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Introduction

The lack of water resources and increase in water demand are among the effective factors in the imbalance of
the water resources in each region, and it is necessary to manage the proper use of available water resources in all
activities. Water in the agricultural sector is one of the main factors of production, which should be conveyed by
irrigation systems to the field level and made available for the plant roots. The necessity of macro-planning in
water management and consumption imposes a comprehensive study of the amount of water consumed in the
agricultural sector. Hence, this study was conducted with the objective of directly measuring and field-assessing
the applied water, water productivity, and water footprint associated with the primary crops cultivated in Markazi
Province, all managed by local farmers.

Methodology

For this purpose, 141 farms were selected in the major production areas of the main agricultural and
horticultural crops of Markazi province with the coordination of the Agricultural Jihad centers. Then, the volume
of water applied was measured without interfering in the irrigation scheduling of the users. To do so, first, the flow
rate of the water source (canal, well, aqueduct or spring) was measured with a suitable device (flume and meter)
in each of the selected farms. Then, by carefully monitoring the irrigation schedule of the farm, including the time
of each irrigation, the number of irrigation throughout the year, as well as measuring the area under crop
cultivation, the amount of water used by the crop was measured for each of the selected farms during the season.
Also, based on the measured data, the amounts of blue, green and gray water footprints were determined for each
of the examined crops. For this purpose, the blue, green and gray water footprints of different crops were calculated
using the framework provided by Hoekstra and Chapagain (2008), and Hoekstra et al., (2011).

Results and Discussion

The irrigation intervals in the studied fields varied between 3 and 15 days with an average of 8 days and the
average irrigation depth varied between 26.2 and 99 mm with an average of 67.8 mm in different crops. The results
showed that the average volume of applied water for the studied crops in Markazi province was 10782 cubic meters
per hectare. Also, the minimum and maximum amount of applied water for the evaluated crops was as follows:
barley 3783 and 7232, alfalfa 10382 and 19797, beans 8280 and 17840, watermelon 5333 and 7174, walnuts 4420
and 29600, almonds 3850 and 13932, peaches 6872 and 17727, cherries 7050 and 14645, pomegranates 7156 and
20790, and grapes 5937 and 18168 cubic meters per hectare. Furthermore, the average value of irrigation water
efficiency index and water footprint was as follows: barley 0.46 and 1642, alfalfa 0.92 and 700, bean 2924 and
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0.24, watermelon 9.37 and 117, walnut 0.1 and 6706, almonds 0.16 and 6857, peach 2.48 and 242, cherries 0.73
and 875, pomegranates 1.33 and 636, and grapes 11.2 and 322. Based on the obtained results, the average total
water footprint index was equal to 2102 cubic meters per ton. On average, the almond with a water footprint of
6857 cubic meters per ton had the highest share in allocating the water footprint in the crop production of the
province. Whereas, the lowest water footprint related to the watermelon with a water footprint of 117 cubic meters
per ton. he average values of the irrigation application efficiency index, irrigation water productivity, and water
footprint for the examined farms were 72.5%, 1.79 kg/m?, and 2,102 m3/ton, respectively. In summary, the results
indicate that the combined volume of irrigation water and beneficial rainfall in the irrigated fields within Markazi
Province surpasses the actual water demand of the crops. This underscores the substantial impact of irrigation
management on water utilization in the region.

Conclusion

On average, the total volume of irrigation water and effective rainfall in irrigated fields and gardens in Markazi
Province is more than the actual water requirement of the plant. In general, the results showed that irrigation
management has a great impact on the amount of water use in the region. Based on the obtained results, considering
that most of the farms and gardens receive water in an intermittent manner, in principle, no special attention is
paid to the need for water and even effective rainfall, and the amount of water availability has the greatest impact
on water consumption. Therefore, in order to reduce water consumption and improve water efficiency, it is
suggested to manage the delivery of water to farmers during the season and according to their crop water needs.
Also, the results of the water footprint can be used to improve water resource policies at the province level, land
use studies, cropping pattern modification, and environmental sector policies.
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£5l30 Slass 59 Job Sl Blasi Sl elsss SE G900l
J . . Number of irrigations Irrigation water salinity Average soil salinity
s oo Sy (dS/m) (dS/m) (dS/m)
Crops Number of Growth oSbe e Jils 4Sle e JHls 08k Sle JBlas
selected fields period (Day) Av. Max. Min. Av. Max. Min. Av. Max. Min.
= 26 240 8 13 4 21 4 0.8 4.2 8.1 18
Barley
A 12 365 18 32 9 111 2.7 0.52 2.53 4.49 0.85
Alfalfa
£34 16 100 22 35 18 0.53 1.03 0.3 11 193 0.48
Dry Bean
Slgiin 10 90 23 33 17 0.7 1.37 0.27 1.64 3.72 0.94
Watermelon
e 12 365 18 34 13 0.49 0.92 0.34 1.19 2.16 0.59
Walnut
L 14 365 15 27 8 0.98 3.06 0.26 177 4.19 0.66
Almond
oo 9 365 21 38 16 0.5 0.6 0.4 13 2.2 0.4
Peach
oS 14 365 22 32 11 0.54 0.92 0.28 117 192 0.74
Cherry
M 16 365 26 39 16 2.62 4.05 0.84 4.58 7.09 1.15
Pomegranate
255 12 365 12 20 6 0.57 0.98 0.42 1.56 3.27 0.45

Grape
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Table 2- Average values of precipitation, effective precipitation and crop evapotranspiration

P 35 9
Evapotranspiration (mm)
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Penman-Monteith i ) [Effective Precipitation (mm)
(Long Term Penman-Monteith National Water Precipitation (mm)
Meteorological Data) (Current Year Document
Meteorological Data) (NETWAT)
? 404 424 370 54 99
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Ly
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Dry Bean
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Peach
oS 795 841 769 148 120
Cherry
H
X 1157 1187 1265 138 84
Pomegranate
Sl
> 610 782 600 215 127
Grape
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Table 3- The results of the measurement of applied water in selected farms in Markazi Province

Sl Ol s (Sile Sl 2 Ol Gos bawgio Sl 495 Jypazee 3, 8dos (ke
Average volume of irrigation Average irrigation depth Lo Average crop yield
Japae 9 (m¥ha) 9 g (m?n) P Irrigation cycle (Day) (gon/ha’;y
Crops oSilbe Sl sl oSlbe e e 0Ske s il 0Ske Sl e
Av. Max. Min. Av. Max. Min. Av. Max. Min. Av. Max. Min.
> 5859 7232 3783 85 134.7 29.1 15 30 6 3.7 47 3.1
Barley
g 15916 19797 10382 99 188.6 58.8 8 15 5 16.76 19.67  14.25
Alfalfa
by 11980 17840 8280 545 51 46 5 6 3 2.9 4.2 1.6
Dry Bean
45‘9A3.h
6300 7174 5333 26.2 33.9 17.4 3 4 2 61.4 74.3 39.9
Watermelon
e 13290 29600 4420 78.6 124 13 8 12 4 1.52 2.14 1.16
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phl 7267 13932 3850 60.8 119.3 154 12 30 6 1.46 2.48 1.2
Almond
’Lh 11575 17727 6872 59.5 93.3 18.1 7 8 4 35.2 42.7 19.8
Peach
oS 11028 14645 7050 55.6 106.3 22.4 7 16 4 10 12 7
Cherry
M 13827 20790 7156 62 119 19 7 10 4 21 31 15
Pomegranate
c;,isl 10775 18168 5937 96.9 184.9 29.5 12 20 6 27.4 36.6 19.3
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Figure 2- Comparison of water requirement, net depth and depth of irrigation in the selected fields
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Figure 3- Changes in the volume of applied irrigation water for different crops in the province
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Figure 4- Comparison of irrigation efficiency index in the selected fields
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Figure 5- Comparison of water productivity in the selected fields
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V¥ LT — jo0 o F ojlods FY al> (S g OT 4,85 OVF

(&)

72
67
47
9 1
22 2
19.3 39 =
15
14 13
0 11 g 11
3 3.9 48 2.9 3.2 i 3

¥ Green Water Percent o ol ey
¥ Blue Water Percent T oTuwys
Grey Water Percent 5,513 ol ausye
U Blue water to Green Water Ratio je o 4y ol o conu

76
74

69

[T
[
]

(&)

140

s

E 120

B

=

=

=
I =z 100
e =

[
e 0
ﬁ Z"s 80 75
-y
%
=B
9
P 60
:
) o
3% 2
~ 5 40 349
< % 20830

2

=

w20 1 5

é 10

1.4 52 o
ﬂ —
Pe

iy
Alfalfa

Lusg!

ailgaca
Barley

5

Dry Bean Watermelon Walnut

Ig'.)lg
Almond

ol 285!
Cherry Pomegranate Grape

it
Peach

835 30 Q! )3 (El g (815 SV gazme O 51, (g1l 5 Sy oo a0 > -V JSCd
Figure 7- The percentage share of each component of the water footprint in agricultural and horticultural crops in the
Markazi Province

5 350 1 a8 Ol bl ) 5 2Bl gyt Ol ablio
Slpiiy 33,5 0 Ol (690,00 Ll el opl g S o il
Sl s ol (5)90 0 d9st 9 o B o JalS pslatony 35 00
3 b el alis 5500 Co e Juad sk )3 (sl &
dy90 ¥ gase yo 50 3 L ol g ool s )l @
5 by Jpame 4 bagrpe (ool Ol (s pres (st )y
Holpee ) ol sy il g Jpame s bgipo ko 055208
BBl bt (3)%5 9 5 SIS ¢ Jgazee 3 Slos (IS 55k
Joslizal 5 550 ()b 5 yig odlitel ¢ olionsd pyouw § 395 S yae
Sl b,y s 5l ggeme yd 2 Lials YL 3 Sles b pglao pl5))
A,J eLLo O% dbd)]ﬁm@ D9 )9];';.:,o 4 O‘BJL;O W Cuwdy
5 caiS S ool (pmaipe inlel Sl (bl s 5

D g0s 03l G lame iy (sl )18 Cunliw

(8 35 4o
il )3 Slel g g )l50 50 (©3)5 O o 4 ol L s
oboj s lel slacug sl (oylal gy 4 ity g gliste (635 5
Ol e had loil )3 o)kl @b ()l o huad (glal ) 55kl g9,
AV VAL O 4)|>)30)J}(3 Co gl 09.76 9 P ypwd ) ui é)LuO 9 4)[.6)
ool 3 olel cov Sl g glie 3 S3e i)k 5 olel &
s i gl IS ot sl s oS ly o 31 50
by Ol lalis @ )ygod Oleb g & )lhe 81 a0l 4 angi byl
9 29dsm Slog 255 She )k > g o Sl & Vgl LS o
2 olS U 0yl Ol G pan y3 1y 1l o i O 4w jiwd lsme

&bo

1. Abbasi, F., Nasseri, A., Goodarzi, M., Karimi, M., Eslami, A., Taheri, M., Uossef Gomrokchi, A., Taifeh Rezaee,
H., Khosravi, H., Mousavifazl, S.H., Firouzabadi, A.G., Baghani, J., Abbasi, N., & Akbari, M. (2020). Evaluation
of Vineyards applied water and water productivity in Iran. . Irrigation and Drainage Structures Engineering
Research, 21(80), 133-148. (In Persian). https://doi.org/10.22092/idser.2020.351803.1438

2. Abbasi, F., Sohrab, F., & Abbasi, N. (2017). Evaluation of irrigation efficiencies in Iran. Irrigation and Drainage


https://doi.org/10.22092/idser.2020.351803.1438

oY

635 30 olwl 30 (£l g (£y5 SV gaze O Gb3y 9 6Hel ©F e (2b3) (3l )Kod 9 635085

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Structures Engineering Research, 17(67), 113-128. (In Persian). https://doi.org/10.22092/aridse.2017.109617
Akbari, M. (2019). Determination of alfalfa applied water in Iran. Agricultural Research, Education and Extension
Organization, Agricultural Engineering Research Institute, Final Report of Research Project No. 58905. (In Persian)
Aligholinia, T., Rezaie, H., behmanesh, J., & Montaseri, M. (2016). Determination and evaluation of blue and green
water footprint of dominant tillage crops in Urmia Lake watershed. Journal of Water and Soil Conservation, 23(3),
337-344. (In Persian). https://doi.org/10.22069/jwfst.2016.3203

Allen, R.G., Pereira, L.S., Raes, D., & Smith, M. (1998). Crop evapotranspiration. Guidelines for computing crop
water requirement. FAO Irrig. Drain. Paper No. 56. FAO, Rome, Italy, 300 pp.

Anonymous. (1999). Report of the Ministry of Energy to the government delegation. Water sector, water and sewage,
electricity, energy and water and electricity subsidies. (In Persian)

Ashktorab, N., & Zibaei, M. (2021). Water footprint accounting of the main crops in Fars province. Agricultural
Economics Research, 13(1), 207-234. (In Persian). https://dorl.net/dor/20.1001.1.20086407.1400.13.1.10.9
Azimi Dezfuli, A.A. (2020). An introduction to agricultural water accounting by estimating crop water consumption.
Journal of Water and Sustainable Development, 6(3), 31-40. (In Persian). https://doi.org/10.22067/jwsd.v6i3.84407
Chapagain, A.K., Hoekstra, A.Y., & Savenije, H.H.G. (2006). Water saving through international trade of
agricultural products. Hydrology and Earth System Science, 10, 455-468. www.hydrol-earth-syst-
sci.net/10/455/2006/

Goodarzi, M., Abbasi, F., & Hydayatipour, A. (2021). Evaluation of irrigation water management indices in grape
production (Case study in Markazi province). Iranian Journal of Irrigation & Drainage, 14(6), 2003-2012. (In
Persian). https://dorl.net/dor/20.1001.1.20087942.2021.14.6.11.2

Hoekstra, A.Y., & Chapagain, A.K. (2008). Globalization of water: Sharing the planet’s freshwater resources.
Blackwell Publishing, Oxford, UK, 220p.

Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M., & Mekonnen, M.M. (2011). The Water Footprint Assessment
Manual: Setting the Global Standard. Earthscan, London, UK, 203p.

Karen, F., & Virginie G. (2012). Irrigation water requirement and water withdrawal by country. FAO AQUASTAT
Reports.

Mohaddanesh, A. (1995). Hydrology of Iran's surface waters, organization for the study and editing of university
humanities books. 379 pages. (In Persian)

Molden, D., Murray-Rust, H., Sakthivadivel, R., & Makin, I. (2001). A water-productivity framework for
understanding and action, Workshop on Water productivity, Wadduwa, Sri Lanka. November 12 and 13, 2001, pp.
1-18.

Naseri, A., Abbasi, F., & Akbari, M. (2017). Estimating Agricultural Water Consumption by Analyzing Water
Balance. . Irrigation and Drainage Structures Engineering Research, 18(68), 17-32. (In Persian)
https://doi.org/10.22092/aridse.2017.105338.1057

Parchami-Araghi, F., Moayeri, M., & Zeinalzadeh-Tabrizi, H. (2021). Assessment of Rapeseed Water Use and Water
Productivity across Moghan Plain, Ardabil Province, Iran. Iranian Journal of Irrigation & Drainage, 15(5), 1172-
1186. (In Persian). https://dorl.net/dor/20.1001.1.20087942.1400.15.5.15.3

Richards, L.A., (1954). Diagnosis and improvement of saline and alkali soils (No. 60). Soil and Water Conservative
Research Branch, Agricultural Research Service, US Department of Agriculture.

Salamati, N., & Abbasi, F. (2021). Assessment of water productivity of sprinkler and surface irrigation systems in
Silage maize fields (case study in Behbahan). Water and Soil Science, 31(4), 99-110. (In Persian).
https://doi.org/10.22034/ws.2021.12259

Samani, M.V. (2006). Water resources management and sustainable development. Office of Infrastructure Studies
of the Islamic Council. Report number 7374, 35 pages. (In Persian)

Shahrokhnia, M.A., Abbasi, F., Nasseri, A., Dehghanian, S.E., Eslami, A., Salamati, N., Moghbeli Damaneh, E.,
Zare Mehrani, E. (2022). Determination of applied water and water productivity of lemon orchardsin Iran. Irrigation
and Drainage Structures Engineering Research, 23(87), 1-20. (In Persian).
https://doi.org/10.22092/idser.2022.358902.1512

Shahrokhnia, M.A., Abbasi, F., Nasseri, A., Haghayeghi, A., Goodarzi, M., Farzamnia, M., Parvizi, H., Mousavi
Fazl, S.H., & Ghasemi, M.M. (2022). Measuring the volume of irrigation water and water productivity of
pomegranate orchards in Iran. Water Management in Agriculture, 9(1), 57-72. (In Persian).
https://dorl.net/dor/20.1001.1.24764531.1401.9.1.5.6

USDA. (1967). Irrigation water requirements. Tech. Release No. 21, United States Dept. of Agr., Soil Manage. 59:
67-75.

Yousefi, H., Mohammadi, A., Noorollahi, Y., & Sadatinejad, S.J. (2018). Water footprint evaluation of Tehran’s
crops and garden crops. Journal of Water and Soil Conservation, 24(6), 67-85. (In Persian).
https://doi.org/10.22069/jwsc.2017.13718.2842


https://doi.org/10.22092/aridse.2017.109617
https://doi.org/10.22069/jwfst.2016.3203
https://dorl.net/dor/20.1001.1.20086407.1400.13.1.10.9
https://doi.org/10.22067/jwsd.v6i3.84407
https://dorl.net/dor/20.1001.1.20087942.2021.14.6.11.2
https://doi.org/10.22092/aridse.2017.105338.1057
https://dorl.net/dor/20.1001.1.20087942.1400.15.5.15.3
https://doi.org/10.22034/ws.2021.12259
https://doi.org/10.22092/idser.2022.358902.1512
https://dorl.net/dor/20.1001.1.24764531.1401.9.1.5.6
https://doi.org/10.22069/jwsc.2017.13718.2842

