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Article Info ABSTRACT
Article type: Background and Objective: water over-withdrawal in Iran is like a
Research Full Paper cancer that has taken root in the country's nature and is making its

conditions difficult every day. Therefore, planning and effective
measures must be taken at the country level to reduce this over-
withdrawal. For this purpose, in the present study, it was assumed that
withdrawal water for agriculture in the country would decrease from
86 billion m’ per year to 62 billion m’® per year (the allocable volume
of water for agriculture as announced by the Ministry of Energy).
Then, using linear programming, the current cropping pattern was
optimized with the aim of maximizing farmers' income.

Article history: Materials and Methods: In this study, information on the cultivated
izzzl‘ieii %(0)32;; 6 area, yield per unit area, price and production cost (2013-2017) of more
pred - than 30 important plant species was collected separately for each
province of the country. To estimate the irrigation water volumes
under farmers’ conditions, a crop simulation model (SSM-iCrop2) was
used, which has been tested and set up to simulate the growth, yield
and field water balance for more than 30 plant species throughout the
country. The economic mathematical programming model was solved

using LINGO software.

Keywords:
Agriculture
Adaptation to water

Results: The results showed that reducing water withdrawal from 86
to 62 billion m’ per year without changing the cropping pattern would

scarcity cause the country's irrigated area to decrease by 29 percent (from 8,409
Cropping pattern to 5,949 thousand hectares) and farmers' income would also decrease
Farmers’ income by 30 percent (from 173 to 121 thousand billion rials). However, the

Linear programming optimization of the cropping pattern resulted in an 18% reduction in

the cultivated area (from 8,409 to 6,907 thousand hectares) and an
increase in farmers' income by 9% (from 173 to 190 thousand billion
rials); that is, while water withdrawal decreased by 28%, farmers'
income not only did not decrease but also increased with the
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optimization of the cropping pattern. The optimized cropping pattern
also created significant savings in fertilizer and energy consumption,
which is of great importance in conditions of limited energy resources.
The most important changes in the optimized cropping pattern were
the increase in the cultivated area and production of potato and summer
vegetables (104 and 76 percent more than the country's needs,
respectively) that must be exported, and the decrease in the cultivated
area, production, and consequently increased dependence on imports
in sugar-beet, barley, silage corn, and alfalfa. In the optimized
cropping pattern, high dependency (more than 50%) to import of
oilseeds, grain corn, and meal will continue as in the current conditions
(current cropping pattern).

Conclusion: Optimization of the cropping pattern makes it possible to
reduce water withdrawal to the level that the Ministry of Energy
without reducing farmers' income. However, there will still be some
reduction in the area under irrigated cultivation and, as a result, a
decrease in the self-sufficiency of some crops. Thus, the expectations
of the country's crop production capacity must be rationalized and
reduced.

Cite this article: Soltani, A., Mirkarimi, Sh., Joolaie, R., Eshraghi, F., Mirzaei, A.R. 2025. Adaptation
to water scarcity in the country's crop production through cropping pattern optimization.
Crop Production Journal, 17 (4), 125-148.
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Figure 1. Distribution of irrigated lands in 31 provinces of the country.
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Figure 2. The plan used to optimize the cultivation pattern for each province of the country.
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Figure 3. Percentage changes in production, economic and social indicators under conditions of reducing
water withdrawal from the current amount (86 billion cubic meters per year) to a allocable amount (62
billion cubic meters per year) if the current cultivation pattern (ratio of cultivated area of each plant to the
total irrigated area in each province) does not change and remains constant. For allocable water conditions,
the numbers in parentheses indicate the values, and the numbers outside the parentheses indicate the
percentage change from current conditions.
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Table 1. Change in the area under cultivation of important crops in the country in an optimized cropping
pattern under conditions where water withdrawal for agriculture is reduced to the allocable withdrawal
amount (62 billion cubic meters per year) announced by the Ministry of Energy. The criterion is to compare
the current area under cultivation and the current water withdrawal (86 billion cubic meters per year).
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Figure 4. The rate of change in the country's irrigated area under current conditions (withdrawal water of 86 billion
cubic meters per year and current cultivation pattern) and in conditions where water withdrawal has been reduced to a
allocable level (62 billion cubic meters per year) and the pattern has not changed (current 62) or has been optimized to

maximize farmers' income (optimal 62).
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Figure 5. The ratio of the total cultivated area of the province in the optimized cropping pattern for the
conditions of allocable water withdrawal (62 billion cubic meters per year) to the total cultivated area of
the province in the current conditions (water withdrawal and current cropping pattern). The number one

means no change in the total cultivated area.
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Figure 6. Economic returns from plant production in irrigated agriculture for conditions of water withdrawal
at a allocable level (62 billion cubic meters per year) with optimized cropping pattern (optimum 62)
compared to current conditions (current 86: water withdrawal of 86 billion cubic meters per year with

current cropping pattern) and also conditions where water withdrawal is reduced to a allocable level but the
current cropping pattern is used (current 62).

42°28'55"[ 47°54'30°F 53°20'5"k 58°45'40°1

38°31'40°N
38°31'40"N

A Caspian sea
< v
. _
M2 I\
A A - A
v
N e 4
A Y A
’ A a -’
4 a e
o A ]
A
(9153) yusi a2y o
A 0-10(6) : A
A 11-220(8) ‘S A A
A 213022
\ A
A 314005 \ A
L 213001 ERPY .
slw n-2002) RENa PRl \ s
2l v 0--1000) (8
“lo 125 250 500 “
| — — T

129285571 17°5430°} 53°20'5°] 58°45'40°

2% xS e 5,5l NY) (65,40 U O il Jasl 3 ol 08 Cilises Glalliwl 5 (g3laml e33l 53 Dl i -V Js—s
SalS gokasilil je f tdie (LSS S R 5 ol cdls ) ad Ll b 4 o S (6581 (65w b ol jor (s
23 Bl Jabs slasl . Ko s g i lde 5855 cdis ol galaBl ges3l LRl gedmalis ) e 5 glaazil o33l

s o OLE 1) 0dd jasede (el )3 mdd o3l 5 Okl sl 3 ail slasal,
Figure 7. Changes in economic returns in different provinces of the country for the conditions of allocable
water withdrawal (62 billion cubic meters per year) along with the optimization of the cropping pattern
compared to the current conditions (water withdrawal and current cropping pattern). The red triangle

indicates a decrease in economic returns and the blue triangle indicates an increase in economic returns.
The larger the triangle, the greater the amount and vice versa. The numbers in parentheses in the map guide

indicate the frequency of provinces within the specified income change range.
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Figure 8. The rate of change in the country's crop production in irrigated agriculture under current
conditions (current 86: withdrawal water of 86 billion cubic meters per year and current cultivation pattern)

and under conditions where withdrawal water has been reduced to a allocable level (62 billion cubic meters
per year) and the pattern has not changed (current 62) or has been optimized to maximize farmers' income

(optimal 62).
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Table 2. Self-sufficiency and import dependence (in percentage) in the country for the conditions of

allocable water withdrawal (62 billion cubic meters per year) along with the optimization of the cultivation
pattern (optimum 62) compared to the current conditions (current 86: water withdrawal and current

cultivation pattern).
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Table 3. Some indicators related to fertilizer and energy consumption and greenhouse gas emissions for
current conditions (water withdrawal 86 with current cropping pattern) and the percentage change in them
for conditions where water withdrawal has been reduced to a allocable level and cropping pattern
optimization has been carried out. Calculations have been performed with the help of the SEA system (3).
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Appendix Table 1. Plants covered by this study, along with the area under cultivation and the number of
provinces in which each plant is cultivated (Data source: Ministry of Agricultural Jihad)
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Appendix Table 2. Plannable water quantities for agriculture in different provinces of the country from

surface and groundwater sources based on the Ministry of Energy notification in million cubic meters per
year (data source: Ministry of Energy). Some minor differences in the sum of numbers are due to rounding.
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