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Fig. 1- Geographic characteristics of the study area.
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Table 1- Input contributions in saffron production systems as one hectare
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1- Life Cycle Impact Assessment
2- Characteristic Factor (CF)
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1- Global warming potential index (GWPI)
2- Resource (R)

3- Emission (E)

4- Integration and interpretation

5- Eco-index



10V plwlys Gluwl 5o plyae s adgi el (ansmo Com § Ol ST (o) 2

40

Fag

ras

Fa7

(25 o =3) aly O
Corm weight (t.ha')

Fag

a3

25
ravali
ey,
R
& Yield 2 e
-
_1 E 204
b +
48
S =
[N
4 .
5 %
7 3
-
28 18
iz
2 -
2E
=
c =
3
= 2 04
53
'l
w 2
& -
T2
* 2
05
00 . f
N1{250-200) N2(200-350)

f
N3350

(LSS 50 0,5 8LS) (39555 095 Tobaw 10 ol yae ) dlgh Ui 60,5, 5 aaly S (i Guammsl Jmiliy Y S

Fig. 3- Acidification potential for one functional unit of saffron at nitrogen levels (kg.ha)

el > 3Nl 5 J sleesld Bran 5 alord aifs s
ol by 20l sl )8l lye @ Gl o Ol e
Lo 0 4y

PS5k YO« 5l Ghar & Voo 5l 3950 055 Bpae ialiSl
GRIF cxse Olie; slaplliips jo BSa 3 (e
S a5y gl Shlie ;3 (el ) Sy
3 o9y Fol Jemiliy (it w203 YV 5 YP L il
4 POs Jolas 0y YIAY L plp oSy & 039755 5 okS
ah o S sl 4 NO Joleo asly YIAS 5 4t o S5 (&5l
6 0g,S o aed JLeml e YL ab euslis
oYk bagrye (Sid baazme )0 (genlSedy gl 253U 09,8
Jolae 02lg VAV L plyy oS 5 a0 03955 355 Bpae (e
S5 @yl 4 NOy Jolew 0zl /oY g 4y o S (615l 4 POy
(o5 Bl F S8 o5y any o5

Mg gyl 50 W9 slasgS Brae v 5l ey Sl
el 5 0l aes s boouy VT jLacsl aldl el ) ae;
ooy ol ¥ s o a4 jehailen ol zolidl ) fad (gual
@ Slogel HLasl ¢yig s Brae e Lialdl b cwl ool
loplliipg: ;o o1 0,8 5l Sligel 08 4 (55508 o
S 4359505 Slo3gS (Vb Brae Llyls )0 oy @ ()
Haas et ) ,5ea 5 wla (Fallahpour et al., 2012) wsls
Cod (6 o loslaely o ol Jewsls (al., 2001
JOL:A »‘5 \YF 9 14 w).: L |) oé).aikéj OQJ.LJ w))AA
Ol g Woges L,LT LLSe Syl 4 5,555 anSles
Bras alS 5 ogdle S, o pae Cod @ e a5 aiils
G (G yS il gl 9 Sloz Giule,S il (55,
Jlesl a1y gol cpl o LT csls @y o pon b @5 ye 4
s 5 JI sleoss Sras glis  osleipS Cu e
Jles! 5l as oy co Hhad 4 ccud oy il s JBlos
oS 3,5 2als 5 aST b Sl 5 solgsnS Cu pae



(MY olyies s ipg} 41 pid 1TAY) o, 1K0n 5 (S 1OA

ZAN
= N,
(==
=3 MGy
| mm e
= F
XX NoyH
4 Vield 55

Aquatic eutrophication potential (PO, equiv./t
corm)

(o S 519 e PO Sslaad ] o5 gy 0 soesl Sl il Jrily

A

(NSa o5 w00

Corm weight (L.ha!)

N2(200-350)

Na[=350)

(B

tas

28

ka7

Olasa 0 05 4y 039

Corm weight (t.ha)

7

|2

NA{250-200)
A NS,
=LA
* Vield 33
g
‘ Q +
- Z
oI
LoE
) g
3, 8E
=3
34 £3
hEs
3 J ==
4238 ]
B
ER:
3 =
s £
G
¥ 5
o e
9
0
N1[250-200)

N2(200-350)

a3
) N3{>350)

039555 3¢5 Tobw 3o oyl yae ) adgi plas 60,5,15 walg S (Sis (9) 9 ‘5’] (&) plaipgs cygumnwlidy yol Lusly —F JSCo

(S 50 0,5 5kS)
Fig. 4- Potential of (A) aquatic and (B) terrestrial eutriphication for one functional unit of saffron at nitrogen levels
(kg.ha'®)

9 OgelSi gl 5o el (b slacT 4 (39555 5 phud
ezl osas Js 5 058 haeme Cey sla Sl
NO; (osinl Gojb 5l T slaplliipg 4 SB35l 05955
oolgd cawlin B pas Suol «(Brentrup et al., 2004a) <ol
oeals lp 1y 2l jolie canlin Cupane 5 (6955 o
LB St Geizes 9 Conyy basme 4 olie ol jladll
Pl ol L8 Jhiae c8s @y (3905 g 4 yolis Syas
S sxsle olas bl (Brentrup et al., 2004a) 1, Ko 4
4 bawe e ol & ol Ll soee o
$ly el oly) caslinl oo g 09l w3l i Brae
s el Sel, o a5 o8 oSt (Rao, 2000)

-p9 2b3,l b (Khorramdel et al., 2014) |, Sen 5 Jop ,>
Shoolaiul b jsiS paiS o g ol oy ol); slapllss
2 o9l 5sl Jomsliy VL oS azils el LCA
3 e O3sr ke sl ol pliips: lp (Sas Lo
s gl a4 NO, Jsles amlg V1)) LLSa o p,S5lS YY-
PSS Fr 3l G e lp o pll sl s (W
oSS elil 4 NOy ol axlg O/+0) LS o 59 5
NOy Ll a5 cllas ol (58,5 a5 50 b ol Caway (ails
ol YT oile 5l oolanal ¢ Janl s & 4y aeoly Goas
ams 40 g ol Hlasl ol 1A «(Brentrup et al., 2004b)
4 Sis bme @y b ol eeslSiy sl mly



WA bl sl 53 ol yie ) adlg plss anse o 3 Sl T oy

BYer 5l 0395 095 Bpae plime il L Guizmen 39
05,5 (nl Jeily B o 035 oS ekS YO Sl i
3 N2O Ll lie oy .l Lialidl oo V8 50
aeSTss Joluo asly FYAAY L Sl iwle,S 5b 09,8
0395 6095 gl oYL sl an o S5 il 4 oS

(O JS5) 00,5 Al

sl las bl (Allen & Bryson, 2007) (ygme » g 1
5 =y Pl e Sl L (s @l Gl e
ool mle )0 iz (Sogll jlas (39,55 S pas Srals

Sl el 3b5 Gl 1) (rain 9 (b
L olie) ol plliips 5o Sl pileS Jemily 0n YL
o oSSl a S aSTles Jolee axlg VIYANY
B8 53 (5955 o5 okS YO« 5l A (6955 el 4 by e

40

38

38

ka7

1200
1%
I CH,
|
a 1000 o Yieds Sl
1=
S E
-
- @
}- U
=
.B:E
-~
P 5F
L oS o W
39 © &
o B
(ol
U g
+ B
DR 0y
9z
v F
Y]
T o
0

200 4
|24

(s o 3d a0
Corm weight (t.ha)

33

f
N1{200-300)

i
N2{200-350)

T
N3350}

(LSS 53 0,5 8bS) (359 5 995 Lol 30 (3lrie ) Mgl plls (63,5, waly SO Glalils (bajB (Sl Glale S Juily -0 JS
Fig. 5- Global warming potential for one functional unit of saffron at nitrogen levels (kg.ha™)

ool 35y 055 Brae g adg anl izes 5 el
slalxls les8 il sawse JJo (Bouwman, 1990)  yogs
Ry 4 @bt GladyS Bras |, (o)) slaplaipy
Moudry et ) ,,ISen 5 (5,950 S50 (8 yr0 4559, (sodgS
@zl sleplapg 5INO Lacl a5 ausls L (l., 2013
ol oos s Ll gy SIS ol ) VL 5 o sine ysbo
Aol s wigd olend oS Bras |, Laal
oYl Lacs! (Barker-Reid et al., 2005) S g 0y - 5,
Y=YV 1) Wl s pasS adgs g5 51 N2O 518
SIS (Byae Oisres woys +l+F—+11)) kgN,0-N/ha
oS Bras |y ggoge pl cle laame (pl s S
50,5 Ol 00,28 (65,051 Sldes 5 e aleend

el 15t cov p,S anSles cdale ol opdle
1 as! ;o NQO clale a5 sl ools Lo b gy o o Sinio
o Ml b (5, ;5 Ceond) mmm TV 4 YVO
sor » et 3Gy ogdle Gl cnl 4 asily il
shcwl ool il Y o )58 corge (dase Sy ) O
xtbon o s il 3 5 ol Sl a5 S0 8 0
Sl 505 weSls il VY- Ol il )S ety s
@ by COy luxl soye & 4 ol (Crutzen, 1981)
Brentrup et al., ) cwl aijsd olewd oS adg
ois 4 SIS slaylE Ll 5 odss sdes s .(2004b
“CS g Bras & bgse sl slapllaies 51 NO 5 CO;
Slles lp Gl VT ile 6550 5 hed o



(VY olyiey b pidgh @ a5 (1WAY) Ko g Mo 15

Siae olyy sbapllips ;o 55 cnl Ol aiss sla Sl
mpgr 4o CHy lacsl LYo oy poase opl oogdle 0,5 )3
Lyls ol g als GloogS Bran 5l ool sy slapllas
xS oS arg wpe ol @ Gl adl aile 2B,
Jeily (Jy wdlboe COp 5l yeS jaunesl CHy cdile
(FAO, 2003) ol CO 5l it ylys YV 0T e Liale,S
S5 ol Sl aass gl il slaySal, 5l sl 1
5 g 09d oolanul pliae; g laplliipg o glalls
Oy &5 aizils bl (Sahle & Potting, 2013) sy
bewly yo e Cunyy SISl aiss palS Gl B,
pyoms 9 gl jolic Co paw (SlaldS o5 clale als
Schumacher & Sathaye, ) sble ¢ ,z2bls cusl olonss
oSl Gl Sl 5l o Soss b aS wo,S oS (1999
S laslE Linl g oo JT slossS Bras b
=hy sleellipn ;o 1) (plesd GlassS Syae jl o50
Skl (Monti et al., 2009) ,Kan 5 Gge 0o yials
DS s laaisS g Aluwaiz HLE 50,5 5ly 45 anils
SeSls bale aiss slp oses ale gl 5o (e
ST Grae 5 (55,1 Sllee alS 13E s oS
D9 n Dgmne (glerds

3yp0 3G (slaog S out Jloy slaasly polie oyt
(S sileS (@l beme )0 seilSedy gl Jolis axlllas
Pl 5o b ol g (S Lo 0 (el
O39r eSS YO Sl w6365 gl 4 bgpe lyae
oSS syl 4 POs Jolao axlg +/FO L s o ,Se o
Wo 8 Sl A p)S aSTles Jole axly <N s
el g an o8 SO sl 0,585 alSTes Joleo axlg o/ #
(5 JSs) ol dwle 4 o5 SO slyl 4 NOy Jolas a1y

4 0j9 0j9r 095 Brae Pl L ax Sl s e
A g Al Sgup Nlgi co el ol a5 Bl o8l 18 B8 ae
Jlis 1y ohies il obS ol 5 Shee o Lo
Sl edle wsS Cnl Cpae bl g sl atals
5CO2 jLail arme Cunj sla Sogll 50 cadsi sloasy 5o
5 05k Dsboe Wadd G ke 4 GRS gl e
Olee 4> 81 wisges 5,155 (Barton et al., 2008) l,Sen
W (LS Gl slapllas (o jo Sl slajls el
g8 Jy g Oslie (S5 el Ll lopse 4
4 NoO Ll oyle sl8 cpl jlacsl 5 olis 00 o pow
ool plod slossS GBras 5 oy 4 dily prdtes 5k
(Fott & Pretel, 2003) J5,, 4 g8 .(Brentrup et al., 2004a)
ol odas oliond slaogS Cbrae a5 axily bl
5 2l 2ed(er Cgatte Hhawil 4 Gl laslE Las]
Jlasl olee a8 auzdly o (Brentrup et al., 2004b) |, Sen
L oS5 y5b & 1ol (55t 355 e lsmo 4 ateods NHg
3 b 4 5 cnl Hlasl Gl (039 Brae Rl
Joilty 85 wizils bl rizman liimo ol 2l ial5d
o sooS Brae b 68 (Siuwon NHy (g3luols]
S5 Jlesl 5 (d slocd g Bras 3l aijg s
el ol Jalge ;500 5l 55,5La slapllaips 5o 00,28
(Moudry et al., 2013) wsd oo Cgumo yaumoil 4 CO,
arog SIS lajls el (Vb pew @ a2 b cnlple
Sras s 685 Sl a5 Ll ole Sl 5l oeh o
mox sibord oS lp il plsie 4 JT glaoss
oH)an g wlgmew .(Braschkat et al., 2003) 5,5 (5,5
e 4 azgs b oasle olas bl (Biswas et al., 2010)
el (sl a8 jLacl o (g5,0laS gas o VO/F



WY plulys gl 5o glihe ) sl pllsi (ane o ) ST (a2

08 . 40
[ Globsl Warming L=
[ Acidiication .
I Terestisl Eutiphication Fotenial 5= A fods
[ AqusticEugrophication Potenfisl ! L |
+ Yield - 23
- 08 M
3£ ] 8 =
a’ H .
L] 1 E
= 32
~3 HE
] 7 S E
3% >3
1w ¢
G 04 3 :
- E o E
23 28 =
28
a o
O o2
z 25
24
00 23

N1(250-300)

N2(300-350) N3(>350)

(LSS 50 0,5 8kS) (339555 995 ol 10 (lre ) wdgi plli o Jbo i (a5 Ls -7 JS&

Fig. 6- Normalized indicator values of saffron at nitrogen levels (kg.ha™)

Jolee azly oA s 5 SOl 4 S awnSTe 30 olyaey odg plas Jase )y 2>l ggomme oy i
dobee azls o2V 5w o S Gl & 0,555 Sl laog)S (slp Oigrud 395 Ao gohaw ;o Gluls plel
AR )‘ O 6395 C.L:.w 6‘)—.’ o oy uS) LS‘}‘ L NOX ‘c;’LP u,..uLc)f s@‘ ‘L:.m 5o uﬁMlSﬁo.’)-’j‘ ).».:b
(Y JS8) 00,5 drslone JUS )0 (505 0,5 kS Locody @ pad gl 5 (Sis b )0 (5l 54l
Jolee axlg +NY s o5 S slyl 4 POs Jolae oy +/2Y
O Acidification RRESPXN|
O Aquatic eutriphication o plliings 5 sl 5l
3 0.7 - EJ Terrestrial eutriphication o5 aliiens o5 - -
1 B Global warming ot el "”jm“m"”‘
>E Sl b S -
} S 0.6
j; 3 051 __
e —
X 3 ]
E é 0.4
25 03
3 8
3 2 o
K
0 e ‘ Pt ‘
200-300 300-350 >350

OUSR 3 0,55lS) ()59 yid 955 T ot 30 (63,555 waly S 3l 4 ¢yl poej adgi pUa (aummo o j (a5 Ld & gozmo -V Sl

Fig. 7- Aggregated environmental indicator value (Eco-X) of saffron for one functional unit at nitrogen levels (kg.ha™)



(VY olyae) g gdgi @ s (1VAY) )02 g M VFY

gl Brae L5 5 olS 5l glow p 28 jolie il
.(Brentrup et al., 2004b) 55,5 a>s WS Jsol leie
Ol ow,y» b driarte et al, 2010) o,San o a3l 5l
ails ola 13I8 g ol sl aldgi lapllss arme o
Giala S 3l (sloog,S (sl damme Sy SIS n 5V oS
aly el ol Jdo Wil s ,S ol (sl il 5 Sle
GRIP ln @l oS i Sras 5 oy
hed SoiS g Sras Grizes 5 SVgaxe Gl Wy
bl ol caed (65,85 00,88 Oldee IL Cow
sy oldes So,u8 a5 cél e ;8 (Hayashi, 2005)
g Gl a4 e ey Sl a0 b 688 (S
Ohes 5 Slipy sl (K axsS s 5 S
ailins) pasS adgs pllas Sb 5, L (Brentrup et al., 2004b)
aSLE o polie )5 45 A5E ol sy 355 pslhe 5
AL 05 Spas Gl L g 0 Gl e S
Cellura et ) ;|,en g )5S 000,85 woid Jaoee Cons)
Sy e LCA arulrs a5 Luil 5l wumsls bl @l., 2012
Blie ¥ gams oo Sy Sl ajsT 5 (2l oo
il |y S5lsST arls cnl anlllas 1 oS slay) o5
SR e olyy slaplliing: 2Ll Gl )], Glare @
JRTEHI VRIS SCH [t IR AL g P B R JU P
5 2l bmme 50 onalSad sl U 09,5 sl ke adg
Syselys! slo Sl S il o Jole il ile
Sllee fals (LS Ll 5 JI slassS glsil Srae b
SosS ohug 4 (plerd sboslyd Sras Lol (5,5
Dol )3 39 eaiS S (LS (53,5 3)ly (e

5 5 Fo e bglis 2S5 el

Mg plla 50 039S 095 Bpae lade ax ST (S ok
395 yaS ol dyion S5 4 (Jy alyon YU B i
Gk 5l SB Sl b, e b o oS Lawgs
el be 4 alidee lap 4 ol Ll g ()59 50 S
5 el 0ad 5B slaog S p0 ol (Sogll Jemsily (28
2 ol o el ae ey SIS VLl
b Gy S VL e cel a5 Glul sl
el Sty 2l Lamme Gyl gl 3l 05,5 (sl
Copde b Copae b lgn a5 sy oo HlaS 4 a5 p
oolginS Jgol | oS0y sl 3 Olyie; adg ol plls
ez oyt she Sy SIS Gl S sl S38lsST
laghs) & Glee aney nl )2 Fke slagty, ez
cbley 5 JI slooss glgl Gran i pose iz
2l slags) S Jlesl 5 (55,051 Slikee 20l (ol
oRy & plerd ool Gras als (Plos 5 aidly
33 039 eaS S el 5355 9)ly (g slassS
Ozt g (BLS slaaiss opl bole cuiS (oly; gl
45305 azgi (Fuml 0,5 0)L8l (59 Bras (2L Senp
MSie b olas o Ll YU o Shee b el slopllaipg
@lodgs’ > Sl G Bpas (Jy it Jamelen)
oS g bt slap b (e s DL Al L g s
b Sy sl Sogll S5 Gl ol Brae 28
Olis; o clhe ol ay azgi bocalple 09d e g
Ait-Aubahou ) oS s clilsy S 5l ool olie yolie
3555 Jla> gz 9si e slgiey «(& EI-Otmani, 1999
0098 4 5pglaS Vgame wdyi (ame e O]



Y bl bl 5o ol e s aulgi pllii aamme oy j Ol oy

Ait-aubahou, A., El-otmani, M., 1999. Saffron
cultivation in Morocco. In: M. Negbi (Ed.).
Saffron. Harwood Academic Publication,
Amsterdam. p. 154.

Allen, V.B., Bryson, G.M., 2007. Essential
Elements-Macronutrients. 11. Nitrogen. In: V.B.
Allen, and J.P. David (Eds.). Handbook of Plant
Nutrition. CRC Press, Baca Raton, London. p.
21-51.

Barker-Reid, F., Gates, W.P., Wilson, K., Baigent,
R., Galbally, L.LE., Meyer, C.P., Weeks, LA,
Eckard, R.J., 2005. Soil nitrous oxide emission
from rainfed wheat in SE Australia. In A. van
Amsted (Ed.). Non-CO, greenhouse gases
(NCGG-4). Utrecht, the Netherlands: Millpress.

Barton, L., Kiese, R., Gatter, D., Butterbach-bahl,
K., Buck, R., Hinz, C., Murphy, D., 2008.
Nitrous oxide emissions from a cropped soil in
a semi-arid climate. Glob. Change Biol. 14,
177-192.

Biswas, W.K., Graham, J., Kelly, K., John, M.B.,
2010. Global warming contributions from
wheat, sheep meat and wool production in
Victoria, Australia. A life cycle assessment. J.
Clean. Prod. 30, 1-7.

Bouwman, A.F., 1990. Exchange of greenhouse
gases between terrestrial ecosystems and the
atmosphere. In: A.F. Bouwman (Ed.), Soils and
the greenhouse effect (p. 61-127). Chichester:
Wiley.

Braschkat, J., Patyk, A., Quirin, M., Reinhardt,
G.A., 2003. Life cycle assessment of bread
production— a comparison of eight different
scenarios. In: Proceedings of the Fourth
International Conference on Life Cycle
Assessment in the Agri-Food Sector, Bygholm,
Denmark.

Brentrup, F., Kusters, J., Kuhlmann, H., Lammel,
J., 2001. Application of the life cycle
assessment  methodology to agricultural
production: an example of sugar beet

&Ll
production with different forms of nitrogen
fertilisers. Eur. J. Agron. 14, 221-233.

Brentrup, F., Kusters, J., Kuhlmann, H., Lammel,
J., 2004a. Environmental impacts assessment of
agricultural production systems using the life
cycle assessment methodology, I. Theorical
concept of a LCA method tailored to crop
production. Eur. J. Agron. 20, 247-264.

Brentrup, F., Kusters, J., Lammel, J., Barraclough,
P., Kuhlmann, H., 2004b. Environmental
impacts assessment of agricultural production
systems using the life cycle assessment (LCA)
methodology, Il. The application to N fertilizer
use in winter wheat production systems. Eur. J.
Agron. 20, 265-279.

Cellura, M., Longo, S., Mistretta, M., 2012. Life
cycle assessment (LCA) of protected crops: an
Italian case study. J. Clean. Prod. 28, 56-62.

Consoli, F., Allen, D., Boustead, I., Fava, J.,
Franklin, W., Jensen, A.A., de Oude, N.,
Parrish, R., Perriman, R., Postlethwaite, D.,
Quay, B., Séguin, J., Vignon, B., 1993. (Eds.)
Guidelines for Life-Cycle Assessment: A ‘Code
of Practice’. Society of Environmental
Toxicology and Chemistry (SETAC), Brussels.

Crutzen, PJ., 1981. Atmospheric chemical
processes of the oxides of nitrogen, including
nitrous oxide. In: C.C. Delwiche (Ed.),
Denitrification, nitrification, and atmospheric
nitrous oxide (p. 17-44). New York: Wiley.

Eckert, H., Breitschuh, G., Sauerbeck, D., 1999.
Kriterien einer umweltvertraglichen
Landbewirtschaftung (KUL)-ein Verfahren zur
Okologischen Bewertung von
Landwirtschaftsbetrieben (Criteria of
Environmentally friendly land use (KUL)-a
method for the environmental evaluation of
farms). Agriculture Biotechnology Research 52:
57-76. [In German].

Fallahpour, F., Aminghafouri, A., Ghalegolab
Behbahani, A., Bannayan, M., 2012. The



(VY olyie b pidgh @ a5 (1WAY) 02 9 M VPP

environmental impact assessment of wheat and
barley production by using life cycle
assessment (LCA) methodology. Environ. Dev.
Sust. 14, 979-992.

FAO., 2003. World Agriculture:
2015/2030. An FAO
http://www.fao.org

Finkbeiner, M., Inaba, A., Tan, R.B.H.,
Christiansen, K., Klippel, H.J., 2006. The new
international  standards for life  cycle
assessment: ISO 14040 and 1SO 14044. Int. J.
Life Cycle Assess. 11(2), 80-85.

Fott, P., Pretel, J., 2003. Néarodni zprava Ceské
republiky oinventarizaci emisi sklenikovych
plynii. CHMU, Praha, 97 pp.

Guinée, J., 1996. Data for the Normalization Step
within Life Cycle Assessment of Products.
CML Paper No. 14 (revised version). CML
(Centre of Environmental Science), Leiden.

Guinée, J.B., 2001. Life cycle assessment: an
operational guide to the 1SO standards. Centre
of Environmental Science, Leiden University,
Leiden.

Haas, G., Wetterich, F., Kpke, U. 2001
Comparing intensive, extensified and organic
grassland farming in southern Germany by
process life cycle assessment. Agric. Ecosystem
& Environ. 83(1-2), 43-53.

Hayashi, K., 2005. Practical implications of
functional units in life cycle assessment for
horticulture: Intensiveness and environmental
impacts (Vol. I, p. 368-371). LCM2005:
Innovation by Life Cycle Management:
Barcelona, Spain.

Iriarte, A., Rieradevall, J., Gabarrell, X., 2010. Life
cycle assessment of sunflower and rapeseed as
energy crops under Chilean conditions. J.
Clean. Prod. 18, 336-345.

ISO (International Organization for
Standardization)., 2006. ISO 14040:2 006(E)
Environmental Management-Life ~ Cycle
Assessment— Principles and Framework.

Kafi, M., Hemmatikakhaki, A., Karbasi, A.R.,
2002. History, Economic importance, cultivated

Towards
Perspective.

area, production and saffron usages, in: Kafi,
M. (Eds.). Saffron (Crocus sativus L.)
Production and  Processing.  Ferdowsi
University of Mashhad, Iran. pp. 21-38. [In
Persian]

Khorramdel, S., 2012. Evaluation of the potential
of carbon sequestration and Life Cycle
Assessment (LCA) approach in different
management systems for corn. PhD Thesis,
College of Agriculture, Ferdowsi University of
Mashhad. [In Persian].

Khorramdel, S., Rezvani Moghaddam, R., Amin
Ghafori, A., 2014. Evaluation of environmental
impacts for wheat agroecosystems of Iran by
using life cycle assessment methodology.
Cereal Res. In Press [in Persian with English
Summary].

Marini, M., Senhaji, F., Pimentel, D., 2002. Energy
analysis of sugar beet production under
traditional and intensive farming systems and
impact on sustainable agriculture in Morocco. J.
Sustain. Agric. 20, 5-27.

Meisterling, K., Samaras, C., Schweizer, V., 2009.
Decisions to reduce greenhouse gases from
agriculture and product transport: LCA case
study of organic and conventional wheat. J.
Clean. Prod. 17, 222—230.

Mirhaji, H., Khojastehpour, M., Abbaspour-Fard,
M., Mahdavi Shabhri, S.M., 2012.
Environmental impact study of sugar beet (Beta
vulgaris L.) production using life cycle
assessment (Case study: South Khorasan
region). J. Agroecol. 4(2): 112-120. [in
Persian].

Moayedi Shahraki, E., Jami Al-Ahmadi, M.,
Behdani, M.A., 2010. Study of energy
efficiency of saffron (Crocus sativus L.) in
Southern Khorasan. J. Agroecol. 2(1), 55-62.
[in Persian with English Summary].

Monti A., Fazio S., Venturi G., 2009. Cradle-to-
farm gate life cycle assessment in perennial
energy crops. Eur. J. Agron. 31, 77-84.

Moudry, J., Jelinkova, Z., Plch, R., Moudry, J.,
Konvalina, P., HySpler, R., 2013. The emissions



150 ool bl 53 ol yie s adlg plss ansre Coms 3 &l ST oy 2

of greenhouse gases produced during growing
and processing of wheat products in the Czech
Republic. J. Food, Agric. Environ. 11(1), 1133-
1136.

Nemecek, T.H., Heil, A., Gaillard, G., Garcia, J.,
2001. SALCA, Swiss Agricultural Life Cycle
Assessment Database: Umweltinventare ur die
Landwirtschaft. Unpublished Internal
Document, Version 012, December 2001.
Agroscope FAL Reckenholz, Zurich,
Switzerland.

Pimentel, D., Burgess M., 1980. Energy inputs in
Corn production. In: Fluck, R.C. (Eds.).
Handbook of energy utilization in agriculture.
CRC. Press. INC, pp. 67-84.

Rahimizadeh, M., Madani, H., Rezadoust, S.,
Mehraban, A., Marjani, A., 2007. Analysis of
energy in agroecosystems and methods of
increasing energy efficiency. In: The 6"
National Energy Congress. 12-13 June, 2007.
Available at:http://Iranenergy.org.ir/sixth/new3/
final_schedule.pdf

Rao, P.S.R.S., 2000. Sampling methodologies with
applications, Florida: Chapman and all/CRC
Press. ISBN: 1- 58488214-X.

Rathke, G.W., Diepenbrock, W., 2006. Energy
balance of winter oil seed rape cropping as
related to nitrogen supply and preceding crop.
Eur. J. Agron. 24, 35-44.

Roy, P., Shimizu, N., Kimura, T., 2009. Life cycle
inventory analysis of rice produced by local
processes. JSAM. 67(1), 61-67.

Sabzevari, M. 1995. Saffron: the red gold of desert.
Bank Keshavarzi Publication, No. 46. [in
Persian].

Sahle, A., Potting, J., 2013. Environmental life
cycle assessment of Ethiopian rose cultivation.
Sci. Total Environ. 443, 163-172.

Schumacher, K., Sathaye, J., 1999. Indias Fertiliser
Industry: Productivity and Energy Efficiency.
Environmental Science Division, Office of
Biological and Environmental Research
(OBER), Office of Energy Research, U.S.
Department of Energy under Contract No.
DEACO03- 76SF00098, 59 pp.


http://iranenergy.org.ir/sixth/new3/%20final_schedule.pdf
http://iranenergy.org.ir/sixth/new3/%20final_schedule.pdf

(VY olyae) g g @ s (1WAY) )02 9 SN VFF

Evaluation of environmental impacts for saffron agroecosystems of Khorasan
based on nitrogen fertilizer by using Life Cycle Assessment (LCA)

Abdollah Mollafilabi'", Surur Khoramdel?, Afsaneh Aminghafori®and Mohammad Hosseini*
1- Assistant Professor Department of Agricultural & Natural Resourses, Torbat-e-Jam Branch, Islamic Azad
University, Torbat-e-Jam
2- Assistant Professor, Agronomy and Plant Breeding Department, College of Agriculture, Ferdowsi University of
Mashhad
3- Instructor, Payam Nour University of Ghoochan, Khorasan-e-Razavi
4- Researcher, Research Institute of Food Science and Technology
*- Corresponding Author E-mail: dr_filabi@yahoo.com

Mola filabi, A., Khoramdel, S., Aminghafori, A., and Hosseini, M., 2015. Evaluation of environmental impacts for
saffron agroecosystems of Khorasan based on nitrogen fertilizer by using Life Cycle Assessment (LCA). Journal of
Saffron Research. 2(2): 152-166.

Submitted: 20-10-2014
Accepted: 05-01-2015

Abstract

Life cycle assessment (LCA) is a methodology to assess all environmental impacts associated within a
product by a accounting and evaluating its resource consumption and emission to environment. This study
evaluated the environmental impacts of saffron agroecosystems of Khorasan based on nitrogen levels by
using life cycle assessment (LCA) methodology, mean corm weight and consumed inputs in saffron
agroecosystems of Khorasan per one ha were defined during years of 1999 to 2013. Four steps including
goal definition and scoping (D & S), inventory analysis (1A), life cycle impact assessment (LCIA) and
integration &interpretation (I & 1) were considered based on ISO (International Organization for
Standardization) 14040 methods. Acidification, aquatic and terrestrial eutrophication and global warming
were considered as three important impact categories. Functional unit of saffron agroecosystems was
considered as one tone corm. The results showed that by increasing in nitrogen fertilizer level from 200 to
more than 350 kg.ha™ acidification and aquatic and terrestrial eutrophication impact categories enhanced up
to 37, 36 and 37%, respectively. The highest global warming potential was computed with 1128.17 CO,
equiv./t corm for 350 kg N ha™. The maximum eco-Index for saffron agroecosystems of Khorasan were
calculated in 350 kg N ha™ with 0.62 PO, equiv./t corm and 0.12 CO, equiv./t corm, respectively. Therefore,
it can be concluded that applying of organic principles such as reduced tillage and organic fertilizer as
sustainable approaches were considered for management of saffron agroecosystems.
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