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Introduction

Wheat and barley are important strategic crops that constitute the staple food of the world population
including Iranian people. Given the role of these crops in the household food basket, food safety and self-
sufficiency in the production of these crops can be an important and valuable step towards economic
independence. Increasing agricultural production due to the use of chemical inputs causes serious damage to the
environment. Therefore, any plan and policy to increase production, in addition to technical and economic
aspects, must also be analyzed from an environmental perspective. Considering the importance of this issue, the
present study aims to investigate the sustainability of rainfed wheat and barley production using the
multifunctional ecological footprint (EF). The results can provide useful information to agricultural planners and
policymakers.

Materials and Methods

To analyze sustainability, data from Agricultural Statistics of 2017 and the statistics published in domestic
databases were used. In the agricultural sector, the footprint indicator should reflect the type of agricultural
operations and land use. Accordingly, the EF is divided into two parts: direct and indirect parts of the footprint.
The direct footprint indicates the amount of land, buildings, forests, and rangelands for crop production that is
defined as the amount of bio-productive area. The indirect footprint represents the amount of bio-productive land
used to absorb the amount of CO- emitted during crop production and agricultural operations.

Other aspects and benefits of EF are the use of different functional units that can provide researchers with
broader analytical backgrounds. For this purpose, evaluating EF based on a ton of crops, 10,000 Rials income
and benefits in the field were also calculated using divided EF by each of the different functional units.

Results and Discussion

Concerning rainfed wheat production, Alborz, Mazandaran, and Golestan provinces had the highest
emissions by 1632, 1140 and 860 kgCO-eq, respectively and Sistan and Baluchestan, South Khorasan and Qom
provinces had the lowest emissions. Concerning rainfed barley production, Markazi, Hamedan, and Mazandaran
provinces emitted 989, 869, and 775 kg CO.eq, respectively, so that they were ranked first whereas Sistan and
Baluchestan, South Khorasan and Isfahan provinces with 236, 263 and 298 kg CO2eq had the lowest emissions.
EF for rainfed wheat production ranges from 2.57 in South Khorasan to 2.87 in Alborz. EF for rainfed barley
ranges from 2.57 in South Khorasan to 2.73 in Markazi. With respect to rainfed wheat and barley production, on-
farm emissions had a higher share in indirect EF than off-farm emissions. EF for one ton of rainfed wheat varied
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from 0.75 Gha in Mazandaran province to 10.85 Gha in South Khorasan province. EF vyield of rainfed barley
production indicates that Fars, Isfahan, and South Khorasan provinces are in the most unsustainable conditions
for producing one ton of rainfed barley.

The results of correlation between EF and yield EF and benefit revealed a significant relationship between EF
of rainfed wheat and barley in provinces at the 1% probability level. Also, there was a significant relationship
between EF and yield EF in rainfed wheat at the 5% probability level, but this relation was not significant for
rainfed barley. Also, the lack of a significant relationship between EF yield and EF profit shows that an increase
in crop yield would not necessarily lead to an increase in the benefit of rainfed wheat and barley.

Conclusion

The comparison of EF indices and correlation between them showed that increasing inputs in rainfed wheat
could increase yield, but it had no effect on barley yield enhancement. On the other hand, no statistically
significant relationship between EF yield and benefit showed that yield increase does not necessarily lead to
higher profitability. Therefore, cost management is one of the key elements in increasing the profitability of
rainfed cereal production at the national level. Therefore, to increase the sustainability of rainfed cereal
production at the national level, apart from planning to increase yield, policy-making for efficient use of
resources and reducing production costs should be considered a key basis in production planning and policy-
making.
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b1 X)) Sl " - a - - & & a B 4 * . .- r
el 3Sdes A U’”’\T td Sud 3gS  awly 3 L ESouis  LLISE,E b isdle Slo 365 Jpd Chgw
. Yield Seed - P fertilizer K fertilizer Insecticides Fungicides Herbicides Cow manure Diesel
Province fertilizer (tha’) (Lhad)
(kg.ha™) ' '
S . 936 110.10 68.16 34.75 - 0.37 0.06 0.26 0.0127 166.18
Markazi
CL-EQIU 1250 126.55 89.45 46.25 171 0.01 0.09 - 0.0927 89.34
ilan
ohsie 3701  196.74 171.45 76.20 21.23 0.40 0.91 1.20 0.1433 153.52
Mazandaran
B eyl
East 1098  145.47 57.16 28.74 - 0.03 0.04 0.14 0.0515 121.00
Azerbaijan
wF OL’.‘.’.L)S“
West 1415  156.08 40.55 24.46 0.63 0.16 0.03 0.44 0.1076 135.03
Azerbaijan
olisle S
913 165.35 45,91 33.25 0.03 0.59 - 0.77 0.0319 14161
Kermanshah
i 714 143.37 44.54 17.72 211 0.03 0.03 0.28 0.0219 118.61
Khuzestan
‘F’”)b 487 145.90 39.02 13.39 - 0.03 0.02 0.04 0.0232 107.92
ars
ok
1497  177.89 84.21 74.73 - - 0.22 0.11 0.1316 132.48
Kerman
ofedee! 773 98.41 45.39 15.18 - 0.04 0.06 0.13 0.1609 112.06
Isfahan
9 Ol
Ol 783 116.66 - - - - - - - 62.00
Sistan and
Baluchestan
oS
. 883 150.87 46.40 16.39 0.04 0.17 0.16 0.28 0.204 140.90
Kurdistan
o 689 128.43 61.02 28.38 - 0.38 0.07 0.15 0.0786 182.20
Hamadan
9 Jbesler
)l
Chaharmahal 1141 154.36 103.84 24,07 - 0.08 0.09 0.48 0.137 100.85
and
Bakhtiari
o) 1224  168.56 81.29 42.31 0.21 0.32 0.04 0.74 0.2684 139.83
Lorestan
I{;W 557 174.86 42.64 27.00 - 0.07 - 0.41 0.329 127.52
am
PRMIVSS
Janlyyg
Kohgiluyeh 1111 137.88 108.51 61.13 - 0.15 0.01 0.38 0.2656 92.79
and Boyer-
Ahmad
Ql"_‘"} 915 114.73 50.98 35.56 0.28 0.14 0.01 0.07 0.1033 150.00
Zanjan
Ol 1145  219.79 82.85 3.37 3.11 0.05 0.13 0.31 0.026 168.48
Semnan
o 1274 84.14 30.60 15.50 0.43 0.04 - 0.04 - 115.67
Tehran
olals
2019 17452 99.49 40.03 0.59 0.32 0.40 0.74 0.0636 150.32
Golestan
93 850 112.56 21.17 16.48 - 0.16 0.02 - - 133.49

Qazvin
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o)l

i 2154 137.46 23.18 21.42 - - 0.22 0.46 0.0813 136.33
Ardabil
i 413 95.65 42.60 60.86 - 0.09 - - 0.0652 79.01
Qom
w9 gl
South 237 31.09 3.53 3.49 - - - - - 80.52
Khorasan
9oy gl
Razavi 485 62.16 6.62 2.69 - - 0.04 0.02 - 122.86
Khorasan
(_JL&MA: QLJ)&
North 539 132.28 27.17 39.58 0.07 - - 0.47 0.1735 130.34
Khorasan
5 1500  300.00 250.00 93.75 62.50 - - - 6.25 219.33
Alborz
”I:‘{ F 1011 134.97 52.50 26.43 0.94 0.17 0.09 0.31 0.09 129.70
ran
BTV 1 LY\ V) S LRSI CY R TR R JWT PR JUN PVSIENUS WS S PR TS
Table 4- Average yield and consumption of inputs in dryland barley in the provinces of the country
s RO LI s WoiSopds  buiSz,B sl . s
e )g""‘ ™ N )M_ 95 e 95 Q"S)"""' U”SC) U”S Sly 395 Jﬁa.w,w
Yield  Seed fertili P fertilizer K fertilizer Insecticides Fungicides Herbicides cow manure Diesel
Province ertilizer hea L Fet
(kg.ha?) (tha?) (L.ha)
‘5;"’_ 501 105.79 141.15 83.02 3.53 0.04 0.05 0.02 0.01 154.33
Markazi
oS
Gil 1366  129.54 116.19 47.95 2.33 - 0.11 - 0.14 100.56
ilan
ol 2537 197.23 132.73 119.25 1.36 - 0.74 1.10 0.12 127.44
Mazandaran
G eyl
East 1081  120.91 28.16 10.22 - - 0.07 0.15 0.12 104.57
Azerbaijan
@ ol’.‘ile)‘j
West 1132 153.85 39.32 10.83 - 0.06 0.01 0.23 0.32 116.91
Azerbaijan
obadle 846 16523  36.74 27.14 0.07 0.32 - 0.61 0.01 135.28
Kermanshah
e 715 129.94 73.14 29.57 - 0.07 0.02 0.21 0.05 109.07
Khuzestan
;’”u 242 146.34 12.18 5.25 - 0.01 - 0.03 0.01 82.02
ars
ok
938 173.08 49.03 44,73 - - - - 0.06 90.11
Kerman
e 347 72.67 38.77 9.6 - - 0.05 0.04 0.04 64.73
Isfahan
9 Ol
Ol 858  61.53 - 3.84 - - - - - 56.87
Sistan and
Baluchestan
Ol S
. 1150  152.52 35.8 6.79 1.46 0.02 0.08 0.03 0.53 104.96
Kurdistan
chen 934 164.31 84.82 34.23 - 0.34 0.05 0.24 0.08 161.28
Hamadan
PRLOSES
&k
Chaharmahal 1202 152.60 107.02 15.33 - 0.05 0.03 0.35 0.12 84.86
and

Bakhtiari
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ok 946 174.47 54.99 28.06 -
Lorestan

!
llam
PRYPRILE
Salyrg
Kohgiluyeh
and Boyer-
Ahmad
obs;
Zanjan
R
Semnan

R 1272 86.54 53.14 41.52 1.66
Tehran
olals

Golestan

“’“5’5 1125  104.25 25.19 18.96 -
Qazvin

J"‘P"_ 1291  130.23 12.54 9.39 -
Ardabil
o gl
South 467 75.88 11.31
Khorasan
$9oy ol
Razavi 536 123.34 2.87 1.95 -
Khorasan
‘_JLQMJ OL,J)&
North 595 130.81 65.85 43.47 0.07
Khorasan

654 155.41 40.18 18.61 -

958 120.31 100.08 49.11 -

667 111.35 39.28 15.34 171

966 196.01 375 0.0001 -

951 168.72 60.29 33.77 1.10

5.05 -

5 1407 13954 8.72 29 ;
Alborz

S 866 139.54 47.33 25.89 0.26
Total

0.14 0.04 0.50 0.20 128.94
0.04 - 0.13 0.06 115.88
0.06 0.02 0.15 0.15 85.11
0.05 0.05 0.06 0.15 141.59
- - 0.11 - 157.55
- - 0.07 - 101.31
0.01 0.09 0.17 0.01 129.05
0.05 0.05 - - 126.92
- 0.07 0.12 - 133.27
- 0.06 - - 71.34
- - 0.02 0.05 114.13
- - - - 128.04
0.06 0.08 0.22 0.07 152.12
0.06 0.22 0.08 0.07 110.53

JESe o g lp ghen 5 ohjle (Jled ol slalial
298 Lol plaw dn Cas (s sloodles jl o puiS
slaslB sl e oy i 1S (¥ Jgasn) d50g0d ool !
5 3des bl ol 1 slaslsds
izl b ohsile o len (635 yo sl il wd o> Mg
Ll o yidi COy Uslse p,55 LS VWO 5 ASA QAR (i iy
s ol i 5 e (sla il 5 53l |, Saz ]
COy Jslas p)SkS YAA o YOV XY5 (i ey sLaml b olodol
295 dy )9S o ) 3 g2 g 53 0an Y il (a8
1 SO s Lassl Ll s (5 Jais) wols ol
g glaosleg sbj Brae olinile 5 Ghes (390 sl
sbapbiol 13 ¢ B)b il adlioe Jp3 Cd g 5 (15955 355 o9t
Sul bodlg Bpae pledal g (g Glul B oliuarsl 5 Gl
angr LU L(F Jgis) cawl 48,55 )18 oolizul 3590 Mol |y g 35

5 S o G yme ol oy (IS loj8 il 5o

O Jodo pd youdS calizes (sla liwl 10 13 paiS Wdg (sl aoolys
Jimd Ch g g (59— 368 2 L ol .l oads edld L
Ry A03gr v pAS Ag5 50 edn Y il wlie oy ek
)l el il s Lo o w5 piiS sl 3 Woay¥T Ltz 50
pSskS Ao g WY+ ASYY iy Ll L S g o5l
5 2= Ol e sl o b lag il 5 59: COy Joleo
yiaS COyp Usleo p)SskS FYY o YV Y -Y o gay Ll | o3
e (B Jgz) 59 Ll 1y 23 S g po eV Ll e
PS5 lS VXY 1M 3 puiS gl (el (glaj Lol
Wkl 55 pgy90 pu5 (¢l (Rajaniemi et al., 2011) COy Joleo
paS o (Alhajj Al et al., 2017) COy Jslse p Sk YFAV/A
(Khoshnevisan COy Jsle ,55kS YVVY letol oliwl y3
sl a8 ol 4 dng Uy .l 00 3155 et al., 2013)
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Sl e cccwl ol (5155 (Gan et al., 2012) COy Jslse
Jolre p )55 LS VYA pa 0 o Wy sl lalS slajlE
YAYVINS oyl 3 g Adgs ¢l o (Xia et al., 2016) COy
Us,l35 (Pishgar- Komleh et al., 2013) COy Jolxo p)Ssls
sl Ll p b il adllas ol gols dn dngi b ol o

2 D 52 5 paSS Mol 20 e odbline S ssly o lalsS

23 518 (Jod BB aw y> (o)lly yhaie 5l )5S (glali]

AU 3 S5 5 039t 15l (glboslys Bpas oS ol 4
Ot §90 Sl )l (SlasbdS sl Ll o (g pRain
2 adlas ol gl ol s Jols g8 Galise (gl bl
Laou V1 yidiy 938 sl plil g 53 03 52 9 pa5 W55
S 5eS ot 430 )b HUED] g 0392 Ay fe (9> Uil 4 by e
wlaB Ll e sl Lolasdl 36 4 1) e VT jLisl )
PSS VAV WM 3 5 (6)LiS S 4s e (sl SIS
£S5 S VY s y> 5 (Rajaniemi et al., 2011) COy Jolxe

(CO2 Jslro 0,53kS) ;ouiS e 55 d 08 USRS wgi (IS b jl5 Uil oyl 5ue —0 Jou
Table 5- Greenhouse gase emission per hectare of dryland wheat (kg CO2 eq.)

39 365

bl N yhad 355 el 395 L iSopis LLISZ,B  boisdle  Jlged8S Jpd Claw Js
Province fertilizer P fertilizer K fertilizer Insecticides Fungicides Herbicides  manure Diesel Total
SFEr . 241.42 6.95 - 2.32 0.33 1.02 58.20 544.39 854.64
Markazi
oS
- 316.83 9.25 0.26 0.09 0.46 - - 292.67 619.56
Gilan
o 607.28 15.24 3.18 2.50 4.63 4.68 - 502.93 1140.43
Mazandaran
o oty 202.46 5.75 - 0.18 0.19 0.55 0.26 30639  605.78
East Azerbaijan
& ol’.‘ile)‘j
West 143.63 4.89 0.09 0.99 0.16 1.72 - 442.36 593.85
Azerbaijan
N 162,61 6.65 - 373 0.01 2.99 0.72 46392 640.65
Kermanshah
obig 157.76 3.54 0.32 0.20 0.13 1.10 0.19 388.58 551.82
Khuzestan
‘E;’rl; 138.21 2.68 - 0.19 0.09 0.16 0.29 353.55 495.17
ol 298.27 14.95 - - 1.14 0.41 - 434.00 748.77
Kerman
bl 160.77 3.04 - 0.22 0.30 0.49 - 367.12 531.94
Isfahan
Ozl 5 Ol
Sistan and - - - - - - - 203.11 203.11
Baluchestan
Ol S
A 164.35 3.28 0.01 1.09 0.81 1.09 - 461.60 632.21
Kurdistan
o 216.13 5.68 - 2.38 0.35 0.58 - 596.89 822.00
Hamadan
PRCSUES
Sl 367.80 4.81 - 0.48 0.47 1.86 0.90 330.38 706.71
Chaharmabhal
and Bakhtiari
o) 287.93 8.46 0.03 2.04 0.21 2.88 - 458.07 759.62
Lorestan
I‘;M‘)‘l 151.03 5.40 - 0.44 0.02 1.61 0.60 417.76 576.86
am
danlpg g 4skSeS
384.34 12.23 - 0.92 0.06 1.49 0.36 303.98 703.38

Kohgiluyeh and
Boyer-Ahmad



\¥O

.9 o(Triticum aestivum L.) puss ol ol g losly Julxs

obs;

i 180.57 7.11 0.04 0.86 0.05 0.29 - 491.42 680.34
Zanjan
Oliows
293.45 0.67 0.47 0.29 0.65 1.23 1.26 551.94 849.97
Semnan
o 108.39 3.10 0.06 0.28 - 0.17 2.33 378.92 493.25
Tehran
L'Jl:.;.lf
352.39 8.01 0.09 2.02 2.06 2.87 - 492.43 859.87
Golestan
“‘”ﬂ 74.98 3.30 - 1.04 0.09 - 0.47 437.30 517.17
Qazvin
Ju)l
i 82.10 4.28 - - 1.10 181 - 446.63 535.92
Ardabil
~ 150.89 12.17 - 0.55 - - 0.99 258.84 423.44
Qom
s ollp 12.50 0.70 - - 0.01 - - 263.79 277.00
South Khorasan
S92y Ol
Razavi 23.45 0.54 - 0.03 0.18 0.06 - 402.50 426.76
Khorasan
o ol 96.24 7.92 0.01 - 0.01 1.83 . 42699 533.00
North Khorasan
) 885.50 18.75 9.38 - - . . 71851 163213
Alborz
(CO2 Jalao 0,5 9S) j9uiS gehaw )3 023 92 JUSH G i (SIS (G55 Ll (yle0 =1 Jgo
Table 6 - Greenhouse gas emission per hectare of dryland barley (kg CO: eq.)
*359 youd D . s . . : o vl : . .
ol “”9”\‘;"" td Shwd 395 pawly 35 L ESomis LLISEE LLISAle Jlae 3 JpdCdew S
Province fertilizer P fertilizer K fertilizer Insecticides Fungicides Herbicides  manure Diesel Total
SFE . 465.51 16.60 0.53 0.26 0.23 0.08 0.30 505.57 989.09
Markazi
oS
" 434.37 9.59 0.35 - 0.54 - - 329.43 774.28
Gilan
ohile 325.82 23.85 0.20 0.02 3.76 4.30 - 417.50 775.45
Mazandaran
W ol 115.14 2.04 - - 0.36 0.58 - 34256 460.69
East Azerbaijan
@ QL"““L"_)_I 135.71 217 - 0.36 0.07 0.90 - 382.99 522.20
West Azerbaijan
olisle S
180.37 5.43 0.01 2.03 0.02 2.37 0.44 443.16 633.83
Kermanshah
s 174.94 5.91 - 0.45 0.12 0.80 - 357.32 539.55
Khuzestan
'“:"”b 93.99 1.05 - 0.07 0.01 0.10 0.27 268.69 364.20
ars
oler 15951 8.95 - - - - - 20520 46365
Kerman
ofede! 83.82 1.92 - - 0.27 0.14 - 212.05 298.20
Isfahan
| Oesh 5 (e 49.40 0.77 - - - - - 18631 236.48
Sistan and Baluchestan
e 194.45 136 0.22 0.14 0.39 0.11 - 34384 54051
Kurdistan
gaen 331.07 6.85 - 2.15 0.27 0.94 - 528.37 869.64
Hamadan
e g Jon o . 307.26 3.07 - 0.31 0.14 1.37 0.73 278.01 590.89
Chaharmahal and Bakhtiari
o) 174.34 5.61 - 0.87 0.19 1.95 - 422.40 605.36

Lorestan
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el
llam
danlyg g 45kSes
Kohgiluyeh an
obs;
Zanjan
Semnan
ol
Tehran
ols
Golestan
o
Qazvin
=2yl
Ardabil
@y ool
South Khorasan
S92y Ol >
Razavi Khorasan
o gluls
North Khorasan
3
Alborz

d Boyer-Ahmad

224.98 3.72
217.41 9.82
55.83 0.17
136.67 3.07
154.41 -

198.09 8.30
165.11 6.75
71.77 3.79
42.72 1.88
28.41 1.01
97.08 0.39
154.40 8.69

0.26

0.25

0.17

0.01

0.27 0.01
0.39 0.12
0.32 0.28
0.09 0.46
0.33 0.24

- 0.36

- 0.30

0.50

0.57

0.24

0.43

0.26

0.68

0.48

0.02

0.08

379.61

278.82

167.02

463.86

516.14

331.88

422.78

415.80

436.61

233.72

373.89

419.47

609.10

507.12

223.01

604.69

672.38

538.78

596.03

491.93

482.05

263.58

471.67

582.66

5 el €Oyl iy plp YO o (iale S Jrwilty o] 1o
oo B ol Uil qums as 30 I35 55 (5900 355 508
=hi iz Glides (b )3 0ah Bpas [ g S5k
Ay aeyie I Jusl g g ol 4 s gyt COy
s -3 2 90 1 )l (g5 (Sun VT Ll s g 0 0
a3 )3 ace e S35 LIl ppw 023 92 9 pAS A ) U o
Db 4o 5l ) L] a1 Gl aiane 8 S 3581 5L,

2 > A5 1055 Sl sy Sl & b ol

1 So39e8T loo,y (ad L daly cocuwl odd ooy LS YV Jods
odalie 0B 5, bl )0 VIVA U sein oylol 3 okl 55 VOV
095 3 3 32 25 sl Sl (sbsy bl ey
3y yaiie jydl ol j3 VIAY U gl sl 5 yltuas okl 45 V/0F
2 asyie S5 Lanl mw od 92 9 p45 395 3 (A Jgi2)
e Sl pts | s i Sl sy il
4 035 NYO (S a5 oy oten 5| (S oGl ds 30

23S w45 23 pS Mg Su39IsST by Ll -V Jgaa
Table 7- Ecological footprint of rainfed wheat production in the Iran

ol )50 gy CO2 sk, 450 J&12 CO2 gbs, 13,C02 S23951 ks,
Province EF CO: off farm (Gha) EF CO2 on farm (Gha) EF CO2 EF (Gha)
3 3 _ 0.04 0.14 0.19 2.70
Markazi
oS 0.04 0.10 0.14 2.65
Gilan
ol 0.08 0.17 0.25 2.76
Mazandaran
P bl 0.03 0.10 0.13 2.64
East Azerbaijan
s ub.‘é.le)ﬂ
West 0.03 0.10 0.13 2.64
Azerbaijan
obidle S 0.04 0.11 0.14 2.65

Kermanshah
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Obis 0.03 0.09 0.12 2.63
Khuzestan
o) 0.03 0.08 0.11 2.62
Fars
ol 0.05 0.12 0.17 2.68
Kerman
e 0.03 0.09 0.12 2.63
Isfahan
Ol sl g Gl
Sistan and 0.01 0.04 0.04 2.55
Baluchestan
s, 0.03 0.11 0.14 2.65
Kurdistan
hon 0.04 0.14 0.18 2.69
Hamadan
9 Jooylex
Sl 0.05 0.11 0.16 2.67
Chaharmahal
and Bakhtiari
o) 0.05 0.12 0.17 2.68
Lorestan
!
0.03 0.10 0.13 2.64
Ilam
denlpg g 45l SeS
Boyer-Ahmad
ks 0.04 0.11 0.15 2.66
Zanjan
Obiew 0.05 0.14 0.19 2.70
Semnan
o 0.02 0.08 0.11 2.62
Tehran
ofels 0.05 0.14 0.19 2.70
Golestan
o9 0.02 0.09 0.11 2.62
Qazvin
Jedl 0.03 0.09 0.12 2.63
Ardabil
i 0.03 0.07 0.09 2.60
Qom
i olel 0.01 0.05 0.06 257
South Khorasan
S92y oLl
Razavi 0.02 0.08 0.09 2.60
Khorasan
o ol 0.03 0.09 0.12 2.63

North Khorasan

3 0.11 0.25 0.36 2.87
Alborz
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Table 8- Ecological footprint of rainfed barley production in the Iran

Province 4,50 )8 COz b, 48,50 J&1 COz b3, 13,CO; S39951 ks,
EF CO, off farm (Gha) EF CO; on farm (Gha) EF CO, EF (Gha)
SFr 0.06 0.16 0.22 2.73
Markazi
oS 0.06 0.12 0.17 2.68
Gilan
b 0.03 0.14 017 2.68
Mazandaran
s 0.03 0.08 0.10 261
East Azerbaijan
wif obmbl
. 0.03 0.09 0.12 2.63
West Azerbaijan
ebisle)s 0.04 0.10 0.14 2.65
Kermanshah
ks 0.02 0.10 0.12 263
Khuzestan
o 0.03 0.05 0.08 2.59
Fars
ol 0.03 0.08 0.10 2.61
Kerman
olede! 0.01 0.06 0.07 258
Isfahan
| sl y ol 0.02 0.03 0.05 2.56
Sistan and Baluchestan
oS 0.04 0.08 0.12 263
Kurdistan
o 0.06 0.14 0.19 2.70
Hamadan
sy ol 0.03 0.10 0.13 264
Chaharmahal and Bakhtiari
o) 0.03 0.10 013 2.64
Lorestan
e
0.05 0.09 0.13 2.64
llam
| e2liin g 4SS 0.01 0.10 011 262
Kohgiluyeh and Boyer-Ahmad
b 0.03 0.10 0.13 2.64
Zanjan
s 0.04 0.11 0.15 2.66
Semnan
o 0.03 0.09 0.12 263
Tehran
ofels 0.03 0.11 0.13 2.64
Golestan
o293 0.02 0.09 0.11 2.62
Qazvin
eyt 0.02 0.09 0.11 2.62
Ardabil
s> oLl 0.01 0.05 0.06 257
South Khorasan
S92y ol 0.03 0.07 0.10 261
Razavi Khorasan
o oLl 0.02 011 013 2.64
North Khorasan
5 0.03 0.09 0.13 2.64

Alborz

VYA
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S o 4 295 (36 (cloalysn Sy o jl g g 2ol (gl
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ol 0dd 03l LB Y 5 ¥ b IS5 )0 513 g5 g puS Jpaze
L3y ol i) o 355 e onlito 45 9 Llon
5 OFsrs 25 Bymas il ol (slorty VT Uil 4y peiituns o
St pliixe (S o)l @i 29800 baye Jpd g
alie et albesd sladgS g Jpd Cogw o Conl pl 5l
Mohammadi et al., ) 3l oo (65y5liS ise slaoru YT Ll
35S Slgu) y5i8 y> (s Pishgar- Komleh et al., 20132013

Sy > G (a5 jLisl > ooles o ake ol ar Sl
>y » (Sarauskis et al., 2019) ol ord 35 g 5 pAS

Ot Oy e iS5l 5 (5,9la8 s 5> Clalllas
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Nabavi- ) 5,45 3559 pod CuiS )0 dliws (pl 45 004y &5l50 4

; Martin- Gorriz et al., 2014; Pelesaraei et al., 2014
.(Esfahani et al., 2017
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Fig. 2- The share of each input in the ecological footprint index of dryland wheat production
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Table 9- Multy-functional Ecological footprint of rainfed wheat based on different functional units

Ol 3,8des (51, o3 (53, gm0 513,
Province EF yield (Gha.ton) EF revenue (Gha.1000T%) EF benefit (Gha.1000T1)
3 3% . 2.88 0.02 0.07
Markazi
oS 2.12 0.02 0.26
Gilan
ohsie 0.75 0.01 0.02
Mazandaran
S ol 2.41 0.02 0.05
East Azerbaijan
et oty 1.87 0.02 0.04
West Azerbaijan
obidle S 2.90 0.02 0.12
Kermanshah
i 3.69 0.03 -0.17
Khuzestan
o 5.38 0.04 -0.33
Fars
oler 1.79 0.01 0.05
Kerman
oladec! 3.40 0.03 0.11
Isfahan
A 3.26 0.02 167
Sistan and Baluchestan
oS 3.00 0.02 0.09
Kurdistan
Ol

3.91 0.03 -0.86
Hamadan



VOV gz o(Triticum aestivum L.) puss sdgi pllis g5l l Julxs

Sl g Jbre)lox
Chaharmahal and 2.34 0.02 0.09
Bakhtiari
o) 2.19 0.02 0.05
Lorestan
P 4.73 0.04 -0.69
llam
donlpg g 49kSeS
Kohgiluyeh and Boyer- 2.40 0.02 0.08
Ahmad
b 2.01 0.02 0.13
Zanjan
Qe 2.36 0.02 0.06
Semnan
oo 2.06 0.02 0.04
Tehran
ofels 1.34 0.01 0.06
Golestan
o3 3.09 0.03 0.09
Qazvin
Jeasf 1.22 0.01 0.02
Ardabil
o2 6.30 0.05 -0.92
Qom
s ol 10.85 0.07 -0.53
South Khorasan
$y2) ol 5.37 0.04 0.11
Razavi Khorasan
s olul® 4.87 0.04 -0.08
North Khorasan
5 1.91 0.01 0.08
Alborz
A Cuund UMS 9 )')J cd‘).\jjlﬁ Lgbaot’.w\ .a)f u..\> )...» |) Oi jl as B3, p ul—““ =D o> .\_Jy da)f)lf &)9.1;‘ dl.;a)
Hbie jl gySogdlae buly b 1) 0o g o5 SO nlinl ple byly b cppogladl o o lel B g leduol (o)l sl
2 e 52 g 3l sl plogi Jlie e S e A s lk ol 2 R )le 4 )l 518 w3 g o8 S Ml b
2 558 blas plaw & Cowd oS 5 oy (olsle sla bl oo olas LS 00 g VIFY Ve /Y sl s pa bl
(Ve Josz) 29800 ol 65yl aotuns j Cunsg Jolbs Gluls 955 We o 5 G (o U cans i j90 00

83,515 cilise sWasly polul 1 023 93 58 SIS g3, pasLlE Ve Jasa
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Table 11- Correlation coefficients of ecological footprint index based on different functional units
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** and *: are significant at 1 and 5% probability levels, respectively
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