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Introduction

In recent decades, the need for increased food production has resulted in the expansion of intensified
agriculture practices characterized by high consumption of inputs, thereby reducing agricultural sustainability.
The agricultural sector's contribution to the world's energy consumption, ecological footprint, and greenhouse
gas emissions has grown substantially. Emissions of greenhouse gases have negative ecological effects,
including climate change, global warming, and diminished sustainable development. In this sector, energy
analysis and greenhouse gas emissions in ecosystems are the most common methods for assessing sustainability.
This study was conducted to evaluate the sustainability of canola agroecosystems by analyzing energy
consumption, carbon footprint, and greenhouse gas emissions.

Methods and Materials

The study was conducted using a questionnaire in Kalaleh County, in Golestan province, and gathering
information from Golestan Agricultural Jihad Organization, during 2018-2019. The number of samples was
determined by the Cochran formula. Accordingly, 50 farms were selected for canola cultivation. The
questionnaire's reliability was determined to be 0.81. To calculate the energy indices, carbon footprint, and
greenhouse gas emissions, after determining the most important inputs and output, first, their amounts were
determined in each of the 50 farms and then their average was calculated. The energy equivalent of each input
and output was calculated by multiplying its raw value by the corresponding energy conversion factor. The
carbon footprint of the canola system was calculated as the amount of land required to absorb the environmental
pollution caused by input and resource consumption. Carbon uptake in canola agroecosystems served as the
basis for evaluating the carbon footprint and consequently the sustainability of this study. Also, the amount of
greenhouse gases produced was determined by multiplying the raw values of the consumed inputs by their
emission coefficient.

Results and Discussion

In canola agroecosystems, the total energy input was calculated to be 13,200 MJ ha, the total energy output
was 63,400 MJ ha™, the energy use efficiency was 4.8, and the energy productivity was 0.17 kg MJ™. In addition,
the ecological footprint and global warming potential were 0.99 gha and 779.03 CO.e ha *, respectively. In
canola production, fossil fuel and nitrogen fertilizer inputs contributed the most to ecological footprint and
global warming potential respectively. Reducing the number of machines entering the farm through the
application of conservation tillage methods and the modernization of machines can be effective in reducing the
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consumption of this input. Due to the non-renewability of this input, reducing its consumption is effective in
reducing both economic costs and environmental pollution. Consuming as much livestock manure (cattle) as
possible and implementing crop rotations with legumes such as soybeans that can grow well in this area is
effective in supplying soil nitrogen and reducing the need for chemical fertilizers.

Conclusion

Analysis of energy indices, such as energy efficiency and net energy, revealed that energy loss in the canola
farming ecosystem is low and that the system's sustainability is adequate. Evaluation of carbon footprint revealed
that the value of this index for canola production in the county of Kalaleh was less than the ecological capacity
of each hectare of land used for canola production, indicating the environmental sustainability of canola
production in the county of Kalaleh. In general, canola agroecosystems in the county of Kalaleh were sustainable
based on terms of all three indices: net energy, carbon footprint, and global warming potential. Due to the large
proportion of two inputs, fossil fuel, and nitrogen fertilizer, in these indices and their significant impact on
production sustainability, consumption management of these inputs and training and justification of farmers are
recommended to increase production sustainability.
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Table 1- Average values and energy equivalents of inputs and output in canola farming ecosystem in Kalaleh county
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Table 3- Energy values (Mj ha) of inputs and their carbon footprint (gha) in canola farming ecosystem in Kalaleh county
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Input Enrgy value Foot print  Contribution of total foot print (%)
SE S 20.4 0.002 0.2
Human labor
Vel 416 0.03 3
Machinery
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Fossil fuel
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Nitrogen fertilizer
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Seed
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Table 4- Energy indices in canola farming ecosystem in Kalaleh county
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Index Unit Value
Energy use efficiency
LS))"l 59900 J5)l§" ) P;?’L"{ 0.17
Energy productivity kg MJ?
5525 535 PSS »Jsie £ oo
Specific energy MJ kg
Net energy MJ ha
J§ 53959 ‘5))"' )LIS&» » J?ili" 13200
Total energy input MJ ha
Total energy output MJ ha
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Table 5- Emission of greenhouse gases (kg ha™) from chemical inputs and their global warming potential in canola farming

ecosystem
$2929 SpS1sd S| obe ORle S damily  GluleyS ety JS 51 ey
Input oS ROT CH, TS Y
CO, N,O GWP Contribution of GWP (%)
i _“9“ 391.6 0.08 0.57 428.37 54.83
Fossil fuel
e 263.1 0.003 0.31 270.54 3473
Nitrogen fertilizer
A2 42.07 0.0008 0.16 45.68 5.86
Phosphorus fertilizer
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oS awSliey oo Jole
Sl LinleS Jauilsy 731.97 24.8 22.26 - -

GWP CO.e factor




YELY Glianl oF )lond ¥ Y Wla el ()5 Slanigiy 4 uid Y PA

Copie) SLS pledlw Mol )8 15 cwlio 39, Lo o
OBBLS 4D )3 9 (g )i 395 Bymae LS ) (5SS
ialS 1y 5 sl Pge ¢ edlasBl Cartin LS jo o sla S
g Sl el Ll (ialS’ p ogMle (plerd (slaisd9)9
(Yousefi )by yid 0 gobamdl S (ilial )5 e gylul sl
Caenl o)5,9liS angi g (5jge] (ogas opl ) £t al., 2014b)
34 3P omb ey b g slapllas 15 ) (o3b;
A G 0lail Coxtin 4 (6 i ABMe &S 15,5LiS lawss
Joily Sl (oleond pgows wrow sl oAl aBpdy 1 (559000
Lo d YIVY dMS b yeas 0 1387 ely; pllas o Sles yiulo)S
Ol J57 9> Jgmazme ml gl Y/FD jlade I a8 oS 55
Sl /Y polie 3l i b o (Kazemi et al., 2016) LS
5 (Asgharipour et al., 2016) b ddlrio > d>ug g5
2ol 9 0l (i Mg sy S whoyd SNV g+ /YA
B3> Cu pds 39— (Shahhoseini et al., 2021) LS Ll
Slagbe) JUS 53 gy slacile jod 39)9 (iR jolate &) cae )50
Gy RIS 55 a3 5 (Sl S8 il loos b 555
el Pao i Haze 3Lj oyse Sl ol (63959 (0
ol duwbs ol (0959 5 0l Cudild gy &l p)S cloie
AN Gl joed 53 IS s pllss )3 Sl Giole)S Jowily 5
(P Jou2) 392 U8 )3 () £S5 5kS VNIV 5 Ve VYV i Sy
2 oS ey Jeaily b palls on)8 e bl ol
S 53 ()5 S ok VAV/Y NS s joed )3 13187 o5 pllas
slails IS 5 08 28103 05 )l w4 a9 b g
o )LSal) (1S i el el ity 5 Sl
(Khorramdel, <l (658 muoil oS auSTl o ials ol
Koocheki, Nassiri Mahallati, Khorasani, & Ghorbani,
sliiile S bl o @yd ady sl aslis ol Hlaie 2013)
Yousefi et al., 2014b) 54 ,LiSa 13 )5 p,55LS YIAY/VD
P ey pUs Gl splul padls g ) Bpas 2
oMol oo L a8 3 YIVA 5 ¥IVA il iy IS i o
bl e .l ol cpl 0 158 el pllas cawlio Jaes
DA oz lalid sl 3 plyis) Ay claplas gy (08
(Khorramdel, Nassiri Mahallati, Soltan <l ouis dwle
= L)yl Ahmadi, Hooshmand, & Mostafavi, 2021)
o s S il 53 0)lks g 050l (e Wy IS
0l g WINY g WIFS 0, S Byiae ol )LS jlade cogpa
.(Shahhoseini et al., 2021) 3¢ VF/YY § \W/£5 (g)lub

Pl Sl glite g (gt ST 02y ST jLil luda
Vo8 g o[+ A IVVAY s pan aIWS liwygs o 1308 elys
slie Iy oA 48 (0 Jgia) 39 LS 3 p S LS
L8y s pllas 53 LS 43 p)SlS YIFA 5 YY/AY FEEA/YD
on—en e (Yousefi et al., 2014a) oliile S bl
A e 3 15 el ol sl o il Juwil
Aol Cwddy LS )3 oy w813 Jolee p)SokS VYA
g 4N Gl ol 3 3IS W g o S ol pn s ©jleay
e g o inle,S )8 JuST6d Jolae p,S5kS /YD Ao
S a8l 3aizs cpl )0 el Canday Sl il )S il
S M55 el a4y AVAVIYA o YAVE/AA VY« /FY 5lia
Ol ged 5 (gloydad o SHLy ity 5 o o)l B9y
5 G e AVFNY g AVEONY O EEYIVE (cusgya
il 3 (gloylab 5 Ly ity g 59> ol gy 4 puS
S A YAMY/ND o YAVY/AY o (Jamali et al., 2021) )
QS bl > e i 0)lgy g 0wl 2y (¢l
45 55 (Shahhoseini, Ramroudi, & Kazemi, 2021)
21505 35 508 s Sl ialesS 5 S 5 osimagis
sl 1l 1 ol 003 S5 lalllan b dugliio > AMS bt 0.5
Porsie Sy bE e (s 5 VS s > 35 15
Fom
Jemdliy 1 6y Sl e (Slend g B ol
=hj el 4 olend (aiedg)9 plo & Coms (Sl Giule)S
Sy olady Jds a4 (0 Joan) (1o OF/AY) cusls 1) 1318
o 250 El30 el )3 ] (301 0358 5 YT pdlo 5,08
3959 wladdy LialS )3 (liweS) S o &Yy ile 3,8 39
P leord ($39)9 ol Spmae (il g 4050 4 Y] pile
dog iy sla)sl Sile g of ol By as
dl)_g ,\_ol)lf (R pA0 ‘_gL.ca9§J| sd)'”LfS L;l)?l 9 Lg)l;\fwl.w
(Yousefi et al., S 1l g pots |y Jae (gylsl & i,
oile)S Joily Sl maw (093 <0395 (2lhond 305 .2014b)
S| i Hlaws &S (Ao yd YF/IVY) cusls 1) 1318 elyj pllas o Sl
35S 00y id Byae > asy y ol 1ol g (Bpae sladeS ple
2 SO clajls jlisl b)) g (ol plas al ) g
B P SWERVEVEN Y b uLW dw Ok—“" 5 1)‘_15 U_.cl))' fUéJ
9 (2 FEND) 5555 395 & by Sl il ol
255 9 oloj cpycwlio )0 365 8 yas (Kazemi et al., 2016)



V£

w3 sopgeids g5laly (b5l (ol )50 g (a0l

AN L e 53 1585 (815 plaoge (025 5b3,) SIS 51 glapad Lo T Jgua
Table 6- Indices of greenhouse effect of canola farming ecosystem in Kalaleh county

Index Unit Value
Carbon output kg C ha
959 O))g )L‘S‘a’ > L)’)g P;?l‘f 210.34
Carbon input kg C ha
Net carbon kg C ha
oS - 4.79
Carbon efficiency

Sustainability index
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