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Introduction

Designing and implementing a suitable cropping pattern is necessary not only to encounter
with drought and water shortage, but also to control as much as possible the limiting factors and
the optimal exploitation of existing facilities, which is needed in many countries of the world.
Iran, as a developing country, can deal with problems and limitations more easily with this
important action. Advantages of cultivating can include such as protecting the base resources,
increasing the productivity of production factors, optimizing the pattern of consumption,
protecting production base sources such as water and soil for the future, protecting the production
resources, optimal water consumption in line with optimum cultivar, sustainability of production
according to the country's climate, and reduction of adverse effects of drought. Moneam et al.
(2007) used the optimization method (genetic algorithm) for optimizing water distribution in the
BP14 channel from Foumanat irrigation network. Nakhaei et al. (2016) studied the typical
cropping pattern in Birjand plain and eight common crop patterns in other plains of Khorasan as a
base cropping pattern. In this research, the multi-criteria decision-making process of the
hierarchical analysis process and The Lingo Programming Model has been used to determine the
best crop pattern. In both models, economic and social measures are used to maximize net
income, employment and labor, and minimize the consumption of water, costs, and the amount of
virtual exports. Mathuret al. (2009), using the genetic algorithm, presented the optimal water
distribution program in China's Fengjia channel and compared their results with the Wang model.
The operating time in both methods was 336 hours and the maximum channel capacity was 1.8
cubic meters per second. Annepu et al. (2011) used a genetic algorithm model in land allocation
in a region in India under the trilogy strategies, and compared the amount of land allocated in
each strategy. Reviewing the reports of irrigation and drainage network of Golestan dam showed
that the current crop pattern is not optimal and the sources of production have not been used
efficiently. Therefore, the objective of this research was to maximize the net profit of farmers
using genetic algorithms to determine the optimal crop pattern in Golestan dam irrigation and
drainage network.

Methodology
Utilization of Golestan irrigation and drainage network is carried out by four rural production
cooperatives. This irrigation network has been exploited separately by 4 rural production
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cooperatives company. For this reason, the cropping pattern has been set for each cooperative
separately in fall and summer cultures. The required data and information including the current
cropping pattern, the sales price and the cost of production, sources of water supply,
meteorological, and etc. has been obtained through agriculture, regional water and meteorological
organization. CROPWAT software has been used to calculate the water requirement to product
by FAO Penman-Monteith equation. The genetic algorithm has been employed in order to
optimize the allocation of water and land. The objective function is presented in 1 equation.

maxh =

Tyl —C) (1)

In this equation, n: total number of products, B: net income (Benefit): actual yield of each
product (kg per square meter), A: the crop area for each product (m2), P: Crop price per kilogram
product Rials), C: Production Cost per kilogram product (Rials). Crops grown in the region
include wheat, barley and rapeseed in winter and corn, soybeans, sunflower, and watermelon for
summer. Finally, the objective function is maximized with subject to available water and land
constraint.

Results and Discussion

The tables (1) and (2) represent proposed cropping pattern for each cooperative individually in
autumn and summer. According to Table 1, the model used the total cultivated area of each
cooperative in the autumn and the largest area was allocated to rapeseed, accounting for 95% of
the total area for each cooperative. Because of good rainfall and sufficient water, all land area of
each cooperative would be cultivated in fall and around 38% remaining excess water would be
stored in dam reservoirs. But in summer according to table 2, the model is taken an average 34%
of each cooperative area to cultivate because of increasing evaporation and decreasing rainfall.
Therefore, the rest of the land should be cultivated in rainfed form.

Table 1- the cultivated pattern for each cooperative in autumn and maximum profit based
on genetic algorithm (areas per hectare)
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1 8 166 3686 3860 3860 11300000 6943355 4356645 4/92E+10
2 42 27 2351 2420 2420 7000000 4388016 2611984 3/11E+10
3 109 2 2339 2450 2450 7170000 4444242 2725758 3/12E+10
4 27 18 2355 2400 2400 7030000 4359221 2670779 3/09E+10
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Table 2- the cultivated pattern for each cooperative in summer and maximum profit based
on genetic algorithm (areas per hectare)

2 2ESS « §& 8% = g 2
c Fagdso % © g o 2 = 2o e
5 O®s = 2 s E ES ©E8 =
S S g 5 2 3 2 z 2 5
> B3 2 8 5 S S S
g c << s &5 3 g2 o2 E3 £
— = = O o5 — o a5} N Y
2 2 82g 5 5 5 E 3 wE 3% 38 E
f— e O —
° f:EP 5 8 8 5 orFEo2 2 s
L » =2 v > >
112 130 386 1168000 1167969 1/81E+1
1 62 45 39 18 19 O 2 0 0 1 309 0
242 1/13E+1
2 2 35 34 33 16 896 816 0 7330000 7329927 726 0
245 1/14E+1
3 29 51 27 27 10 685 829 0 7420000 7419612 388 0
240

4 84 81 6 8 8 633 815 0 7270000 7269096 904  1/1E+10

Conclusions

The current cropping pattern of the area is not optimal and if current study proposed cropping
pattern is used , the net profit will increase. So, in the fall and summer crop, the income per
hectare of land increased by 47% and 57%, respectively, compared to the current cultivation
pattern. By using the results of this research and using aforementioned optimal cropping pattern,
we could save some water and by saving the amount of water consumed by autumn crop, by
storing this water during the rainy days and releasing the water from the Golestan dam, more can
be allocated to the cultivation of summer products. By using the surplus water of fall planting in
summer planting, there would be another 1388 hectares (around 13 %) of land to be planted
under irrigated crops and as a result the profit increased up to 37 percent. This will result in more
employment, and consequently, reverse migration from cities to the villages in the region and
ultimately increasing in the social welfare of local living people. It should be noted that using the
optimal cropping pattern introduced in this study, it is not necessary to store more water or build
new dams with high costs in the region, and only with the optimal management of water use can
manage water shortages, especially in spring or summers’s crops.
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