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Abstract 

In this study, the geostatistical and artificial neural network methods were used to estimate the spatial distribution of Tetranychus 

urticae in Ramhormoz Cucumber fields. For this purpose, latitude and longitude of 100 points with 10 meters distance of each point were 

defined as inputs and output of each method was number of these pests on those points. Ordinary kriging, and perceptron with propagation 

algorithm were evaluated in geostatistical and artificial neural network method, respectively. In neural network a hidden layer and three-layer 

were considered as input. Results of the aforementioned two methods showed that artificial neural network capability is more than kriging 

method. So that, the artificial neural network predicts distribution of this pest with 0.891 coefficient of determination and 0.14 residual sums 

of squares. While in the geostatistical methods coefficient of determination and residual sums of squares were 0.601 and 0.071, respectively. 

So it can be concluded that the Artificial Neural Network approach with combining latitude and longitude can forecast pest density with 

sufficient accuracy. 
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Table 1. Geostatistical characteristics of the infected plants to Tetranychus urticae in the Cucumber farm 

Nugget 
Range of spatial 

dependence 
Degree of spatial 

dependence 
RSS 

Coefficient of 

Determination 
Model Sampling date 

0.0745 840.33 0.641 0.051 0.425 Exponential 16/03/2016 

0.0441 331.19 0.547 0.042 0.543 Spherical 23/03/2016 

0.0466 309.9 0.652 0.040 0.553 Spherical 30/03/2016 

0.0745 427.11 0.543 0.072 0.601 Spherical 06/04/2016 
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Table 2. Statistical comparisons between the observed and estimated Tetranychus urticae density by MLP neural networks 
Comparisons  

of distribution 
Comparisons  

of variance 
Comparisons  

of means 
Utilization phase Sampling date 

0.74 

0.56 

0783 

0.887 
0.868 

0.996 
Training 

Test 
16/03/2016 

0.71 

0.63 
0.343 

0.543 
0.681 

0.645 
Training 

Test 23/03/2016 
0.81 

0.71 
0.841 

0.456 
0.734 

0.578 
Training 

Test 30/03/2016 

0.89 

0.72 

0.785 

0.578 

0.520 

0.433 

Training 

Test 
06/04/2016 

  

$�D�H: a

S( &S�$� �F
  Y*���
#�
  Y+8) �
�$%�  �6�

�
%�T) F�8^$� �
 &#�	# ���$%��� %�T) j��T) �%� Y4 �
"�
 Y+
 

HI7 &0H� x*�: ���
  N��� �%�    <Y*$ ��Y� �%$% 6�Y-# .

�'#�� `
  Y	8: ���Y^ �1#�
 @Y4 G��� �
   HYI7 &0HY� �'Y-
  �%

	P:
&0E �% F:��: &+, G,$�: F $� <*$ &7�3) �% . $���Y+�� /$ F

���(
 $�$�� ?�� F� &-T# G*� ��� �� �%�h'*$ G,$�: .  

$��� /�$���
 $��,
� $�F  �YD /$ ?�� �%�H: a 
Y
 FR2  �

^�� ��8��) d�	K)
��#�	�o    $ &Y, �Y� �%�h'Y*$ Y� %�YT) F�  &Y� �

:�:
$�� a� �, ?���K
 Z+)�R�/R  �Rf2/R ($�� ��  &0H�

HI7
 )b��/R  ��e/R ($ &, �)� <*% &�� �Y'# F� ,�Y. `
  /$

� <^%
HI7 &0H� �'-
 	P: �%
$ G,$�: F Y�  %�Y� <Y�� F . �%

-��54
 8: ��Q+) &� &,

�1E$ F ���  �% �$�-. "+,$�4� l

                                                 
�o-Residual sums of squares 

*� &� u:�)
HI7 &0H� &�
 7�+I)
  ��� J�K#$UP-)  ��

 HYI7 &0H� &,
 MLP? LVQ  YS( �
    
��Y( &Y� Y)
   �Y+#$�:

�YY��1E$� /�:YY�PYY-: $� �$�YY-. u
�YY+�% U .YY� �% �YY)$
 F

&0H� ��� &0H� ��,@) ��� MLP $�$%� �^�  �Y:� ��Y1E$ F� G'

P-: �%
�1E$ U  %�� ��)Zhang et al., 2008 (+z	� �
F �'#� `

 "��54� 6$��0	� � Z#�)Young et al., 2000 (�
�1#� $��,
� 

[�YY�� HYYI7 &0HYY�
 7�+YYI)
 MLP YY4 �%
" �
YY+
 �4YY��
� 

8	�
 $3E�� ]1) <)Diptera: Cecidomyiida( Thecodiplosis 

japonensis j1+� �% ��� #/�*
 �)� t���  %�Y� �Y0 . Y��O /$
 

#�H8�
  6$��0	� � %$5#)Shabani nejad et al., 2017 ( ��Q+) &�

4
" �
+
 �1E$�  &Y0E�% F:��: &+, "+,$�4 $�   HYI7 &0HY�/$
 

7�+I)
 ,�:
��1E$ �� ��� a�'#~ G' Y
    &Y, �Y#%�, �%�h'Y*$ l

�'#� `�1#�
� $��,
� [��� $�	P: �% ?�� F
��+,$�4 F
  %�Y�. 



��� �./0� 
 ��)� ������ :	
� ������� ��
� ��� ��!
� ����� ��� ����
 �����  ����� �� �����
 ���� ���� 
 ��
�  ��... ��

�'#�"��54 /$ ��)� <*% &� ` ����� � �'# ���$ /$ j9�. `� F

1+��	� "��54
 <�$%.   

�F/� ��� �������
 X� ��!
� ����� ��� �� :   ��Y*$ �Y�

�	+�$��  ���	� j0�� �%�E� 3)�^ �: 3H* �%��n)�:� &TS+) F

&#�	# &� �+� &, �<*$ &7�3) �%�$%������  $�Y'�$ �% W�'P)� 

 ��,��%�E� 6�#�, l
 )/ ��� ��+� �%
 &, <�$% %��� F

 <	* &� 6�)/ <�@� �� Y)/ 3,�)
��# �% � F Y�   <	Y* &Y� <

)/ ��� N�	�
 4 ?�'Y_� F Y
 %�Y, $� . $���Y+�� Y) F
   &Y� 6$�Y:

8D�) ���9
 G* $� �%�E� X�T# Y��4
   GY* /$ � %�Y, Y��4
 

�*$�*� �%�E� � &7�3)
 �
n) �'-
/ x����� <_
��   %�Y,

% C�O /$ ��) ��1
 $��, <�� 6$�:
� �
    N�Y'+, jY)$�7 �'Y-

HO ��++,
8
 ��0� &+, �+#�)�� Phytoseiulus persimilis (A.H) 

<(�* 3,�	') ��%�E� X�T# �% $�.  

  
 

 U
.<@J S( &S�$�
 *���
#�
 �D ��H: a

� F
 Fav )%�T)�8^$� �
 �%$% �� ( �Pv )%�T)�4�
" �
+
 ��� (N�) x*�: 

Table 3. Linear regression relationship and coefficient of determination between dv (actual value) and pv (predicted value by model) 
RSS R2 p- value 

Linear regression 

relationship 
Network Utilization 

phase Sampling date 

2.21 

0.03 

0.701 

0.579 
0.04 

0.05 

pv= 0.671 av +0.027 

pv= 0.523 dv +0.012 
Training Phase 

Test Phase 16/03/2016 
2.45 

5.43 

0.711 

0.699 
0.04 

0.05 

pv= 0.721 av +0.001 

pv= 0.695 av +0.195 
Training Phase 

Test Phase 23/03/2016 
0.12 

2.01 

0.875 

0.731 
0.02 

0.04 

pv= 0.845 av +0.021 

pv= 0.720 av +0.025 
Training Phase 

Test Phase 30/03/2016 

0.14 

0.01 

0.891 

0.711 

0.02 

0.03 

pv= 0.868 av +0.032 

pv= 0.703 av +0.015 

Training Phase 

Test Phase 
06/04/2016 
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Fig.3. Distribution of Tetranychus urticae in different stages of sampling by Artificial Neural Network 
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