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Abstract 
Changing of host plant quality via agricultural practices such as application of fertilizer may influence 
the behavioral traits of natural enemies. In this study, the effect of improving cucumber plants with 
different vermicompost: soil ratios (0:100 (control), 10:90, 20:80 and 30:70 % by volume) were 
studied on the functional response of the parasitoid wasp Aphidius colemani Viereck to the melon 
aphid, Aphis gossypii Glover. The logistic regression analyses revealed that the functional response of 
the parasitoid wasp to the melon aphid was type II in all treatments. The different vermicompost: soil 
ratios were differently affected the parameters of the functional response of the wasp. The results 
suggest that A. colemani can be efficiently used in integrated management programs against the 
melon aphid using vermicompost. 
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�Ì·Zm�Äf��,Aphis gossypii Glover (Hemiptera: Aphididae)�Ä¼Å�cY��u��Y�Ê°ËÉ�Zm,�¾Ë|Àq��Á��YÂy
Ê»� �Ì�Á�Ê¿Z]�Ì»� ÄÀ»Y{� Z]|�Z]� �Äf��¾ËY�¿ZÅZÌ³� Ä]Ê�\Ì�� ,½Zn»{Z]� ,Ä^Àa� |À¿Z»,ÊÀÌ»��cÂe�,Ê´¿�§��Á� Ä¿YÁ|ÀÅ

� Ã�]�yÃ{�¯� Ä¸¼u�� Á�Ì¿�� d§M� ®Ë� ½YÂÀ�� Ä]� Ã�Á�»YºÆ»�Ä¿Zz¸³� �{Ê»� s��»� �ZÌy� ��Á�a� ÉZÅ|�Z]� �
(Hodjat, 1993; Guncan et al., 2006)� �d§M��ÉÁ���Y�¬f�Y� �Y��a½Z]�Ì»�ÃZÌ³d�a�,�±�]��ÉZÅ½M��Á�Ã|���¯�¼f»

Ê»�Ì£�ZË�Á�ºÌ¬f�»�c�Â��Ä]�|¿YÂe|¿�]�c�Z�y�ºÌ¬f�»���Á�ÊÅZÌ³�Ã�Ì���Y�ÄË~¤e�ªË����Y�½M�ºÌ¬f�»�c�Z�y
d§Z]��{�Ê¸°��|]�d·Zu�{ZnËY�Á�±�]�Ê³|ÌrÌa�c�Â��Ä]�ÃZÌ³�ÉZÅ{���Ê»�ÃZÌ³�½|��|�Z]�{�Ä¯��{ZË��º¯Y�e

�,ÃZÌ³�ÉÁ��½M�dÌ ¼m��ÅZ¯µÂ�v»�dÌ¨Ì¯�Á�dÌ¼¯,�Á�½|��®�yÄeÂ]�¶»Z¯�¾f§��¾Ì]��Y�ZÅÊ»�©Z¨eY|f§Y��
�Á�ËÁ�µZ¬f¿Y� �Ì¿� Á�®¸���t��e�ªË����Y�d§M�¾ËY�ºÌ¬f�»�Ì£�c�Z�y��½Z]�Ì»� ÃZÌ³�Ä]�¦¸fz»�ÉZÅ�c�Â�

Ê»{�Ì³�(Chan et al., 1991; Blackman &Eastop, 2000)���
��Â^¿�Aphidius colemani Viereck (Hymenoptera: Braconidae)��Ê°ËÊ Ì^��½ZÀ¼�{��Y�ºÆ»��À Ȳ�a�Z]�

�Ì�Á�Ê»�Ê¿ZÆm|�Z]���Â^¿��¾ËY,Ê¸yY{�|ÌWÂfË�Y�Za�É{Y�¨¿Y�Á�Äf�ZÅ�Ê»Ä¯�|�Z]�ºze�Á�Ä¸¼u��Y��a�Y~³Ë�|�
½Z]�Ì»ZÅ½M� Ä]� |��� Ã�ZmYZÅ�Ê»� Y�|Å{��van Steenis, 1993; Lykouressiset al., 2009����Â ¿̂��A. colemani���{

Ä¿Zz¸³�Á���Y�»�ZÅÄf��dÌ ¼m�µ�fÀ¯��{�Ê¼Æ»��¬¿{�Y{�Ê�Y���½ZÅZÌ³�\¸£Y�ÉÁ��ZÅ��ºÆ»��YÄf��¾Ë�e�Ä¯�ÊËZÅ
Ê»��Y�«�|ÌWÂfË�Y�Za�¾ËY�Ä¸¼u�{�Â»�Ê»�{�Ì³Ä]�½YÂe�Äf��,�Ì·Zm�Äf��Â¸Å��^�,��½ÂeÂe�Äf��¹|À³��^��Äf��Á�Ã�Z�Y

{�¯��van Steenis, 1995; Helyer et al., 2003; Wu, 2010����
�ÉY�]�lËY��ÉZÅ�ZÌ »��Y�Ê°Ë�Ê ]Ze��À¯YÁÊ]ZË��Y��Ê Ì^��½ZÀ¼�{�ÊËY�Z¯Ê»|�Z]����À¯YÁ�¾ËYc�Â��Ä]�

� º¯Y�e�¾Ì]� �Z^e�Y� Ä ·Z�»� ZË� Ä¼ �½Z]�Ì»�{Y| e� Á�� ZË� Ä¼ �½Z]�Ì»�� ��Âe� Äf§�³� �Y�«� Ä¸¼u� {�Â»�ZË� �³�Z°�
|ÌWÂfË�Y�Za�¦Ë� e�Ê»�{Â��(Solomon, 1949)-�Ä¯�\Ìe�e� ¾Ë|]�� ZË� �³�Z°�mYÂ»� �{� |ÌWÂfË�Y�ZaÆ��ËY�§Y� Z]� Ä

�º¯Y�e�ZË�Ä¼ �,½Z]�Ì»�½Y�Ì»��ÌÌ¤e�Z]�\¸£Y�ZË�ÄË~¤e�ºze��{�Y��{Ây�ÊËZ¿YÂe�É�Y~³�ZË�É�³�Z°��½Z�¿�º�ÌfË�Y�Za
Ê»|Å{�(Holling, 1961)���{�¾ËY�Á�Ê ]Ze��À¯YÁ��Â¿�,Ê]ZË��Y��Y|¬»�ÊÀ Ë�½M�ÉZÅ�f»Y�Za��Ânf�m�c�|«�a���Á

d�{�½Z»��Ê]ZË�Th��{�ÁM�]�Ê»�Â�{���Ê Ì^��½ZÀ¼�{�¦¸fz»��ËY����{�d�Y�¾°¼»��Â¿�ÊeÁZ¨f»�Ê ]Ze��À¯YÁ
|ÀÅ{� ½Z�¿� Ä¯� ½ZÀq� -¾Ì¬¬v»� Êy�]� Ê���]� ª^��(Fathipour et al., 2006; Tahriri et al., 2007; Tazerouni et 

al., 2012; Pasandided et al., 2015)�Ä¿Â³� Ê ]Ze� �À¯YÁ�Ã{YÂ¿Zy� �Y� |ÌWÂfË�Y�Za� ÉZÅ�Â^¿�� ¦¸fz»� ÉZÅ
Braconidae�Ä¸¼m� �Y�A. colemani� ,Haliday Aphidius matricariae�� ÁM�Intosh Diaeretiella rapae���Â¿� �Y

�Á�¹Á{Praon volucre Haliday���Yd�Y�Ã|����Y�³�¹Â���Â¿���
Ê»�Ê Ì^��½ZÀ¼�{�Ê ]Ze��À¯YÁ�ÉÁ���iÂ»�¶»YÂ��¾Ì]��Y½YÂe�Ä]�{Â¯�ÊÅ{�ÃZÌ³��½Z]�Ì»{�¯�Ã�Z�Y���Ä¯�½ZÀq

��Y�³�Ã|��Ä¯� d�Y�½�Á�fÌ¿� {Â¯� �Y� Ã{Z¨f�Y��³�Z°�� ¾�� Ê ]Ze� �À¯YÁ� l¿�]� ÃZÌ³� �{�Cyrtorhinus 

lividipennis Reuter�Y��­�n¿�� Ä]� d^�¿�Nilaparvata lugens Stål�{Y{� �Y�«� �ÌiZe� dve�(Lu et al., 2005)��
ºÅ�{�]�Z¯� ,¾ÌÀq�{Â¯��Â¯~»�­�Á|�¨¯� Ê ]Ze��À¯YÁ� ¹|À³� ÃZÌ³� �{��³�Z°��Harmonia axyridis Pallas��Y�

Äf�� Ä]� d^�¿ÉZÅ�Rhopalosiphum  padi  L.�Á�Sitobion avenae Fabricius�{�¯� �iZf»�(Aqueel & Leather, 

2012)� �Ê»�Ád�Âb¼¯��Ä¯�d�Y�Ê·M�{Â¯�Ê�Â¿¹�¯�®Ë�Â·ÂÌ]�dÌ·Z §�¶�Zu�¯ZyÊ,Eisenia  foetida Savigny�
Ê»|�Z]���¶Ë|^e�É~¤»�Ê·M�{Â¯�Ä]�Y��½M�d Ì^���{�{ÂmÂ»�Ê·M�{YÂ»��Y�ÄË~¤e�Z]�¹�¯�¾ËYÊ»-|À¯��Ä]É�Â����{�Ä¯

ÊÀ£� �Y� Ê°Ë� {Â¯� ¾ËY� ��Zu� µZu� ZÌ¿{� �{� Ã|�� ÄfyZÀ�� ®Ë�Â·ÂÌ]� Ê·M� ÉZÅ{Â¯� ¾Ë�eÊ»��Z]|� �



¿Ã��u�¾¼n¿Y�Ä»Z��,½Y�ËY�Ê�ZÀ�������
������ÕÐ��

 

 

(Edwards & Fletcher, 1988; Edwards, 1994; Atiyeh et al., 2000)�Ê»�Á� {�]�Z¯�d�Âb¼¯���ËY�§Y� ¶Ì·{� Ä]
cZ§M�dÌ ¼m��ÅZ¯�Á�ÃZÌ³�|���Ê»�ÅZ¯�¾¼��|¿YÂe�ÊËZÌ¼Ì��ÉZÅ{Â¯�{�]�Z¯�Y�Ã{Z¨f�Y�,�d§M�¯�Y��ZÅ��Ì¿

�¶«Y|u�Ä]Ä»Z¿�]��{�Á�Ã|¿Z��{�Ì³��Y�«�Ã{Z¨f�Y�{�Â»�cZ§M�Ê¬Ì¨¸e�dË�Ë|»�ÉZÅ�(Arancon et al., 2005,2007; 

Razmjou et al., 2011, 2012)���
Ê»�Á�{Â¯��iY�Ê���]ÄÀÌ»���Y�Ê Ì^��½ZÀ¼�{�Ê ]Ze��À¯YÁ�ÉÁ��d�Âb¼¯µZ���{�ªÌ¬ve�|Ë|m�ÉZÅ��ÉZÅ

d�Y� Ã{Â]� �ÌyY� �Ê���]� �{ÉZÅ Omrani Dizaji (2011) ,Kasaei Faradonbeh (2014)�ÁMottaghinia et al. 

(2015)���ÌiZe�Ä]Ê»�Á��Y�Ã{Z¨f�Y��³�Z°��cY��u�Ê ]Ze��À¯YÁ�ÉÁ��d�Âb¼¯ÄfyY{�a�d�Y�Ã|��{ÂmÁ�¾ËY�Z],�
Äf§�³�c�Â���]ZÀ»�Ê���]�ª^��½ÂÀ¯Ze��ÉÁ��{Â¯�¾ËY�{�]�Z¯��iYÊ³�ËÁ�É�Zf§��ÉZÅ�cY��u�|ÌWÂfË�Y�Za�{�Â»

�]�d�Y� Äf§�´¿� �Y�«�Ê�� �¾ËY�]ZÀ],�� ��Zu�Ä ·Z�»�¥|Å�Ê���]� �ÌiZe�Y� Ã{Z¨f�Y�Ê»�Á��ZÌy� ÃZÌ³��{�d�Âb¼¯
ÌWÂfË�Y�Za��Â^¿��Ê ]Ze��À¯YÁ�ÉÁ�|� A. colemani¯Y�e�Ä]�d^�¿º��Ì·Zm�Äf��¦¸fz»�ÉZÅ{Â]� Ê»�lËZf¿�¾ËY�|¿YÂe

�Ã|��ÊÅ{{Â¯�½ZÅZÌ³�ÉÁ���Â^¿��¾ËY�ÊËY�Z¯�Ê]ZË��Y��{Ê»�Á�Z]Ä»Z¿�]��{�Ã�ËÁ�Ä]�d�Âb¼¯�Ê¬Ì¨¸e�dË�Ë|»�ÉZÅ
{�Ì³��Y�«�Ã{Z¨f�Y�{�Â»���

��
�Á��Á�{YÂ»ZÅ��

��

�½Z]�Ì»�ÃZÌ³���Á�a�Á�cY��u��
�ZÌy� ÃZÌ³� �Y� Ê���]� ¾ËY� �{�ºË�¯� º«����¹Zn¿Y� ÉY�]� Ê³�]� �f�]� ½YÂÀ�� Ä]� �Ì¿� Á�cY��u���Á�a� ÉY�]

�ËZ»�M�Ã{Z¨f�Y�Ê¸�Y�ÉZÅË{�³|����Â�À»�¾ËY�ÉY�]½Y|¸³�¶yY{��{��ZÌy��Á~]��«�Ä]�Ê°Ìf�Ôa�ÉZÅ�Ä¿ZÅ{�����Á
� �Z¨e�Y���Êf¿Z�� �f»d^�¿� Z]� Ä¯�Ê»�Á��Â¸z»� �Y�¦¸fz»�ÉZÅ,|¿{Â]� Ã|�� �a�­Zy� Á�d�Âb¼¯�|�� Äf�Z¯��
Ê»�Á|Ë{�³� ÄÌÆe� [Y�M� Ä�Â¿Y� d¯��� �Y� ªÌ¬ve� ¾ËY� �{� Ã{Z¨f�Y� {�Â»� d�Âb¼¯� �d^�¿ÉZÅ��¦¸fz»
Ê»�Á�d�Âb¼¯��­Zy�Ê���]�¾ËY��{�Ã{Z¨f�Y�{�Â»��¶»Z��������|ÅZ���,������,�������Á�������Ê¼nu�|��{
{Â]���Z¼Ìe��Å�ÉY�]�Ä¯���|��Äf§�³���¿��{�Y�n»�½Y|¸³���Ä¼ÅÅ|���Z¼Ìe�½ZÅZÌ³�Ä¿Zz¸³��|ÉZ»{��{�±���Äm�{�

�Ê^�¿�d]Â���,�ÂÌ�¸���±���Ä´¿�Ê Ì^��É�Â¿�Ã�Á{�Á�|��{�|¿|��É�Y{������Ze��ZÆq�Ä¸u�»��{�½ZÅZÌ³
�Ê³�]«ZeY�Ä]®��Á�¶¬fÀ»�|��ÉY�]�Á�cY��u���Á�a��ËZ»�M�¹Zn¿Y|Àf§�³��Y�«�Ã{Z¨f�Y�{�Â»�ZÅ����

Äf��Y|f]Y�,�Ì·Zm�Äf��ÊÀ¸¯�{ZnËY�ÉY�]Ê]�¢·Z]�ÉZÅ��Y�µZ]½ZÅZÌ³�Ã{Â·M��ZÌy�Ä]�Y�d§M�¾Ë�¼m�É�ÁM|Ë{�³��
Äf�� ,�b��¼m�ÉZÅÉÁ�� Ã|��É�ÁM�ÄeÂ]�ZÌy�ÉZÅ�Ã|���Z¼Ìe�d^�¿�Z]Ê»�Á�¦¸fz»�ÉZÅ�d�Âb¼¯�Á�¶¬fÀ»

Ä]��Z¼Ìe��Å�ÉÁ���c|»Ä��¶«Y|u�|��Ã{Y{���Á�b¸�¿�� 

��Â^¿�A. colemani��c�aÂ¯�d¯���Ê³|ÀËZ¼¿��Y�Koppert���½Y�ËY��{�ÃZÌ³�d¯���|¿Â·Y��~]���c�Â��Ä]
Äf��ÄÌÆe�ÊËZÌ»Â»�ÉZÅË{�³|���a�ZÅ�Â^¿���Y�ÂÆ���ÉÁ��Ê�ËZ»�M�ÉZÅ�Z¼ÌeÄf��Ä]�Ã{Â·M�|��É�Z�ZÅ���Ì·Zm|¿��

½M�½|���za��Y�É�Ì³Â¸m�Á��Â^¿��ÊÀ¸¯��¨u�dÆm½Y|¸³�ÉÁ��,|���®«ZeY��{�ZÅÄq�Za�Z]�ZÅ��¦Ë���É�Âe
|�� Ã|¿Z�Âa� ��Ê�ËZ»�M�¦¸fz»�ÉZÅ�Z¼Ìe�ÉÁ��¶�¿�Ä��c|»�Ä]�|ÌWÂfË�Y�Za�ÉZÅ�Â^¿�|Àf§ZË���Á�a���Á�a�

cY��u��Ã{Z¨f�Y�{�Â»ªÌ¬ve�¾ËY��{��ÉZ»{��{�±���Äm�{��Ê^�¿�d]Â���,�ÂÌ�¸��±����É�Â¿�Ã�Á{�Á�|��{
����Á�ÊËZÀ�Á��d�Z���d�Z��Ê°Ë�Ze�«ZeY��{®��|��d§�³�c�Â����

��
��
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�ËZ»�M�¹Zn¿Y��Á�ZÅ��
�Ê ]Ze��À¯YÁ�Ê���]�ÉY�]�Â^¿�A. colemani����«�Ä]�Ê°Ìf�Ôa�É�fa�¥Á����Yd�Å�Êf¿Z��ÉY�]�Ä¯��f»

���«�Ä]�ÊyY�Â��ÄËÂÆe�¾Ì»ZeÁ{�Êf¿Z�½M��Âa���ÉÁ���f»�Ã{Z¨f�Y�,{Â]�Ã|��Ã|¿Z�Âa�¦Ë���É�Âe�Z]�Á�{ZnËY�ZÅ
�|� �Ì³�]�®�Ë{�®Ë�É�fa�¥��� �Å�¶yY{Ê���]� {�Â»�ÉZÅ�Z¼Ìe� �Z�¥��� ��«� ½Z¼Å� Ä]��Ê§Z��~£Z¯�ÉÁ�

��Y�«�[Â��»|��Ã{Y{]�ÓZ]� Ä]� Á��±�]�¾Ë�Ë��t���Ä¯�É�Â��Ä]� ,{Â��Ã�Âa��{��Ì·Zm�Äf��¹Á{�¾��ÉZÅ���
�¦¸fz»�º¯Y�e���,��,��,���,����Á����®�Ë{�ÉÁ��Â»�º¸«��Y�Ã{Z¨f�Y�Z]|¿|��¶¬fÀ»�Ê³�]�ÉZÅ��Äf��º¯Y�e��Å

Ê»�Á�t����Å�ÉY�]�ÉY�Y{�d�Âb¼¯���{Â]��Y�°e���Ä¯�c�Â��¾Ë|]�,|��Ã{Z¨f�Y�¶����Y�ZÅ�Â^¿��ÄË~¤e�ÉY�]
�Ã{Y{��Y�«�±�]�ÉÁ���b��Á�Ã|Ì�¯�~£Z¯�Ä°e�®Ë�ÉÁ��­{�Z¯��Y�Ã{Z¨f�Y�Z]�¶����Y�­�Z¿��ZÌ�]�ÄËÓ�®ËÊ»��
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Table 1. Logistic regression analyses of the proportion of the melon aphid parasitized by  
A. colemani on different treatments. 

Vermicompost: Soil 
ratios 

Parameters Estimate SE ÷2 P-value 

0:100 
Constant 
(P0) 

1.3434 
0.6276 4.58 0.0323 

 Linear (P1) -0.3236 0.1629 3.95 0.0469 

 Quadratic 
(P2) 

0.0199 0.0118 2.86 0.0905 

10:90 Constant 
(P0) 

0.7909 0.3430 5.32 0.0211 

 Linear (P1) -0.1096 0.0443 6.11 0.0134 

 
Quadratic 
(P2) 

0.00155 
0.00110 1.97 0.1603 

20:80 
Constant 
(P0) 

1.0255 
0.3396 8.61 0.0034 

 Linear (P1) -0.1101 0.0447 6.05 0.0139 

 
Quadratic 
(P2) 

0.00128 
0.00111 1.33 0.2491 

30:70 Constant 
(P0) 

1.1238 0.3546 10.04 0.0015 

 Linear (P1) -0.0986 0.0450 4.79 0.0286 

 Quadratic 
(P2) 

0.000772 0.00111 0.48 0.4883 
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���Âe� Ã|�� ¹Zn¿Y� Ä ·Z�»� �{� Á� ¹Á{� �Â¿� �YByeon et al. (2011)�{Â]� ¹Â�� �Â¿� �Y� ��Ê ]Ze��À ȲÁ��Â¿�cÁZ¨e
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Table 2. Search rate (a), handling time (Th), and maximum rate of parasitism (T/Th) of A. colemani to 
the melon aphid on different treatments. 

 

Vermicompost: 
 Soil ratios 

a  Th 

T/Th 

Mean ± SE 95% CI*  Mean ± SE 95% CI 

0:100 0.073 ± 0.033 0.005 � 0.140  2.347 ± 0.383 1.562 � 3.133 10.23 

10:90 0.073 ± 0.027 0.017 � 0.130  2.606 ± 0.330 1.929 � 3.283 9.21 

20:80 0.089 ± 0.039 0.008 � 0.170  2.643 ± 0.330 1.966 � 3.320 9.08 

30:70 0.098 ± 0.021 0.057 � 0.139  2.854 ± 0.201 2.452 � 3.256 8.41 
*Confidence Interval 
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d^�¿� Z]� Ã|��ÊÅ{{Â¯Ê»�Á�¦¸fz»�ÉZÅd�Âb¼¯� �­Zy� ��Á� Ã|��ÄfË�Y�Za�½Z]�Ì»� {Y| e� �´¿ZÌ]�\Ìe�e�Ä]��Â�y�Á��Z¬¿
Ê»���mY��µ|»�Z]�Ã|��Ã{��¾Ì¼ze�|À�Z]� 

 
Fig. 1. Number of parasitism of A. colemani to different densities of the melon aphid reared on 
cucumber amended with different vermicompost: soil ratios. The data points and solid lines represent 
the number of the host parasitized and predicted by the Rogers model, respectively. 
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�|À¯�Roy et al., 1999��d�{�½Z»���ÅZ¯�d�Y�¾°¼»�dËZÆ¿��{�Ä¯|�Z]�Äf�Y{�µZ^¿{�Ä]� Y�� �Â^¿��Ê]ZË� ���Zf§�
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ÃZÌ³���Âe���ZÀ��¾ËY�¶»Z¯�Ê·Á�ÊnË�|e�(Edwards & Fletcher, 1988; Edwards, 1998)��¾¼��d�Y�¾°¼»
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Fig. 2. Percentage of parasitism of A.colemani to different densities of the melon aphid reared on 
cucumber amended with different vermicompost: soil ratios. The data points and solid lines represent 
the percentage of the host parasitized and predicted by the Rogers model, respectively. 

��
�d�{�Ä]�lËZf¿Ê ]Ze��À¯YÁ�Ê���]��Y�Ã|»M�Ê Ì^��½ZÀ¼�{��¶Ì·{�Ä]�Ã�ËÁ�Ä]�ÊÅZ´�ËZ»�M��ËY����{�ÉZ�§

�{Á|v»�Ânf�mÄ���»��ËY���Ä]�ºÌ¼ e�¶]Z«d�Ì¿�ÉY�Ä°¸]�Ê Ì^��½ZÀ¼�{�ÊËY�Z¯�Ä�ËZ¬»�ÉY�]�ZÆÀe��½YÂÀ��Ä]
�®Ë�Â·ÂÌ]�µ�fÀ¯�¶»YÂ�{�Y{�{�]�Z¯���ÃZ´�ËZ»�M��{�µÂ¼ »��Â��Ä]�Ê Ì^��¾¼�{�ÉÂnf�m�c�|«�½Z»��Ä¸Ì�Â]

0

20

40

60

80

100

0 4 8 12 16 20 24 28 32

̂˹�˺˹

0

20

40

60

80

100

0 4 8 12 16 20 24 28 32

P
re

ce
n

ta
g

e 
o

f p
ar

as
it

is
m

˺˹˹�˹

0

20

40

60

80

100

0 4 8 12 16 20 24 28 32
Host density

70:30

0

20

40

60

80

100

0 4 8 12 16 20 24 28 32

P
re

ce
n

ta
g

e 
o

f p
ar

as
it

is
m

Host density

́˹�˻˹



����Ê¬f»�½Y�Z°¼Å�Á�ZÌ¿����ÌiZeÊ»�Á�|ÌWÂfË�Y�Za��Â^¿��Ê ]Ze��À¯YÁ��]�d�Âb¼¯��

��

 

d�{Ê»� {Á|v»�Ê]ZË�{Â�,�É�³Ânf�m� �Zf§�� Z]� Ä���»��{� Ä¯�Ê·Zu��{�½M�Ê»� {Á|v»{{�³�(Gitongaetal., 

2002; Lee & Kang, 2004; AbdEl-Gawadetal., 2010)��� ,¾ËY�]ZÀ]Ì Ì^�� �ËY��� �{�Â^¿�� �À¯YÂA. Colemani�
�d^�¿��Ì·Zm�Äf��Ä]�{�Ã|��ÊÅ{{Â¯�½ZÅZÌ³�Ê»�Á�Z]d�Âb¼¯���Y�Ã|»M�d�{�Ä]�lËZf¿��Y�cÁZ¨f»�d�Y�¾°¼»
¬Ì¬vecZ��ÊÅZ´�ËZ»�M��Zu�|�Z]� �ºÅ�,¾ÌÀq�¾ËY� �{�ÅÁ�a�Â^¿��Äq�³ZA. Colemani��º Ȳ�e�Ä]� Äf�]YÁ��À¯YÁ

Ê»���¿�Ä]�\Ìe�e�¾Ë|]�Á�{Y{�½Z�¿�Y��½Z]�Ì»��Â° »�dÌ ¼m�ºÌ�Àe�Ä]��{Z«�ÊËZÆÀe�Ä]�|���Äf��Ì·Zm��Z»Y�,|�Z^¿
Ä¸yY|»�ZË�Á�­�ve�,¶j»|Ì·Âe�ªË����Y�½M�É{|���À¯YÁ��Ê¿Z�¿Y�ÉZÅ�½M�É�Z�ZÅ��Á��Ìj°e�|À¿Z»��d�Y�¾°¼»�

�d^j»�º¯Y�e� Ä]� Äf�]YÁ��À¯YÁ�\mÂ»�½M{�Z��¾°¼»� Y��Äf��dÌ ¼m�ºÌ�Àe�Á�Ã|��(Parajulee et al., 1994)��
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