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Abstract 
Due to limited water resources in Iran, the optimal use of water resources and improvement of water use efficiency is necessary, especially in 
agriculture. In current work, cropping pattern optimization was carried out in Mehran Plain of Ilam Province based on water resources, cultivated area 
and biodiversity constraints using genetic algorithm. The optimization model was applied to three different scenarios based on a combination of 
different constraints. The results showed that the cropping pattern in 2016-17 was not optimal and the biodiversity index was low. The resulting profit 
and biodiversity in all scenarios are higher than the current situation in Mehran plain. The amount of profit increase in combinations one, two and 
three is 70, 101 and 132% higher than the profit of the existing cropping pattern, respectively, and in terms of biodiversity, the Shannon-Wiener 
criterion is more than twice as high as the Shannon-Wiener criterion in the existing simple cropping pattern in all scenarios. Wheat, canola, sesame 
and okra are strongly represented in most optimal cropping patterns. Wheat has the largest acreage and tomato and alfalfa and corn have the least 
acreage due to the low profit and high water consumption of these products. Crops such as corn, sesame, okra and cucumber are strongly represented 
in the optimal cropping patterns and can be used as alternatives to the current crops to increase agricultural profits. 
 
Keywords: Algorithm Genetic, Biodiversity index, Cultivated area, Optimal crop pattern, Water consumption. 
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Figure 1. Study area of Mehran Plain, Ilam Province, Iran 
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Table 1. Data and information on selected agricultural products in the Mehran Plain 

Crops Cultivated area  
(ha) 

Yield 
(ton/ha) 

Selling price 
(Rials/ton) 

Production cost 
(Rials/ha) 

Gross water requirement 
 (M3/ha) 

Wheat 8,000 3.4 13.00 30.00 5750 
Barley 200 2.7 10.30 23.40 4830 
Corn 330 6.06 10.65 46.00 14360 
Alfalfa 0 8.0 9.00 63.03 22000 
Canola 750 2.063 27.83 28.50 6000 
Sesame 60 0.9 102.08 18.50 8100 
Okra 40 4.0 30.00 18.00 11000 
Tomato 30 22.0 4.37 205.82 12150 
Cucumber 13 16.0 11.27 146.90 11000 
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Figure 2.  Profit changes of different agricultural products (million Rials) per unit of agricultural area (hectares) 
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Table 2. Optimal cropping pattern scenarios 
Biodiversity Cons. Cultivated  area Cons. Water Cons. Scenarios 

Yes Total available area Total consumption water 1 
No Total available area Total consumption water 2 
Yes Total available area Total available water 3 
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Figure 3. Flowchart of the research method 
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Table 3. Levels of the parameters of the genetic 

algorithm 
Level3 Level2 Level1 Parameter 

100 50 20 Population size 
0.8 0.6 0.4 Crossover rate 
0.2 0.1 0.05 Mutation rate 
  

Table 4. Experimental design using the orthogonal 

array L9 

Objective 

function 
Level 

Test 

No. Mutation 

rate 
Crossover 

rate 
Population 

size 
0.000379 1 1 1 1 
0.000383 1 2 1 2 
0.000413 1 3 1 3 
0.000373 2 1 2 4 
0.000371 2 2 2 5 
0.00037 2 3 2 6 
0.00037 3 1 3 7 

0.000373 3 2 3 8 
0.000371 3 3 3 9 

  

  

  

  
Figure 4. S/N ratio variations for different levels of the optimization parameters 
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Table 5. Final values of the genetic algorithm parameters 
Mutation rate Crossover rate Population size Parameter 

0.05 0.4 50 The value 
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Table 6. Results of the optimal cropping pattern in different scenarios 

Scenarios 
Optimal cultivated area (ha) Net profit 

(10^9 Rials) Wheat Barley Corn Alfalfa Canola Sesame Okra Tomato Cucumber 

1 3809.2 839.2 219.1 21.1 1974.6 996.2 502.5 0.0 271.7 252.6 

2 3809.2 673.7 0.0 0.0 2082.9 1294.1 799.6 0.0 97.1 297.0 
3 3850.8 338.7 28.3 0.0 2277.7 1178.6 1173.3 0.0 427.0 343.0 

  
Table 7. The amount of optimization constraints in different scenarios 

Scenarios Total water consumption (MM3) Total cultivated area (ha) index Shannon-Wiener  

1 57.6 8633.6 1.50 

2 57.6 8756.6 1.41 
3 65.0 9274.3 1.50 

 

 
Figure 5. Trend of cultivated areas for agricultural products in the Mehran Plain compared to the existing cultivation 

pattern 
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Figure 6. Percentage change in cropping pattern parameters compared to existing conditions 
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