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This study was conducted with the aim of calculating the water footprint of
the major agricultural products of Isfahan city, Iran and determining the
optimal cultivation pattern from the perspective of water footprint and virtual
water. To conduct the research, the water requirement of major agricultural
products in Isfahan was calculated using CropWat 8 software. Then, the
average volume of water consumption, virtual water, water footprint, and
water use efficiency of these products for the statistical period 2011-2017 was
calculated. The results showed that oilseeds and legumes had the highest
water footprint. Forage plants, summer crops, and vegetables had the highest
water use efficiency and the lowest water footprint, respectively. Accordingly,
the cultivation of oilseeds in Isfahan is not recommended. In the group of
wheat grains, in the group of plants, fodder, corn, forage, in the group of
vegetables, onions, and in the group of summer vegetables, watermelon with
1815.52, 1720.5, 127949 and 2621,63 m3/ha respectively is recommended for
cultivation in Isfahan region due to having less water footprint. Due to recent
droughts and water shortages, available water resources should be used in the
best way, and crops with lower water requirements and higher yields should
be planned.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Gl ¢

Introduction

footprint is a multidimensional indicator for the

In the current situation, Iran is one of the
countries that is facing a serious problem in the
field of water. Most of the provinces of the
country are facing the problem of a sharp drop in
the level of groundwater aquifers. Therefore, in
order to be able to provide water resources in a

sustainable way in the coming years, it is
necessary to study the amount of water
consumed in different sectors. The water
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use of freshwater which is not only limited to the
direct consumption of water by the consumer or
producer but also includes the indirect use of
water. The water footprint is able to analyze the
relationship between human consumption of
fresh water and the use of water in the
manufacture of a particular type of product.
Examining the different components of water
footprint and determining the share of each of its
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components in the amount of virtual water trade
in the agricultural sector, helps to understand the
current situation and improve water resources
management in the agricultural sector, especially
in areas facing a water crisis. Therefore, in this
research, the traces of water and virtual water of
major agricultural products of Isfahan city were
studied. Based on this, agricultural products
suitable for cultivation should be introduced to
this region.

Materials and methods

The study area of Isfahan city is in Isfahan
province. This region has an ultra-cold climate
based on the Domarten climate. The study of the
annual production of the year shows that Isfahan
province is ranked seventh in terms of the annual
production of irrigated crops in the country.
Also, Isfahan province, located in the central arid
and semi-arid region, is one of the low-water
provinces of Iran that has always been affected
by the phenomenon of drought. For conducting
meteorological information research in the study
period (2011-2017) was received from the
Meteorological Organization. Information about
fertilizer consumption (nitrogen fertilizer) and
the yield of each product was obtained from
Isfahan  Jihad  Agricultural ~ Organization.
Components of the water footprint in this study
include green water footprint, blue water
footprint, gray water footprint, and white water
footprint.

Total water footprint was expressed as Eq. 1:
WF= WFgreentWepiuetWF gray+WFwhite (1)

where, WFt: total footprint, WFgreen: green
water footprint, WFblue: blue water footprint,
WHFgray: gray water footprint and WFwhite:
white water footprint. Eq. 2 was used to calculate
the volume of virtual water consumed.

VWC = CVYV—R @)

where, CWR is the water requirement of the
product (m®ha), Y is the amount of product
produced (Kg/ha) and VWC is the volume of
virtual water consumed (m3kg.ha). Eq. 3 was
used to calculate the water consumption
productivity of the products.

Y
CWP = 3)
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Results

Table 1 shows the green Water Footprint,
blue water, gray water, and white water
studied products. The water footprint in all
crops was more than the green water
footprint. Due to water shortages and
droughts in the region, available water
resources should be used properly, and
planting crops with high yields and low
water requirements should be considered.
The highest water footprint of green water
was for the sesame oil plant (281.57 m®/ton)
and the lowest was for forage corn (6.27
m3/ton). Beans have the highest water
footprint (496.21 m3/ton) among the studied
products. The higher water footprint in beans
is due to the higher white and blue water
footprint in this product. One of the reasons
for the increase in white water footprint is
low irrigation efficiency and high water
losses in these areas and poor irrigation
management.

Based on the calculation of total water
footprint, cultivation of plants in the oilseeds
group is not recommended due to having the
highest water footprint in Isfahan. In the
group of wheat grains, in the group of plants,
fodder, corn, forage, in the group of
vegetables, onions, and in the group of
summer  vegetables,  watermelon s
recommended for cultivation in the Isfahan
region due to having less water footprint.
The amount of virtual water in all the studied
products, except for the products of the
oilseeds and beans group, is less than one,
which indicates that these products are low-
consumption products. The highest amount
of virtual water used for the studied plants
belonged to plants of oilseeds and beans.
Forage plants, summer crops, and vegetables
had the highest water use efficiency and the

lowest water  footprint,  respectively.
Therefore, in order to reduce the water
footprint of agricultural products and

increase water productivity, it is necessary to
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Determining Cultivation Pattern of Crops

use measures such as irrigation, mulching,

and the use of modern irrigation systems.

Table 1 Green Water Footprint, blue water, gray water, and white water studied products

Green Water  Blue Water Gray Water ~ White Water ~ Total Water

Product type product Footprint Footprint Footprint Footprint Footprint

M3/ton

Sesame 281.57 596.07 63.82 2150.58 3092.04

Sunflower 210.58 448.11 53.24 2953.9 3665.83

Oil Seeds Canola 188.7 360.36 3329 3392.92 4274.88
Safflower 306.71 659.76 38.18 3605.17 4609.82

Cotton 207.87 497.84 379.69 3550.4 4635.8

Rice 108.58 244.03 27.1 2479.22 2858.93

Cereals Millet 181.96 542.68 30.72 1735.04 2490.4
Wheat 85.03 183.55 88.95 1457.99 1815.52

Barley 100.27 218.02 74.3 1821.67 2214.26

Beetroot 10.44 27.23 22.46 1212.6 1272.73

Fodder Corn 6.27 11.57 21.13 1681.53 1720.5

Forage plants Sorghum 7.15 15.91 16.85 1278.75 1318.66
Clover 61.65 1488.26 2.14 1708.06 1920.11

Alfalfa 40.49 101.22 1.07 2320.04 2462.82

Eggplant 22.21 47.98 3.62 3855.08 3928.89

Onion 8.05 24.4 1.09 1245.95 1279.49

Cucumber 21.18 52.35 10.42 3191.65 3275.6

vegetables Cucurbit 17.43 47.69 3.24 2988.95 3057.31

Tomato 13.96 31.39 42.9 2002.35 2090.6

Potato 10.84 31.31 49.47 2003.42 2095.04

Sugar Beet 12.41 27.57 20.33 1031.27 1091.58

summer Cantaloupe 7.50 19.05 52.48 2269.47 2348.5
crops Melon 16.67 40.96 17.4 2451.23 2526.26
Watermelon 15.18 38.34 18.71 2549.4 2621.63

Frijol Beans 236.74 491.57 26.07 4231.83 4986.21
Conclusion Isfahan region due to having less water

The results showed that the share of water
footprint for all studied crops was more than
green water footprint, which indicates the
dependence of products on irrigation water.
Oilseeds and legumes had the highest
amounts of water footprint. White water
footprint indicates irrigation management
and water loss volume. Based on the
calculation of total water footprint,
cultivation of plants in the oilseeds group is
not recommended due to having the highest
water footprint in Isfahan, Iran.

In general, wheat in the group of grains, corn
in the group of forage plants, onion in the
group of vegetables, and watermelon in the
group of summer crops, respectively, with
1815.52, 1720.5, 1279.49, and 2621.63
m3/ha is recommended for cultivation in

Environment and Water Engineering

footprint. It is also suggested that the
economic productivity of the studied
products and the export and import of virtual
water to the region being studied and
researched to evaluate the accuracy of the
results of this research.
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Table 1 Information of the studied products and effective rain

. Water Effective nitrogen .
P_rlpydpuect Product Evapo(tr:]aar;rs]g;ratlon requirement rain fertilizer (IZ@I]%(;)
(m®/ha) (mm) (Kg/ha)
Sesame 6701 6741 40 100 1800
Sunflower 6030 6084 54 105 2600
Oil Seeds Canola 5960 6120 160 200 2650
Safflower 6644 6754 110 90 1850
Cotton 7802 7860 58 225 3200
Rice 9140 9200 60 130 5500
Cereals Millet 6453 6500 47 95 3800
Wheat 6748 6850 102 200 3800
Barley 5868 5970 102 176 3200
Beetroot 6342 6500 158 250 54000
Fodder 10424 10443 19 350 58000
Ef;ﬁge Sorghum 8180 8200 20 310 55000
Clover 10538 10560 22 80 14000
Alfalfa 12388 12430 42 85 12000
Eggplant 7375 7460 85 100 18500
Onion 7571 7651 80 110 48200
Cucumber 8007 8017 10 150 21000
Vegetables Cucurbit 8638 8650 12 110 19500
Tomato 6812 6835 23 330 31600
Potato 7435 7580 145 450 35700
Sugar Beet 4266 4426 160 250 34000
s Cantaloupe 8084 8100 16 250 31000
ummer
Crops Melon 8273 8291 18 190 33000
Watermelon 8073 8091 18 200 35000
Frijol Beans 10197 10232 35 80 2800
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Table 2 Green water, blue water, gray water, and white water footprints (m*/ton) of studied crops

Crop type Crops Green Water Blue Wgter Gray Wgter White Water Total W_ater
Footprint Footprint Footprint Footprint Footprint
Sesame 281.57 596.07 63.82 2150.58 3092.04
Sunflower 210.58 448.11 53.24 2953.9 3665.83
Oil Seeds Canola 188.7 360.36 332.9 3392.92 4274.88
Safflower 306.71 659.76 38.18 3605.17 4609.82
Cotton 207.87 497.84 379.69 3550.4 4635.8
Rice 108.58 244.03 27.1 2479.22 2858.93
Cereals Millet 181.96 542.68 30.72 1735.04 2490.4
Wheat 85.03 183.55 88.95 1457.99 1815.52
Barley 100.27 218.02 74.3 1821.67 2214.26
Beetroot 10.44 27.23 22.46 1212.6 1272.73
Fodder Corn 6.27 11.57 21.13 1681.53 1720.5
Forage Plants Sorghum 7.15 15.91 16.85 1278.75 1318.66
Clover 61.65 1488.26 2.14 1708.06 1920.11
Alfalfa 40.49 101.22 1.07 2320.04 2462.82
Eggplant 22.21 47.98 3.62 3855.08 3928.89
Onion 8.05 244 1.09 1245.95 1279.49
Cucumber 21.18 52.35 10.42 3191.65 3275.6
Vegetables Cucurbit 17.43 47.69 3.24 2988.95 3057.31
Tomato 13.96 31.39 42.9 2002.35 2090.6
Potato 10.84 31.31 49.47 2003.42 2095.04
Sugar Beet 12.41 27.57 20.33 1031.27 1091.58
Summer Cantaloupe 7.5 19.05 52.48 2269.47 2348.5
Crops Melon 16.67 40.96 17.4 2451.23 2526.26
Watermelon 15.18 38.34 18.71 2549.4 2621.63
Frijol Beans 236.74 491.57 26.07 4231.83 4986.21

ol G 5 Sl mis 5 = @l Gasere 3l ez
5 oplple (Ridoutt and Pfister 2010) ool acsls
Jaame plaS ciS aS pl g SYgame anglio sl aslol
sly ol sbey g wul g pledol olil o
aSepl Jodoas () USD) wl o,y adllaes g0 DY gaze
4 odd ooy Bras ol poe> cdimolis aaw ol o,
03,51 Joged 33 w3z cnl wblie 5)sliS Lawgi s
3l 0gd oo odalive (V) US4 o aS jebjlen
by (ieS gladsle plals addlaes g0 DY gams oy
4 ladsle LS 5t Cuglia T e a5 aials |, o

saalin (pizen ol SVpame plo & s oS

‘O s

Environment and Water Engineering

obey 5l ol Bras anl g Jols a5 o)l Vs S
s_ig. uT d)aa.o JS QT » e})‘LC | w‘&)) G cwls
A.Jy 90 e s_j d)am .JJ)‘D QP w50 s_j » ‘5)5‘.&@
—.]a.:.?u SS9y aS Col Q‘)Lg 9] )'| Lg)')sLi‘S QYW
Gyae 4 IS s, 13 (Rodriguez et al. 2015) <.l

Sl g 650leS Sladg ;o of puiies e g o

u‘s.«:da.e{ojwu).]aw

Vol. 8, No. 2, 2022

[@3

\f'\ul.mgb‘\’ 0y Lo A 0,99


bshahmorady@gmail.com
Typewritten text
515


INAVd

VEY Slbesom

05,5 HlS et (ol b, ggeme dwle wluly (V)
Oledeol 5o Sl slo)y oYL (pils Jdoay é; slaaily
OBLS 09,5 )0 S IO 0g)F ;0 S9doed droy
0955 % 9 sk Sbmiew 09)5 ;o wladsle,d (gladgle
Slp S Ol Gl ooy usls Jds 4 ailgais ol o
S el polaneds 9 n drogs (ledol adbate ;3 caiS
SVgaze Olges $islaS SVgaxe plo 4 aikis

25 s Jlszee slap bl 51 5Lss 5

Sl fgy sloails 05,5 CY¥game jo Ol b, 905
,o Farzi et al. (2019) el 5 iw OVgame plo
s 4 olisle,S (65,5laS Y game ciS (oSl s
S0 il lo 0g3 Gipgh yo olisl aadl cass lis
Sy wilgais elyy ion 0 addlhes g0 OV gaste
5 Ley) S g Ol Sbo)y npeS wiBair 5 sladsle
50 clS gl g axals 1) OT bs, oo 5 i ol Sobsl
o bl 4 azg b anib cod cnlin oliile,S adlais

c 2500
c
o mWFgreen m®mWFblue ®WFgray mSUM
=]
<. 2000
)
E 1500
€
£ 1000
o
¥ 500
£ 0 scoBBs.se88s8s8s
[
- Vv - © - C > 8 c g 5 O L2 c &5 2 0 0 O c v
S EgS5 2588598565 ¢2E5852889855¢
3 3538 SE£ExsE5E°gL£2c35SESEBC 0 2L
= S g o 209 5 PO g°3538 g3y EES
= B m%c% w = & = g
2 2 - 23 g
Crops
AJJUaAd)yCJy}AWUTLde)MLM—\JS&:
Fig. 1 Comparison of the water footprint of studied products
4 mVWC
o
=
-
£ 2
[
L =d
()
=0
VO 5 © 5 C O v B > cC £ 5§ & ¥ < 2 0 03y 9 c c v
sgogs.gé’Sgos:2“‘7;%.9843*aa$%_°2%
® 5 & © B S £ e 5 2«02 §E3EB2o0 Ly
8...—_“’...—_8 E_QOJLEDU<EDDOJUOQ_L_EE&
m:u'*— o @ Qo o 35 £ c © o
S © = W S © w £ 9]
v o > =
%) o © a8 ©
e 2
Crops

Y gamo T Bran 5y50,0 5 Sl 2l dglia -V S
Fig. 2 Comparison of virtual water and water use productivity

Wil oo BrassS OVgams s> OYgame (pl oo
caslle Rouhani et al. (2008) mls L Liagh zbs
W) aeS pl 4 095 gl o S gl onl o)l
DY gaze 09,5 ;5 (Fato SYgars 5 loges dag i o5
Loyt g LS (b, glaails (e lga> 5 B pannS

iyl )18 (8 aey Y game 09,5 4o

J&A.'a.:‘) 6) u‘ju‘ 6Lé)bu| ‘-5)"4"(5)9")'@"
o 2l SBrae 6y505 G2 warge Ll (ualiEl 5 ol
Bazrafshan and Garkani Nezhad Mashizi ) sg

Environment and Water Engineering

ST & pao (530 42 9 5ile ST -Y-¥
anlllass ;g0 SVgams sl (555050 5 Silme ol polie
ol p STl ool ools ylias (V) JSKb 50 5 dulore
YV MPKG l 5ie Jpame s lp sddidmlxe (sl
5905 5o 48 Brany ¥game 03y po Jpame ol il
- BpaneS SYgame s il Y MIYKY 5l 568 3]
Slaie 58 )5 oo camline (V) JSi 51 aS jeblan (V) wily
Y game lubas adlllaes g0 SV game olod (53le ol
o QLS &5 Sl V1 S bugd g (g, sladils 09,5

wl‘;m.\.».e(e9wu).‘a.~>m

Vol. 8, No .2, 2022

&

\f‘\QLLMgU‘Yo) ‘/\c)9¢


bshahmorady@gmail.com
Typewritten text
516


OVY

‘_g)‘)jLiS QY}.a:z-.a RAY 65§J| Oy

anlllasd g0 Y game plos slp ol ol Lo, pge )
Sly 0aim5,Lis 45 3 5 s e 0 (b, 4 s
b oo 5ylel O 4 BY game

polde (5 e sl Slgs g gy, slaails el -Y
by e ldgle lalS blae jo iog ol b,
bl 1y ol GBran 65500 npobe 5 <

Vi g ol sbs) anlllassge SYgams plai gl -F
aibite ;0 65kl Gledily 5 Cupae aas o lis a5 oy

@ladgle HlalS 0,5 13 pauS S 05,5 13 IS sk
Sl sho 09,5 55 5 5k Slompew 05,5 ) csladgle s
m3ha s YYYAFL AVY-/0 AAVBIOY b s ey aslgaus
2 caS Glp paS ol b, sl Ldsa YEYV/EY
Q‘é)‘s 9 A:)‘)»)La 9 A&IUGA»))}A UY}.AJLA Lg»)LAJ‘ ($9° 54
b 0,8 518 Lok 5 (o) p0y90 3 adlaie 4 (s5lxe O

255 518 Sl 0s9e ekl s Loxo

3l el

IR- wlagy, o5 by ofisly Jbo colem b igh opf
Ll 00 plsl UOZ-GR-1837

Loold ay  ow yiawd

Ll 00 45‘)‘ e yo yo gl u)‘ S odsdl glaosls
O xewsgi p8lw oLy

Al e ol Ll b g (Sai s b aday

OB g

References

Ababai, B. and Etedali Ramazani, H. (2014).
Estimation of water footprint components in
wheat production in Iran. Water Soil, 29(6),
1458-1468 [In Persian].

Alighalnia, T., Sheibani, H., Mohammadi, A. and
Hesam, M. (2019). Comparison and
evaluation of water, green and gray water
footprints in different climates of Iran. Iran.
Water Resour. Res., 15(3), 235-245 [In
Persian]

Aligholina, T., Rezaei, H., Bahmanesh, J. and
Montasseri, J. (2017). Study of water
footprint index for dominant crops in the

Environment and Water Engineering

A5 Gliee a4z 55,5l O (650 o800 512019
YL Gpgeste Bl Sk (Brae ol Gl Jsaxe
5 @l b 3l Sl 65,0leS Vs il ol il
i Joe podil lalyl 4y a5 wiloe Jgamme 3 Slos
IF 5l asdlass e OY guaste (6590 40 e oLl Sy
@ arg b oy e cilisee SYgame slp Y/F ton/m?
ilre 2l 5 Ol B ras (55505t smsSre Al 5l
il ol YL yolas lls aS SVgame w)ls 04>
L osladsle )3 aiyls 2l ol Brae (5 90,40 s
RFge CINMIKGNA) (silme O Jlade p S
S g Lls 1) (¥ kg/miha)y T Grae s 90 0
ok g (/A Kg/miha) O Grae s 90,0 laie
Dy Sl 4 slae s (YFX mikgha) oilee O
=3,90 OLLS (sl eadidras gilme O laie (e
B9 Lol 9 (89, slaails 055 GlalS 4 bgpe asllae
PO e e Sl 5 Sl eo sladgle (ol
soonlil il 1) Ol gy (npieS 5 ©f Brae 550
5 63 SVgame Ol s, a5 cuz col o3Y
(SilelpS el Sl Sl Ol Bras (gyg00e Ll
855 o )l (g laptanms I eslinul 5 SSballe
(Chukalla et al. 2015)

& 5 ai-¥

UYML;) U‘5U‘Q5L°)6“J))Jd"'k)’“'°9)" u,»l)o
Q uuL..)l).g (LW 4.‘;_>|.>),3. QLQ.L&‘ uL““)'Pr“ dj)jw
ld 005 e ddhais jo S gl p el OY g
oy las

Lake Urmia Catchment and its relationship
with irrigation management. Soil Sci., 27(4),
37-48 [In Persian]

Bazrafshan, A., and Garkani Nezhad Mashizi, Z.
(2019). Evaluation of water consumption
efficiency and water footprint of saffron
product in Iran. Saffron Agri. Technol., 7(4),
505-519 [In Persian].

Chukalla, A. D., Krol, M. S. and Hoekstra, A. Y.
(2015). Green and blue water footprint
reduction in irrigated agriculture: effect of
irrigation techniques, irrigation strategies and

u‘s.«:da.e{ojwu).]aw

Vol. 8, No. 2, 2022

[@3

\f'\ul.mgb‘\’ o) Lo A 0,99


bshahmorady@gmail.com
Typewritten text
517


OYA

VEY Slbesom

mulching. Hydrol.
4891.

Deng, G., Ma, Y. and Li, X. (2016). Regional
water footprint evaluation and trend analysis
of China - based on interregional input—output
model. J. Clean. Prod., 112, 4682-4674.

Farzi, S., Golabi, M. R. and Radmanesh, F.
(2019). Determining the optimal cultivation
pattern based on water footprint index (Case
study: Kermanshah province). Irrig. Drain.
Iran, 39(13), 588-602 [In Persian].

Fu, Y., Zhao, J., Wang, C., Peng, W., Wang, Q.
and Zhang, C. (2018). The virtual water flow
of crops between intraregional and
interregional in mainland China. Agri. Water
Manage., 208, 204-213.

Hess, T. M., Lennard, A. T. and Daccache, A.
(2015). Comparing local and global water
scarcity information in determining the water
scarcity footprint of potato cultivation in
Great Britain. J. Clean. Prod., 87, 666-674.

Hoekstra, A. Y., Chapagain, A. K., Aldaya, M.
M. and Mekonnen, M. M. (2011). The water
footprint assessment manual: setting the
global standard. Earthscan, London, UK,
203p.

Su, M. H,, Huang, C. H., Li, W. Y., Tso, C. T.
and Lur, H. S. (2015). Water footprint
analysis of bioethanol energy crops in
Taiwan. J. Clean. Prod., 88, 132-138.

Khalili, T., Mahdisarai, T., Babazadeh, H. and
Ramezani Ettedali, H. (2020). Water
resources management of Qom Province by
using the concept of water Footprint.
Ecohydrol., 6(4), 1109-1119 [In Persian].

Lu, Y., Zhang, X., Chen, S., Shao, L. and Sun, H.
(2016). Changes in water use efficiency and
water footprint in grain production over the
past 35 years: a case study in the North China
Plain. J. Clean. Prod., 116, 71-79.

Mirzavand, M. and Imani, R. (2016).
Determining the optimal cropping pattern

Earth Syst. Sci., 19, 4877-

How to cite this paper:

based on virtual water concept and economic
profitability for water crisis prevention: A
case study of Kashan plain, Isfahan province,
Iran. Int. Bull. Water Resour. Develop., 3, 51-
59 [In Persian].

Mohammadi, A., Yousefi, H., Noorullahi, Y. and
Sadati-Nejad, S. J. (2017). Selecting the best
province in potato production through the
water footprint index. Ecohydrol., 2(4), 523-
532.

Piri, H., Mobaraki, M. (a). (2021). Investigation
of water footprint and water use efficiency of
potato, sugar beet, tomato and fodder corn
products in different climates of Iran. Water
Soil Protect., 27(6), 103-120 [In Persian].

Piri, H., Mobaraki, M. (b). (2021). Temporal and
spatial distribution of water footprint and
water use efficiency in different regions of
Iran. Iran. J. lrrig. Drain., 15(1), 164-176 [In
Persian].

Ridoutt, B. G. and Pfister, S. (2010). A revised
approach to water footprinting to make
transparent the impacts of consumption and
production on global freshwater scarcity.
Glob. Environ. Change. 20, 113-120.

Rodriguez, C. I., de Galarreta, V. R. and Kruse
E. E. (2015). Analysis of water footprint of
potato production in the Pampean region of
Argentina. Clean. Prod., 90, 91-96.

Rouhani, N., Yang, H., Amin Sichani, S,
Afyouni, M., Mousavi, F. and Kamgar
Haghighi, A. (2008). Evaluating the exchange
of food and water based on available water
resources in lran. J. Agri. Sci. Technol.,
12(46), 417-432 [In Persian].

Zahedi, M., Eshghizadeh, H. R. and Mandani, F.
(2015). Energy efficiency and productivity in
potato and sugar beet production systems in

Isfahan province. Prod. Process. Agri.
Horticul. Product.,, 5(17), 181-189 [In
Persian].

Piri, H. and Mobarki, M. (2022). Determining cultivation pattern of Isfahan agricultural crops using water
footprint and virtual water. Environ. Water Eng., 8(2), 507-518. DOI: 10.22034/JEWE.2022.307605.1637

Environment and Water Engineering

u‘s»du.e{oﬂw).'a.‘m

Vol. 8, No .2, 2022

[@w

\f’\OMUsYO) /\o)jd


bshahmorady@gmail.com
Typewritten text
518


