Journal of Agroecology =t $309LiS (ol ooy &y
Vol. 11, No.3, Fall 2019, p. 909-924 i 909-924 1398 5128, 3 olas 1wl

oalaiu! le,‘,.:l..:.,? C.J‘J.QJ.: Slas PL ‘SJ'JJUZS o hos OY}M dh.:’uslamgj O‘JS‘ @L&j)‘

Clas 2 2L, Sy )

4@._"...\.‘» Sdowe dos| I -93“’;?)’:’ 29 5*2‘-;.—““”":" o ;lducw aly B
1397/03/05 st s &b
1397/07/20 : s 4 &b

3 65y9LiS sdas &Y guamme aacin ; Sl oL 1398 L o ¢ s Gae g ww (Jdp > o (midlgl i S5 pgane
909-924:(3) 11 « g;)5LiS wliiipgr «olmas o ol ooy 5l ookl b gl <l paly oyl

2>

4ilfo 93 (plusly o Casl (55,088 slapllsipg: )3 1y slasin] b aromacn Sl ) (sl caslio )1 (LCA) cloes 2 L5))
Gl iz 5 o S GalS (SisSe b LU | Gl b, ol 235ie o Laee s Laesi V1 L 5 aodles e
o= (Triticum aestivum L.) pui5 Joli odas Jguamo jloa (damociunsj @lyil duglio asllas opl an nd o @] 65,5l )3 (,lub
Sile 291 ylins lppdy oliaas 5> (Medicago sativa L.) asus, 4 (Citrullus lanatus L.) ()4 «lgus (Hordeum vulgare L.)
g2 5 Jyamo sl sl 2581as 5 (it 5 oo 355 ol btz iU (w90 plions pgas 3 58 5l o) Looslag Spme olinn
09> ¢ il ci yu 5 lan > Slsdd o Sbjyl il s dalidinyy 1 ooliznl L 1394 Jlo b adllas 3,90 adbaie )3 455g) 5 5yl dilgsin
e ol ( Slaa siale,S Jolis 13l (cloogyS 0,8 dunlne ol puds g Slods o il o)) el dd o sume illas Jos
Sler piolesS Jawiln a8 sl L gl as 48,3 Ly )3 (eobasl 5,Shae 5 O Jolro (63,518 oy 00 (ol § (St emnlKi )5
2678/95 4 4947/06 694/32 B69/36 Ly 11y o ity 450y g (6ydy lgin cgmr cpiS Jolds Jguammo jloz (sl (dawmocians) 3l oy i
208 3108 Ly 4y s sy ¥ gamo ol ol oSt ig) Sl mized 5 ol 3 Slas o5 K ljlay COp p55kS olas sl
oy ol 0313 olazsl 595 1S 3 1y aecew; 5l oS codlail 3, Skes o5 Sy (slila POs p,SoksS Jolao aoly 3/33 11/08
(ool 5, Slos o < lila Ecox 0/07) 9> 9 (oobasdl s Slos oy S sl ECOX1/14) G dilgaid ¢ Jguame Hlax cpl o 5l IS
sl as Cas ol s 3y Sloe i ib Jdoay g)d wlgain adh olamdl sgs & 1) calid pgy (asld (p )5S 5 Cpy Jhe i 5
YU s 4 a5 b el ol p il 03505 it |y (635 i oy § L3I > e 4y g 03l ey 1) bodles B pns oY guames
T elnssS G pan g adly inlS (5555 B Cappio S (slapaci) Olyil b sladis G5l 398 o dnogi ¢ Slan Linle)S 5l 09,8
D5 8 a5 e aeecuny j Ol Sl it jelaieds lewd (gladsS gl (13Ol sl leica

hemecan (a3LE (o)l (o Giile)S (GglSid gl D (sl 1 SIS (o]l

2 ol glaadie §l S g by e pbls ae ) dodbo
50 gloaadye jl o)l 5 039 Slan M lacaslew

oia s Jele et > (e 4 icand 0y )15 pladllcns Ao posgd b oISl Yokl g 18] ki )8 ggmtils oy =2 5 1
9 Consl s bamo b ()55l M8 il 55 lanlad Sl (g5 lene Ao g0 B oS (59lS 218l (5515355 81 09 5 sl -3

o 5y el g5yltS liios 35 je okl 4
Slasl dzols gl il oy ite Lo ) (e, 5341 &2 O™ &9 : ok
< > sty g S o 2 sty (Email: l.abolhasani@um.ac.ir Jgtans odiaggi =)

(Najam et al., 2002) 3L o0 0S5 5 Com (33 ) Doi: 10.22067/jag.v11i3.72459



1398 3l 3 oyles A1 alor (55,0l owliis por 4y 910

.(Nemecek et al., 2011)
syl L (Fallahpour et al., 2012) )L Sen ¢ yopMs
Sleslarwl Uy ol bl o adle g Jaowecun j iyl
ey Sl g Bpas Gl b o sl s LCA
Sl Sl o)l bl gladdlae )3 .28l (a8l 5
Ol cpl duslio 5 (55 10 paiS WJgr e j Glyl s
Sl b adlllae 390 aidlate puiS g5 45 23,5 asdie Lyl L
Wl g (ygalSdy gl 455 a5 ) (2 B (aorecin
o) el slaysiS L ()b ine alold L5l 15

(Soltani et al., 2012) 5, (wgllas

2 piS ) 5 Sl g slapllss el LCA dpusleo |
Sl pllas (> paiS p,SekS o g 45 A5 o3l s S el
2,5 3y gl PSS 4 s 508 oSS isd p,Soks” 30
o) g oy 5y adlllae golss (Meisterling et al., 2009)
»LCA Ll jasls a5 sl Lis (Brentrup et al., 2004)
PSS 150 51 58 G pme Loyl 53 lall )3 &ilie S pllas
dnwlxe 4> o5 o il 0126 15 0/22 s9us > [l )3 59,0
S0 3 9 300 5200 5 s e GRS 5 0
ol ok o & 223b oly aiapes bl .col il LCA
By YL o 3 g (L) (6 )8y 095 By
Ol 05 53 5815 Loy, S nySete o grelS )
oS amd e L o9t 39 @l dsgeome Dy (Jame i
byl yee o1y (gaite Hluw CleMbl g5 0 LCA diiloe L
st il 5l candas cu)g alisee slapllys oo
hadlas (o] @92 (55)gliS Y paze Mg ace
ol oA g0

wlgdid g pAS OV guasto CuilS y 5 pdaw Canl S5 & p3Y
175473 300090 s pias (g9, Ll il 55 asvig g
ol o 3y)55 1394-95 Lo > L 34692 5 293829
sdos &Y guasme oot Sl ol a8 bl 5l olel ol
{Triticum aestivum L.) a8 Jols jorlins @lpds oybowns 5
Citrullus lanatus ) ¢, «lsa (Hordeum vulgare L.) ¢
Olgmeds Slaly olwns ,> (Medicago sativa L.) asg g (L.
T 3oy bl gl 3 Y gae (pl Mg 3ble | (So
2 My sl Cople (osad ) 1) sle OleMbl Ll

g LS dgy o Byme jl (8L armecunj Ol g
ALy Jlioar Qliieo i3IS slalo (b 5> (ploes pyas
S5l s sloos Jolisl 5 gy o 5 At
Malakouti & Motesharezadeh, 1999; Baibordi et ) 1l
Gyae ialS gy liS el 58] o Jls b 5 .(al., 2000
G5 ysliteds (5y0liS slaplaipg ) (lerd (sbadeS g poows
o ; o800 1 adl o oy Caund jd Gl dawes
G a5 Sl )Ll liee &8 cad sl Sloj (55,5lS clleb
(ol b Jozd auds laoee dliwgdy dojlyy 53 Wilgy (mlie
sl 6,98 slacullad Jamecin s Sl pladgl oLl sl
OECD, 20018; ) 595 4>¢ aojly p culld o ()lub 4
(OECD, 2001b

52y (e slaby) (daecin ) Ol 2Lj)) slatea
Gyan 13U 5ET 55 bn be, ol &8 (Schroder et al., 2003) 5 )ls
Jball) p» olaidl oygoan ) pllpg ) ool
S5 sl U g Sl pisle)S Jie b ol slasely
Ot Sl L g pasar (Jg sl )13 g 2)90 o059 s
SIS )8 s 330 565 e £ S8 (Sl
5 e Syl g slopllss (Jaeliny 3 )Sles () p (nizpee
51 .(Eckert et al., 1999) cul pllas (g,l0L vy slp gygpe
G liee sLapllas | layacany 3, Sles icila, ol o8 by
3 lite slaplls Glycgo S oo aulie S0 b5 | sy
ol 3928 pme |y lie Aty B o g (Sogll il L
Consoli et al., ) 5,5 palyd |) Jeocacuwj balyd de0 32,k
Brentrup et al., 2001; ) olaixo 5y kwly ol 5. (1993
Brentrup et al., 2004a; Roy et al., 2009; Finkbeiner et
Oladd > ol cdla, sl S8 ab 4 4545 L (al., 2006
Sl (s sl Sl g pieslis | by ol {LCAY)
H3ge By (55l oyl

e il 93 dlre (lly wwlndd 2 L)1 by,
95 oyt Gy ba o 4 s VT HLisil g wlio U s
Brentrup et al.,2004a; Roy et al., 2009; Zeijts et al., )
PSS L Lo o lamaons Sl 408 0,505, ol > (1999

Sgbiee 488 15 )3 ol o fhe pSLS Loy S > My

1- Life Cycle Assessment



011 . glies cliedy (lowds 33 559l suac ¥ guamo ooy j &yl il )l

o 0p g Sl 0g8 g 05 ol iy o) (slajgale 45 4 g
Naderianfar et al., ) couwl o0 39150 g aw <> ool adg>
adlllas 3y4 o ailaio ol as Y4 axo .(2012; Labaph, 2015
o=l oll 48 ail o 4ty g 6y dilgdin cox S Jolis
25 oo pll ik Gt Bsos e gano
§ el adg ilizes (slaosles Bpas liee Sile 1 Jgu
Sl i iS5 (ol 395 s ¢ pleond pgons g adgS (g
Syh algain g palS Jold iy Gliwss odas Jpase o>
5lamd o L 1) ond (g yglaen 1394 Jlo j3 a8 dlus assigs
390 adbais g 13l o o oly caalllas ol Jilow a5l oS L]
4 ang b bdolituwy sl )b Ol ols 58 IS jobay aslllas
JS 5l ¥ g imme ay bgyye cleMbl g oud sl ool dluss

sl 0 (S pglaen Wipd oo 5l laoly (ul 1 &S ey

oyl Saa b adlas cpl I e )15 ol 5 lj)0liS jLas]

55 b oplls ) dunlis 5 Jpamo oz ool 25 slapllips,
A5 pol LCA 5,54, 5l eslaiwl b jesliis lppdy oyliwad )

L g, 9 dgo
asllss oy 96 dilaie

Lawsgio £l65)] 5 gy ytoshs T293/1 conog b gl o350
o1 gly £93) Gl S il Jlob )3 1> o 31 520 1480/5
S ABlpe sl il sl ace I S sl cdd el
&y 3550 295 G0 Jlod 3 9 9l ekl pgi aials )
9349 colius b avgs ol il oo Siidaess wuldl )l g o
o 5 57559 B0 U7 1T il Jgbo 3 e sioskS
ool s 4 Jlas §) g @dly Jos 36739 1 35740 Ll
1Sl Jhg oo M Glageaih 4 G 5l gl lelis)|

SO G al5la Ol ppds bundd 13 (65,9liS daas Y guasms ddgi 43 (gdLaidl 5,Sas g LoD B pan (s (o -1 Jgus
Table 1- Average of inputs and economic yield per hectare for major agricultural crops in Belherat Rural District
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Fuel (1)
ibiosd glodeS
Chemical fertilizers
Qg 25 -1 45.45 57.69 45.45 200
1- Nitrogen (kg)
b 355 =2 126 142.9 153 185.29
2- Phosphorus (kg)
ol 35 -3 145 121.66 103.33 150
3- Potash (kg)
‘)'S _d; 3 4.33 15 6
Herbicide (I)
el 1.85 0.72 0.76 0
Fungicides (I)
el 8.75 2 158 3.5
Pesticides (I)
et 7S 1704.66 1701.11 19713 4345.17
Electricity (kWh)
<! 3 5144 5311.62 7043.2 14078.49
Water (m®)
o2 5.72 2,09 285 16.07
Manure (t)
(p555) s 11.072 175.46 189.18 87.69
Seed (kg)
Yield (o5) 3,5kee 0.64 3.08 29 5.24
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Fig. 1- Life cycle assessment framework (1SO 14040, 1997)
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Table 2- Weightening coefficients for each studied impact categories (Brentrup et al., 2004)

U ohaleyS Jemily
Global warming potential (kg CO, equivalent per kg emission)

CO;
CH,
N,O

1
21
310

O (ol o By
Acidification potential (in kg SO, equivalent per kg emission)

SO,
NOy
NH;

1
0.28
1.30

s Grpliiogr )3 ommlSady gl Jammily
Aquatic eutrophication potential (kg PO, equivalent per kg emission)

P
NO;
NOy
NH,4
NH;

N

1
0.1
0.13
0.33
0.35
0.42

S splliiog 5 GenmilSels gl Jauily
Terrestrial eutrophication potential (kg NOyequivalent per kg emission)

NOy
NH;

1
5

2 adolro uul_wl)) pul)_ao )I ool lJ Lmua)Lw ‘UT )I o
.(Brentrup et al., 2004a) x.i (¢l by

Ni= % | 2)
dlo o 548 0 il 05,8 sl asli ICH wsleo oyl 5
Sl e dibaio clp (ilwloy ;5518 NV osel conday L3
il i b 09,8 (gjluley 5asls Nig i 3G 095 o
i3 B) sl b b o oy (sla Sl e
Brentrup ) 53,5 Ll (W) (55 com p bl 5l cond b s
(et al., 2004a
Crij.k
TI.jk (3
oL 1 Cliji e 23059 595518 WFjji clslro ol p> a8

WFi,j,k:

-l 5 5, )A)b 9 Simon (590 05,5 duw Ll ccuip pl &
FVaPLY ).\JU Slrog S pl iy sdes OV guaste Mg sla
s Ndl azdl, Ll Jolge b aie cunl (San cunlo &
2 aseie (6355 20ly (il ol b g oy abgyae 53b
.(Brentrup et al., 2004a) .(14slx)

1_ . T

ICI"=X;[Ej or Rj] = CFi,j 1)
Jaso b oSy lp ik jgSBCFij oo)5) soly ya
25U 09y Sy p> saiaiils jiS16 Al gn | b 09,5 53 ot
b oo b pe ol )3 cuS 5 ol Sy oaimd L

1- Impact Category Indicator (ICI)



1398 3l 3 oyles A1 alr (55,9l owliis por 4y 914

Sl adllas )3 (1 Jgas) wib o ko 1 45 5/2 4 0/6 3/08
OS5 pXS de 5o b dwslie (Soltani et al., 2012) ),San o
JSa 53 55 318l paiS Jgase (sly 3,Slas Lawgio S sl
s pan Jpaze cpl 0Sles (0565 5 (YL nizen 5 Cud
adlas gl cplpogde asb oo iSa 3 5 2/5 45121 lp
ol oL (Khorramdel et al., 2014) o ,LSen ¢ Jopps
200-220 G yin0 baslys 1 5 3B L ply paiS 5 Shee o YL
L byl )3 priprpn el s 4,8 )3 (3500 p,S kS
Khorramdel et al., ) o,LSen ¢ Jop,5 asdlas 9> Jgiae
Sy iSe 5 532 L g 3 Shas o YL iy ledl (2015
08 Jeolo 1S )3 (55,55 p Sk 220 51 5 st e

-l Jewiliy 3 S5 3 1 e plala S i 095
Y guazmo 205 )3 186 095 cul 4 bgrye SIS pre 5 Slax
ol 0 031y LS axlllas 590

bl Baa el Thiji g (Jlo K eadaio i) b

5 Jibs g o5 Jolye ults alsye nl ) 1l el -4
e Coo apratunj Gasls g Class 556 L))
odlitwl b « LCA Ll jlne olgieas (ECO-X) csliis poy yad L
(Brentrup et al., 2004) 15 aulxe 33 dolse 5|

EcoX= ZNi*Wfi,j,k n

Sl calis pe Jaolawj (eslis [ECOX clslro () )
9 350U 0)5 2 a0 bgye ol Loy ylaie Ny (53,85l
3lge Niyolie SISy p2 2 bgiye (39 Wi

Slwlxe g SleMbl (gavaiwd dadoliduy (5yglaes ;I
WAS ey 8 b JSUS 5 ploul Excel liéls 5 5l eolisl b

> A8 Y gase gly (golaidl 5 )Slas Lauwgio 13 yKhos
219 ply s pa Helis Ol adkio 1 axig g )k dlgin

WCO2 PCHA <N2O

3000

9

2500

(kg CO

equiv.economic yield ')

2000

[=

1500

1000

Global warming

500

ik
W

_

it

Boa s

b

Wheat

Barley

Seedy watermelon Alfalfa

Product

sl ey (yLundd 3 oas C¥ gt (gl (63,5, sy SO glilar b ilesS il 09,5 Jamiliy -3 JSUS
Fig. 3- Global warming potential for one functional unit of major crops in Belherat Rural District
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Introduction

Life cycle assessment (LCA) is a common tool for environmentally assessing various agricultural systems
based on type and quantity of input consumption and emissions generated during the production. LCA is a
method assessing the environmental performance of a given production. The method has been recently
developed, providing some detailed information on how to mitigate environmental impacts as well as how to
improve sustainability of existing agricultural systems. The aim of this study was to compare environmental
impacts of four major crops of wheat, barley, seed water melon and alfalfa in Belherat Rural District of
Neyshabur.

Materials and Methods

Using the LCA, four steps including goal definition and scoping, inventory analysis, life cycle impact
assessment and integration and interpretation were taken. The system boundary contains production processes,
chemical fertilizers, manure, herbicides, pesticides, irrigation (electricity), seed, fuel and other inputs. Functional
unit was equivalent to one ton of economic yield, and all inputs, pollutants and average of economic yields were
quantified based on one ton of economic yield. Global warming, acidification and aquatic and terrestrial
eutrophication were considered as three important impact categories. The coefficient factors (CF) and weighting
factors were used to calculate the environmental index (Ecox). A higher Ecox score represents a higher
environmental impact.

Results and Discussion

Average economic yields of wheat, barley, seed water melon and alfalfa in Belherat Rural District of
Neyshabur were 2.9, 3.1, 0.6 and 5.2 t.ha™, respectively. The results showed that the global warming potential
was a high environmental impact for all four crops including wheat (with 869.4 kg CO,-equiv. per one tonne
economical yield), barley (with 694.3kg CO,-equiv. per one tonne economical yield), seed watermelon (with
4947.1 kg CO,-equiv. per one tonne economical yield) and alfalfa (with 2678.9 kg CO,-equiv. per one tonne
economical yield), and the aquatic eutrophication potential was the lowest environmental impact such as wheat
(with 3.08 kg PO4-equiv. per one tonne economical yield), barley (with 2.4 kg PO,-equiv. per one tonne
economical yield), seed watermelon (with 11.1 kg PO4-equiv. per one tonne economical yield) and alfalfa (with
3.3 kg PO4-equiv. per one tonne economical yield), respectively. Among the three emissions of CO,, CH, and
N,O generating the global warming potential, the CO, had the highest proportion. Fossil fuels and nitrogen-
based fertilizers are the main sources of the CO, emission. Among the four crops, seed water melon generated
the highest amount of CO,— almost five times more than other crops- due to the high use of chemical fertilizers.
In general, between these four crops, seed watermelon (Ecox 1.14 per tonne of economical yield) and barley
(Ecox 0.07 per tonne of economical yield) were created the highest and lowest environmental impacts,
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respectively. In producing seed watermelon, acidification potential — with 0.58 ECOX for one tonne of economic
yield- was found as the highest environmental impact. This environmental impact of seed watermelon was seven
times more than wheat and barely a long with about two times more than alfalfa. Among the three emissions of
SO, NH; and NOy associated with creating acidification potential, NH; comprised the largest proportion
followed by SO,. Nitrogen- based fertilizers were found the major source of NH; and SO, emissions. The high
environmental impact of seed watermelon is due to its low economic yield that does not cover its input
consumption.

Conclusion

Considering the high contribution of the global warming potential to environmental impacts for these
production systems in Belherat Rural District, it is recommended for the study area to manage the use of
chemical fertilizers. It is also suggested that effective extension approaches such as conservation agriculture by
reducing the consumption of fossil fuels, sustainable nutrition strategies aimed at replacing organic fertilizers
with chemical fertilizers are provided to farmers to justify the harmful effects of pollutants on the environment.

Keywords: Acidification, Environmental indicator, Eutrophication, Global warming, Sustainability



