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ABSTRACT: For many years the Iraqi wheat production has been facing the challenge of the reduced rate of grain
yield caused by the drop in wheat production and high land usage. In the wheat production, the presence of many
variables, selecting critical input energy play a crucial role in apprehending different issues, i.e., optimization yield
and decision making. The study presents a genetic algorithm program developed to identify the relevant variables
affecting the wheat grain yield and straw. In this method, a subset of variables was obtained from a large set. Under
a given set of assumptions of active interest in wheat grain yield and straw production predictions in Iraq. Research
findings used three years of the wheat mechanization operation that includes tillage, seedbed preparation
implements, seeding implements, fertilizing, and pesticide implements, and harvesting. P-fertilizer, seed, and Nfertilizer consumption are considered the most important variables in wheat farm operations, its importance being
the relative values of 0.431,0.327 and 0.273. These variables impacted wheat operation during the three years at
19007.1, 28985.607 and 6788.8275 MJ /ha for Bakrajo, Ranya and Chamchamal, respectively. The research
concludes that the genetic algorithm method is a user-friendly variable selection tool with excellent results because
it can choose variables correctly.
KEYWORDS: Genetic algorithms; agricultural mechanization; wheat production; fertilizers.
INTRODUCTION
Wheat crop (Triticum) is a member of the Poaceae crop and one of the most staple foods worldwide. One hectare
of wheat can produce approximately 1.4 to 4.6 tonnes times compared with those of other major grassy crops. The
average wheat yield for the farms from 2013 to 2016 was 4.49 metric tonnes per hectare. The most efficient
producers may yield about eight tonnes per hectare [1].
The wheat production in Iraq is considerably competitive and one of the major economic sectors contributing to
the total revenue of the country. Currently, wheat is one of the most profitable world crops because of its biomass
production [2]. Over the last ten years, the Iraqi wheat industry has encountered many challenges. One of these
challenges is the drop in the production of grain yield, which leads to a decrease in the production rate due to the
increase in land usage. Eight million hectares are available; only 4 to 5 million hectares being cultivated of the
available [3,4]. The wheat yield has a different amount of products in multiple areas of Iraq distributed between
high yield, medium and worst, which have significantly affected the efficiency of production. In Iraq, plantation
materials are believed to be capable of achieving a yield of four tons of grain yield per hectare per year. However,
in fact, average yields are only 50–60 percent of this potential [5,6].
Various parameters, such as kind of wheat areas, climate change, air pollution, and agricultural mechanization can
affect the yield of wheat, either positively or negatively. moreover, production systems in agricultural fields from
diverse ecosystems are quite different given their energy utilities and energy provision potential [7]. For each
energy source and field operation, there is a corresponding norm, which is called a conversion coefficient or energy
equivalent. Conversion coefficients help to standardize the unit of all inputs to MJ/ha [8].
FAO [9], demonstrates that there is an increment in the global demand and consumption of wheat crop products.
Therefore, factors that can lead to maximum production should be identified and established. A conventional
approach is testing a set of affected markers serially by a single-effect marker using traditional procedures [10].
Although widely understood to compute, these approaches consider the removal or addition of one factor once as
a step, depending on selected variables [11]. According to Ficken [12], establishing specific parameters that exert
considerable effect collectively would be difficult because linear relationships or linear correlations consider only
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one parameter at a time. Another tactic is examining the most of potential models provided with u factors or
parameters to select a model.
Genetic algorithms (GAs) are methods of optimization designed based on natural selection and heredity science
[13]. Variables being optimized are epitomized as genes on a chromosome. The most widely used chromosome is
a string consisting of 1s and 0s. In natural selection, 1 denotes that the corresponding variable is selected, and 0
denotes otherwise [14]. The fitness of a chromosome is specified by computing the response function score. For
most production in wheat, it is generally assumed that there are a few factors with large effects and many with
small effects. Therefore, the main objectives of the research are to develop a genetic algorithm as input variable
selection models to identify the most significant variables that affect wheat production based on large-scale energy
consumption. It also, explore the effects of the selected significant variables in the production of wheat and energy
and propose improvements to reduce energy consumption that will lead to the maximum wheat production in Iraq.
MATERIAL
Description of Data Used and the Sites Analysis
The models were developed to select the most significant variables in wheat yield based on prior values of energy
consumption. The study was carried out in three locations (Ranya, Bakrajo, Chamchamal) of the north and center
of Sulaimani, Iraq, as are stated in Figure (1). These data were taken from the years 2016 to 2019. Table 1 presents
data collected with 19 variables to input and two Variables to output. The average high temperatures are between
7,9°C to 38,9°C and average low Temperatures: -0,2°C to 24,1°C. The average annual rainfall in most areas is
between 202 to 370 mm.
METHODS
Proposed Method and Details of GA program
GAs can be grouped under many different versions that perform the basic steps, differently. The GA is developed
based on correlation analysis CA, the programme presented in this study is developed for the selection of the
variable method. CA is applied as the fitness function to develop the GA for model selection. The GA method is
used as an optimization tool that reduces
the number of parameters and selects the optimal set with a more effective role compared with other sets to obtain
a highly accurate result with the lowest error. All the steps are introduced as follows:

RANYA: 36.255816, 44.883399

Bakrajo: 35.5537,45.3602
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Chamchamal: 35.5333312, 44.83333
Figure 1. wheat plantations at Sulaimani
Table 1. Input and Output Variables.
A. Inputs energy
1-Human labor
Tillage
Secondary tillage
Sowing and covering the seeds
Fertilization
Pest control
Harvesting
2-Diesel fuel
Tillage
Secondary tillage
Sowing and covering the seeds
Fertilization
Pest control
Harvesting
3- Fertilizers
Farmyard manure
Nitrogen (N)
Phosphate (P2O2)
Potassium (K2O)
4- Pest control
Pesticide
Herbicides
5-Seed
B. Output
Grain yield
Straw

Unit

Reference

H

Energy equivalent
(MJ ha-1 )
1.96

L

47.3

[16]

[15]

Kg
0.3
75.46
13.07
11.15
Kg

Kg
Kg

115
295
25

[17]
[17]
[17]
[18]
[19]
[20]
[21]

14.7
12.5

Step1. Description of parameters and reading the data of the CA-GA: The default parameters set in GA were the
crossovers: the one-point crossover. mutation: bit-flip mutation; selection: random selection. population size: 100;
Number of runs: 100 and read the input and output data by selecting the range of data.
Step 2. The population's initiation: a chromosome contains genes; each gene being coded as one if the
corresponding variable is selected and 0 if not.
Step 3. Evaluation: CA method is applied to each subset to assess the response. CA is a data processing technique
used to calculate the relationship between two variables. One of the approaches uses correlation analysis as the
means of estimating the fitness values [22]. The CA in the form of a matrix with the corresponding minimum value
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for every attribute. The minimum is computed by a magnitude only [23,24]. Independent variables that have strong
correlation cannot be a part of predicting dependent variables together, only independent variables that have lower
correlation coefficients are fit to take part in the operations [25]. The fitness function taken over here is [23]:
𝑓(𝑥) = 1 − min( 𝑅𝑋 ) … ….

(1)

where:
min (Rx): is the minimum value of correlation coefficient corresponding to any attribute of X.
Step 4. Validation: comparing the correlation of the two new chromosomes with one of the existing chromosomes
of the current population. As a guide to optimization, the programme uses CA for calculating fitness values. Our
fitness function comprises two objective tasks because we considered the optimality of selecting subset regarding
two objectives. In the filter phase, the first objective is to maximize the inter-correlation (i.e., the high correlations
between input variables, and output variables). Therefore, output variables are given by [26]:
𝑅(𝑆, 𝑦) =

1
/S/

∑/𝑆/
𝑘=1 /𝐶𝑂𝑅𝑅2(𝑥, 𝑦)/ … … …

(2)

Where: R (S,y): is the overall correlation among the selected input variables (S), the corresponding output variables
(y), and the minimized intra-correlation, i.e., the low mutual inter-correlations among the input variables, result in
a high correlation between the input and output variables. R(S) is the overall correlation between the selected
variable subset (i.e., intra-correlation) and defined by [27] as:
𝑅(𝑆) =

1
𝐶(𝑆,𝑖)

/𝑆/
∑/𝑆/
𝐾=1 ∑𝐿=𝐾+1/𝐶𝑜𝑟𝑟2(𝑋𝐾 , 𝑋𝐿 )/ … … …

(3)

Where: C (|S|,i): is the number of i− combinations from the selected variable subset S. Thus, the fitness function
concerning the first objective was obtained. For the second objective of the fitness function, CA is used for the
evaluation of chromosomes. CA results are fed back to the GA programme to guide the search.
Step 5. This step in this process is called modeling selection when the final criterion is reached. A variable is a
characteristic peak, where a set of variables is represented as a chromosome in the GA. The GA evolution process
ends. If not, go back to Step 6.
Step 6. in this step, start again to selection is conducted when the estimates do not satisfy the criterions
Step 7. Crossover and mutation: in this step, two new chromosomes must be verified to avoid containing the same
variables.
Step 8. Loop the steps 8–3 until a necessary termination criterion is satisfied. The proposed CA-GA method for
selection of the optimal subset of variables as shown in Figure (2).
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Figure 2. The flow chart of the Genetic algorithm program.
Sensitivity test
A sensitivity method is utilized to identify how different values of an input variable affect a particular output
variable under a specified set of assumptions [28]. Pianosi et al. [29] state that the mathematical models that
involve many input sensitivity tests are considered essential elements for building the model and quality assurance.
In this study, a sensitivity analysis is performed to determine the effectiveness of a variable using the suggested
model. The performances of the different possible interactions of variables are also evaluated. Consequently, the
performances of the selected group’s variables are investigated by the optimal GA model using the correlation.
RESULTS AND DISCUSSION
The productivity of grain yield and straw per hectare of a wheat plantation is the most critical indicator in
measuring the efficiency and effectiveness of the farms. The grain yield and straw of the wheat plantation achieved
at the same time can also be an indicator of whether the cultivated plantation industry is economically viable. It is
impossible to find the same environment and kind of wheat area in each province; they are not the same
everywhere. Therefore, in this study, each province is treated separately.
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The optimal selection of variables:
The proposed method applies GA to construct an optimal selection of variables. This method is a filter algorithm
that ranks variable subsets according to a correlation-based optimizing evaluation function. The selection of
evaluation function was toward subsets that contain variables that are highly correlated with the wheat yield and
uncorrelated with one another. Irrelevant variables were disregarded because they present a low correlation with
the wheat yield. Redundant variables are examined because they are highly correlated with one or more of the
remaining variables.
The results are displayed as in Figures 3, 4 and 5 to see how the GA performs with the best and mean values of
the population in every generation in Ranya, Bakrajo and Chamchamal for output wheat energy. From these
figures, we can see GA converges quickly to the solution until optimization terminated: average change in the
penalty fitness value less than options. The function tolerance and constraint violation are lower than the constraint
tolerance options. The best value found to fitness value was - 0.2113, - 0.1831 and -0.2663 for Ranya, Bakrajo and
Chamchamal, respectively.

Figure 3. The best fitness value of genetic algorithm performance in Ranya.
The function was automatically called with the best point found by GA. The best solution to variables selection
associated with fitness value that the smallest one, it is very close to zero. As a result, the best fitness plot is level
and the algorithm stalls at start generation number 10 until 50.
The search started with the minimum correlation set of variables, which contains zero. Every single-variable
addition to the minimum set is evaluated, and the selected variable is added to the subset because it exhibits the
highest correlation. Subsequently, each of the remaining variables is tested with the selected variables, and the
most suitable ones are chosen. Similarly, in the next stage, the following variable is added to the subset. The final
step is testing the single remaining variable with the current subset. The most suitable subset found is returned.
The variable selection exercise uses the CA as the objective function for GA. A total of 19 variables are available,
and each chromosome is 19 bits long. Each of these bits is called a gene, and each of these 19 genes consists of
either a randomly generated 0, which indicates the variable that will not be selected, or 1, which states the variable
that will be chosen. Variables that appear in at least 50 runs are chosen to ensure that they are the most informative
ones and not just selected by chance.
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Figure 4. The best fitness value of genetic algorithm performance in Bakrajo.

Figure 5. The best fitness value of genetic algorithm performance in Chamchamal.
Tables 2 showed that GA successfully determined the selected variables. A model selection devoid of a number
of spurious variables has been created. As the results presented in this Table, the proposed method selected four
input energy, namely, seed, P-fertilizer, human labor, and diesel fuel, which were separated from the remaining
variables. The selection was based on the highest affected relation with energy produced by wheat in Ranya.
Moreover, the method selected four inputs of energy consumption in Bakrajo, including P-fertilizer, N-fertilizer,
seed, and diesel fuel. Whereas, the proposed method chose five variables that including N-fertilizer, herbicides, Pfertilizer, diesel fuel and pesticide in Chamchamal.
The wheat industry has faced and is facing regular strong issues its uses, the environmental change and social
damages caused by its cultivation. Over the past ten years, climate change had a profoundly negative effect on the
cultivation of wheat, which will have a clear impact on the future of wheat growing [5]. One of the causes of the
production gap is climate change, which has prompted farmers and investors to find solutions to the problem.
Through excessive use of fertilizers, and an increase of labor forces (due to the reality of agricultural mechanization
in wheat plantations). Farmers and investors used planting material as a key input for solving the gap of wheat
production [30].
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Table 2. The Model Selection for Ranya, Bakrajo and Chamchamal.
1
2
3
4
5

Ranya
Seed
P-fertilizer
Human labor
Diesel fuel

Bakrajo
P-fertilizer
N-fertilizer
Seed
Diesel fuel

Chamchamal
N-fertilizer
Herbicides
P-fertilizer
Diesel fuel
Pesticide

Sensitivity Results
The simulation results demonstrated a successful GA in finding the selected variables. GA finds a model selection
that includes a number of extra spurious variables. We explored the strength of the energy output of the wheat
production from the perspective of selection models, which were selected by GA due to they proved a clear
improvement in the models. The sensitivity analysis was used to assess the IVI. Sensitivity can be determined with
the distinction between the highest and lowest values for each scenario. The analysis was conducted by changing
independent variable indicators for different possible changes in Ranya, Bakrajo, and Chamchamal.
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Figure (6) showed that sensitivity analysis of the data sets in a wheat farm, it appears that the use of seed is
significant regarding the impact categories in Ranya. It was considered the most important variable effectively on
output energy because its relative importance value was 0.327. This value was followed by those of P-fertilizer,
human labor and diesel fuel with relative importance value were 0.268,0.188 and 0.143, respectively.

0
Seed

P-fertilizer

Human labor

Diesel fuel

Variables selected
Importance of IVI %

Effect of IVI in Output energy
(MJ ha-1)

Figure 6. The most significant independent variables for Ranya.
According to the data collected, wheat plantation operations in the farms were positively sensitive to seed, Pfertilizer, human labor, and diesel fuel. For example, seed impact on the output energy in wheat operations was
about 28985.607 MJ/ha. The reason being that during recent years, energy use in wheat agriculture was developed
in response to a limited supply of arable land, increasing populations and a desire for higher standards of living.
P-fertilizer and human labor have negatively affected output energy which can thereby reduce the production of
wheat. For example, P-fertilizer affected on the output energy by 23755.788 MJ/ha.
As shown in Figures 7 and 8, P-fertilizer and N-fertilizer consumption was considered the most important variable
with its importance relative value of 0.431 and 0.273 in wheat plantation operations in Bakrajo and Chamchamal,
respectively. According to the data collected. P-fertilizer and N-fertilizer were 100% of normalized importance
that scored the highest impact on the energy of wheat yield. It impacts on the output energy in wheat operations
was about 19007.1 and 6788.8275 MJ/ha during the period of study. Sensitivity analysis of the inputs energy
consumption presented in Figure (7) showed that N-fertilizer, seed, and diesel fuel high correlated with wheat
operations and productions in Bakrajo.
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Figure 7. The most significant independent variables for Bakrajo.
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As the results in Figure (8) in Chamchamal, the herbicides, P-fertilizer, diesel fuel, and pesticide high correlated
with the productivity of wheat plantations, respectively. The results agreed with [31] referring to that wheat
requires several types of nutrients in the form of fertilizers to achieve significant growth rates. The results agreed
with the study carried out by [32], the rates of application differ depending on the age of the plants. However,
climate change has resulted in an increase in demand for input energy to compensate for the shortage of wheat
production.
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Figure 8. The most significant independent variables for Chamchamal.
CONCLUSIONS
This research mainly aims to clarify how the proposed method can be used to implement a GA in variable selection
and optimization, which are essential for understanding the potential of wheat production. The effectiveness of
GA produces fast and efficient solutions for incorrect time. Experimental results show that GA can be successfully
used to select variables from large variables, allowing a remarkably comprehensive search of the solution space.
Sensitivity analysis for variable selections simultaneously determines the effect of input energy on several
elements on land productivity. GAs with CA can be readily applied to a wide range to obtain an optimization
selection model.
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