d

Journal of Saffron Research (semi-annual)

Vol. 12, No. 2, Fall & Winter, 2024-2025 *

p. 302-313 v.!
http://dx.doi.org/10.22077/jsr.2025.8455.1248 University of Birjand
Original Article

Studying the Economic Water Footprint of Saffron Crop in the Climate of
Torbat Heydariyeh County

Yahya Choopan'’, Abbas Khashei Siuki?, Mohsen Zangane®
1- PhD in Irrigation and Drainage, Researcher of Saffron Institute;University of Torbat-e
Heydarieh, Torbat Heydarieh, Iran.
2- Professor, Water Science and Engineering Department of Birjand University and President
of Torbat Heydarieh University, Torbat Heydarieh, Iran.
3- Assistant Professor, Economics Department of Ahl al-Bayt International University (AS),
Tehran, Iran.

*Corresponding author Email: yahyachoopan68@gmail.com

Received 19 November 2024; Accepted 21 February 2025
Expanded Abstract

Introduction: Water resources in the world are limited, and due to the increase in
population and food demand, water consumption for agricultural production will also
increase. In our country, due to limited water resources on the one hand and low irrigation
efficiency and wastage of a large part of water resources on the other hand, the problem
is twofold. Each product in the production chain has a specific temporal and spatial
process. This chain has a local to global scope in which water is consumed and
disappears. In the meantime, saffron is one of the most important products of the
agricultural sector of Iran in arid and semi-arid regions, which is of great importance for
earning foreign exchange in order to realize development programs aimed at increasing
non-oil exports, and calculating the rial value of its water consumption in the production
chain is important.

Materials and Methods: Torbat Heydarieh city is located at 59 degrees 12 minutes east
longitude and 34 degrees 17 minutes north latitude at an altitude of 1333 meters above
sea level. In this study, the water footprint in saffron production and the comparison of
the cost price of saffron based on the amounts of green, blue and gray water in three
important production areas, including Rokh Plain of Torbat Heydariyeh County R1,
Zaveh Plain R2 and Central Plain of Torbat Heydariyeh R3, were calculated based on
field data. The performance of the parameters (saffron yield, saffron water requirement,
amount of unconventional water used in field irrigation, amount of water consumed from
wells, amount of atmospheric precipitation, evapotranspiration, effective precipitation)
that were involved in the research were calculated and collected using statistics from the
Agricultural Jihad Organization, meteorological station data, farmers' information, and
the country's plant water requirement system. The studied farms had a crop density (9 to
10 tons per hectare), farm age (3 to 4 years), and average farm cultivation area (1 to 10
hectares). Statistical analysis of the data was done using DSTAT software and graphs
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were drawn using EXCEL software. Also, comparison of means was done using
Duncan's test at the level of 5 percent probability.

Results and Discussion: The saffron yield (dry stigma) in R1, R2 and R3 regions was
5.7, 3.35 and 4.1 kg per hectare respectively, and significant differences were observed
between different regions. The results of this study showed that there was no significant

effect on the amount of water in the studied regions, but a significant difference was
observed in the statistical results of green water and gray water between different regions,
such that the highest amount for green water (26%) and the lowest amount for gray water
(0%) was observed in R1 region. According to the results of saffron yield in R1, R2 and

R3 regions, which are 5.7, 3.35 and 1.4 kg/ha respectively and the amount of water
requirement in these regions, which is recorded as 280, 340 and 300 mm/day respectively
according to field data, water use efficiency values with significant differences were
observed between the regions.

Conclusion: Among the Rokh Plain regions, with a value of 5.7 kg/ha, due to more
favorable climatic conditions, sufficient water and suitable seasonal rainfall and different
planting management, higher yield has been shown than in other research regions. The
highest value for green water (26%) and the lowest value for gray water (0%) was
observed in R1 region.Water use efficiency values were observed with significant

differences between the regions. The highest water use efficiency was observed in the R1
region with 2 gr/m? according to the results.
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Fig 2. Saffron performance in the study areas
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[IBLUE

2.5

15

[EnY

b b
a a
o
b
0.5
i :
0 —
R3 R2 R1

GREEN EIGRAY

allao 5590 blio 50 ol § b pao ST ST, F JSid
Fig 4. Saffron performance in the study areas

el ooy ol RL dilaie o a2 BB e
5o adllae 3550 3blie j3 Glhie Brae ol 2L
JRUUPS SRV WV P P VS IR RO PR WY B
45)')5% Q\/yw A.Jy g u_.»—\ )'| ool ‘5{—‘)5
ol Brae oI5 0blb (o ol Bpas S5 a3l
O (GhL 4 oo &l o Slee) (golaz8l o Slos Cod
4 ez boo)S oo hyyai olS (oaBly 35 g S

it S50 b TS mal38l g ades al58l

ST by obaidl 35,
bl ;o s sady Joame sl 4 0ol Bras
Cowds Yo V-V 5 VOA £ s 4 R35R2 «R1

e L5 Bblie o | (6o s 4 el ol
5 st 2l Ol pBS 4 azg LR dihis 5 aeo

olie) bran F Tl
R35R2 R1 Gblis 1o ol yae) o, Shos mls & azgi L
5 ol LS 10 0 S5LS FIY 5 ¥IFD IV aS (o 5 4y
YE YA S5 abas Gble ool o o 5L lade
0995,5 Cad Glage oMbl 5ol 59, )0 yrarlea Yo v
Sl g slo gl L Ol Brae TS polie ol
Ly wR2 §R1 blis ;0 O Gyae o115 &l
it eanlive @l b waSeyie 1 p)S V) 5 ¥
e 1o oged Sgng 45 WaS (oo (LS b (o) p
5 ot ol Llyd Sl la Jlo o S O
Ol el ad coslio sla 3L g (SIS Ol o4
sla g, 005 el sl O Bpas o5 polie
425 bl oyl 5 b 5,lef alox I 55kl wax

‘) UT d)..m GJT)lS e yio 4O Lg)Lu] w).sduc Sgapn A



YV e S Ol g 0Bl 55 Ol e 5 I gamme DT (bl gl 35 (o) 2 20180 5 0L 52

2 s 5 § S Ol ol Ol e ST s alor
2 (VAFY A Gloj oj90 (b lae; Jgame
o5 ols Lt T gl a5 aizs sy e 5 oilil prba
4 S g s ol G Ol (5l e
b, s 45 bl 5l sl aoys £ 5 Fo L FYLNY
anie (iS5 QLS (Bras i i
el 6lsy g o)b Gl Sl Gzl i o (et
w500 Yl (998 (s & az g b 5S>
09 oo Jols ) ez BB aie o] 4 s
s Jozie gilme ol lizl oo o |y anse o ey
Dol

Jds g 03l cnl yo plides (98 Ced 4 az g L
Wl go Dglate Gl sliaS G po olyae ) CudS A
S Glgie o (Yo Ve r) lawgio Cond andllas ol jo
205 oo bl Slewlrs o Jb, (53]

9 el oo Jolis 1y (6,565 diip ol jieS Cuod
Oyl Dlade s e 4y 5 00 i Koo bl
o oaplin (gl gie (Ml L (Brae OT L)
Jode Yo VYF S Ol g Yo jho e o
Sleslo s Glyie sly Bras o goladdl ;)
ibaie 15,5028 51 Slage Sledbl) Cosl oays 5 Ll
53 adllas 9590 Bblie )3 plide; (b ) (Y Jguxr
oo Sladllas 3 slo Jlo b ol ool & S5
<l golatdl 555 0500 5 4oy (i 9 seail Som L
oo planil 4y Gler Wi Ll g ol nl ) (55,9088
SgeeS a3 Sy Ll 4 el sla sy a5 coul
ol o0l JL..IQ ‘_g)...m.u w.o..&'b‘ L: 69..09.43 U"‘ s_j (’:bL..n
Bazrafshan & Gerkani Nezhad Moshizi, )
ol sboy @lizl w5 eSle ooy 42 (2019

OFY (220598 GIFY poge) a8lo aw (Jloj o3l 50 plyhe s w5 Cword Y Jgur
Table 2. The purchase price of saffron in the period of three months

(3Y5) (29kS odos Cuad

Wholesale price per kilo (Dollar)

Jyaze ol
Product Name

210 ey 55 g e
first grade super negin saffron
200 Se a2 (S5 lyde
first class negin saffron
192 S > S i
first grade Sargol saffron
BLUE HGREEN GRAY
100

(&)

o a

3 80

=F 60 b

St

oo 40 ¢

==

C =

>8 20

€ E b a a c a

=} 0

c

8 R3 R2 R1

L

study areas

axlllan 090 bl yo oyl yae ) gobaidl o3, & S
Fig 5. Economic value Saffron (doller /cubic meter of water) in the study areas



\F¥ Qb—wﬁ)}ﬂlﬁ Y a)u AY -\.1>-LQ‘J.L9) LSLAJ:‘A}}L A{'JJ»“\Y

ol plie 5 pudies (5 kol yige o)le 4 asb o R1
Ol 4 S | Srtepe G (o)) g (Pl
el 03,5 iyl sblis oyl 40 Y gamme ol odgi (sl
Soldgre slasglas b ol Gras ‘59.7)[5 polie Y
ol Gpae o5 (i iod sanlin Gble
sanlive mls gub caSoyio a5 ¥ LRI aihis
Coodd g i 2l @l pBd 44z L RY adhs, -F
sl ol ey o g, Ys 58 anie ol S
Jolo 1) glhies oody Jpame @l 4 ool Byas
st ol caSo o 12 (Y0 (355 prizpes el 0
slaogli b plie) oy Jpame sl 4 0ad B8 pas

Ao odalive gblie o (5)l0 gxe

Aligholinia, T. Rezaie, H. Bahmanesh, J. and
Montaseri M.  (2015),  Sustainable
management of water resources in order to
maximize water extraction with a water
footprint approach. Master's thesis, Faculty
of Agriculture, Urmia University (In
Persian).

Babazadeh, H., & Saraeetabrizi, M. (2013).
Calibration of SWAP Model for Simulating
Crop Yield, Biological Yield and Soybean
Water Use Efficiency. Irrigation Sciences
and Engineering, 35(4), 83-
96. 20.1001.1.25885952.1391.35.4.9.9

Bazarafshan, O., and Gerkani Nejadhmashizi, Z.
(2018). Evaluation of water consumption
efficiency and water footprint in saffron
product in Iran. Saffron Agriculture and
Technology, 7(4). 505-519.
20.1001.1.23831529.1398.7.4.6.5

Bazrafshan, O., and Gerkani Nezhad Moshizi, Z.
(2019). Assessment of Water Use Efficiency
and Water Footprint of Saffron Production in
Iran. Saffron agronomy and technology,
7(4), pp.505-519. (In Persian).
https://doi.org/10.22048/jsat.2019.141824.1
311

Bazrafshan, O., Etedali, H. R., Moshizi, Z. G. N ,.
&Shamili, M. (2019). Virtual water trade
and water footprint accounting of Saffron
production in Iran. Agricultural water
management, 213, 368-374.
https://doi.org/10.1016/j.agwat.2018.10.034

Chen, G. Q., & Han, M. Y. (2015). Virtual land
use change in China 2002-2010: internal
transition and trade imbalance. Land Use
Policy, 47, 55-65.

O3l eohie; Jpame Of gl 0551 4y ol axlllae
e ailate a0 ol gilme ST (Do 5 ool
RL a0 oy plwpd ) oo Jolo guddys
R3 ajom coy 5 b 5 R2 ol et

] 00l i lo
2 eSS O lade b 2, ol bl o yo -)
S T s oslhe canldl Lyl 5 s 4 LS
Sl ools las (6 5Y0 o Slee Guizs Ko bl
ol ednlie R1 ddlaia ;o (+7) Sl Ol &lp
aibie byl i O s R3 dikie Gl p uzen

&bw

FAQ. (2019). Food and Agriculture Organization
of the United Nations.Available at
www.fao.org.

Gerkanejad Mashizi, Z, Bazarafshan, O,
Ramadani, H, Esmailpour, Y, & Collins.
(2022). Investigating the effect of past
climate change on the water footprint of
saffron in homogeneous agroclimatic areas
of Khorasan. Journal of Saffron Research,
10(2), 295-311. doi:
10.22077/jsr.2022.5742.1199

Gorgin paveh, F. Ramzani etedal, H. and Ababaie,
B. (2016), Estimating the gray water
footprint in important cereal producing
countries in provincial and national scale.
The Second National Congress of Irrigation
and Drainage of Iran, Isfahan University of
Technology (In Persian) doi:10.1088/1755-
1315/1215/1/012053

Han, M., Dunford, M., Chen, G., Liu, W, Li, Y.,
& Liu, S. (2017). Global water transfers
embodied in Mainland China’s foreign trade:
production-and consumption-based
perspectives. Journal of Cleaner Production,
161,188-199.
https://doi.org/10.1016/j.jclepro.2017.05.02
4

Hoekstra, A. Y., Chapagain, A. K., Aldaya, M.
M & ,.Mekonnen, M. M. (2011). The water
footprint assessment manual: Setting the
global standard. Routledge.

Hoekstra, A.Y., and Hung, P.Q. (2002). Virtual
water trade: A quantification of virtual water
flows between nations in relation to
international crop trade. Value if the Water
Research Report Series. No. 11, UNESCO-
IHE, Delft.


https://dorl.net/dor/20.1001.1.25885952.1391.35.4.9.9
https://dor.isc.ac/dor/20.1001.1.23831529.1398.7.4.6.5
https://doi.org/10.22048/jsat.2019.141824.1311
https://doi.org/10.22048/jsat.2019.141824.1311
https://doi.org/10.1016/j.agwat.2018.10.034
http://www.fao.org/
https://doi.org/10.1016/j.jclepro.2017.05.024
https://doi.org/10.1016/j.jclepro.2017.05.024

VIV e S Ol g 0l 55 Ol e 5 I gamme DT (bl gl 35 (o) 2 20180 5 0L 52

Iran's water resources reports. (2014). Iran Water
Resources Management Company:
WWW.Wrm.ir

Karimi, Alireza and Soltanian, Ardeshir and
Karimi., Mehbobeh and Babaei, Saideh,
(2014). evaluation of water price with regard
to environmental economics, national survey
of optimal water consumption in industry,
challenges and solutions, Isfahan.

Kohansal, Mohammad Reza, Hendizadeh,
Hengameh and Sahabi, Hossein. (2021).
Investigating the factors affecting the growth
of Iranian saffron trade with emphasis on the
role of trade sanctions. Journal of Saffron
Research, 9(2), 322-310. doi:
10.22077/jsr.2021.3837.1145.

Koocheki, A., Karbasi, A., & Seyyedi, M. (2017).
'Some reasons for saffron yield loss over the
last 30 years period 1114 (Review Article)".
Saffron Agronomy and Technology, 5(2),
107-122. (In Persian).
https://doi.org/10.22048/jsat.2016.38669

Lovarelli, D. Bacenetti, J. and Fiala, M. (2017),
Water Footprint of crop productions: A
review. Science of the Total Environment.
548: 236-251.

Modi, Mahdieh. (2024). Study and prediction of
economic factors affecting saffron exports
with emphasis on its branding. Journal of
Saffron Research,. doi:
10.22077/jsr.2025.8537.1259.

Mohammadzadeh, S.H., Karbasi, A. and
Mohammadi, H. (2023). Estimation of
saffron export development index and
factors affecting it, a case study: Khorasan
Razavi, Saffron Agriculture and Technology,
11(1):116-99.
doi.org/10.22048/jsat.2023.371104.1476

Mosaferi, Z., 2001. The effect of different
irrigation regimes on saffron yield. Master
Thesis in Irrigation and Drainage. Faculty of
Agriculture, Ferdowsi University, Mashhad,
Iran. [in Persian].

Naghavi, Somayeh and Bani Asadi, Neda. (2023).
Evaluation and comparison of water
footprint index of crops in Khorasan Razavi,
Kerman and Isfahan provinces. Iranian
Journal  of Irrigation and  Water
Engineering,  14(1), 232-246.  doi:
10.22125/iwe.2023.413388.1741.

Naseri, Mehbobeh, & Abbasian, Abbas. (2021).
Investigating the relationship between
cultivation area and saffron yield in Kadkan
district of Torbat Heydarieh. Horticultural

COPYRIGHTS

Sciences, 35(4), 549-560. doi:
10.22067/jhs.2021.61942.0

Qiang, W., Liu, A,, Cheng, S., Kastner, T& ,. Xie,
G. (2013). Agricultural trade and virtual land
use: The case of China's crop trade. Land Use
Policy, 33, 141- 150.
doi.org/10.1016/j.landusepol.2012.12.017

Qiang, W., Niu, S., Liu, A, Kastner, T., Bie, Q.,
Wang, X., & Cheng, S. (2020). Trends in
global virtual land trade in relation to
agricultural products. Land Use Policy, 92,
104439.

Rully, M. C., Saviori, A., & Odorico, P. (2013).
Global land and water grabbing.
Proceedings of the National Academy of
Sciences, 110(3), 892-897.

Shamsabadi, Vahid and Mohammadian Far,
Afsana and Abdi, Saeed, (2014).
investigation of  water  consumption
efficiency in saffron crop (case study of
Bakharz city), the first national conference
on agricultural  management  using
agricultural pattern, Hamedan.

Temperini, O., Rea, R., Temperini, A, Colla, G,
Rouphael, Y., (2009). Evaluation of saffron
(Crocus sativus L.) production in Italy:
effects of the age of saffron fields and plant
density. Journal of Food, Agriculture &
Environment. 7(1), 19-23.

Vanham, D. (2013). An assessment of the virtual
water balance for agricultural products in EU
river basins. Water Resources and Industry,
1-2, 49-59.

Wurtenberger, L., Koellner, T., & Binder, C. R.
(2006). Virtual land use and agricultural
trade: Estimating environmental and socio-
economic impacts. Ecological Economics,

57(4), 679-697.
https://doi.org/10.1016/j.ecolecon.2005.06.0
04

Yarami, N., Kamgar-Haghighi, A.A., Sepaskhah,
AR., Zand-Parsa, S., (2011). Determination
of the potential evapotranspiration and crop
coefficient for saffron using a water-balance
lysimeter. Archives of Agronomy and Soil
Science. 57(7), 727-740.
doi.org/10.1080/03650340.2010.485985

Yousefi, Maryam and Khashai Seyuki, Abbas,
(2014). comparison and investigation of
water value and virtual water amount of two
export products, pistachio and saffron (case
study: Khor and Biyabank cities), National
conference on optimal water use in industry,
challenges and solutions, Isfahan

© 2024- 2025 by the authors. Published by University of Birjand — Saffron Research Group. This article
is an open access article distributed under the terms and conditions of the Creative Commons
Attribution 4.0 International (CC BY 4.0) (https://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.22048/jsat.2023.371104.1476
https://doi.org/10.1016/j.landusepol.2012.12.017
https://doi.org/10.1016/j.ecolecon.2005.06.004
https://doi.org/10.1016/j.ecolecon.2005.06.004

