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6- Total production value
7- Gross return

8- Netreturn

9- Benefit to cost ratio

10- Economic productiovity
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1- Energy intensiveness
2- Specific energy

3- Net energy

4- Energy use efficiency
5- Energy productivity
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Input energy {M].ha™1)

E intensi =
HETEY INTENSIVENESS = ¢ st of cultivation ($.ha™1) ®
Specifi _ Inputenergy (MJ.ha™1)
pectiic energy = Output crops (kg ha™1) ®
Net energy = Output energy (M].ha™') — Input energy (M].ha™1) f)
. et Output energy (M].ha™1)

nergy use efficiency =

& y Input energy (M].ha™1) ®)
Output crops (kg.ha™1)

E ductivity =
nergy productivity Input energy (M].ha™1) @
Total production value = Total yield (kg.ha=) x Total price (§.kg~*) )

Gross return = Total production value($.kg=*) — Variable cost of production($.kg—1) )

Net return = Total production value ($.ha*) — Total production costs ($.ha™) (q)

Total production value ($.ha™*)
Total production costs ($.ha™")

EBenefit to cost ratio =

)
E . ductivity Total vield (kg.ha=?)
conomic productivity = Total production costs ($.ha—1) an
V0 aoles 3l oolial b jasls ol Fo T (5590 e 5258095 sla_as Lo aloe
(Rodrigues & Pereira, 2009) 55,5 4wl 2 leous 39S 9 O (po 31 ool l,8
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1- Land use efficiency
4- Water productivity 2- Land production efficiency
5- Water economic productivity 3- Economic land production efficiency
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Total duration of crops (day)

Land use efficiency =

Land production efficiency (l{g. ha_i.da}f_i)
Economic land production efficiency (5. ha=‘day~*) =
Water productivity (ke.m™2) =

Water economic productivity ($ m™3) =
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5- Global warming potential

6- Acidfication potential

7- Aquatic eutrophication potential

8- Terrestrial eutrophication potential
9- Eco-Index

10- Reliability

11- Cronbach’s Alfa

'Y
365 v
_ Total pmductian{kg.ha_l} o
" Total duration of crops (day)
Net return ($.ha—?)
Total duration of crops (day) "
Yield (kg.ha™*
# )
[rrigation (m?#)
Total price (§.ke *
_ price (3.kg ") 0%

Irrigation (m®)

ot §LaogS 8 pan g3 Ls (2
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SBran 995 jlade sl an (IS 5 0 SelS o )
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Qb Ghy)y sk (n iy baze OIST (2b5))
Brentrup et al., 2004b; 1SO, ) ISO14044 ;s sos
LCA s, ol bl 28,5 15 esliiul 5,50 (2006
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1- Objectives and definition of scope
2- Life cycle inventory (LCI) analysis
3- Life cycle impact assessment (LCIA)
4- Integration and interpretation
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Table 1. Energy equivalents and guantity (per one ha) of inputs and outputs in wheat and saffron production systems in Khorasan-e Razavi Province

89939 J5 3wy

. Sleo . 5990 Joleo
29,5 9 1s29,9 J - Sl tll'f)';l) : n;‘]rgy &5
Inputs and outputs a>lg 55 Quantity equivalent (MJ) Percentage of the &
Unit E'?e"ﬁlly total energy input References
. equivalent = .. e .. e ..
o 599,9 (I (,?,l T o olre) pos olie)  puaS olre)
A) Inputs Wheat Saffron Wheat Saffron  Wheat Saffron
bl (5950 el 1.96 158.85 1870.14 311.35 3665.47 0.62 182 (Mohammadi et al., 20_08_; Ozkan et al., 2004; Yilmaz et al.,
Human labor hr 2005; Singh et al., 2002)
T cisle Sl (Erdal et al., 2007; Singh, 2002; Erdal et al., 2007; Singh et
Machinery b 62.70 58.00 27.14 3636.60 1701.68 7.19 0.84 al., 2002; Singh, 2002)
C%w o 56.31 218.00 99.89 12275 58 5624.81 2447 279 (Mohammadi et al., 200&?; I_Erdal et al., 2007; Singh et al.,
D|ese| ton 2002, Slngh, 2002)
Ls_,ab o;_ _ il 0.30 10429.32 48000 3128.80 14400.00 6.19 713 (Demircan et al., 2006; Ozkan et al., 2004; Singh et al.,
Organic fertilizer L 2002)
istlrond slrogS
Chemical fertilizers:
st_;f(\ o5 skS 66.14 200.00 88.56 1322800 585736  26.15 290 (Mohammadi et al., 2008; Esengun et al., 2007a, 2007b;
1) N|trogen kg Yilmaz et al., 2005)
(P205) &laws(Y o5 ks 12.44 76.00 75.93 945.44 935.86 1.87 0.46 (Mohammadi et al., 2008; Esengun et al., 2007a, 2007b;
2) Phosphate kg YIImaZ et al., 2005)
(K20) sy (¥ o5 sks (Esengun et al., 2007; Shrestha, 1998; Esengun et al.,
3) Potassium (K:0) g 11.15 35.00 32.12 390.25 358.14 0.77 0.18 20072, 2007b: Yilmaz et al., 2005)
st s g (Mohammadi et al., 2008; Canakci et al., 2005; Mandal et
Chemicals: al., 2002; Singh, 2002)
e a8 : . Caivi . :
L,.S_al; P okS 238.32 350 94 834.12 57107 165 0.28 (Mohammadi et al., 2008; Feizi et al., 2015; Sahabi et al.,
1) Herbicide kg/L zJ 2016)
L,Jm_al ] 280.44 1.00 i 280.44 ) 055 ) (Mohammadi et al., 2008; Feizi et al., 2015; Sahabi et al.,
2) Pesticide L 2016)
ut.S@_Le_ RPNy 181.90 050 59 90.95 945.88 018 0.47 (Mohammadi et al., 2008; Feizi et al., 2015; Sahabi et al.,
3) Fungicide kg 2016)
s S oslS 3.60 120000 2151343 432000 77448.35 854 3837 (Mohammadi et al., 2008; Feizi et al., 2015; Sahabi et al.,

2016)




YWy ol f'\'f Ay L;La(UéJ 3 kel 5 g dae (65 51 Gla e ls 4l 0L 5 Js e~

Electricity celo
kWhr
alol ) Jgus
Table 1. Continued
Water for irrigation _1 T, - 1.02 6000.00  3850.00 6120.00 3927.00 12.10 1.95 (Acaroglu & Aksoy, 2005)
m
_(O"“ P 4 (pas) % e 20.10 250 4300 5025.00  86430.00  9.93 42.82 (Mohammadi et al., 2008; Ozkan et al., 2004)
Grain (wheat)- Corm (saffron) kg
9,5 (@
B) Outputs
) s 2Shee ke 14.70 4913.67 - 72230.95 - 65.90 - (Acaroglu & Aksoy, 2005; Ozkan et al., 2004)
pus Grain yield kg
Wheat S5 o _°’ dad 12.50 2989.50 - 37368.75 - 34.10 - (Kuesters & Lammel, 1999; Ozkan et al., 2004)
Straw yield kg
S 35kee ke 17.4 - 132026 - 2297252 - 47.80 (Feizi et al., 2015; Sahabi et al., 2016)
Leaf yield kg
oles oS PSS 497 : 1670.45 - 25006.64 - 52.04 (Feizi et al., 2015; Sahabi et al., 2016)
Saffron Corm yield kg
“w °’51“_ pAAS 19.8 - 3.94 - 78.012 - 0.16 (Feizi et al., 2015; Sahabi et al., 2016)
Stigma yield kg
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Table 2. Energy indices and types (per one ha) in wheat and saffron production systems in Khorasan-e

Razavi Province

GBI

Jladie
NP - Percentage of the total
Sidley w=>lg Quantity energy
Energy types Unit P . P .
P pos olAe) ps olyae;
Wheat Saffron Wheat Saffron
5 5995 555 S sl & Jgsise 50586.52 201866.51 ; ;
Total energy input MJ.hat
S e 5 sese slile dsie 9599 70 48057.17 - -
Total energy output MJ.hat
s 5351 e slla sl og155 72 105065.63 51.70 52.05
Direct energy MJ.hat
e e (55 ASe slla dsse 430,80 96800.88 4830 47.95
Indirect energy MJ.hat
s 5 e sl dsie yasg504 10842247 28.83 53.71
Renewable energy** MJ.hat
o 5550 e sl i 3600138 93444.04 7117 46.29
Non- renewable energy MJ.hat
(2t S S ol ) (6550 B e S
Energy use efficiency (Based on stigma+ leaf+ - - 0.24 - -
corm)
(W il ) 5551 S e 25 ) ) 0.0004 ) )
Energy use efficiency (Based on stigma)
(UGS g olS+ails bl ) (6551 B yae oI ) 217 ) ) )
Energy use efficiency (Based on grain+ Straw)
(@ls olol ) 55 B pan LIS ) 1.43 i i i
Energy use efficiency (Based on grain)
Energy intensiveness MJ.$1
39 855 P bl 4 Syl 10.29 51235.15 : i
Specific energy MJ kg™
5 S Jo3e ll 4 p SslS 0.097 0.000019 i i
Energy productivity kg.MJ1
oA 5 e sl dsie 5901318 -153800.34 - -
Net energy MJ.ha!

9 Y loble (oland SlaiSE,B 5 oS el daiSble (ol (slodgS )y ;0 atins (651 Jalds peiin et (5351 g5 slapllss jou
Al oo ol g i xS S g (Sl (9 Jolds s e (65 5
JB 5505 SV Tnile 5 oloonds (slaosS ol Slo iS85 Lo 2l da S ile iy Sl o g ol sy B d (53, s
ilies 2l g 0 (Sl (59,8 Jald oo
*Indirect energy included energy embodied in grains, chemical fertilizers, herbicide, pesticide, fungicide and machinery

while direct energy covered human labor, diesel, electricity and water used in the production systems.

**Non-renewable energy includes diesel, electricity, herbicide, pesticide, fungicide, chemical fertilizers and machinery, and
renewable energy consists of human labor, grains and water.
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sl oy glany U5 igoladl g asly
2OYS V0NN 5 ¥V (ol ga puiS 5 oliae slapllaies
ol adgs sl AL Sgw a5 > s el dnlixa S
@ dga Camd (¥ Jga3) sl Cowds ,iSa 5 Yo V14
Sl Cawds Ve A g VOY S5 g5l ool sl aje
VEY Jwo)l pasS g)l5e slp amli cpl a5 (V Jguz)
(Demircan et Y/oY L5 {(Shahan et al., 2008)
oulule J L s VAR sed YYY s, al., 2006)

1- Family farming
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Table 3. Economic analysis of wheat and saffron production systems in Khorasan-e Razavi Province

Hlade
sobasdl s s Ay Quantity
Economic index Unit oS olyie
Wheat Saffron
ey 5 $.hal 1511 4301
Total cost of production
e S5 $.kg 0.31 1092
Total cost of production
Rl o5 $.hat 1031 3706
Gross return
AL 25 $.kg! 0.21 941
Gross return
Rl 25 $.hal 119 2233
Net return
A 2 $.kg! 0.024 567
Net return
IR A g ot 1.08 1.52

Benefit to cost ratio
gsow Saere kg.$t 3.25 0.001
Economic productivity
ol 00l 428,55 0 A g dils o 5 Ay oyl e g pauS goladl o Slas
* Economic yields of wheat and saffron are grain and stigma, respectively.

Olke g puiS audgi (el 10 (ol (055 5 ST (o 3l eoliiwl 1,15 sloaslis F Jgux
Table 4. Efficiency indices for land use, water and chemical fertilizers in wheat and saffron
production systems

Slade
dblf ‘_,a:l.m ..\.’>|9 Quantity
Efficiency index Unit pas olyases
Wheat Saffron
O 5l eslal Il % 63 100

Land use efficiency

o) Sogere kg.ha'.day! 21.36 0.01
Land productivity

ey bt (5590 $.hal.day! 0.52 6.12
Land economic productivity
<l kg.m-3 0.82 0.001
Water productivity
= bl 500 $.m3 0.27 1.7
Water economic productivity
Ci9re Sree S kg kg™t 2457 0.04
Nitrogen use efficiency
b Syan 2L kg.kgt 57.13 0.05
Phosphorous use efficiency
by Srae L kg.kg't 140.39 0.12

Potassium use efficiency
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Vaezi et al., ) aob o 2olS logos 595 2 yan oS
i alaly 4y gy e ST Bk Sl 5 (2002
5 O3sr Syman 2hlS 5o Wit i b Syl
3 G (solo 9957 5l oolitl i o ol he s (sl Hand
S 5 (SzgS by ol 53 48 Sl Gloar 555
3 059, S pae oI5 (Koocheki & Seyyedi, 2015)
(o By ald 05 CangeS 5l oolanul ).ul.a I VTR
T A @lent 995 Slp p)S 2 S VFIVA S YVIY
(S ek waged (55 @8 e S AUV 5 VPIAR
Al ol slassS 4 cud (T sladsS (5550
=2l 5l (b Wlg oo 0 Shoe il (395 i
Gyl WU e S o ol oble 5 ol
5 T Slse s (38 (I olis 0 5 ial
o=l 5 5 SLE gt 5 (Sod Sloogas e
Mando et al., ) oib olej o yo olie polie S
2005; Safadoust et al., 2007; Limon-Ortega et

.@l., 2008

sbelss Sr (hleS Jouily :0be a3 2 (2055l
cE A ey ol pliul je paiS s iy oy
eSSk o sl 4 CO2 Jolao p,55kS YEAVE/YD
als o5 Sy sl 4 COz Jolas o,55LS AYV/EF 5 IS
2 50 GRS a5 5l slaS o La] g ol dloe
51 CO2 el a8 weo o lis aslllae 050 sl g0
Syle 418 pgs ady ;0 N2O 5 ol oy Koo oyl
sz 5 S e gileS ey (@ Jpo2)
oS sl 4 CO2 Jolao p,S5kS YYIYD 5 VYEY/-)
sals oyl (Koocheki et al., 2018) solaisl o ,Sles
oolaul d.}a.w‘ﬁd.: (5:‘)) 6[.&(:[.&:(:9.: 5 Lg))ﬂ d),a.a S|
Gl 5 G5nles glagpile (olerd slaosly
Gasol et al., ) sgi 0 GBS sloyl5 Lasl Cge
sols lis o o,y (2007; Ramedani et al., 2011
ard o Sl rejn slel Bpas GhalS axs e |,
5 s slacsgw Brae (Karimi et al, 2012)
Sl Jelge (n tagen aboz 5l 00,88 slags;,s5 1> sl
Dyer ) JJ}M’(S@ W ) 6})5L5:S LngﬁL]éJ‘ny 5o CO;
bYs ale> 5l (et al., 2003; Moudry et al., 2013

oeile (55,0 plhies gl5e 50 CS g (YL B pan

Oy Jb=il asyo Sl e 5l ool SIS ali
0,99 Jobo Joum a5 il oo Jlo G (b Jpare Loy
ale Glyae 5l VL Cilye 4 pusS sl yialisS w)
Sl ooy golasdl 5590 0 A LS Anslie Bk 5l
Ay 0y glila lyaes olS aS ams oo lis oL g oyl
Sl 08,5 0o puiS @y Cond |y (6 ion Jgeamme g5
Sl T (6l ey solazdl (55500 e 50 oS
4 Egoge pl 4S5 (F Jgaz) sl s a4 paiS 5l 5YL
<l 90t 90,5 oo olie; YL alls 05
S Srae sl 4 e SLS AN Sga 1905 1 (55 5LaS
SLS T e e sll 4 p,SelS +/FY 5 +/TF 4 /0)
,o (Keshavarz & Dehghani, 2012) el so_s
Sl 659040 paS oL (59, p JW 5588 50 (koS
Sl T i sl & o, 5hS YIYY 6 VY (o
4o wolas (Rodrigues & Pereira, 2009) ol oo
ool Lol ez 1 (o5l Jalge 5l o Wiy oo
23l gkl o9y €95 5 S 5 ol S ool Supae
Olie) 5 pa=S gl 3 (59 S mae 2lLS

Spae 2 @ SokS p o, SekS ¥ g THOV s e
SIS 5 0 T5LS 0SS 1D s VY (o iy yind
PSS NY g VFIT cfan 55 eenlly S yas
O3 Smae 2l (P Jgoz) ol sl o S5lS
KoocheKi ) oo plosl Glidss b e IS sk ool
ol s (59,58 slaoss 1S (& Hosseini, 1995
&:dlmsb%)]u»)‘wdsgm‘owuamaoéy
Ail oo 3o )0 B0l eS Aaine 3blie jo el olS
o=b LYs (Olaniyan et al., 2004) . Sea 5 LYyl
3039 slsslil 1) 39t iz el (95
Sl O3t Sme S Sz eSlen 05 ol
Sl o0 u»)‘)j rb)f9_l.~5)_: ﬁ)fj_LS ¥/0 fa;\.j
= (Zhu et al., 2012) I, 4 45 .(Prasad, 2009)
2 S5k PVIT Sgum puiS (gl 1) and Srae LIS
Sode (Rl L az ST IS jsb 4o S (5155 0,56l
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C A paS g plhdes £)lhe ol ol il

94 0,55 LS S (gl 4 SO2 Joles p,55LS £10)
dlee aly 5 G 65l 4 SO2 Jolas p,55LS /2 + 0
w8 a5 IS ade slapllas (ol ool ity o
5, Shee o5 So 1yl 4 SO2 Jolas p,SslS F/oF o ¢/ Y
Ll 0o b,155 (Koocheki et al., 2018) solazsl
s YN by i i olies g)l5e 5o NHa jLasl oges
5o LoogS arar 51 LEUNH3 g il Soo,i8 gudgs
awls SOZ 9 NOX (of— )| 9 0l J.:\.\_m.’ L)“\'“’ 6.\»...4‘
g slasslys oo (Brentrup et al., 2004) 55 o
ECETOC, ) asls o souul 1305 09,5 iy
g 4i5g,i slaogS Byae ilidlaS g sb 4 (1994
ceelb NOx g NH3 Ll )b 5l eV cile 6 005,150
5 995 oo lasre 4 3G 09,5 ol slooay VT jLasl wyais
5 =56 Boces NH3 jLecsl ams o (2al33l 1y o] sl
ooy Vo i3y ol b lassS 65 J5e 5 s
laisl g5 a1y 1356 05,5 ol sbwoany VT jLecsl S
slac_Js Brentrup et al., 2004a, b) aas o
A O3 S Sle it G et 3l (e 85,5l
slaoss adgs (Billen et al., 2013) ol cons; das

Sl Spas pogdle dijg i slodsS g 4 g (ploend
slal (Fostlolaml 1o 50 3)lss (ot 5| (S0
Bexfield, 2008; ) 5y s gminn x5 ioni

(Zhang et al., 2012

Szl iopl pode ol ac e Colin 5 (2l)) Dldos
e g S 3ble ;o ohg 4 00,88 lag;,eS
olals g0 6” ools uﬁwlm‘ B é’)—u.u.’ J.JJJ S
Spdies S Sl Do 4 SIS
JS 5l e, £+ 550> CO2 .(Reicosky et al., 1997)
30 oo elas] 0w 1) Glalls slasls Ll
5t slabds slalE lasl 5l e, AV &S
Teimouri et al., ) col Lo slacsgw Gyas
Bt s slapllaips 5l ol izl az 51,2014
- o5 ysaie loslne ;3 Gl g 005y 5ozl oy Ysona
RS FIORHEIRURE NEPTK SR e
2l a ol o5 TV T e g 00s g)l5e 5158
Van der ) cool ool (5,155 Jlo jo Slge 555 p,56LS
S5 e N20 Lzl (Hoek & Van Schijndel, 2006
g U andlasoad B)IS (Brae (j5g 5l aeys 9o b
» N20 1,5 «Crutzen et al., 2008) o, oo o2 o)
VIO o39res S5 slade 5lg o (el yids Sl
OhlKer 5wy Sib wsd e N2O 4y Lo aoye
&5l 31 N20 &L, Lzl (Barker-Reid et al., 2005)
Gl N2O o 5slS Y=+ /YY1, Ll ul auo pucS
039 deyd [P N)) JBSa e (Bpas (g
Monti et al., ) o, Kee 5 SOge 20,5 5,55 (S pae
[y O5ers 0aS a5 dluais LS culs (2009
e CH,4 9 N,O .CO, L;Lm)'lf )L‘J;._';j\ L LS‘)‘.‘ Lg)l.i.ml)
Sas gels Sl con Gle Gwbe,S 8b 69,8
Ol R doged (Fyxe (lierd slaogS SBras g (55,651
G jlaore b )85k 5 SL slo658)9aST ilalg ¢yl
PSPk G Bl e (Bl slags) S sl
Aol il ol ye 4y 9,8 dunSTgo clale aass bl
OLKen g LS dLewly opl o (Al-Kaisi & Yin, 2005)
slepllss o a5 azsl bl (Qiao et al., 2014)
Srae (pz Jlob o paiS L —0)5 i (55las
@255 b oolyen o0,Sles iuli8l Cge ol slaosS
sy Gpas b anlis Sk il ety

20,5 NPK lois
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Table 5. Pollutants, life cycle impact indicators and relevant hotspots of different impact categories in wheat and saffron production systems per one functional unit

Jldio Jldo
56 09,5 aslg Licw Amount Loy YT Amount
Impact category Unit Hotspots puS olyae Pollutants pusS olyaes
Wheat Saffron Wheat Saffron
. ol & ¢ . . CH 33.67 1254.10
e e CO2 Jobes p75k5 ke lac g 937.66+18.91*  34874.35+1675.32 ¢
Global warming kg COz eq. Chemical fertilizers (N and P), Organic N,O 368.16 13713.26
fertilizer and diesel
5 peiiane HLaisl g (Gaud g (y59,58) (olond (slaseS NH3 1.37 50.96
Acidification kg SO eq. Chemical fertilizers (N and P) and direct SO, 1.03 38.22
emissions from diesel combustion ' )
N 0.06 2.23
P 0.0001 0.003
- - . e NHa 0.56 21.02
! OomlSade iyl PO Jolue p.55k5 355 5 shemd SlaS g i ) s L2 0.260.01 9.68+1.03 NH: 0.60 22.30
Aguatic eutrophication kg PO4 eq. 5o aleand NOx 0.22 8.08
Direct emissions from diesel combustion and NOs 0.17 6.37
fertilizer N PO4 0.01 0.28
S GaemlSds sl NOx Jolas 55k 0.100.004 3.64+0.81 s 308 13699
Terrestrial eutrophication kg NOx eq. NOx 1.03 38.22
Shre Gl il s

* Standard deviation
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Table 6. Environmental indicator (EcoX/functional unit®) of different impact categories in wheat and
saffron production systems in Khorasan-e Razavi Province

Coll pgr ol JS 5l ooy

) o
Collpg polif pili 09,5 QLjantity Percentage of the total
Impact category/ Environmental environmental indicator
indicator pas olyie) puS olyass
Wheat Saffron Wheat Saffron
€Oz Jolas £55L5) Sz iale ) 0.10 3.80 22 16
Global warming (kg CO:2 eq.)
§02 Jsles o 55LS) s (gl 0.005 6.51 1 28
Acidification (kg SOz eq.)
(POs Jolas £55LS) (o1 (90l 5 0.26 9.68 56 41
Aquatic eutrophication (kg POseq.)
Terrestrial eutrophication (kg NOx eq.)
(EC0%) colidos; p2ls 0.46 22,62 : :

Environmental indicator (EcoX)

Al oo WS 0 FelS G g ails 5 G ol s 5 lhae; 5 paiS (60 5,5 slaasly
* Functional units of wheat and saffron are one ton grain and one kg stigma, respectively.

Ladlore Jiligy O g0 4y ilel o (_sﬂ slge « 3,k 5105l
m e j0 aud caipodign Glaie 4 weS IS Bl s
St 5 i Uy STy ko 1L 5 sl Jols slo
Soed 5l oolaiwl cobld a5 wles Joe JT Glawd LS 5
Zolfi ) ool o ial58l o (2005 glwalsT ds 4
Slgiian «wlal opl »» (Bavariani & Nouruzi, 2010
035 Ol gty e DIST alS jglaie 4 99 o0
ol Sy pace g (AT 355 laosles conlio B pae ¢ il
9 039 g yolie Bpmas 2 9 (izeen
ol 13 laiaa | e
PS5 9 Olyie; oy lapllss 6l colidpg pasls
&yl au ECOX YY/PY s jas (550, lul,m olwl jo
sl 5 S gl as ECOX 1§87 ¢ a IS 0,55l SO
3,4 ).ui_a 6[&09)5 Mlﬁ.a 90 e (e ol Cawdo
25U 09,8 sl cliipgs el ggemme ;| adllas
0L S 5l oo 0 FY 50,0 08) ol eewlSt 34
als YL o, Slee (F Jgoz) ol Conoas (Clispy
ool S (aS) ol e golaidl o Slos 4y Cod piS
=l acsls Jlds ag sader pldas ol 6l |y
S gt 6‘)—.’ )Liml) L’x)_'iootu aS ol Qj g Sldlas

S0y Shas 092 9 S90Sl () Jame Cundg

PS5 olie slopllss o (sl sl by

S oLS S sl anPOs Jolae 0,551 APA o ey
sl 3 S 6ly) 4 POs Jolos o 55k Y5 5 aldls
sboplla (S (gualSety Fol Jomnilly p0 )5 anlons
&l s NOx Jobeo ¢ SoLS YIPF o3 oy piS 5 ()i
S= sl @ NOx Joleo 0 55LS /) 5 S 0 Sl S
Oleme am wlyod Ll (@ Jguz) ol awlxe ails o
23l G el gl 55 09,5 0 S50 Jelse 51 (S
g adly Ko S Clvgas 5 codldl Lyl 4y 5>
Sl 395 Bmaan e @b (e 2B lyd o
Byan ili8l L aS 5,0k 4 (Charles et al., 2006)
3 8 098 ol Jeiliy 58 NOS™ s (355555 sloosS
Brentrup ) o )Se 5 Ol 00 05 oo yion Julse plo
zshw 0 NOs™ il o)y ow,» L T al., 2004b
NOs™ Lzl as wisls ;)Lias (6955 (39,50 B pae alisee
ol L (g e Sasl (g5 Srae oS polie 5
QG yad ool podle .cdl lidl oles jshay 055 B as
e e e e
Sy Ls (2l); slapllaipg i ;0 (eealSeds 59l
oL g yluwsiisss (Charles et al., 2006) 545 o

Ol yo a8 asls Lo (Khoshnevisan et al., 2014)
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Abstract

The aims of the present study were to compare irrigated wheat (as a high input and conventional system)
and saffron (as a low input and traditional system) production systems in Khorasan-e Razavi during 2018.
Data for wheat (as an annual crop) and saffron (as a 6-year perennial crop) production systems were
collected from 32 growers by using a face-to-face questionnaire in 2018. Energy efficiency indicators (such
as energy intensiveness, specific energy, net energy, energy use efficiency and energy productivity),
economic indicators (including total production value, gross return, net return, benefit to cost ratio and
economical productivity), ecological indicators for land, water and chemical fertilizers (such as land use
efficiency, land production efficiency, economic land production efficiency, water productivity, economic
water productivity and nitrogen use efficiency, phosphorus use efficiency and potassium use efficiency)
and life cycle assessment (LCA) were calculated accordingly. In this regard, four phases, which are goal
and scope definition, inventory analysis, impact assessment and interpretation, were designed to assess life
cycle index based on 1SO14044 procedure. Three main categories as impacts including global warming,
acidification and eutrophication (in terrestrial and aquatic systems) were defined. Functional units were
considered as one kg stigma and one tonne grain for saffron and wheat crop systems, respectively.
Cronbach's alpha was calculated assessing the reliability of questionnaire. The results showed that the
Cronbach's alpha was computed with 0=%87. The maximum inputs for wheat system were related to
nitrogen fertilizer and diesel fuel and for saffron systems were corm and electricity. Energy productivity
for saffron and wheat systems were computed 0.000019 and 0.097 kg.MJ%, and energy intensiveness were
46.93 and 33.48 MJ.$%, respectively. Land use efficiency for wheat and saffron were calculated with 21.36
and 0.01 kg.ha-1 and economic land productivity were 1.51 and 0.52 $.kg-*day, respectively. Nitrogen use
efficiency for wheat and saffron agroecosystems were calculated with 24.57 and 0.04, respectively. The
highest emission of pollutants was belonged to eutrophication aquatic category. Aquatic eutrophication
potential for saffron and wheat farming systems were computed with 9.68 kg POs eq./one kg of stigma and
0.26 9.68 kg POa4 eq./one tonne of grain, respectively. Environmental indicators for saffron and wheat
agroecosystems were calculated with 22.62 Ecox per one kg of stigma and 0.46 Ecox per one tonne of
grain, respectively. Based on the results, low input and family farming systems such as saffron have
positive effect on energy and economic indicators and environmental impacts compared to high input
systems such as irrigated wheat.

Keywords: Energy productivity, Economic land productivity, Family farming, Nitrogen use efficiencies,
Life cycle assessment.



