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Article Info ABSTRACT
Article type: Background and Objectives: More than half of the water withdrawal for
Research Full Paper agriculture in Iran is over-harvesting, which has caused huge damages to

the country's land, environment, water, food, and socio-economic security.

. . Therefore, there is an urgent need to implement water saving methods and
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Received: 07.03.2024 to adapt to water scarcity. One of these methods is changing the cropping

Revised: 07.30.2024 pattern, and it is necessary to examine its importance on a regional scale,

Accepted: 10.07.2024 such as a province. The purpose of this study was to estimate the (pure)

applied irrigation water under farmers’ conditions in Golestan province and

using the estimates to optimize the cropping pattern with the aim of

Keywords: minimizing water consumption/harvesting for agriculture. The current
Adaptation to water scarcity,  cropping pattern was optimized so that farmers’ profit remains the same
Crop modeling, and agricultural sustainability criteria were taken into account.

Cropping pattern,

Optimization Materials and Methods: The study area of the research was Golestan

province, and more than 30 agricultural plants of this province were
covered. SAWA system was used to estimate the amount of irrigation
water used in farmers' conditions. For this purpose, the entire cultivated
area of the province was divided into 10 agro-ecological zones and the
growth, yield and irrigation water of agricultural plants were estimated
under farmers’ conditions in these zones with the help of a crop simulation
model that was parameterized for the conditions of the farmers. Optimizing
the cropping pattern was done with the aim of minimizing the amount of
irrigation water applied under farmers' conditions in the entire province. In
order to optimize the cropping pattern, it was assumed that increasing or
decreasing the production of different crops will not cause any problem and
it will be solved by domestic (inter-provincial) or foreign export or import.
It was also constrained that the farmers profits in the optimized pattern
would not change and the area under cultivation of perennial plants and
legumes, which play an important role in agricultural sustainability, would
not decrease. With the exception of wheat and rice, the minimum area
under cultivation of each plant was 40% of its current area and the
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maximum was 2.5 times the current area. For wheat, the minimum
cultivated area was limited to 70% of its current area and the maximum
was 2.5 times the current area, and for rice, the minimum cultivated area
was limited to 20% of the current area and the maximum was limited to its
current area.

Results: In the current cropping pattern, wheat (40%), rice (23%),
cool-season oil crops (11%), warm-season oil crops (9%), cool-season fruit
trees (5%) and barley (3%) and vegetables (3%) have the most important
shares of the cultivated area in the province. The most important changes in
the cultivated area due to the optimization of the cropping pattern were an
increase in wheat (23% increase compared to its current area), cool-season
fruit trees (96%) and vegetables (138%) and a decrease in rice (77%),
cool-season oil crops (60%), warm-season oil crops (22%), barley (60%)
and grain maize (60%). In the current cropping pattern, the largest share of
irrigation water in the province belonged to rice (64%), wheat (12%),
warm-season oil crops (7%), cool-season fruit trees (5%) and vegetables
(3%). Optimizing the cropping pattern caused the amount of irrigation
water used in the province to decrease by 41% and reach from 1338 to 785
million m3 per year. The most important changes in the applied irrigation
water were an increase in wheat (23% increase compared to its the current
value), cool-season fruit trees (105%) and vegetables (143%) and a
decrease in rice (77%), cool-season oil crops (60%), warm-season oil crops
(19%) and grain maize (60%).

Conclusion: Optimizing cropping pattern alone could save almost two
times the reduction in water use in agriculture section of the province
intended by the Ministry of Energy. Considering that changing the
cropping pattern is not a costly option and can be done with a series of
policies and pricing, it is expected to be addressed more than before.
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Table 1. The average crop area, farmers’ actual yield and price of different crops in Golestan province based
on statistics from 2017 to 2019. The prices belong to 2022.
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Figure 1. Agro-ecological zones identified in Golestan irrigated lands that cover more than 90% of the
irrigated agricultural lands of the province.
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Table 2. Characteristics of soil, climate and weather stations in 10 agro-ecological zones identified for irrigated
lands in Golestan province.
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S S S Soil  Climate Station name
Area in AEZ (%) Area in AEZ (ha) AEZ
1.11 8502 3003KK 14 3003 Shah Kooh Bala
3.33 25441 4003KK 14 4003 Narab
3.55 27120 5002MD 14 5002 Galikesh
10 76539 5003MT 5 5003 Maravehtappeh
0.74 5678 5102SG 2 5102 Vorudi sad kosar
22.65 173251 6002KI 5 6002 Inchehborun
2.63 20086 6003AG 26 6003 Aghtoghe
14.99 114686 6102AL 5 6102 Aliabad-e-katul
33.88 259146 6102HA 8 6102 Gorgan (hashemabad)
3.53 27032 6202EG 2 6202 Gorgan
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Figure 2. Comparison of simulated versus observed (A) yield (kg/ha) and (B) applied irrigation water (m3/ha)
under farmers’ conditions for different crops in different agroecological zones of this study.
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Table 3. Classification of different crops of Golestan province in terms of their profit percentage based on
prices and production costs in 2022.

el:g J),..u
Plant Profit
4 (S e d3IS w5 s Gly Byl (e o Loy Yl 5aS
Potato, sugar-beet, onion, soybean, canola, alfalfa, oranges, cotton Less than 20%
O slsle )3 S G doys Yo B Y
Clover, wheat, silage maize, olive, barley 20-30%
S o e sl ol Aoy b Y
Cucumber, peach, rice, melon, sesame 30-40%
ey s < S Ol KT s 35 05555 QU ) ol ghils 53 53 B ¢SS pam oS l sikes Aoz b 3l e
Water melon, tomato, walnut, grain maize, fig, bean, pomegranate, chickpea, apricot, sunflower, pear, apple, pistachio >40%

iy ol QLS Gl Al 5 e
Sodglls s el Skl el Ol
Osu Jold oge Ol s 5 Lsw 5 a4y (gladsle
Wladka e Ol deo— (G w5 il U
oo LOT el g Ll ol o S SalS ()
ol ol s 55 CaSlojze Tene b faes
5 olS e s e Jold g Ol ys 5 ks
Fota Ol jalt Gl Of e & SLS (8)
= Jels bis oS ol LS 3 CaSe e Ve e
2 0l sl 53 bl O e &S il
A sl S s xS 2o VeV el o
Slr pals bl Ol a6 558 0l L
DS s lamlis Sl 8 S s il LS
OLS ol 558 Hsad WL o )l 1, S
Gl O e 5 Wl S Okl 3 pa LS
£ el a8 5 anlie 5540 LOT Lalls
oS gl 53 elS a el bl O e
ol Loagd s s e OLES 1) Wpd e iSOl

i o lie LB Las sl

Vo

Ll gly pa ol OF e 5,40,
Sl sl bl 55505 51 (140 g0 1015, 5L28
O5aslaS Jal s 5 feily Lalys s el ool
o ol il ps il glaag 5o C,L'f Sl
USSP PR WINPT Oy A i S
odalie das o a4l bl < OalS aen gl
$o,8 uT = Olosles Lyl by a8 558 e
Al s Wil Jeily Bl 5l SeS all
L 0lslaS dal i ol Lasysl 5 5l eslizal el
e e Ol ls Ry bl e
= Sl 3551 s Sle st S
Gl by Olslas Ll s el g8 O
om0yl pslie das e 0L il OlaLS
300 Glupe 03,8 £ & Ol |y 2,08
Sl a8 SLS (V) il 5 3lse Juls oS
3 S Yo 5l s Lol palls ool
Jo o5l o3 OLLS lols Toes ol s
Slrosee 3wty 5 I35 s 1S G S
o Lol LAl Ll Of e 8 SlalS ()
Jols ol s 5 caSeze g b Yeun



VY€€ ) b)w &Y 5592 chﬂ.&sh‘ai cbls 6“0‘“‘“9)"

54°00"E 55°0'0"E 56°0'0"E
z z
= =)
=1 =l
) )
o o
z z
5 (a) -
1 . S
t Potential CIRGW |5
(mm)
<100
100 - 150
I 150 - 200
. . > 200
54°0'0"E 55°0'0"E 56°0'0"E
54°0'0"E 55°00"E 56°00"E
2 7
e =)
= | =]
) )
o o
z z
s (b) s
= S
L Farmers CIRGW| | >
(mm)
<100
100 - 150
20 K B 150- 200
| ; + } + + | Il > 200
54°00"E 55°00"E 56°00"E

() Joily oyl 15 53 p 8 (51 SAWA Slobu Jaun 5 (o o) Sl (5l OF pom 5,51 ¥ IS5
() Ol3,5la8 Lyl 15

Figure 3. Estimation of the volume of applied irrigation water (n*/ha) by the SAWA system for wheat in
potential conditions (a) and farmers' conditions (b).
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Figure 4. The volume of applied irrigation water (m’ / ha) Estimated by the SAWA system for the
conditions of farmers. The crops marked with an asterisk do not have a significant cultivated area
in the Golestan province. Please note that the estimates are not comparable for crops as sowing areas
of crops in the province are not identical.
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Figure 5. Crop area (ha) in the current and optimized cropping patterns.
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Figure 6. Applied irrigation water (million m® per year) in the current and optimized cropping patterns.
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Figure 7. Farmers profit in the current and optimized cropping patterns.
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