.05)
was used to compare means between all scenarios.

Results and discussion

The results of data analy5|s indicated that maximum input energy was about 29,586 MJ.ha™ in the irrigated
fields under tillage and maximum output energy was about 70,743 MJ.ha™ in the irrigated fields under no-till. In
this study, the highest and lowest energy eff|C|ency were obtained in irrigated system under no-tillage (2.43 in
seed) and rain-fed system under tillage (1.03 in seed), respectlvely The greatest contrlbutlon from total energy
belonged to energy of nltrogen fertilizer (9,429 MJ.ha™ |n no-tillage and 1,092 MJ.ha* in tlllage systems) and
irrigation (8,323 MJ.ha™ in no- tlllage and 5,117 MJ.ha™ in tlllage systems) in irrigated cropping system and
nitrogen fertilizer (8,529 MJ ha® in no-tillage and 7,220 MJ.ha™ in tillage systems) and seed (4,367 MJ.ha
no-tillage and 2,412 MJ.ha™ in tillage systems) in rain-fedfarming system. Therefore, it is necessary to focus
more on nitrogen fertilizer consumption than the other factors to effectively reduce energy consumption in wheat
cropping. In addition, the no-tillage system had high indirect and non-renewable energy forms in both wheat
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cropping systems. The high ratio of non-renewable energy in the total used energy inputs cause negative effects
on the sustainability in agroecosystems.

Conclusion

Generally, irrigated cropping system under no-tillage method was the best condition for wheat production in
Shahrekourdcity. The results revealed that there was a huge potential toimproveenergy efficiency of wheat
production in this region. Furthermore, toreducenon-renewable energy use in the studied region, we
recommended the use of chemical fertilizer specially nitrogen reduce by appropriate management of fertilizer,
use of legume in crop rotation, use of green manure, organic fertilizer and manure.
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