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Abstract

Perceptron neural networks (MLP) and support vector machine (SVM) were used
to simulate the yield and water productivity of cucumber (Cucumis sativus L.).
For this purpose, an experiment was conducted in the form of a completely
randomized block design with three irrigation levels of 100, 85 and 75% of the
water requirement in two growing seasons. The amount of irrigation water,
number of leaves on the plant, temperature, evaporation rate and relative humidity
were selected as input data. The results showed that the MLP neural network has
a greater ability to simulate the performance and efficiency of water consumption
and the scenario with the input of the amount of irrigation water and the number
of leaves is better. Also, the results of the sensitivity analysis showed that the
model has a higher sensitivity to the irrigation water input parameters and the
number of plant leaves.
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1. Introduction

The increasing demand for agricultural products and the problems of obtaining field data show the necessity
of using appropriate models to predict the performance of agricultural products, and computer models have
made it possible to examine different management strategies. Today, neural networks can be used to predict
and model processes in various sciences.

2. Materials and Methods

In order to implement this experimental design based on a completely randomized block design with 4
replications in the form of hydroponic cultivation in the greenhouse of the Faculty of Agriculture of
Shahid Chamran University of Ahvaz during two growing seasons in 2017 and 2018. Irrigation
treatments included normal irrigation at 100% of water requirement and low irrigation set at two levels
of 75 and 85% of water requirement.

In order to obtain the water requirement of cucumber, this plant must be cultivated in an environment
where its water balance can be

controlled. For this purpose, 3 microlysimeters were used and the amount of irrigation water was
calculated as follows:

WU =W, — W, — AW,
WU = water used (grams)

W, = weight of irrigation water in 24 hours before irrigation (grams)
AW, = weight changes of microlysimeter (gram)

Wp = weight of sewage on the day of irrigation (gram)

In order to simulate water performance and productivity, perceptron neural networks and support vector
machine method were used in MATLAB software environment to select and use the best and most
efficient network by determining its error value. The input data included the amount of irrigation water,
the number of leaves on the plant, temperature, evaporation rate and relative humidity, and the output
data was the yield water productivity consumption, and the sampling was done after the plant was
established in the pot with intervals of two weeks.

3. Results

In order to simulate, artificial neural network was used in MATLAB software environment and fruit
yield parameter and water productivity were selected as output parameters of the model and were
simulated by MLP and SVM neural networks. For this purpose, different scenarios were defined for
each of the parameters, which are presented in tables 1.
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Table 1: Scenarios of fruit yield and water productivity.

scenario  Input parameters

1 The amount of irrigation water, number of
leaves, evaporation, average temperature,
relative humidity

2 The amount of irrigation water, evaporation,
average temperature, relative humidity

3 The amount of irrigation water, evaporation,
relative humidity

4 amount of irrigation water, evaporation,
average temperature

5 amount of irrigation water, number of leaves,
evaporation

6 amount of irrigation water, number of leaves

7 amount of irrigation water, evaporation

Tables 2 and 3 show the overall training and validation results of MLP and SVM networks for
performance parameters and water productivity.

Table 2: General results of training, validation and testing for fruit yield

~No ok WwDN -

MLP (R?) SVM(R?)
training validation test training validation test

0.88 0.86 0.88 0.42 0.49 0.4

0.86 0.74 0.857 0.43 0.44 0.42

0.856 0.5 0.86 0.54 0.51 0.45

0.86 0.85 0.74 0.48 0.43 0.5

0.877 0.86 0.87 0.45 0.43 0.44

0.982 0.97 0.92 0.55 0.51 0.54

0.86 0.85 0.75 0.41 0.35 0.36

Table 3: General results of training, validation and testing for water productivity

MLP (R?) SVM(R?)

training validation  test training validation test
1 0.82 0.8 0.8 0.55 0.46 0.51
2 0.45 0.43 0.43 0.44 0.36 0.4
3 0.38 0.35 0.33 0.45 0.37 0.36
4 0.49 0.45 0.43 0.47 0.46 0.47
5 0.8 0.76 0.78 0.47 0.48 0.48
6 0.93 0.9 0.85 0.58 0.58 0.55
7 0.42 0.39 0.37 0.42 0.46 0.42
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4.

Discussion and Conclusion

According to the results, scenarios 6, 1, and 5 with the coefficient of explanation value of 0.85, 0.8, and
0.78 in the test stage can be considered as the best scenarios of the MLP network for simulating water
productivity. The results show that the MLP network is relatively The SVM network simulates the water
productivity of the cucumber plant and its fruit yield with higher accuracy, and the MIP network has a
higher R2 than the SVM network in all scenarios. The results showed that the MLP neural network had a
greater ability to simulate the performance and efficiency of water consumption, and scenario 6 with the
input of the amount of irrigation water and the number of leaves had a higher ability. Also, the results of
the sensitivity analysis showed that the model has a higher sensitivity to the irrigation water input
parameters and the number of plant leaves.
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Simulation of Yield and Water Productivity of Cucumber Plant Using

Artificial Neural Network
Sanaz shokri! , Abdolrahim Hooshmand*? , Mona Golabi® Naser Alemzadeansari* & Dan Struve®

Abstract

In order to simulate the yield and water productivity of cucumber plant (Cucumis sativus L.),
an experiment was conducted in the form of a completely randomized block design with three
irrigation levels of 100, 85 and 75% of the water requirement in two growing seasons during
2017 and 2018 and using perceptron neural networks (MLP) and support vector machine
(SVM) methods were used and finally, to select the appropriate and optimal model, the indices
of explanatory coefficient, mean squared error and normalized mean squared error were used.
The amount of irrigation water, number of leaves on the plant, temperature, evaporation rate
and relative humidity were selected as input data and 60%, 20% and 20% of the total data were
allocated for training, validation and testing of the model, respectively. The results showed that
the MLP neural network with the inputs of irrigation water and number of leaves was more
accurate in simulating fruit yield and water productivity in cucumber plants with an explanation
coefficient of 0.92 and 0.86, respectively. The results of the sensitivity analysis indicated that
the irrigation water input parameters are the most important effective parameters on the water
consumption efficiency model and cucumber fruit yield with sensitivity coefficients of 0.9 and
0.86, respectively.

Keywords: Perceptron, Support Vector Machine, Neural Network, Sensitivity Analysis,
Dehydration.
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