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Abstract 

The whiteflies, Bemisia tabaci Gen. and Bemisia argentifolii Bellows & Perring and the 

leafhopper Empoasca decipiens Paoli are the most serious and polyphagous pests on wide 

rang of economic crops in Iran and other places especially in tropical regions. Both of the 

whiteflies in adult stage are too similar to identify them particularly in field conditions, so 

population fluctuation and spatial distribution of whiteflies as mixed of two species B. tabaci 

and B. argentifolii with E. decipiens was studied on eggplant crops in Varamin region weekly 

during 2006. The k parameter, index of dispersion, Lloyd’s mean crowding, Morisita’s index 

and regression methods (Taylor and Iwao) were used to estimate the spatial distribution 

pattern of insects. There was improved sampling program by k parameter and coefficients of 

regression models. Whiteflies were seen one week later than leafhopper in middle of May. 

The result indicated that the highest population density of B. tabaci + B. argentifolii and  

E. decipiens was early of June (4.89 per leaf) and early of August (6.69 per leaf). Both of 
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populations were reached to zero in early of October. All of used methods except index of 

dispersion of whiteflies were shown an aggregated distribution for all species, but index of 

dispersion for whiteflies was determined random behavior. The reliable sample size (number 

of leaves) with maximum variance of 20% was about 38 and 20 leaf for whiteflies and 

leafhopper, respectively. Sampling program was improved by k parameter, 103.37 and 

155.42, coefficients of Taylor 14.98 and 0.88 and Iwao’s coefficients 149.39 and 63.35 

sample units for whiteflies and leafhopper, respectively. The difference between sample sizes 

may be due to different precision of indexes. Determining sampling program and spatial 

distribution pattern of the pest can effectively help to design and perform of IPM. 

Key words: Bemisia tabaci, B. argentifolii, Empoasca decipiens, population fluctuation, 

spatial distribution pattern, improving sampling program. 
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 ��

N =

2








dm

ts
 

N =b���( L+C	+ ,��F&  

t=t-student�, bI# !� [��� L+C	+ ,��F& �,�-� L�  

s =�,�, ��
F( ��!E+� ��L
<�� ���,!� L+C	+ �  

d = L^�C+ ���"Z� ��CS L� L� 6!278 x��_ ��]9 $�g
(
( ,C�  

m =�,�, X
*+�
( ��L+C	+ � L
<�� ���,!�  

���� 
2�V� W2-C& �C*<� X

F&:   

G<�� W	?& `9�� (k) 

 ���N( k  �(� )�, L� !2- [C(!� -� �,��^�� ��)Southwood, 2000:(  









=








+

0

log1log
f

N

k

m
k 

m =L+C	+ o�	& )
F	� X
*+�
( ��!}+ ,�C( L+C� �  

f0 =k!� ,��F& ���!"# �_�� �  

N =L+C	+ x� ,��F& ��  

   �,�Z ���N(k    
� �& !�S X
�      !

t& )R�( )2�%+
( ��� .   P|C� !2,�N(k) P|C�    -� !&� (

,�N( � 
F	?& z���!8 L� x2�	& ����, $�"+ 
�,�D& z���!8 ����, $�"+ $� k�g� !2
( ����.  

�� X
*+�
( L� {+�2��� )RI+ (Variance to mean ratio) 

        ���!� X
*+�
( L� {+�2��� )RI+ 6�� �,              
>F	?& ~C+ -� W2-C& ,C� P2 -� !& k�g�

    ��� !� �            
^_� � 
�,�D& W2-C& ,C� P2 �� !��!�     P|C�  -C& ���� P2 -� !&  ~C>+ -� W2

 )9�C��2
(  ����(Patil and Stiteler, 1974).  

    
�����!8 `9�� -� �,��^�� �� )ID (     X
*+�>
( L>� {+�2��� )RI+ $,C� P2 ���I( L
c!�

 ��!_ z2�(-� ,�C( ���(� ��E< -�
( ,!
�:  

ID=
( )

m

sn
21−

 

m

s
2

m

s
2

m

s
2
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  ��

m =+�
(*�,�, X
 ��  

s =�,�, {+�2��� ��  

��N( ��F� L�#!( �, � �,�Z �Z )�, L� !2- [C(!� J2!H -� 
( �2�:  

Z= ( )122 −− νDI  

N =L+C	+ ,��F&  

ν = �,�-� L��,(n-1)  

ID =
�����!8 `9��  

���!� Z     X
� ��(� )���hl/�   � hl/��    L� 
+�(- � �,C� 
�,�D& ~C+ -� W2-C& ���� Z -� 

hl/�k�g�     � 
>F	?& W>2-C& ���� !&   ��>� !>� Z -�hl/�� P>|C�       ~C>+ -� W>2-C& �>��� !>&

)�� )9�C��2.  

�� �2C�< `9�� )m* ((Lloyd's mean crowding index) 

 ���N(m* )�, L� !2- [C(!� -� �,��^�� �� 
(  �2�(Lloyd, 1967):  

m* = m+(
m

s
2

-1) 

m =�,�, X
*+�
( ��  

m* =�2C�< 
F	?& X
*+�
(  
2

s =�,�, {+�2��� ��  

     ���V� W2-C& X

F& ��!�m*   �,�, X
*+�
( !�   ��     ��>� @
IN& )m*/m (        -� !I>� X>2� !>�� �

 P|C� P2          � 
�,�D>& W>2-C& �>��� P>2 ���I>( !>�� � �,C� )9�C��2 ~C+ -� W2-C& ,C� !&

k�g� ���!�  
F	?& ~C+ -� W2-C& ���� P2 -� !&
( ����.  

,� �^
I2�C( `9�� (Morisita’s Index)   

      
2�V� W2-C& �C*<� X

F& ��!��
��   P><��   �>�           -� �^
I>2�C( `9�>� ���>N( �=!>?+- � 

 �� LR��E( !2- L<,�F((Morisita, 1959) :   

  Iδ = n 
( )

( )1

1

−

−∑
NN

xx ii
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n = L+C	+ ,��F& ������ L^��,!� �  

xi  =���	� L+C	+ �, ,�!�� ,��F&i �  

N  =L+C	+ o�	& �, ,�!�� x. ,��F& ����� L^��,!� �  

    �^
I2�C( `9�� L�+��|(Iδ)             � ���I>( !�� � 
F	?& ~C+ -� W2-C& ����� ;2 -� !^��g�  

;|C. �2 ,C� ���C9 )9�C�/2 � 
�,�D& ~C+ -� b
&!& L� 
2�V� W2-C& ���� ;2 -� !&.  

���N( X

F& -� {8(Iδ)  $C(-� ����(� ��Rs� ��!� � � Iδ =1  �>2goodness of fit $C>(-� -�  Z 

�� o�?+�!2- L<,�F( JRH.  

Z = 
( )

( ) 2/12/2

1

nm

I −δ
     

 

 ���N(Z�� ��� LR��E(  Z [���  (Z α/2 = 1.96)  !>�� L�2�C]� �)�!� ��!_ LI2�N( ,�C( Z 

-� ��� LR��E(Z k�g� [���  
�F( ;2 �� �^
I2�C( `9�� �v^9� ���� !&  X2� !
� �, � ��,

S !
� ��C 
�F(          !>�� !*2, ���RZ L� �,C� ���C9 ��,Z        !>^��g� ��>� LR>��E(   -�hl/�   �>��� 

    P|C� !�� � 
F	?& W2-C&  ���I( �2 !&hl/�    �>��C9 
�,�D>& � )>9�C��2 b
&!& L� ����� 

,C�.  

�� �C�
& 
+C
�!�� 6��  :(Taylor’s Power Law) 

 
+C
>�!�� 6�� -� ���� 
2�V� W2-C& �C*<� X

F& ��!�  �C>�
& (Taylor’s Power Law)  

 �� �,��^�� g
+.(Taylor et al., 1998)�,�, �6�� X2� �,   �>�      ��CD>� 12��>& !>� L>� MC>�!( �

            �2,!� LR��E( 12��& !� X
*+�
( � {+�2��� � �� L^�!� !}+ �, L+����� .   �,��^�� ,�C( [C(!�

)�� !2- ��CD� �C�
& 
+C
�!�� 6�� �,: 

Log s2  = Log a +b Log m 

 m =�,�, X
*+�
( �����,!� L+C	+ 12��& !� �,   

s2 = L+C	+ {+�2��� ������,!� L+C	+ 12��& !� �,   

 b = $C
�!�� T9 b
�  

 a = �CE( �� $C
�!�� T9 
_v& xE( Y  

       L+C	+ 12��& !� L� MC�!( {+�2��� � X
*+�
(        {>8 � LR��E( 
Z��- xD� [CH �, ���,!�
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  �q

-�    ��^�� �� @^2��*< X^�!�     ��g�� o!+ -� �,Minitab     $� X
� 
]9 $C
�!�� L]���      �>(� )>��� �� .

 $C
�!�� T9 b
� L�+��|(b)k�g�  � ���I( !�� � 
F	?& ~C+ -� W2-C& ����� ;2 -� !&  �2

;|C. ,C� ���C9 )9�C�/2 � 
�,�D& ~C+ -� b
&!& L� 
2�V� W2-C& ���� ;2 -� !&.  

���N( X

F& -� {8b    ��>(� ��>Rs� ��!>� �  $C>(-� �� b=1  �>2 goodness of fit  �>� o�>?+� .  

t �(� )��� !2- [C(!� -� ��� LR��E( :  
t = (b-1) / SEb 

 t    �>� ��>� LR>��E(t    �,�-� L>��, �>� [��>� n-2   $�>�
	H� u]>� � \ % �>>2,!� LI>2�N( .

;|C.  $,C� !&t -� ��� LR��E( t !>� 
�R( !�S �!� [CR_ !*+�
� [���  b =1   �, L>. )>�� 

   ��CS X2�b            
�,�D& ~C+ -� 
2�V� W2-C& � �,C� ;2 �� !��!�  
>(  �>��� .   L>�+��|b>1   �>��� 

 !�� � 
F	?& W2-C&b<1,C� ���C9 )9�C�/2 W2-C& ���� .  

��  Ca�C2� 
+C
�!�� 6��)Iwao’s Patchiness Regression(:  

 !2- ��CS L� Ca�C2� 
]9 $C
�!�� [C(!�
( ����(Iwao,1977a,b) :  
m*=α+βm 

m =
*+�
(�,�, X �����,!� L+C	+ 12��& !� �,   

m* =���,!� L+C	+ 12��& !� �, �2C�< 
F	?& X
*+�
(  

  L+����� ��CS L� 12��& !� ��!� 6�� X2� �,m � m*     ��!>_ L><,�F( �, � �>� LR>��E( 

 � LR��E( $C
�!�� � L^�!�β �>� LR��E( $C
�!�� T9 b
� �2  .  !>�� 6�� X>2� �,> 1 β 

    �� � 
F	?& W2-C& ����  !<1 β   !�� � �)9�C��2 W2-C& ����1 =β  
�,�D& ~C+ -� W2-C& ����


( ���� . )I& ,�C( �,1 =β  x	Z �C�
& 6�� ��+�( g
+
( ,C�.  

���,!� L+C	+ L(�+!� �N&��:   

 %( zY�
	            L+C	+ ,��F& J
_, X

F& ����,!� L+C	+ L(�+!� P2 �N&�� � LF�C& -�  �� 
( ���� .

   !^	� �L+C	+ b���( ,��F&         !>}+ ,�C>( )>
F	� -� 
N
_, X
	Y& L� L� )�� �� L+C	+ ,��F& X2

��!� .              G>2!F& 
*+C*| � ��� )
F	� ���(� W2-C& L� L^I��� �b���( L+C	+ ,��F& LR��E(

  $�
( ���� .  L+C	+ L(�+!� �N&��             
2�V>� W2-C& �C*<� b2�!c -� �,��^�� �� L+C	+ ,��F& � ���,!�

���. -� 
/2,! ��� X

F& @%( � 
2�V� W2-C& �C*<
( ����.  

L�	� �, W2-C& '��� !� 
��( ��:  
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( )








 +









km

mk

d

t
2

2/α N=   

d = L^�C+ ���"Z� ��CS L� L� 6!278 x��_ ��]9 $�g
(
( ,C�  

t=t-student��, bI# !� [��� L+C	+ ,��F& �,�-� L  

m =�,�, X
*+�
( ��  

k =z���!8 `9��  

�C�2�& 
+C
�!�� 6�� b2�!c '��� !�: 

                                                                    ( )2

2

2/ −






 b
m

d

tα N=a  

b =�$C
�!�� T9 b
�  

a = �CE( �� $C
�!�� T9 
_v& xE( Y  

m =�,�, X
*+�
( ��  

d = L^�C+ ���"Z� ��CS L� L� 6!278 x��_ ��]9 $�g
(
( ,C�  

t=t-studentL+C	+ ,��F& �,�-� L��, bI# !� [���   

 Ca�C2� 
+C
�!�� 6�� b2�!c '��� !�  

                                                                              ( )







−+

+








1

1
2

2/ β
αα

md

t
 N= 

β =  T9 b
��$C
�!��  

α  = �CE( �� $C
�!�� T9 
_v& xE( Y  

m =�,�, X
*+�
( ��  

d = L^�C+ ���"Z� ��CS L� L� 6!278 x��_ ��]9 $�g
(
( ,C�  

t=t-studentL+C	+ ,��F& �,�-� L��, bI# !� [���  

  

����"A)� � :  

 L+C	+ �#��            $�>(g	� )
<�F� L� L�C& �� !c�# J
NE& �, ���,!� �
�>�   P><��   �=!>?+- �  

                �>� o�>?+� @
N^I>( 6��	>� ;
�/& �� L^�7� ��N
NE& L��"( ���,!� L+C	+ � $�?(,�� k!� .
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  �f

                ���,!� L+C	+ )%� -�
+ ,�C( ,��F& L. ,�, $�"+ L
<�� ���,!� L+C	+ -� xS�# n2�^+�
��  P<�� 

 [CR_ x��_ ��]9 �� =!?+- �fq r)D= 0.2 ( �� !��!� b
&!& L�fq � ��    ���,!>� L>+C	+ �>#�� 


( ���� .  ���N(RV     L
<�� ���,!� L+C	+ \j/j   � f�/j     ��!� b
&!& L� �
�� P<��   ,C>� =!>?+- � 

)��, ��!_ 
<CR_ x��_ �,��E( �, L. .    �X
>NNE( !>*2, n2�>^+ ��!( �,Tonhasca et al. (1994) 

 )
F	� 
��!� ��!�B. tabaci  
R<�H ��� !�Cucumis melo L. @
N^I( 6��	� -� �+�g2�� �, 

� X
t<���+,!. �,��^� . x2-!� �,Moura et al. (2003)     !>� $�>+�/& ���,!>� L>+C	+ ;
�/& L� -� 

      ��>
9 L>&C� ��� !>� @
N^I>( 6��	>� � k!� $�
| �
�
� ���)Cucumis sativus L. (  ��!>�

 )
F	� ��+��C+ LF<�](B. tabaci �,!. �,��^�� �+� .Gusmao et al. (2005)   L>�C� ��� !>� g
+ 

 
*+!�Lycopersicon esculentum L.;
�/& -�  ��  )>Rs � 6��	� ��!� ���,!� L+C	+ G�^Y( �

 )
F	�B. tabaci �,!. �,��^�� �+� .    ��!>� 
>*+!� L>�C� @_� �,g
� ��� !� !*2, 
N
NE& �,

L+C	+       )	I_ -� k!� $�
| -� ��C8 ���,!�  ��             ��!>� �
�>� 
/
^>�v8 
�
>� -� � L&C� X
2�8 �

  X
t<�>� 6��	�B. tabaci  >��   )>�� ��>� �,��^)Gusmao et al., 2006 .(    ���,!>� L>+C	+ ��!>�

 )
F	�B. tabaci       ��C>8 L>�#!( )>
F	� ��+�>�C+ 
>��!� )>%�  �
�>�  P><�� B. tabaci -� 

;I2,  ��     ,�F�� L� 
�!� �\/�×\/� 
^+��          L>+C	+ �#�� $�C�Z L� k!� !� -� !^(     T>�C& ���,!>�

Arno et al. (2006);I2, X2� �� �,��^��  ��{8  ��� xN^�( ��*"2�(-� L� k!� -� $�� ��� -� 

 ��!_ 
��!� ,�C( �C/��!/
( C2!^�� �� �
( ��^�!� .  

     ,��� -� {8 !c�# J
NE& �, �
��  P<��  ��     T>���� �, )>
F	� ���>( )"%R2,�� !9��� �, 

       ,C9 )
F	� ��� L� ��( ,�,!9)�h/j �
��  P<��   k!� !� �,  (           n2��>& L>� $� -� �>F� � �
>��

 �� ��!	�              �
�� !�S L� ��( !%( T���� �, �& )��2 z��. )
F	� 
&�+��C+ )  [���� .(  !(� X2�

             L&C� $,C� $�C� � $��g
( )
�
. $,C� b���( � �(, z2�g�� -� 
��+ �B�	^#�  �� ,C>� $�?(,�� � .

��+�    )
F	� z��. �
��  P<��              ��>(, $�>� ,�>2- x
<, L� )�� X/	( �F� L� ,�,!9 !9��� -� 

   $�� XI( � �C�          L�. ��+�( b
_� ���� )
<�F� z2�g�� �CH X
	� � $��g
(   ��  =!?+- �   ��   �2 � 

!���/>>� �>>��>>
aC^2-���8 �  �>>� �C>>R+- L>>�	� -� )>>�� X>>2� �Encarsia formosa Gahan �>>���   

�
aC^2-���8 -� L. ��( �p      )>�� !
I>(!� JH�>�( �, B�>� )>
F	� �� � !s)Hoddle et al., 1996;  

Bogran et al., 2002; Kyamanywa et al., 2007 .( �>>�+�( 
>>�
NNE(Hoddle et al. (1996) �   
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Bogran et al. (2002) L� !
sd&�
aC^2-���8 �K2� L� 
F
RH $��	�, )R�( �� ��  )>
F	� z��. �, 

B. argentifolii�,!. �����   �(� ��+�Liu (2000)  [�>� 
H L. 
N
NE& ��  �>� �hh��hh�  ��� !>� 

 )
F	� ��+��C+B. argentifolii ��� Brassica oleracea L. variety acephala  o�?+� '�g*& �,

                      @
>}�& 
�>S� x>(�Z 
>F
RH $��	>�, � 
��>+��� ��(, L. )�� ��
�� L?
^+ X2� L� )�� �,�,

 )
F	��
�� P<�� B. argentifolii��^I
+ .   

  

 B���CD  X
*+�
() ±��
F( ��]9 (�
�� )
F	� @.�!& P<�� ��� Bemisia tabaci  +Bemisia 

argentifolii =!?+- � Empoasca decipiens   
Z��- [�� �, $�?(,�� k!� ������\  

Table 1- Mean (±SE) of population density of Bemisia tabaci+ Bemisai argentifolii  

and Empoasca decipiens on eggplant in 2006 
 

Empoasca decipiens B. tabaci + B. argentifolii Date 

0.38±1.14 0.00±0.00 9-May 
3.26±4.38 1.20±0.18 16-May 
4.32±1.99 2.00±4.00 22- May 
1.86±1.67 2.33±4.79 29- May 

6.68±49.69 4.89±21.63 5-June 
5.32±2.27 2.21±2.34 12- June 
6.75±1.97 2.20±1.70 19- June 
5.99±2.54 2.18±2.96 26- June 
5.63±2.26 2.08±2.44 3-July 
5.61±1.63 2.07±1.15 10- July 
5.10±1.83 2.29±1.24 17- July 
5.89±3.44 2.36±4.89 23- July 
6.21±3.97 2.26±6.13 30- July 
6.69±0.65 1.33±0.42 6-August 

4.60±0.833 1.33±0.67 13- August 
2.36±2.04 1.75±2.25 20- August 
2.09±0.37 1.20±0.20 27- August 
1.93±0.45 1.25±0.25 3-September 
2.13±0.58 1.33±0.33 10- September 
2.33±1.41 1.00±0.00 17- September 
1.86±1.03 0.80±0.70 24- September 
1.00±0.00 0.00±0.00 1-October 
0.00±0.00 0.00±0.00 8-October 
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   ����>%e� L>� ���Henneberry et al. (1998)  >� L>.      )>
F	� ��!>

t& -� 
>*^�� ��C>S L  

B. argentifolii  L>R�8 o�_�� ��� )Gossypium herbaceum L.(  
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Table 2- Estimated parameters by Lloyd mean crowding, index of dispersion, Lloyd mean 

crowding to mean and common k for Bemisia tabaci+Bemisai argentifolii  

and Empoasca decipiens on eggplant in 2006 

k m*/m Z ID m* S2 m Species 

1.6931 1.5906 0.6381 1493.17 3.5901 5.2659 2.2570 
B. tabaci +  

B. argentifolii 

0.7098 2.4088 258.9240 48963.70 13.7336 51.4960 5.7014 Empoasca decipiens 
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Table 3- Estimated values of intercept and slop of Bemisia tabaci + Bemisai argentifolii  

and Empoasca decipiens by regression analysis of Taylor’s power law and  

Iwao’s patchiness regression on eggplant in 2006 

Taylor’s power law Iwao’s patchiness regression 
Species 

a b r2 Pvalue α β r2 Pvalue 

B. tabaci +  

B. argentifolii 
-0.2020 1.6324 0.431 0.002 -1.9334 2.0809 0.914 0.000 

Empoasca 

decipiens 
-0.0253 1.3971 0.603 0.000 -1.2320 1.5928 0.752 0.000 
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I2�C( `9�� !2,�N( Z�
�� )
F	� ��!� ��� LR��E(  P<�� ���Bemisia tabaci  + 
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Table 4- Morisita’s index and Z values for Bemisia tabaci+ Bemisai argentifolii  

and Empoasca decipiens on eggplant in 2006 

Empoasca decipiens B. tabaci + B. argentifolii 

Z Iδ Z Iδ
 

        Date 

71.48 6.44 - - 9-May 

3.29 2.96 -3.73 1.82 16-May 

0.02 1.01 37.09 14.55 22- May 

10.66 4.62 14.79 7.30 29- May 

0.56 2.29 5.11 5.56 5-June 

0.29 1.29 8.38 4.39 12- June 

0.88 2.09 24.67 10.91 19- June 

0.25 1.25 16.54 7.10 26- June 

0.49 1.47 15.05 6.30 3-July 

3.45 1.33 8.47 3.97 10- July 

0.02 1.01 18.55 8.17 17- July 

0.17 1.66 1.14 1.45 23- July 

-0.01 0.99 2.32 1.89 30- July 

0.20 1.23 8.50 2.92 6-August 

0.21 1.64 28.84 7.50 13- August 

14.75 6.89 64.23 20.00 20- August 

15.18 6.36 18.08 4.67 27- August 

11.61 4.79 28.39 7.00 3-September 

4.17 2.50 47.33 11.67 10- September 

5.71 3.25 -5.92 0.00 17- September 

4.94 2.55 78.88 11.67 24- September 

-5.92 - - - 1-October 

- - - - 8-October 
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