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Abstract 
In this study, Neuro Fuzzy network was used to estimate the spatial distribution ofBemisia tabaciin 
acucumber field inBehbahan. Pest density assessments were performed  based ona 10 m × 10 m grid 
pattern pattern and a total of 100 sampling unitsin. In this method latitude and longitude information 
was used the input data and output of method showed the number of pest. To determine the sensitivity 
of this method to different levels of the pest after collecting samples, automatic clustering method was 
used to determine the number of clusters Davies and Bouldin index was used to evaluae criterion. In 
order tofinding the answer, Clustering Search Space Genetic Algorithm was used.Davies and Bouldin 
index (0.46) showed that the data should be divided into three clusters. Results indicated average, 
variance, statistical distribution and also coefficient of determination in the observed and the 
estimated Bemisia tabaci density were not significantly different.Our map showed that patchy pest 
distribution offers large potential for using site-specific pest control on this field�� 
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Fig. 1. Fuzzy inference systems (A) Equivalent ANFIS model(B) 
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Table�1. Mean square error of each function 
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goals for clusters Kind of function 

0.1323��*BD=0 Bd≤5��

Trapezoidal 0.1412��BD =0 BW≤10��

0.1345��BD=0 BD≤15��

0.1342��BD=0 Bd≤5��

Gaussian 0.1219��BD =0 BW≤10��

0.0921��BD=0 BD≤15��

0.1003��BD=0 Bd≤5��

Triangular 0.0994��BD =0 BW≤10��

0.0803��BD=0 BD≤15��

0.00331��BD=0 Bd≤5��

Sigmodial 0.00221��BD =0 BW≤10��

0.00189��BD=0 BD≤15��
��������������������������������*BD=Bemisia Density 
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�yZ���ËZ��Z]�Ä�ËZ¬»ªÌ«{�lËZf¿�ZÅ�d�{�Ä]�É�eÊ»|Å{�����Ë{Z¬»�Ä¯�d�Y�¾ËY��yZ��¾ËY�Ã�Z]�{�ºÆ»�Äf°¿

Ã{Y{�É|À]�Ä�Ây�Ã|ÀÅ{�½Z�¿��yZ��¾ËY��f°qÂ¯�d�Y�É�fÆ]�ÉÂv¿�Ä]�ZÅ�Paasche et al., 2010����
 

¦«Âe������
ºfË�Â´·Y��Y�°e�¶¯�{Y| e�Z]��]Y�]�®Ìf¿��ÉZÅ������Y�| ]��³Y�Á�d�Y�Ã|��Äf§�³���¿��{����É{Â^Æ]��Y�°e
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2 �Kmin� minimum number of clusters  

20���Kmax� maximum number of clusters ��

100���Max - gen� maximum number of generations ��

0.5���Pc��Crossover rate��

0.02���Pm��Mutation rate��

50 Population size��

��
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µZ»�¿�d�eÉ�Z��Ã{Y{Ä¿Â¼¿� Ä]��Â]�»�ÉZÅ¹�¿�®¼¯� Ä]�É�Y{�]� �Y�§YSPSS 19�¥Á�³Â¼·Â¯� ½Â»�M� Á���
Â¿�Ì¼�Y½{Â]�µZ»�¿�¹|��¶Ì·{�Ä]�Á�|��Ê���]� ,�Ã{Y{� ,ZÆ¿M�¯Z]��¯Z¯��Á����Âe�ZÅ�Ê�y�|¿|��µZ»�¿��|¯

Ä�Ây�Á�É�Z§�Ê^���Ä°^��É�eÂÌb»Z¯��Y�§Y�¹�¿��Ìv»��{�®ÌeZ»ÂeY�É|À]Matlab��Äz�¿�
��|��ÄÌÆe���
��

� µÁ|m����É{Á�Á� ÉZÅ�f»Y�Za� �Ë{Z¬»
ºfË�Â´·Y��

Table 2� .The values input 
parameters of Algorithm 
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��Ä]�ÄmÂe�Z]¶°���Ã�Z¼����a��Y�°e��Y����yZ���ÅZ¯�|¿Á��®Ìf¿��ºfË�Â´·Y��d]Zi�¾Ë|·Â]�Á��ËÂË{
�Ã|¿Z»Ã{Y{�Ä�Â¼n»�¼m�ÉZÅÄ¿Â¼¿�ªË����Y�Ã|��É�ÁM�Ä¯�¾Ë|·Â]�Á��ÂË{��yZ��Ä]�ÄmÂe�Z]�É�Y{�]���
���

|¿Â��¶Ë|^e�|ËZ]� Ä�Ây�Ä��Ä]� Ã|»M�d�{�Ä]� �Á�¿� Ä°^��dÌ¸]Z«�Ê]ZË��Y�ÉY�]� Y~·����Ä��Ä]�|ËZ]� ZÅ� Ã{Y{�É�Z§�
Ä�Ây���¯Y�»�Z]�BD ≤5, BD ≤10, BD≤15��|¿|��ºÌ�¬e.��

�Ìa�ÉY�]�Ã|Ë{���Â»M�Ê^���Ä°^��É�Ì³{ZË��Y�½ZÀÌ¼�Y�ÉY�]Ã{Y{�,Ä^Àa�®·Z]�|Ì¨���À¯Y�a�ÉÂ´·Y�ÊÀÌ]��

�Ìa�Á�Ê «YÁ�ÉZÅ|¿|��Ä�ËZ¬»�ºÅ� Z]�É�Z»M���¿� �Y� Ä°^����Âe� Ã|��ÊÀÌ]� ��ÉÁZ�e��]��¨����§� ZnÀËY� �{
{�Y{�d·Ó{�É�Z»M��Ë�Âe�Á��¿ZË�YÁ�,¾Ì´¿ZÌ»���µZ¼fuY�t����{�ÄÌ��§��Å�����f»Y�Za�®¼¯�Ä]�|��{p��½Â»�M

|����½Â»�M��Y�É�Z»M��Ë�Âe�Á��¿ZË�YÁ�,¾Ì´¿ZÌ»�Ä�ËZ¬»�ÉY�]�\Ìe�e�Ä]T�,F��¥�³Â¼·Â¯�Á±��Ã{Z¨f�Y�Â¿�Ì¼�Y
|�����Ë{Z¬»P���Å�ÉY�]�Ã|��Ä^�Zv»�µÁ|m��{�{�Â»��d�Y�Ã|��Ã{Y{�½Z�¿��Ê»�½Z�¿�lËZf¿|Å{��Á�¾Ì´¿ZÌ»�Ä¯

Ä°^��ÉY�]��¿ZË�YÁ�Ê^����Ê¼¿�½Z�¿� Y��É�Y{�ÊÀ »�¥ÔfyY�É�Z§|Å{�p>0.60����Ë{Z¬»�É�Z»M��Ë�Âe�¾Ì]�Á
�Ìa� Á� Ê «YÁ� É�Z§� Ä°^����Âe� Ã|��ÊÀÌ]��ÔfyY� Ê^���t��� �{�É�Y{� ÊÀ »�¥����{�Y|¿� {ÂmÁ� |��{

�p>0.84����{ÂmÁp=1��Ìa��Ë{Z¬»�¾Ì]�É�Z»M��Ë�Âe�{�Â»��{��{�Ä^Àa�®·Z]�|Ì¨��º¯Y�e�Ê «YÁ��Ë{Z¬»�Á�Ã|��ÊÀÌ]
�{ÂmÁ�¾ÌÀr¼Å�Á���Â»M� �Z§p=1.00��¾ËY� �dÌ¸]Z«��Ì¿� Á�ÓZ]�d«{��Y�½Z�¿� ,Ä���»�t����{��ËZ»�M� �Z§� �{

�Á�¿�Ä°^����Ä]�,É�Z§Ä�Ây��Â�À»Ê»�Ê¿Y�v]�º¯Y�e��Y|¬»��Å�Z]�d§M�¾ËY�º¯Y�e���¿��Y�Ä���»�t���É|À]|�Z]���
��

��
 
 

¶°����®Ìf¿��ºfË�Â´·Y���Âe�¾Ë|·Â]�Á��ËÂË{��yZ��ÊËY�´¼Å 

Fig. 2. Davis and Bouldin convergence by Genetic Algorithm 
��

��Å�Ê «YÁ��Ë{Z¬»�¾Ì]�Ê¿ÂÌ��³��Ê�y�Ä�]Y��Á�¾ÌÌ^e�\ËY���Ìa��Ë{Z¬»�¶]Z¬»��{��Ô¯���Âe�Ã|��ÊÀÌ]
�Á�¿�Ä°^�±��É�Z§Ã�Z¼��µÁ|m��{��½Z�¿�d�Y�Ã|��Ã{Y{���d�{�Ä]�Êf«Á��ZÌ »�Á{�¾ËY��Z�Y��]�lËZf¿�¾Ë�fÆ]
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�ÓZ]�¾ÌÌ^e�\Ë���¾f�Y{|�Z]�®Ë�Ä]�®Ë{�¿�\Ì��Á�º¯� Y|^»� �Y�����ÉY�Y{� ��\ËY���Ä¯�d�Y�t�YÁ�Ô»Z¯

Ã{Y{�¾Ì]�¾ÌÌ^e�Ìa�Á�Ê «YÁ�ÉZÅ�|À�Z]�Ê»�ÓZ]��ZÌ�]�Ã|��ÊÀÌ]��
�� ���µÁ|m�lËZf¿��Ê»�½Z�¿�dÌ¸]Z«�Ä¯�|Å{
ºÌ¼ eÊ»� ÓZ]� �ZÌ�]� Ã|Ë{���Â»M�Ê^��� Ä°^��É�Ë~a� �Z§� Z]� Ä�ËZ¬»� �{��ËZ»�M� �Z§� Y�Ë�� |�Z]�ÉY�Y{���Â»M

�Ìa�Á�Ê «YÁ��Ë{Z¬»�¾Ì]Z»�Ê¿ÂÌ��³��Ê�y�Ä·{Z »�Ì¿�Á��eÓZ]�¾ÌÌ^e�\Ë���|uYÁ�Ä]��f°Ë{�¿�\Ì���Y�Ã|��ÊÀÌ]
d�Y��Y{�Ây�]��¨��Ä]�®Ë{�¿�Y|^»��Y�����Á���

��
Ä�¬¿Ä^Àa�®·Z]�|Ì¨��Ê¿Z°»��Ë�Âe�ÉZÅ��

�Á�¿�Ä°^����Âe�Ä^Àa�®·Z]�|Ì¨��Ê¿Z°»�Ê³|À¯Y�a�Ä�¬¿��Á�®Ì°¨e�É�Z§�¶°���{�Á�Ã|��ºÌ��e���½Z�¿
d�Y�Ã|��Ã{Y{��ÉY�Y{�Á�,|«Z§�Ä�Ây�Á{�Ä]�d§M�¾ËY�º¯Y�e�Y|f]Y�¶°��¾ËY��{��Ä�¬¿�Á�ºÌ��e�,d§M�º���½M�ÉZÅ

�|��¶°���a��Áb����¶°���{��c ��Ád��¶°���{��Ì¿�Á��e��Áf���¯�»�Á{��Z�Y��]�d§M�¾ËY�dÌ ¼m�,\Ìe�e�Ä]
�Ä�Ây���Á���d�Y�Ã|��ºÌ��e�{|���u�¾ËY�dÌ¸]Z«�ZÆ¿M�Ä¸Ì�Á�Ä]�Ze�d�Y�Ä^�Zv»�Ä¿Zf�M�|u�®Ë�Ê]Zzf¿Y�{Á|

�Á�¿�Ä°^���{Â��Ã{Y{�½Z�¿�É�Z§��Ä�¬¿�¾Ì]�Ä�ËZ¬»�Z]�½ÂÀ¯Y�Z»YÃ{Y{��Y�Ä¸�Zu�ÉZÅ�Ìa�Á�Ê «YÁ�ÉZÅ�Ã|��ÊÀÌ]
½Z°»��Y�Êy�]��{�Ä�¬¿��{���ZÀf»��Z¬¿�¾Ì]�|��ºÌÅYÂy�ÄmÂf»�Ä°^����ÂecÁZ¨e�ZÅ�Ä¯�{�Y{�{ÂmÁ�ÊËZÅ�Ê�Z¿

�Ê^���Ä°^��µ|»�ÉZ�y��Y��d�Y�É�Z§��Ê¼¿�µ|»�®Ë�ÊËY�Z¯�dv��{�Â»��{�Ê·Á�ZË�®Ë�Ä�ËZ¬»�Z]�ZÆÀe�½YÂe
�{�¯�cÁZ�«�Ä�¬¿�|Àq�Zhang & Fuh, 1998�������

� ���
�µÁ|m����Ìa�Á�Ê «YÁ��Ë{Z¬»�É�Z»M�cZ�ËZ¬»Á�¿�Ä°^����Âe�Ä^Àa�®·Z]�|Ì¨��º¯Y�e�ÊÀÌ]��É�Z§��

Table 3. Statistical comparisons between the observed and estimated to Bemisiatabaci by Neuro 
Fuzzy networks� 

Comparisons 
of 

distribution 

Comparisons 
of variance 

Comparisons 
of means 

Network 
Utilization 

phase��

Member
s of 

cluster 2��

Members 
of cluster 

1��
Clusters 

0.84 

0.95 

0.906 

0.999 

0.614 

0.978 

Training 
Phase 

Test Phase��

49��51��BD=0 
Bd≤5 

1.00 

1.00 

0.976 

1.00 

0.745 

0.986 

Training 
Phase 

Test Phase��

20��80��BD =0 
BW≤10  

1.00 

1.00 

0.984 

1.00 

0.799 

0.994 

Training 
Phase 

Test Phase��

9��91 BD=0 
BD≤15 

 
Ä�¬¿�Ä�ËZ¬»��{�ÉZÅÄ�¬¿�Á�Ê^���Ä°^��µ|»���Âe�Ã|��®Ì°¨e�z]�Ê «YÁ�ÉZÅ�Ê]ÂÀm�Á�Ê·Z¼��ÉZÅ

�¶°��¾Ì»���c ��Ád��Ìa�¶]Z«�Ê^���Ä°^����Âe�Ä¯�|¿{Â]�d§M�ÉY�Y{{Â^¿�ÊÀÌ]� ��Ä°^��µ|»�Ä��Ä�ËZ¬»��{
�Ê^���Ä°^��Ä¯�|��½ZÌ]�,�Y�À¼q�®Ë�t����{�cY��u�Ê³|À¯Y�a�ÉZÅÂ´·Y�¾ÌÌ e�ÉY�]�Ê^��MLP��ºfË�Â´·Y

ÉÂ«µ|»�ÊËY�Z¯��{�cY��u�®Ë�Â·Â¯Y��Zf§��ZÆ¿M� ,{Â]�cY��u�Ê³|À¯Y�a�ÉÂ´·Y��Ìz�e��{�É�e�Ä°^��ÉZÅ
�|Àf�¿Y{��iÂ»�Ê^���Zhang et al., 1998����Ê³|À¯Y�a��Ìz�e�ÉY�]�Ê^���Ä°^��®Ë�ÊËY�Z¯�½{�]ÓZ]�ÉY�]�Y~·
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� Y�·Z³�Diptera: Cecidomyiida��¶´Àm��{Ê¿�Â��ÉZÅ�|Ì���cZ^iY� Ä]� Z°Ë�»M�±�]�Yeong et al., 2000� ����{
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���Y�³�Ê ¼ne�c�Â��Ä]�d§M�¾ËY�Ê³|À¯Y�a��Ì¿�|��¹Zn¿Y�Ê^·Z��ÃZÌ³�ÉÁ���]�Ä¯�¶¬f�»�Ê�ÅÁ�a��{�¾ÌÀr¼Å
|���tonhasca et al., 1994����Ä^Àa�®·Z]�|Ì¨��Ê³|À¯Y�a�ÂWYÂËM�Á��Â¸Ìe�½Â¿Z«��Y�Ã{Z¨f�Y�Z]�Ä¯�É�´Ë{�Ê���]��{

�d�Y�Ê ¼ne�c�Â��Ä]�d§M�¾ËY��À¯Y�a�Ä¯�|��½ZÌ]�,{Y{��Y�«�Ê���]�{�Â»��ZÌy�ÉÁ��Y��Naranio & Flint, 

1994���Ä ·Z�»Zn¿{Z]� ÉÁ�� Ä^Àa� ®·Z]� |Ì¨�� Ê³|À¯Y�a� ÉÁ�� Ä¯� ÉY�Ä¯� {Y{� ½Z�¿� |�� ¹Zn¿Y� ¾Ì»Y�Á� Ä¬�À»� ½
�d�Y�Ê ¼ne��Ì¿� ÃZÌ³�¾ËY�ÉÁ��d§M�¾ËY�Ê³|À¯Y�a�Kianpouret al., 2009� ���¾ËY� �Y� Ã|»M�d�{�Ä]�lËZf¿� �Ì¿

�ÅÁ�ad�Y{�Ê´ÀÅZ¼Å��ÅÁ�a�¾ËY��Y�¶�Zu�lËZf¿�Z]�ZÅ���¦Ë� e�d§M��Y�Ê¼¯Y�e�c�Â��Ä]�É{Z�f«Y�Ä¿Zf�M
Ê»��µ�fÀ¯�ÄÀË�Å�½M��{�Ä¯� {Â��d�Y�µ�fÀ¯� �Y�¶�Zu�{Â��µ{Z »�d§M�Seraj, 2011� ����Z¬¿� Ä¯�d�Y�t�YÁ

º��{�Â»�,½Z°»�Z]�\�ZÀf»�dË�Ë|»��{�Ä¿Zf�M�|u��Y��f�Ì]�º¯Y�e�ÉY�Y{Ê»��Y�«�Ê�Za��Ë��Ä¯��Z¬¿��ËZ��Á�|¿�Ì³
|¿�Y|¿�º��¥��»�Ä]� �ZÌ¿�|¿�Y{� �Y�«�Ä¿Zf�M�|u� �Ä�¬¿� Är¿ZÀq�Ê^���Ä°^��Ä¸Ì�Á�Ä]� Ã|��ÄÌÆe�ÉZÅ�d«{��Y

Ê»�|À�Z]��Y{�Ây�]�ÊËÓZ]Ã{Á|v»�µ�fÀ¯�µZ¼�Y�dÆm��{�Ä���»��Ë|»�Ä]�|À¿YÂe�d§M�ÉY|ÀÀ¯�®¼¯��¯��ÃÁÔ���

Ä�¬¿�Är¿ZÀq�¾ËY�]µ�Z¿�½|��µZ §�ÉY�]�Ê]Ây�ÉZ¼ÀÅY��,|¿Â��ÄÌÆe�½Z°»��Å�ÊËZÌ§Y�¤m�cZ�fz»��]�ª^�À»�ZÅ��

��Ì¤f»�w�¿�ÉZÅ�´¸¼���{�d§M� Ä¿Zf�M� |u�ÉÓZ]��Z¬¿� �{� ZÅ{Â]� |ÀÅYÂy� �Ä�¬¿�Ã|ÀÅ{� ½Z�¿� Ã|��ºÌ��e�ÉZÅ
d�Y�Ê ¼ne�c�Â��Ä]��Ë�Âe��f»Y�Za�½{Â]�\�ZÀ»�Ä]�ÄmÂe�Z]Ê»�É�Z»M�ÉZÅÄ�¬¿�Ä]�½ZÀÌ¼�Y�Z]�½YÂe�Ä°^��ÉZÅ

¶v»�Ê^��º��\�ZÀ»�ÉZÅº��Y��Ã{Â·M��Z¬¿�Ê �Â»�c�Â��Ä]�Á�{Â¼¿�[Zzf¿Y�Y��Ê�Zaº���Y�Á�{�¯�Ê�Za��

·M�Á�Ä���»�É��Y���Ê�Za{�¯�É�Ì³Â¸m�d�Ë���Ìv»��f�Ì]�Ê³{Â���
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�µÁ|m����¾Ì]�¾ÌÌ^e�\Ë���Á�Ê¿ÂÌ��³��Ê�y�Ä�]Y�av��Ã{Y{�Ê «YÁ��Ë{Z¬»ZÅ���ÁPv���Ìa�Ë{Z¬»Ã|��ÊÀÌ]��µ|»���Âe��

Table 4.�Linear regression relationship and coefficient of determination between dv (actual value) 
and pv (predicted value by model) 

Coefficient of 
Determination (r2)��Linear regression��

Network 
Utilization 

phase��

Members 
of cluster 

2��

Members of 
cluster 1��Clusters��

0.9387 

0.899��

pv= 0.9405 av 
+0.0149 

pv= 0.8606 dv 
+0.0108��

Training Phase 

Test Phase��

49��51��BD=0 
Bd≤5 

0.9671 

0.9119��

pv= 0.9795 av 
+0.0116 

pv= 0.9035 av 
+0.0108��

Training Phase 

Test Phase��

20��80��BD =0 
BW≤10  

0.9898 

0.9333 

pv= 0.9852 av 
+0.0041 

pv= 0.9089 av 
+0.0054��

Training Phase 

Test Phase��

9��91 BD=0 
BD≤15 
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�¶°�����Ê «YÁ�d·Zu�Á{��{�Ä^Àa�®·Z]�|Ì¨���Ë�Âe�Ä�¬¿�¶°�ÉZÅd, b��Áf� ����Âe�Ã|��®Ì°¨e�Á
� �Ê^��� Ä°^��µ|»�¶°���ÉZÅ c. a� Áe� ��Ä�¬¿�ÉZÅ�a,b� �� Ä¿Zf�M� |u��Z�Y� �]Ä�¬¿� ,d§M�lÀa�ÉZÅ� �

�c, d��Ä�¬¿�Á�d§M�Ã{�Ä¿Zf�M�|u�ÉZÅ�e, f��d§M�Ã{�¿Za�Ä¿Zf�M�|u��Z�Y��]���
Fig. 3.�Bemisia tabaci distribution maps in actual (b, d and f) and classified conditions 
by Neuro Fuzzy neural networks (c, e and a) The maps of a, c, e and b, d, f have been 
drawn according to economic threshold of 5, 10 and 15 respectively. 
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