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Modeling of disease progress in Cercospora leaf spot of sugar beet 
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 1�("#/Q �& �)*��)+, �5$&�� ��)�$ �� ��/= ��
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         = W��* ?$��>Q ! �(5$& f/�5 k/X�0 ! R� bX�)0           �KL$�# �K� 	K'�7 ! 	�7 �h  #$ 	��/
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  q��KK* �KK)*��)+, -�KK�Cercospora  beticola�KK"$    ���KK" �KK)*��)+, �KK� %!CKKL �KK7 �  
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   &/K5 	K0 �)*��)+, O�./�/)�= H#�$)Shane & Teng 1992 .(    #$ ?��K>Q 1$8K�0 &�!D�K�� 

   �K� w��K� �= �3�&xx  �K3�& )Mikhailov 1975 (      �K"$ %�K5 H�$8K `K�(;0 ��
�/K�7#$  

)Rossi et al. 2000 (&/�D f�$80 #$ F/M20 :
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	0 ]��0  � #�")Campbell & Madden 1990 .( ������ ������ 	)2)0)  ���K��� ?�5 	)2)0
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      	0���$ #$ ����>� z���= �& :I�"! &����7 �
�            	 �K0# 8���K D �K�� F�K0 ]��K(��0 P��(4$ 
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&$& &��)��� .� ��)Berger 1981 ( `�3/= �& O�(>�/� F�0 �� �Z>  $� F�0 ]�$ 	�D��7��� 
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     e��Q #$ �I� �/h)0 ]�$ ��  ��$�� �#�"   kD d�20 �& �/9"$ O= �E ��DE 	)�  q��* �]���"
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 %��ML  ��7 d�20 �� �5� ���)��� 	��0   ML �(��  %��V8       �kD �K(�� O� �& � 

 ?�)��7 R�    ! S�>�7��  ��D R�  (  �)*��)+, -�� %��ML ��E��D��&� W@()0  . s!�c p9"
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 �=T%#!�  ��&� %&�'("$ q��* � . 	&/�D �$�� ��(� s�c �
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    �$�� H�9�" !���      �5 %�Z���7 ��(�
 �& kD �(��  .        �/9K"$ |/K'  ! H�K)= �� O�7 �/h)0 ��  �

    ���0 #$ WZ* #!� O�         �1D #$ �I� #!� !& ! 	 #�L�80        �K5 ���K��D 	 $��K� ?�/3 �� 	���0#D  .

  �/9"$ ?�I�& &$�I=   	5��)���0 	 # (      & �K��  #$ 1D 1�K0# ! �KZ=�0 �" �= O� ]��   %�K0 �)'K"$ R!

 �5 f!�5 .                ��K��� #$ 	vI� �!� 	I�ZX �/X �� 	�� ��� S^CL �/�c �� s&�M0 1�0# ]�$
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      F�" !& �& :��0#D ]�$  	L$�#  	�$/(0��E���U   ! ��E����    	'3 ?�@�@2= 87�0 �&   &��D

      	�&�M= W0�7 }/�� B�X V��* �& F/�#&  ����A� ?�/3  .    :��0#D F!$ F�"�& O� #$   S*�  !

   ]�P ���,  $�&/ /0 W0�5 �)*��)+,) 	���KQ R!�@0 S*�(!   ��K�)�P ���� ��T� �U� ! ��T 

       �$��= �
 ! �$��= ���, �&W0�5      F/X �� dQ �" �      ��3�� �� ! �(0 T�   �(��( �"      �K7 %&/K� �&
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�5 $�&/ /0. ��0D      %�K�  <�K�@0 <�K"$�� ���K��� ?�K5 �Z{ ! ��$&��    �&�KL 	K
&�  �K= x 

)Anonymous 1994 (   �& �K7 	 �K0# �= ! f!�5 	���Q ����� �!� S^CL ]��!$ �/�c #$ �I�

       �� �0 	*�� ���{ ������ ?�5 	�$/(0 g���= !&  ���� �0$&$ .    �0# �� s&�M0 1�0# ]�$  �5$&�� 1

&/� %�0 &$&�Q �Q$!$ �& �)*��)+,.  

������ ������ W��2= ! ��8N= �& %&�'("$ &�/0 �����0 ?�M;�0������ ������ W��2= ! ��8N= �& %&�'("$ &�/0 �����0 ?�M;�0������ ������ W��2= ! ��8N= �& %&�'("$ &�/0 �����0 ?�M;�0������ ������ W��2= ! ��8N= �& %&�'("$ &�/0 �����0 ?�M;�0        

      �K��@0 �& b�@2= ]�$ �& %&�'("$ &�/0 �����0 	JQ W�5 ! 	�$�6( $ �	��> $�'�& ?P&�I0

 %&$8��L�"$ %�5 %&$& B�5 W�M'= �� 1$����
 ! )Alizadeh et al. 2004(. 

! ��8N=! ��8N=! ��8N=! ��8N=%&$& W��2= %&$& W��2= %&$& W��2= %&$& W��2=     �
�
�
�
        

%&$& ���0D ��8N=   R�K  #$ %&�'(K"$ �� �
   �$8K�$Stat Graphics    ���K��� ��K
�$&/�  SK"� ! 

R�  #$ %&�'("$ �� 	��./�/�0���$ �����0 H#$�� 	"��� ��� ������   �$8K�$Harward Graphics 

����A� ?�/3 .�*�$ #$ O� �
 �$�� 1�0# F/X �& ������ ������ � !� V�=�= ]�$ �� &�/0 R

�0D �"& �� :��0#D.  

        

u2� ! �N�( u2� ! �N�( u2� ! �N�( u2� ! �N�(         

 	L$�# F�" :��0#D 	L$�# F�" :��0#D 	L$�# F�" :��0#D 	L$�# F�" :��0#D��������EEEE���U���U���U���U        

%&$&       -�� &� ��� ������ ?�5 �� [/��0 ��
  :��K0#D &�/K0 R�*�$   KX �& �K)*��)+,  F/

      %���5 F!�� �& �5� %�!&�     �K"$ %�K5 �3CQ  .             $�&/K /0 SK*� �K7 &$& 1�K�  \��K(  ]K�$

    ���)�P ! ]��(0!�@0�U�   ! ��T   *�$ ]��= <�>4    � &/� :��0#D &�/0 R� .     SK^CL �/K�c 1�0#

               ��K"�>4 zJK" �� V"�)(0 ������ 	���  ?�5 	�! &/� 1�>�� R�*�$ 	0��= �!� 	�� ���

	��( . &$/0 &/� ?!�'(0 ) F!��� .(  

  !& #$ %&�'(K"$ �� �7 	���#�$ ]�$ \��(  �3CQ eQ�K5    ]�K�Z= V��Ka SK�0 )Coefficient of 

determination) (R2 (6 ��0 ! �JQ ?�I��0 ]�)mean square error) (MSe (�"$ �(�� ?�/3 .

   F!�� �&� ��$�$  �"$ %�5  .   �>��@0 ��R2   ! MSe  F�0 �&        #$ R$�K7�
 	�D��K7 %�5 �>= ��


 F�0 ]�$         %&$& �� �� D H#$�� ! ������ ������ ��� �
        ���K��� ������ �� [/��0 	I*$! ��


	0 ]��I= &&�. 1���5 �7| �7 �"$ �& �$	���# �F�0 O� R2���>� ���I0   ! %&/� 	��0MSe   #$
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  �$&�/Q�� ��(�7 ���
$ �"$  .   F�0 �>��@0 ��� ]�$���)�         �K� $�K(�$ �h  &�/0 ��
R2    �K�/=  

	0        ����= ��L �� �y �), ! &/5R2 F�0           �& �5�� �(5$�  &/�! V"�)0 F�0 k�;( $ 1��0$ ��


 �� �I� ��4�0MSe	0 ��/=  &/5.  

        

 F!���E ��0  	L$�# F�" :��0#D �& %�5 %�
��0 ������ ?�5 ]�6��E���U  
Table 1. Averages of observed disease severity in the experiment of 2000-2001 

 

Mean of  

DS%* 

17 

May  
12   

May 

2 

May 

24 

April 

17  
April 

13 

April 

  Date 

Variety 
9.05B 

22.53AB 

26.06A 
31.05A 

39.91A** 

 

2.78 
3.21 
3.46 

4 

3.8 

2.6 

3.15 

3.33 
3.8 

3.78 

 

2.12 

2.7 

2.85 
2.74 

2.86 

1.23 

1.73 
1.75 
1.69 

1.6 

0.87 

1.11 

1.24 
1.66 

1.38 

 

0.62 

0.85 

0.88 
1 

1 

Monodera 

7112 

261 
191 

236 

 

*Disease Severity ;    **Comparison of DS means by Duncan test; figures with same letter  

are not significantly different at P = 0.01 

  

��       ~/� ��5� F�0 \)� H#$�� ]��I= �/h)0   %&$& �$�� �7A�$      ������ ������ �� [/��0 ��


    �h4C0 �� �$�&/ /0 S*� �&  F!�� � %���5  � �N�(   	0 ���  F�K0 �7 &/5    ! O�(K>�/� ��K


-/� –     ]��=P�� ](5$& �� O�(>�/�R2     %&$& �� $� H#$�� ]��(���       ������ �� [/��0 	I*$! ��


�$& ������� . 	0 �$�* ��I� zJ" �& 8�  8=�90/ F�0  1/0#D �� �7 &��t     �K7 �K5 e;K�0 

        	)I0 sC(Q$ ���0D ��2� #$ F�0 �" ]�$ ]��   &�$�  &/�! ��$& .)  W�5�(A- :��     �K !� 	)��

�I"/=        S*� ]�$ �& $� ������ �)$�&/ /0 (    %&$& �� 1D H#$�� !        ���K��� �K� [/��0 	I*$! ��


  F�0 �& ������  >�/� O�(*   	0 1��  $�  �
& .      b�J0 ��  W�5 ]�$ �&)dy/dt     1�K0# �K� �Z>   (

             	0 1��  $� 1�0# 	X �& ������ ������ �L�" �7 ������ ������ �� [/��0   S�"�= 8�  �
&

 �"$ %�5 .   	0 �h4C0 �7 �/J ��
      ���Z�&�$ W�$!$ #$ &/5(t=35)      ���K��� ?�5 	)2)0)y (

 ���4 ��L�M=  ��  &/Q �� ! �(��  1�0# �� �Z>  ������ ?�5 �& ���+= ]��(�)dy/dt ( �&  

*    1��0 #$ x             $� ]�K�Z= ]��K(�� �7 	��0 �$&/�  d@� :��0#D F�" !& �
 	X %&�'("$ &�/0 F�0 

]�P ! R�*�$ #$ R$�7 �
 �$�� W�5 �& ��)(5$& ��)+, ��
  ��
� �= x�"$ %�5 %&$& 1��  .  
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 ���

 ���Z�&�$ �Q$!$(t=53) 	0 �� %�0 ! �
&&�$�  	(����� 	)2)0 1D #$ �I�  . ��L �� F/Z�! F�0

 	)2)0 !& &��# ���>� sC(Q$y  ! yp ) :�� ������ ?�5 %�5 	)�� (    #$ 	�/KQ �K^$�$ 	��K $/=

  $�  ������ ��>'=�5 .       �KQ�, OK= ��K������� `�3/= ��� 1/, S
 	�/��/0 O= F�0  �$

)Monocyclic (       * �7 &$& 1��  :��0#D ]�$ �&�$& &����7          ]K�$ ���K��� WK4$�0 `�K3/= �� �&�

�Q�, �), ������ 	�  1�("#/Q 1�("$ d�$�5 �& �$ �5��.   

  

F!���E ]��Z= V��a �>��@0 (R2) ! ( MSe) S*� Monodera ]�P ���, !  7112!  261!191 

! 236   	0�KKK��$ �����KKK0 #$ OKKK� �KKK
 �$�KKK�     	KKKL$�# F�KKK" �& 	KKK"�)5  

��E�U  
Table 2. Coefficient of determination and MSe in different epidemiological models for 

Monodera variety and four lines including 7112, 261, 191 and 236 in 2000-2001  

Weibull 

R2%       MSe  

Gompertz 

R2%         MSe 

Loglogistic 

R2%        MSe 

Logistic 

R2%        MSe 

Monomolecular 

R2%         MSe 

Variety or 

Line 

0.01 69.71 0.1 79.02 0.62 87.97 0.65 87.27 0.02 41.04 Monodera 

0.02  86.67 0.12 89.03  0.63 91.33 0.69  90.45 0.07 68.58 7112 

0.02 89.25 0.11 90.93 0.39 93.94 0.38 94.09  0.06  77.44 261 

0.04 85.57 0.22 87.83 0.44 94.08 0.23 96.81 0.17 70.91 191 

0.07 72.42 0.51 73.44 2.02 75.57 1.95 76.4 0.23 59.88 236 

  

 F!�� �� ��/= ���	)2)0 !   1�0# W��@0 �& ������ ������ ��
) W�5�EB ( �"$ #�20

    ]�P �& �7����  F�0    -/� ��
–              V��Ka �K� VK�=�= �K� 8=�90/K ! O�(K>�/� �O�(>�/�  

]��Z=   ��
��/U�  ��x/U� ! �U� �3�& %&$& �� 	�P�� H#$�       ���K��� �K� [/K��0 	KI*$! ��K


 � �$& ������ .        	)I0 sC(Q$ �3�& O� zJ" �& ���0D ��2� #$   F�0 ]�� ��$&    &�$�  &/�! �


	0 $�&/ /0 R!�@0 S*� ����0 ]�P ]�$ �& ������ ������ � !� ! �5��.  F!�� %�
��0 �� 8� � 

 	0 e;�0      ]�P �& �7 &/5�T�   O�(>�/� F�0 �7  %) U� = R2 (      $� ]�K�Z= V��Ka ]��=P��

  F�0 ! �"$�$&   -/K� ��
 –    O�(K>�/� %)U�/U� = R2(    8=�90/K ! %)U� = R2 ( %&� �&   ��K


	0 �$�* ��I�  1/0#D ! � ��t 	)I0 sC(Q$  F�0 ]�� $� ��$& &$�  1��  �
 . � !� 8�  ]�P ]�$

        ]�P ! $�&/ /0 S*� �� 	����0 ����������    �$ �� &�$&          �& ���K��� 	���  ?�5 �7 ?!�'= ]
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 ���

   �"$ �(��� ]�P ]�$ .)  W�5�EA(    :�� ������ �$�@0 ��
�$&/�         �& %�5 %�
��0 ! %�5 	)��

 ]�P �& 1�0# 	X �& ������ :�$8�$ ��  ! 1�0# W��@0�T�	0 1��  $�  �
&.  ]�P �&�U� 8�   

      ]��=P�� ](5$& �� O�(>�/� F�0R2 )��/UT  �3�&   (   ]��(�7 !  �JQ)�/� = MSe (  ]��(K���

   %&$& �� $� H#$��       &�$& ������ ������ �� [/��0 	I*$! ��
)    W�K5�EB( .    ]K�P �&��T   8K�  

          ]��=P�� O�(>�/� F�0 	�Z* ]�P !& �) ��
R2   &�$& $�  .   	0 1��  F�0 ]�$       WK�$!$ �K7 �K
&

    ������ ?�5 �$&/�  ���Z�&�$)y (   	K0 	KX $� �&/IK3 ��"   1D ]��(K��� ! �K)7  �KQ$!$ �& 

	0 �� ���Z�&�$ 	0 `*/(0 	)2)0 ������ 1D #$ �I� ! �
&  &/5) W�5�EA.(  

 	L$�# F�" :��0#D 	L$�# F�" :��0#D 	L$�# F�" :��0#D 	L$�# F�" :��0#D��������EEEE����������������        

�5$&&�� #$ W3�4 \��(   	L$�# F�" ��$&����E���� F!�� �& ��"$ %�5 �3CQ . ]�$

      S*� �7 &$& 1��  \��( HM-1836          ]��(0!�@0 �&/� %�5 $�&/ /0 R!�@0 S*� ]�86��� �7    ! SK*�

 ���)�P�U� ���T ]��("�>4 �(5A F�" 1/y�
 	��( . &$/0� &/� :��0#D &�/0 .  

  

 F!���E 	L$�# F�" ?����0#D �& %�5 %�
��0 ������ ?�5 ]�6 ��0 ��E����  
Table 3. Averages of observed disease severity in 2001- 2002 

Mean 

of 

DS%* 

3  
June 

20  
May 

26 

April 

20 

April 

6 

April 

26 

March 

16 

March 

Day 
Variety 

0.96B** 

16.92A 

12.98A 

19.20A 

14.93A  

1.8 

3.16 

3  
3.7 

3.6 

1.48 

2.43 

2.68 

2.71 

2.41 

 

1.25 

2.55 

2.48 

2.15 

2.41 

 

0.73 

2.1  
1.98 

1.4 

1.56 

 

0.43 

1.61 

1.41 

1.131 

1.25 

 

0.33 

0.9 

0.75 

0.6 

0.53 

 

0.16  
0.66  
0.48  
0.3  

0.36 

 

HM-1836  
7112 

261  
191  
236 

 

*Disease Severity ;    **Comparison of DS means by Duncan test; figures with same letter are 

not significantly different at  P = 0.01 

 

    F�0 8�  :��0#D ]�$ �&             �K�� �$�K* 	��K�#�$ &�/K0 R�*�$ 	0��= �$�� 	�Z* ��
 .  ��&�K@0

   ]��Z= V��a)R2 (  0 ]�6 ��0 !    :��0#D %�Z(5$ ?�I��)MSe (   F!�� �&�   �"$ %�5 %&�!D  .  �K�

 ��&�@0 �� ��/=MSe , R2 ������ ������ �� [/��0 ��
�$&/�  ! ) W�5�EA (  SK*� �&HM-

1836    O�(>�/� F�0 �)R2=81.8 (    %&$& �� $� H#$�� ]��(���          ���K��� �K� [/K��0 	KI*$! ��


&�$& ������. F�0 V�=�= �� 1D #$ p� �90/ ��
-/� ! 8=E 1/0#D �� �7 � �$& �$�* O�(>�/�t 
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 ��x

	)I0 sC(Q$ F�0 ]�$ ]�� ��$& 	�  %��& �
 &/5. F!�� �h4C0 ���	0 e;�0   �K7 &/5.  �&

  ]�P����  F�0      -/� ! 8=�90/ ��
E       ]�K�Z= V��Ka �� V�=�= �� O�(>�/�    ��K
U� ! x/U� 

    1$8�0 ! �3�&MSe      %&$& �� $� H#$�� ]��(��� �]����   *$! ��
        ���K��� ���K��� �K� [/��0 	I

� �$&)   W�5�EB( .   O�(>�/� F�0%)�/U�R2= (       ]�6 ��0 �>��@0 �7 &�$& �$�* ��I� %&� �&  �


   1/0#D ��t  	)I0 sC(Q$            	K�  1�K�  F�K0 �" ]�$ ]�� $� ��$&  �K
& .     WK�$!$ �K= ]K�P ]K�$ �&

��� ���Z�&�$ �Q$!$ �= ! %&/� �)7 ���>� ������ ������ � !� ���Z�&�$ ?�5 �& ���+= ]��(

 ��D 	0 &/�! �� ������) W�5�EB .( ��&�@0 <�"$�� Mse! R2  ]K�P �& �T�  -/K� F�K0 E

 ]��=P�� O�(>�/�R2%) ��/U�= R2 ( �"$ %&$& ��M(Q$ &/Q �� $�) W�5xEA( F�0 !  ��


 8=�90/%)��/U�R2= ( O�(>�/� !%)�/�UR2 =  (	0 �$�* ��I� B/J" �&   sC(KQ$ ! � ��

	)I0 � �$�  ��$&.  ]�P �&�U� ]��=P�� R2 O�(>�/� F�0 �� [/��0   %)UTR2= ( p� ! �"$

 -/KK� �����KK0 1D #$– O�(KK>�/�%)U� = R2 ( 8=�90/KK !%)�U = R2 ( 	KK0 �$�KK* �KK ��   

) W�5xEB(.  F!�� �� ��/= �� %�QP����N�(   	0 ���  ]�P �& �7 &/5��T O�(>�/� F�0 

 %)��/�U R
2
= (  ]��=P��     8=�90/ F�0 1D #$ �I� ! �(5$& $� ]��Z= V��a ) %T�/�T (R

2
= �$�* 

	0 &�� .  <�"$��)  W�5�EB (            ]K�P �& ���K��� ?�5 �$�@0 ]��(��� �� ������ r!$��T  �& 

	0 �� %�0 ���Z�&�$ �Q$!$ 	0 	X $� 	�!8  ��" 	)2)0 1D #$ �I� ! �
& �)7.  

F!���E ]��Z= V��a �>��@0 (R2)  !( MSe) S*� HM-1836!  ]K�P  ��K
  7112! 261 !  191! 

236	0���$ �����0 #$ O� �
 �$��   	L$�# F�" �& 	"�)5��E��   
Table 4. Coefficient of determination and MSe in different epidemiological models for HM-

1836 variety and four lines including 7112, 261, 191 and 236 in 2001-2002 

Variety 

Or Line 

Monomolecular 

R2%             MSe 

Log-logistic 

R2%            MSe  

Log-logistic 

R2%            MSe 

Gompertz 

R2%            MSe 

Weibull 

     R2%           MSe 

Hm-1836 53.24 0.001 81.79 0.38 75.61  0.5 79.93 0.01 73.04 0.001 

7112 79.89 0.017 90.68 0.55 92.54  0.44 93 0.05 90.4 0.009 

261 72.28  0.009 89.69 0.5 93.21  0.3 90.88 0.04 88.22 0.007 

191 69.62 0.07 96.07 0.33 91.62  0.7 89.75 0.13 87.28 0.16 

236 56.43 0.08  79.38 1.7  71.13 2.45 76.67 0.26 72.89 0.04 

 ?����0#D �& �7 	N��(  �� ��/= ��F�" 	L$�# ��
 �� – �U ! �� – ��    %��K5$ �K� D �K� 
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 ��T

  	0 e;�0 ��5           ]��=P�K� O�(>�/� F�0 F!$ F�" �& �7 &/5R2          ]K�P �K" �$�K� $�  �T� �

�U�  ���T   -/� F�0 �� �8�,�  ���>� sC(Q$ ! �(5$& –    &�$& $�&/K /0 SK*� �& O�(K>�/� . �&

       S*� �" �$�� 8�  R!& F�"HM-1836  ��U�   ! ��T  �(>�/� F�0      �� $� ]��Z= V��a ]��(��� O

  	0 ��M(Q$ &/Q �
& .     ��&�@0 #$ �$ ]�)y�
R2          #$ O� �
 �$�� 	���0#D S*� \)� �� [/��0 

           F�0 #$ O� �
 �$�� �&/5 ��� ]�6 ��0 � �$�� �/J� �I��J0 &�/0 �����0  O� �
R2 �"�� 

	0 ��D .�>��@0    	���  ]�6 ��0 �R2
S	0 1��    F�0 F!$ F�" �& �7 �
&    dK"/(0 �K� O�(K>�/�

 ]��Z= V��a�U d"/(0 �� R!& F�" �& ! �3�& x/�� ]��=P�� �3�& R2 ]��(��� ! �(5$& $�  

   %&$& �� $� H#$��            	0 $�$& �)*��)+, -�� &� ��� ������ ������ �� [/��0 	I*$! ��
  �K5�� .

                 K3/= �& $� R#P 	�D��K7 F/KZ�! ! 	�/��/0 O= �����0 �7 &$& 1��  ?�I��J0 ]�$   �K !� `�

� �$�  ������ ]�$ ������ ) F!$��� ! �.(  

 `�(;0 ]�@@20 d"/= F�0 ]��(�� k�;( $ �/h)0 �� O�./�/�0���$ �����0 H#$�� 	"���

     	0 ���� #$ �"$ �(�� ?�/3       ?�I��J0 �� 1$��$ �& 1$/=	2��0 �/�     1$��K��
 ! )���U (  �K�

      &�7 %��5$ R�) ��Z)" 	0/��$#/� ��C� �!�. � !� �� D    ��K
�0& �& $� ������ �I"/= �� ��� �

��  ���   ! ��            8=�90/K F�0 R�) S*� �" �
 �& �7 �)(����& ! � &�7 	"��� &$�6�( �" ���& 

     ]�6 ��0 ]��=P�� ](5$& ��R2     ]�6 ��0 ]��(�7 ! MSe        ���K��� `�3/= �& $� 	�D��7 ]��(��� �

 �"$ $�$& .  ?�I��J0	�$#��0) ���� (      �K�C� ������ �!� ��       �K2= R�K) ��Z)K" 	0/K��$#/�

                  ! �P/K��/0/ /0 �����K0 �7 &$& 1��  R�) S*� ���, �!� �>�0 #$ r��Q ! �>�0 d�$�5

  F/Z�!)C=2 (   F�0 ���" �� �Z>       �K �$& ��=P�K� 	�D��7 �
 .     F�K" �& pK7!&$#�UT�  �K�&�I0 

R�) &�# � � �!� �� �I��J0 O� �& $� O�(>�/�     K� 	K���$� H!� OK� ! &����K7 ��  �$�

 &/�  	��I0 1��  %�!& �& ��+(0 F/X S�h)=)Campbell & Madden 1990.(  

                	 $�I�K5 W 	&/�D �!� �� �0& ! ��/X� %�!& �{$ `�3/= �& O�(>�/� F�0 	�D��7

 d"/=(Sirjusingh & Sutton 1996) Botrytis cinerea �  ���K��� 	 �0# ������ 8��� DCorky bark 

 �/6 $ �&)Tanne et al. 1996(� ���/(9" 	�� ��� ������ ?�5 	���#�$ )Septoria lycopersici (

��/ �&  	6 ��)Parker et al. 1997(  ! �����0 �$�� :�,��* &����7 	 $!$�� ! 1�0# ]��I= !

  #$ 	KKK5�  ?�| ��(KKK>7�Q 	KKK�� �KKK�� ���KKK��� F�KKK()7Cercospora zea – maydis   
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 ���

)Ward et al. 1997 ( %��"� ?�Z{$ �� 8� �"$ .  

%&$& R�KKt&$   F�KK0 �KK7 &$& 1�KK�  �KK� D WKK��2= ! �KK�8N= ! F�KK" !& �KK
 �KK� [/KK��0 ��KK
  

-/�E 	"��� &�/0 ]�P ���, �
 �$�� O�(>�/� )�U� ��T� ����� ! ��T (   ���K" �K� �Z> 

�5$& ��=�� ����0 )F!��x.(  

�  F!�xE eQ�5    %&$& 	"��� #$ W3�4 V;()0 F�0 ��
 �� ������ ������ �� [/��0 ��
 �

  ��)+, 	�$�/9>7�" &�          	L$�# F�" !& �& 	���0#D R�*�$ �& �)*����E ���U  ! 

����E����  

Table. 5. Coefficient of determination and MSe of fitted model for four lines including 7112, 

261, 191 and 236 resulting from cercospora disease progress data for the two 

growing seasons 2000- 2001 and 2001-2002 

�JQ  
MSE 

]��Z= V��a  
R2 

V;()0 F�0  
Fitted Model 

]�P  
Line 

2.29695 64%  Log-Logistic  7112  

2.69975 53% Log-Logistic  261 

3.0929 60%  Log-Logistic  191 

5.49489 36%  Log-Logistic  236 

  

 ������ f!�5 ��� �0# ��)�$ W���� �0$)zero time ( !& ]�$ �$�� �K� F�"    �&/KZ  bKZJ)0 SK
 

   ��JQ :�$8�$ �� �N)0 )ε (         W��2= ! ��8N= �& �7 O�(>�/� F�0 �N�(  �& !     �
 �� [/��0 ��


                   %�K5 %&$& e�;K�= V"�)0 F�0 O� 1$/)L �� �I��J0 &�/0 R�*�$ V��t �& $8N0 �/X �� F�"

        F�" !& �
 �$�� ��Q$ W��2= ! ��8N= �& �&/� ,��Z= V��a ]���� ���>� ]&$& 1��  �K���/X ��  

    ��  %��8�� V;()0 F�0 1$/)I� .   /� F�0 ��)�$ ���v0-E        WK��2= ! �K�8N= �& �K7 O�(>�/� 

        ]�P ! $�&/ /0 S*� �$�� F!$ F�"����       &/� $�$& $� H#$�� ]��(�� )       #$ :�K� ]�K�Z= V��a ��

�� �3�& ( W��2= ! ��8N= �& �%&$&  �
�$ &%�5 R�t   �K(�7 �K� F�" !&     �K��� WK��@= `KM  #$

) F!��x .(&/5 �0 %�
��0 8�  R!& F�" �� [/��0 ��
 %&$& &�/0 �& � !� ]��
 . ��/=�� $A�

   �� [/��0 \��(  ��W��2= ! ��8N= %&$&  $ f!�5 1�0# b��J= R�L ! ����)= �� F�" �
 ��
 �0���

F�" !& ]�$ �& , �� [/��0 \��(  ��W��2= ! ��8N=%&$&  �$�� F�" !& ��
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dy/dt , y Monodera(A) = %�5 %�
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Fig.1. Observed mean and predicted Cercospora leaf spot disease severity(y) and absolute rate (dy/dt) 

values versus time for Monodera varity(A) and line 7112(B) in 2000-2001. Horizontal axes (t) 

shows the recording dates of disease severity cf Table 1 (13 April through 17 May).  
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Fig. 2. Observed mean and predicted Cercospora leaf spot disease severity(y) and absolute rate (dy/dt) 

values versus time for lines 261 (A) & 191 (B) in 2000-2001. 
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dy/dt , y236                =        %�5 %�
��0dyp/dt , yp =  :��       %�5 	)��Log = ��)Z0 �& S(���6�e  
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Fig. 3. Observed mean and predicted Cercospora leaf spot disease severity(y) and absolute rate (dy/dt) 

values versus time for the  line 236 in two growing seasons (A) 2000-2001 & (B) 2001-2002.  
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dy/dt , yhm (A)          =   %�5 %�
��0      dyp/dt , yp =   %�5 	)�� :��      Log = ��)Z0 �& S(���6�e 

y7112 (B)          
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Fig. 4. Observed mean and predicted Cercospora leaf spot disease severity(y)and absolute rate (dy/dt) 

values versus time for lines HM-1836 & 7112 in 2001-2002. Horizontal axes (t) shows the 

recording dates of disease severity cf Table 3 (16 March  through 03 June.).  
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dy/dt , y261(A)                =      %�5 %�
��0dyp/dt , yp =        %�5 	)�� :��Log = ��)Z0 �& S(���6�e  
     y191 (B)         
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Fig. 5. Observed mean and predicted Cercospora leaf spot disease severity(y) and absolute rate (dy/dt) 

vlues versus time for lines 261(A) & 191(B) in 2001-2002. 
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