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Abstract  

Foliage of Achillea wilhelmsii C. Koch. were dried in the shade and room temperature (about 25°C), powdered and extraction was 

done in the Soxhlet extractor. Water soluble and non-water soluble components of the extract were separated by Dichloromethane/water. In 

addition, Tween 85 was added to the extract and EC formulation of 5% was made. Results of the laboratory experiments showed good 

stability of the formulation. The toxicity of formulation to the root-knot nematode, Meloidogyne incognita, was studied in laboratory and pot 

experiments. Application rates of formulation were 0.125, 0.25, 0.5, 1, 2, 4, 8 and 16 percent for the laboratory experiment in order to 

determine their effects on motility and mortality of second-stage juveniles (J2) after 24 and 48 h. In pot experiment, 0.125, 0.25, 0.5, 1, 2 and 

4 percent of the formulation were applied on nematode activity and plant growth components of tomato (Solanum lycopersicum). Exposure 

time was significantly (p<5%) affected J2 mortality. J2 mortality was 49.9% for concentration of 4%. It was 100% for the concentrations of 

8% and 16%, after 48 h. In pot experiment, all of the concentrations significantly reduced the nematode parameters and overall population. 

Treatment of 4% of formulation was toxic to tomato plants in comparison to control.  In general, concentrations of the 0.50%, 1% and 2% of 

the formulation were at par and the bests in controlling root knot nematode and improved tomato growth parameters in the pot condition 

compare with the control.  

Key words: Formulation, non-chemical control, Plant material powder, plant parasitic nematode, Solanum lycopersicum.  
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     � �'L�<1 #��L�� j�LO �L� #�18	�   )LP�� NL% ��L-�   ��L3=

)�'� *=$�   ��L1> �> ±��   �L� J�LZ=� .   �> ��L3%�12� \L%�

�X1�@ �$/ vY�Q ?�$� J�Z=� �>�T7 )Duncan, 1955( .  

\-����  \2" $QR
- 
) :   �L3= 2� pLA 2�� ?LT�� 

)�'� *=$� ��� �>�#   )L7'� ��L�   )L�'� ��L�    z�LO 2� L*=$�

  �>'L7 >��-7 �W�� >��-7 V1�� ��UX/� ?.c )� ?.B= � &��O

  �z�LO �> >'�'1 �7�	= >��-7 �)3%� J$� �> o<7 >��-7 �o<7

   ��L
� L3%�� ���k � )3%� � z�O �> �7�	= %�+= ?
-	�

#2� � W'/ V1�� � )3%� $7   �L%>$� J��LQ� �)Q�� . L�$   M�L��

4��   7'LL� hLL�'7 ��LL� LL�$-1 ��LL�] )1986 Southey,( �

  NLY� )P��% $

�7 4�� )� z�O 2� �7�	= 4��	� � �2�����

?�$� J�Z=� \1$� e
Q � . �> �Y�� �>�1 ?
-	� 4��	� ��$�

    �
LL�� LL*=� W'LL�61 �LL� )LL3%� J$LL� �LL% ���LL51 �)LL3%�  

\
�'�!  �L=� V��'P,_   ��	
5PLB1 � �8L
1�  �L�  �'xL�'�$P�� 

�	��� 4� .  

  

^�� $ %_���  
?$� %A'
>�     E��*�B�� $ 5�B�� ��
BC3 D��*� 5
)

�"�� ����  �����
��� :4�� \
� �>  ��� 4�� ���$� >�'1

 h
61 ��1> �> V=�P1 �� &�$<P��>�> #�3= �� %���, \%$P3
� .

 4�� \%� �> ���51 ���TUO  �L1� ?L�> )� [Y��    )L� ?.LB=

 $%��4��  r
567 \%� �> ��� ��$� ���>'� $P3
�.   \L%� �>

 4���mm  )� ?.B= ), �1� ?�> )� ��� [Y�O ���TU J$�

>'� $P3
� ��
B� �.Q 4�� �>.  

     ��B������ 5���B'
P �B��� $ �'
K�BAO��� �
B*��� 

)Breuer, 2006 :( $%>�51    PL��> L�$u W>�L-7 v%$Lw!  R�

  PL��>)Hydrophilic-lipophilic Balance; HLB ( 2�s/H  �L7�� 

 >'LL� $L
�P1 )  W��L��( . )LL='	= �>�   \%$PLL3
� �L�HLB�  �LL+�7

2�Tween 85   �>��PLL���LL� )LL='	= �> �  ���LL51 ��LL-� ��LL�

$%��
BY'1�Tween 85   $%��
LBY'1� ���51 �'U �> � ;��@ 85 

Span ?��% ;%�8�� . $%>�51 )u$�Span 85    ���L51 ��L� )��w�

HLB  >$@ ��
A ;��@ . C%�P=  �> )L@ #'
BY'1� ����%�A ;%�12�

    �L� J�LZ=� �L-� )L�($1 )FAO, 2006(    )L='	= )L, >�> #�L3= �

$%��
BY'1�Tween 85        )L� ?.LB= �$PL3
� ����L%�A ����> 8L
=

Span 85 ?��.  

  )L='	= #'
LBY'1� ����%�A C%�P=   �L� >�> #�L3=  )L,   $PL3
�

)='	=  #�12 �> ��`/m   Y'L�61 �$��L� $b= 2� �?U��   �$
L�

x% � �=��=>'� ?O�'� .)='	=  ����  �7H  )=�L3= )='� �
� ��

�$u 2�  %�>2))='	= y}� �> �$u 0	Z7 (  2� LY� ��P���=

 )='	=q  �7�m ����51 �� )='	= y}� �> �  V9L� �$u 0	Z7

?�$� .)='	= �$��� Vx� ?U�� �> 2� pA     L	@ $L

�7 �L�

)='	= �1� ?��>  ����  �7H    ���> )L
5� � L%�>2 L�$u #��� �

�$u �=>'� %�>2 . 2� pA�q )='	= �> �?U�� ���  �> ���	�

 �7�m  %�>2 �$u  ?L�$� V9� ;%�12� )Y'Y )7 �> R'�� �

 ���	� )='	= �+�7 �� %�>2 �$u #��� R'�� � �=�1 Q��.  

    ��L� )PO�L� #'
L�_'1$� ��.c *='*u ��$� #'12�

) ���	� )='	=� ( ?.B= )� �?<� R� �>`  '	= 2� �Lk�>  )L=

 ��$	� )� ��� )Y'1$�t`   \L%� ), >�> #�3= �?<� R� �k�>



5�
��� $ F
��    ()
�� 5
) : ��GHI ��
�- J7 ��K�� J4LMN ���

      �L3%�12� ��L� )LY'Y �> � ��L=�1 ���L%�A R� �> #'
�_'1$�

 R'��)sediment (�3= V
937.  

 ��"#	5$� �������� �	
��  ()
+B&'
��� ,'��- �� :

���> �> $� �> �  =�12�q  �q�    � i$L1 �'L= �
L� �?U�� 

 �7�	= J�> \� ��_ $
1?b�^ �>   ��L� ��/� ���/�  ���/� 

�%>$*= ����31 #'
�_'1$� 2� �k�> .$�  ���> �> )L, ��u  �

 =�12�f  #�8
1 �?U��j$67 ?b�^ �> �7�	=  ��� �� �f �g 

 � �  2� �k�> �/g  �7 ��    �>'L� $L
�P1 �k�> 2� pLA   ��$LQ

 ��LL1 )LL� $LL}51 R� �> �LL���_ \LL%� #>�>�f  J�LL	7 �?U�LL�

��� ��	
7 �����_ ?b�^ ��  ���  ��  �f  � -
./ ?Y�( )�

   #� \
L� �> �$L
1 � i$L1 �'= �
� � )P3�$� >'O j$67   �L�

�3= ����31 . =�12 ���> �>�f  h5� �?U���g/�g  � �/f� 

 �����	
7 �> v
7$7 )� �7�	= J�> \� �����_ i$1 �k�>g 

 � �   L�-1 ~XPLO� �� �k�>   ���L1� ��>)m`/mP<(    ?L.c )L�

�
�� .$P3
�  L3@�7�	= #�8L
1 \% )�mm  �Lk�>(  2� pLA �q� 

 ��L���	
7 )� r�-P1 �?U�� g  � �   �Lk�> >'L� .  ��L	
7 �>q 

     2� pLA �L7�	= $L
1 � i$L1 #�8
1 ��k�>q�    W>�L-1 ?U�L�

�s/qt  �> � �LLk�>?LLb�^  ��LL� ��/� ���/� ��/��    �� 

�
�� ?.c )� $�k ��k�>.  

p=�%��� )%8Z7 W��� C%�P=  \
*=�L
1 )B%�51 �   �L� #�L3= 

 ����>  ��-1 ~XPO� ��> ���> \
�     ��L� �>��PL�� =�L12 ���

��_ $
1 � i$1 ��� ?�� r
567 \%� �> �7�	= J�> \� ��� .

W�-� $
^ ��� #�12 $c� �1� �-1 �7�	= �2��  >'L.= ��>.   )LB%�51

#�12 V��5P1 � �>�$�=� ��$c� ��	
7 � ��    �> �>��PL�� >�'L1 ���

� ), >�> #�3= r
567 \%�   $L
^ ��� ��L	
7 � #�12 V��5P1 ��$c

�-�W �-1 $
^ ���1� $b= 2� �7�	= �2�� � i$1 ��� Y� ��> 

�-1 �7�	= $
1 >'� ��> )W��� �(.   

 ��"#BB	  (BB&'$� F
KBB0 $ �BB	
�� 5$� ��BB������

%G�� %�
*�� ,'��- �� (+��� 5� :   M�L�� $L�   )L%8Z7 C%�LP=

?b�^ $
cd7 p=�%���  #'
�_'1$� e�P<1 ���'� #��>�L1  ���

 �7�	=M. incognita )�'� ��
� 3%�� ���k �  $b= 2� �*=$�

 ���1�)m`/mP< (�-1 ?�� �>'� ��>.  C%�P=  L��$� 2� )�k�(

?b�^ $
cd7      L3%�� ���Lk ��� #'
L�_'1$� eL�P<1 ���

)�'� ��
�  *=$��-1 $c� ����> #�3=  ��>)m`/mP< (  ?L.�1 �

 ��	
7� ��� �#'
�_'1$� 2� �k�>      ��L
� )L3%� Y'L/ �L��

)�'� *=$� >'� . ��	
7 �> W'/ \%�� �k�>� Hm P=��  $LP1 � 

 ���� ��	
7 �>)#'
�_'1$� � �7�	= #���(� �` P=�� >'� $P1.  

 )3%� W'/ \%$P	,)�H P=�� $P1 ( ���	� ���� �>�   )L,

h5�  2��7�	=  �
L�� ?.c )� �>'� ��� �>��P�� .   W'L/ \%$PL3
�

 )Q�LL�)�H P=�LL� $LLP1 ( ��LL	
7 �>� % #� \%$LLP	, �)HH/qs 

P=�� $P1 (�7�	= �� ���� ��	
7 �> �� ����31.  

  
�$�G VW �51%BY'1� �> e�P<1 $%>�51 $c� )B
 $%��)Tween 85  �Span 85 (��� �A%���� �_'1$�
 #'EC � 2� ��� )PO��
#��>�1'� ��  

Table 1. Comparison effects of different amounts of two emulsifiers (Tween 85 and Span 85) on stability of Achillea wilhelmsii formulation 

 �'�
>�(��$� (��9 ��
`	 a'�]W  (��$� ��)HLB( 

Hydrophilic lipophilic 

Balance (from Atlas Chemie)  

�'
K�AO��� b�� 

Types of emulsifiers %���� ��
�-  
No.  Uc��de )f��( 

Span 85 (g) 

 U�'�	de )f��( 

Tween 85 (g) 
11 - 100 1 

9.8 13 87 2 
8.1 32 68 3 

6.4 50 50 4 
5.9 55 45 5 

5.5 60 40 6 

5 65 35 7 
4.6 70 30 8 

4.1 75 25 9 
3.6 80 20 10 



������3 5���. $ (�
<��� (./0 : �������	
�� �������� �� �� ����� �
�� ��  � ��"#	 $ ���
���%&'� �	
�� ����� ��  ()��... ���

�$�G YW cd7
?b�^ $ ��� �_'1$� e�P<1
#�12 � #��>�1'� #' ��� )P�� ��9� 1 � i$1 ���
$  �  

^
W�-�$ 2���  )3%� �$� �7�	=)M .incognita (��*3%�12� h%�$� �> 

Table 2. Effects of different concentrations of Achillea wilhelmsii formulation and different times  
on the immobility and mortality of second stage juveniles of Meloidogyne incognita 

�
��	 

Treatment  

g�h���� � �
�5 

Immobility 

$ i�� ��� 

Mortality 

 �� �`�7j \3
� 

24 h 

 �� �`�jH \3
� 

48 h 

 �� �`�7j \3
� 

24 h 

 �� �`�jH \3
� 

48 h 
Control (Distilled water) 0d 0d 0c 0c 

0.125% 0d 0d 0c 0c 

0.25% 0d 0d 0c 0c 

0.50% 0d 0d 0c 0c 

1% 8c 8c 0c 0c 

2% 78b 82b 0c 0c 

4% 100a 100a 0c 49b 
8% 100a 100a 28b 100a 

16% 100a 100a 45a 100a 

* ?.c >��U�   \
*=�
1 �W��� �> ���� $� �> )��31 ~�$( � �>'� ��$x7  #'PL��  #�L3=   ��L��> �    L�-1 ~XPLO� J�LU     y}L� �> � ���L1� $Lb= 2� ��>� %

1 ����. 

*Data are means of 3 replicates. Data followed in each column by the same letters are not significantly different according to Duncan’s Multiple 

Range Test (P = 0.05). 

$b= 2�  #2� � $7%  L�-1 ~XPLO� �)3  L� ��>
 \7
 �L���	� 

��`/m ��`/m ��  �� �k�> >$*= ����31%�. �
$P3%#2� \   $L7

�%7 )� �'�$1 �)Q�� � )3
 ��	� �k�>  >'L� .7
  ��L	q   �Lk�>

�_'1$�
�-1 ;��, lU�� #' �, ��>
�� ���k )% L3   >�'L1

��$� � �>
)�'� �� *=$� �51 �>% ���� �� )B)7
   #��L� ��L	

�_'1$� � �7�	=
#' (>$�%�.  

)� �'/ �,�8�� �� �%�_'1$� ?b�^ ;
   W$LP�, ���L51 �#'

��1 ��$c� � �7�	= �� #�� �� ���k%3 �
)�'� �� *=$� 

�8��% ;%?�� .     L�_'1$� 2� ��L� �>��PL�� ��L���	
7 J�L	7
 #'

;��@ lU�� �-1  ��>)m`/mP<(   �oL<7 �>'7 >��-7 �W�� >��-7

  �> �L7�	= ��_ >��-7 � o<7 >��-7      ��_ >��L-7 �)L3%� J$L�

 �> �7�	= �� �51 �> �7�	= %�+= ?
-	� � z�O J$�%  �L� )B

�=�� �7�	= )� �>'Y� ���� .7
��	 �L�� � � q   �Lk�> )L�   �'L/

�=>'	= W$P�, �� �7�	= V1�,.  �1�7
 ��	f   lLU�� �k�>  ;��L,

�-1 �� ���k ��>% L3 � L
 )L�'� ��  L*=$� >$� L%�.   $Lb= 2�

��LL1�� �cdLL7
7 $
 ��LL	  LL�_'1$� 2� �LLk�>
 #'���  ���LLk

�7�	= )� �'�$1� �-1 ~XPO� ��>�  ��7
��	��� � � q  �k�>

*	� � ?���=  �>% ��L1� ��$� ��   �L�P�$� ��$LQ .� L% �> \

Y�( ), >'� 7
  ��L	    cdL7 �Lk�>
 L�-1 $ ��>� ���  �8L��% ;

�� ���k%3 �
)�'� �� *=$� �51 �>%    ���L� �L� )LB)  hL5�

�7�	= (�� �%7 $
�=>�> #�3= >'O 2� ����	 ) W����(.  

�$� �>%�� [Y�O   �#��>�L1'� �>'LA ���TU �2��   2� Lx%

�Xx31>'� )
Y�� �>'A 2� V
��$�@ #>$@ &��O � .  C%�LP= \L%� 

 ), >�> #�3= r
567   #�8L*� L.}Q $
^ WX( 2� �>��P��  ��$L�

 �'b�1 \%�	= v���1 ���� .  ���LTU �rL
567 \%� �>   �
L�^ �

     �L� )L.7$1 )L� �#��>�L1'� ��
� �>'A 2� ��1� ?�> )� �=� 8.�

  L.}Q $L
^ 2�� \%� �> >�'1 $�@� �1� ��� �>�> '3PB� #�8*�� 

�� ��� ���TU v
@$7 2� � �>'� W'�61.   #���Lx	� � 7��Z7

�>'	= 4��8� 8
=  ), �=� 2� �>��P��   �> �L=� 8.L� #'
�_'1$�

      >�LZ%� Y�9L�� z�LO �> ~$LT1 ��$L� ���� )Y'1$� ���TU

	= 1 ���
� ��� ~$T1 �> �1� ��,   ��L
� >�LZ%� �=�'7   �2'L�

�%�	=. #�    )L, �L=>'	= 4��8� ��    �'L�<1 oPLB
� 2� �>��PL��

#�8*� WX( / VL=�P1�       �Lk�> ����> )L@ 7�L.
@$7 ��$L� �L+�7

<P�� ��=�1 ������ _�� \^��     2� L.}Q $L
^ � L.}Q >�'L1 &�$

1 �;%$u )=�>     >$L
� ��$LQ �>��PL�� >�'L1 �=�'7 )Thejavathi   

et al., 1995(.  
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 �$�GLW cd7
?b�^ $ ��� �_'1$� e�P<1
 #'#��>�1'�  �7�	= ���M. incognita )�'� ��
� 3%�� ���k � *=$� �� �1 2� pA 2��%) =2  
Table 3. Effects of different concentrations of Achillea wilhelmsii formulation on Meloidogyne incognita  

and growth components of tomato plants, 60 days after inoculation 
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Control (no nematode no 

formulation) 
25bc 61bc 18a 71c 0a 0a 0a 0a 0a 0a 

Control (only nematode) 23c 46d 13b 52f 57d 31c 12167d 192c 233d 181950b 

0.125% 25bc 60bc 19a 56e 23c 7b 2847c 23b 82c 56945a 

0.25% 26b 60bc 20a 66dc 17bc 7b 2033bc 24b 78c 41351a 

0.50% 25bc 68a 19a 68dc 11b 4ab 1566abc 17ab 44b 31068a 

1% 29a 73a 18a 88a 4a 1a 371ab 4a 12a 6859a 

2% 30a 67ab 19a 78b 2a 0a 0a 0a 0a 0a 

4% 26b 54c 17b 62de 0a 0a 0a 0a 0a 0a 

*  \
*=�
1 �W��� >��U�� #�3= #'P�$� �> )��31 ~�$( � �>'� ��$x7 ����> � �-1 ~XPO� J�U  y}� �> � ���1� $b= 2� ��>� %1 ����. 

*Data are means of 3 replicates. Data followed in each column by the same letters are not significantly different according to Duncan’s Multiple 

Range Test (P = 0.05). 

���TU 4�� �>  �$
��	, )� V=�P1 WX(   2� �>��PL�� �

�)�B,'� ��*P�>   $%�L� )� ?.B= �$7$c�1 ���Q ����> V=�P1

WX( �> V
.Q 2� Y� ���    \PL�� �L% #�P1�$�@ �>'L�  )L� �   ��L@

     �L% � WXL( pL@X�� �L� ��$	� )Y'B@'� ��*P�> �> #� #>$�

���TU ���Q ����7��  �$7$c'1 �$
� ?L��> .  �4�� \L%� �>

 �>'LLA #>�> ��$LLQ 2� pLLA#��>�LL1'�  VLL=�P1 �>) )LL� ��LL1q� 

?U��(Q�� ��X1�@ #� ��=�	
     �'L� )L='�$� 2� ���LU � N3O

#��>�1'� >'� .\%�$����� $c�1 ��
B� WX( oPB
� \%�  ?L�� .  �L�

� �� )�'7%\ ),  �>� L% 2� 4�� \   )�LB@'� ��*PL�>�   ���$L(

1 �>��P�� >'�� �%     2� ����L51 \PL�� \
L� 2� v.L� ���$( \

�� ���'O $c�1 ��.
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