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Comprehensive abstract 

Introduction 

Sarri and Prescott scale (A) is one of the most popular scales for measuring foliar diseases of small-

grain cereals, which is expressed as 0-9 scores. Double digit scale (AB) was created from 

incorporating A and B (disease severity on top leaves) scales. A and AB scales are considered as 

ordinal rank scales, and their recorded data (as descrete variables) can not be analyzed by parametric 

statistical methods. If they are suitably transformed to disease severity index (or percent of disease 

index = PDI), then can be analyzed by parametric methods as continous variable. The objectives of 

this study were to compare different methods and scales for measuring the disease severity, statistical 

analysis, advantages and disadvantages, and finally to introduce the appropriate method for evaluating 

the wheat tan spot disease caused by Drechslera tritici-repentis and other foliar diseases of small grain 

cereals. 

Materials and methods 
In this experiment, the intensity of tan spot disease on ten wheat cultivars was measured in a 

randomized complete block design with three replications and recorded as four variables, A, B, AB 

and PDI. In this study, the first variable (A) was used to show the severity of the disease based on the 

Surrey and Prescott scale (equivalent to the first digit of the double-digit scale), and the second 

variable (B) to express the contamination level of the disease severity on top leaves (equivalent to the 

second digit of the double-digit scale). The third variable (AB) was obtained from the combination of 

the first and second variables, and the fourth variable was the percentage of disease severity index 

(PDI). To compare variables and sselect the best ones, statistical analysis of data was performed using 

descriptive statistics, analysis of variance, comparison of means by LSD method, as well as correlation 

coefficients and regression analysis between the studied variables. 

Research findings 
Evaluating the skewness and kurtosis statistics of the studied four variables in this research showed 

that only the B and PDI variables had a normal distribution. Shapiro-Wilk and Kolmogorov-Smirnov 

statistics and data frequency distribution chart also showed the normality and continuity of two 

variables B and PDI, while the variables A and AB did not have a normal distribution and due to the 

gaps created between different data groups in frequency distribution chart, they can be considered as 

discrete variables. The results of analysis of variance indicated a significat difference between the 

studied treatments (wheat cultivars) in terms of two variables B and PDI, but the difference between 

wheat cultivars was not significant for the variables A and AB. Estimating the relationships between 

four variables using correlation coefficients and linear regression analysis revealed a significant 

University of Guilan 
Faculty of Agricultural Sciences 

115 



relationship between the variables A and AB as well as the variables B and PDI. The results of linear 

regression showed that although the double-digit scale is a composite scale, there was a very strong 

regression relationship between its values and the variable A, while the relationship between the 

double-digit scale and the variable B was weak. On the other hand, PDI, which is the most complete 

variable to describe the disease severity, showed a strong regression relationship with the second digit 

of the double-digit scale (variable B), but its relationship with the first digit or numerical value of the 

double-digit scale (variable A) was weak. 

Conclusion 
The results of the statistical analysis of this research showed that the expression of disease severity 

(untransformed data) in terms of the variables B (disease severity on the upper leaves) and PDI 

(disease severity index) had more statistically appropriate than the variables A (Sari and Prescott 

scale) and AB (double-digit scale). Therefore, improving and upgrading the Sari and Prescott scale to 

a double-digit scale can only be effective in practice if it is correctly transformed into a comprehensive 

disease index (such as PDI), otherwise there will not be a big change in the quality of disease 

assessment. It is concluded that in assessing the severity of wheat leaf diseases, after determining the 

disease severity based on the A or AB scale, the data must firstly be converted to the variable PDI and 

then the analysis of variance or regression analysis should be performed. 

Keywords: Disease severity index, Disease management, Foliar diseases, Double digit scale, Sarri and 

Prescott scale 

 

 

 

Received: December 17, 2022                                                                          Accepted: April 29, 2023 
 

 

 

Cite this article: 

Aghajani, M.A. and Aghajani, M. 2023. Statistical comparison of scales for measuring the severity of wheat 

tan spot disease. Cereal Research, 13(2): pp. 115-127. 
   

116 



��� ������	  

�
 ��
� ����� ������
� �������	 1402 )127 -115(  

 

doi: 10.22124/CR.2023.24577.1770 

 

            #$�
%& '(��)                                                                                                                                      ��*+, #
-�
 

  

'�.��) /���) 0��),�+*12* 0���134 #.�)-5 '6( 0����� �1� 0-�4  

 

#2�7�8, #9:1��)1*#2�7�8, 01<) 
2  

  

1- ����� 	
��
��� ��
����� �
��
� ��
���� �
��� ����  !"
#� � $�	�
�% �
����� &%'� ��'(� ��
�'� �$�	�
�% )(�'� � *�+�, 

)*
  :0+1�� 23#�(+
maaghajanina@yahoo.com(   

2- 36	� ��
#6	
% $+7�
��2�'� � �
��86&9��'(� ��
�'� ��
�'� ����  !"
#� � $�	�
�% :+�; 2
<�
�� ��  

  

6=��1 >)�7  

')1�): ) �
8�'� � $	
� =
���A>�'�� �� �8( (=
��� ?('�2��3
� $
�$	
@�" $'��A
�� �BC ��'" $
� A" A% D�� &(	

2'@
 �	+E 
� 'FE $
�A
 �� �
�"�� =
��� .�+6 ) �@H	ABI'" $�	 $	
@�" �36 � =
��� ?(� J�F�� �� �( �(K
" $
�

) A�+"BA" (=
��� .D�� 23�, �+L� $
�A  �AB A�@L �� =
���A��	 $
�A���� $
�'�M��) $� A��+��

 
( N+��� (

��2��� A% 3
+6�, �� OE
P $
��@
 �	 
�*�	 
" ��+� $'���	
� $	
�, $
��'% A(&7��, Q�
#� O(3�� �	+E 	� . A" 
�

) 3E	� Q�P '" $	
@�" �36 RS
6PDIA��+�� '�M�� �(A" $��� �+L�*�	 
" A% 3(, $
� $	
�,�	
� O"
H $'��A(&7�  �

 O����.�+" 3��+S  �A�T
U� ?(� $�'L� �� >3�A�(
�� *�	=
��� � 
�2��3
� V��W� $
� �$	
@�" �36 $'��A(&7�  O���� �

�, $	
�,(&� ��	'" �
�D�*�	 ?(� �� :�3% '� Q(
�� � 
 �"
(�	� DXL Q�
#� *�	 �Y'�� D(
X
 	� � 
� A8T $	
@�"

 �� �6

 :3#� �(
�'SDrechslera tritici-repentis  � &�
$	
@�" '(
�A
�� �BC ��'" $
�&(	 .�+" 

�*@) A
� 
:��  ��(
��, ?(� 	� �36 $	
@�" �(
�'S A8T :3#� ZH	 2� $�	 	�QT
H [+�" \'  
" �Y�
]� O�
% $
� A�

 	�'8�2��3
� $'�� �A" '�M�� 	
X^ �	+EA �B �AB  �PDI  D�_.36  �A�T
U� ?(� 	�'�M�� 0�� )A ( ���� �
�
 $�'" �36

 0�� ZH	 0�
��) �
8�'� � $	
� =
��� =
�� '" $	
@�" 	��� =
��� (�@H	 � :�� '�M�� )B�
�" $�'" (  ���+T, `U�

I'" A�+" $K
" $
�) 0�
�� :�� ZH		� =
��� (�@H	 �� DY'� 	�'H 2�
F��� �	+� . '�M��) :+�AB 0�� $
�'�M�� J�F�� �� (

A" :�� � � 3�, D��) 3E	� Q�P '" $	
@�" �36 RS
6 &�
 :	
X^ '�M��PDI.�+" ( A" 	+a#� N
W�
� � 
�'�M�� A�(
��

�, ?('�X" �
�2��� $	
�, A(&7�
� �� 2�
F��� 
" RS
6	
�, $
�  ��F�E+� A�(
�� �b

(	�� A(&7�?�<

�� *�	 
" 
�LSD  �

 � �<���@� Q(�'c &�
 O����
+��'�	�  A�T
U� �	+� $
�'�M�� ?�":
7
� .36 

.'�B���0 ��	�C: �	�,'" 2	
�,
�$ <T+^� �% ���3� 2���
�J���� ?(� 	� A�T
U� �	+� '�M�� 	
X^ $ ��� �
�
  A%d�Y 

M���
�'$ B  �PDI �	��$ �+�(! 2	
�, .3
�+" 0
�'

�$ Shapiro-Wilk  �Kolmogorov-Smirnov � 	��+@
 �
���'Y !(�+� 

2���
� 
�& � � ��+" 0
�'
�A��+ M�� �� ��+"�' B  �PDI A" �	"+S� T
P 	� �3
��� �
�
� M�� A%�
�'$ A  �AB �+� 3H
Y(! 

�+" 0
�'
� 3
 �E
Y A" AL+� 
"A$
� �(�
7 " 236�? 2�'�
�$  V��W�2���
� 	��+@
 	� �
���'Y !(�+� ��� �	 
�'�M�� ?(� ��+�

A" ��+#;M���
�'$  A����DY'� 'a
 	�.  )(
�
A(&7� b

(	�� A% ��� �
�
 ��
F� �#��	�� $
�	
@�� ?�" ZH	)(:3#� $
� 

 A�T
U� �	+�'�M�� �� 'a
 �� B  �PDI D6�� �+L��T
P 	� � A% >B�S�ZH	 ?�"'�M�� �� 'a
 �� 
� A  �AB �#��'�C 	��

  
 ا�ش�ده ع�وم 	شاورزی د

117 



 '�M�� 	
X^ ?(� ?�" d"��	 ��	'" .�+" 2�
F��� 
" ��O���� � �<���@� Q(�'c  $+H f
��	� ��US �+��'�	 ��#��	�� ?�" 

$
�'�M�� A � AB � $
�'�M�� &�
 B � PDI '% 	
86, �	.� 
�
() �'�	��+ US� %'� �+L� 
" A% ��� �
�
��� � ��+"��=
 

�� @H	�� AU"�	 �'�	�
+� �"�	
 +H$ "�? 
��(��� '�=
  '�M�� � �@H	 ��A �� �+L�D6T
P 	� ��AU"�	 A% "�? ���=
 �� 

@H	�  � '�M��B �c�V'� .�+"  �O"
�� 	�PDI A" A%O�
% ��+#;'�(? M���' �'"$ E+��V " 	�3���	
@$ AU"�	 �D�� \'U� 

�'�	�
+� +H$ �� :�� ZH	 
"�=
 �� @H	� ) '�M��B �, 0�� ZH	 
" �, f
��	� 
�� ���� �
�
 ( �#�(�3; 	�3��$ ���=
 �� 

@H	� ) '�M��A�c (�V .�+" 

�2�'D4�-0: 
�
() O���� � A(&7�$
� 	
�,$ 2��� $
��(? ����J  A% ��� �
�
 �
�"2���
�$ " �36�	
@$ "Q�P ' 

M���'$
� B )I'" $�	 $	
@�" �36A�+" �(K
" $
� ( �PDI ) RS
6$	
@�" �36 (	
�, D��
#� ��$ '�K
"$  A" D��


2���
�$  =
�� '" 236 D�_ $
�'�M��A )���=
 (�
8�'� � $	
� � AB  =
���)�� @H	��( A"3�� � :
S �	+E(O  23�


 .3
�+" 	��	+S'"�?(�'"
#" 
��	� � �+�X"$ ���=
 �
8�'� � $	
� �� A"�=
 �� @H	�� �	+E 	� 
X#�� ��3
�+�  '_+� O@; 	�

�	+E A" A% �+6 !H��� �E�` ]S
6 A"� " �� !�
L�	
@$ a
)�' PDI3�� ((O C 	� ��+6�' �(? % 	� �	+E�F�D �	� 	
%("
� 

M���' 
�3#^� �(�
7 .36 3��+W
 A"�'<(� �	
�;  	��"
(�	� $	
@�" �36 =
�� '" $	
@�" �36 ?���� �� b� �:3#� ��'" $
�

 =
���A  
(AB �  �� O�HO���� A
+� '� :
7
�  �$	
�, �3�"�2��� ���(
" '�M�� A" 
�PDI 6 O(3��
+3 A(&7� b9� � 


( b

(	�� O���� 
+��'�	2��� ��+6 :
7
� 
�.  

�E*
:01�9F 0�� $	
@�" ���'" $
� �$	
@�" �36 RS
6$	
@�" D('(3�
� �=
��� =
��� ��@H	 �� �
8�'� � $	
�  

  

  

 :DY
(	� g(	
�26/09/1401                                                                                                   :*'(m� g(	
�09/02/1402  

  

  

:'(��) G.* '� ��3�
* �@�2  

1��) �#2�7�8, #2�7�8, 
 #9:� 01<) .1402. A�(
�� =
��� $	
�,2��3
� $
�:3#� �(
�'S A8T $	
@�" �36 $'�� .�BC �
������ 

13)2 :(115-127.  

 

  

  

  

  

  

  

  

  

  

  

  

  

811  



A�(
�� =
��� $	
�,2��3
� $
�:3#� �(
�'S A8T $	
@�" �36 $'��           � /�BC �
����Z��&�� 2	��/  2	
@6:��/ �
��"
� 2140 

')1�)  

$	
@�" �"
(�	�ZX� �� �8( ���
�� $
� � ?('�

��
��$	
@�" $q+T+��3��� 	� 
�	
% ?('� ��
�� $
�

 .D�� �r
S �
�� s( 	� �+L+� $	
@�" 	�3�� �"
(�	�

2��� $	
�, O���� � A(&7� ��E� 	+��03� �
� �$�
�

�� Z����+�
� s( �
�(&L � OP�'� `�c+� � '��F� 36
"

)Campbell and Madden, 1990.(  $	
@�" �"
(�	�

A"�� :
7
� �F�% 
( �@% �	+E 	� $	
@�" D�@% .�+6

" �(A;	&� 
() 2
�� s(A�� 23��

 $	
@�" 	�3�� ��+#; �+6

)Seem, 1984 $	
@�" �36 
" A�6m� 	� D�@% ?(� .(

A"�� 	�'H 2�
F��� �	+� >��'�� �	+E) DY'�Seem, 

1984) ��	
8@� � &�'"�	 s� 
�� �(McRoberts et al., 

2003A" �, �� ( 23##% �
�" A% ��% :+XF� s( ��+#;

 .3
�'% �
( �D�� $	
@�" 	�3��A" �$	
@�" 	�3�� *�	 $
�

2��3
� O"
H �F��W�ZX� A% D�� $'���, ?('� ��&�� �
�

 $	
@�" �36 � t+H�3#��� )Seem, 1984.(  

��&�� t+H� $	
@�" A" ��3�� $
�3P�� ��
��  uB �

��+6 ��� �
�
 �	 $	
@�" 23�
�� O"
H Z(B; A% � 3#��

'FE) 3E	� 
( (s( 
� 'FE) D��
 �	+E �� A"  
�100 (

 	
@�" $
�3P���� �
�" D��@L s( 	�) �+6Campbell 

and Madden, 1990; Sarker et al., 2009 .( ��&��

 $	
@�" t+H�)I (A"��3�� D��
 �	+E A�+") 	
@�" $
�n (

A�+" O% ��3�� A") 236 �"
(�	� $
�N ( �� 2�
F��� 
"U"�	 A

)1( A"�� D��3(, )Cardoso et al., 2004(:  

)1                                              (I =
�

�
 × 100  

 	
@�" ��
�� DY
" Z7P 
( DP
�� �$	
@�" �36

DY
" O% Z7P 
( DP
�� A" D��
 vK+@�� A% D�� $
�

�� �
�" ��
��+6) �Seem, 1984) $	
@�" �36 .(S (

A" $	
@�" �� $'�M�� ��+#; D�� '�_w� 23##% b8�#� A%

 A@��� $	
@�" '" '_x� �U��� O��+;) 36
"Campbell 

and Madden, 1990; McRoberts et al., 2003 .(

 '�M�� ?(�=
�� '" ) AU"�	2(  A��
����6+�  ��, 	� A%

iX  �$	
@�" �36 AL	�in ��3�� A�+" AL	� 	� 	
@�" $
�

i  � $	
@�" :�N A�+" O% ��3�� D�� 	
@�" $
�

)Cardoso et al., 2004.(:   

)2                                      (S =
∑(�
�
)

�
 × 100  

$	
@�" �36 �"
(�	� ��
�� $
�
" *�	 �F��W� $
�

 '�a
23�
��$�:�'�
(� �� 2�
F��� 
" Z����� �"
(�	� � $
�

2�
F��� �($'(+]� $
�3��%) $	
@�" =
��� �� $
�

A#��� 	�) $	
@�"  
� 'FE100  �� 2�
F��� � (3E	�

=
���A��	 �"
(�	� $
��� :
7
� $�) �'��Madden et 

al., 2007.(  
( $'(+]� �
�" s( �$	
@�" :�'�
(�

U� �� �8�Y�'�+=B%) �"
W�
� \ $	
@�" �36 ($
�

 ��
� A% D��»:�'�
(��	�3

��� `U� $
� « &�
 23��



��) 3
+6Cooke, 2006
% A^'�� .( 0
� 	� N1892 

:�'�
(� �� A% �+" ��% ?�T�� 
�� ��'% 2�
F��� $	
@�" $
�

) &@�LJames, 1971!@L 
" (A;+@7� 	
��
� � $	�, $�

 ��E� O�
; �$	
@�" �36 �"
(�	� $'(+]� $
�3��% ��


@�" =
��� s( .D�� 2�+" *�	 ?(� {��	 �;+
 �$	

*�	� s�8F�A��+�� $
� 
� 'FE ��) $	
@�" �36 100 

��  �� �]W�� ��3�� A" (3E	� �
 	� .D��D���P s( �

 �$	
@�" =
����
�" 	
�6+
�
��  �� $�3; � $  O"
H

�&Y� QL+� A% D�� $	
@�" �36 R�W�� � �
#�@ � �(

�� �"
(�	� D;'�+6 .�>�'��=
��� ?('� 2��3
� $'��

$	
@�" ���
�� $
�0
F�	+� =
���- ) ��	
"H-B D�� (

 �, 	� A%12  
� 'FE ��) A�� 11 3E	� ?���� $�'" (

) D�� 236 A�Y'� 'a
 	� $	
@�" �36Madden et al., 

2007 .(=
��� t+
 ?(�A" ��
� �
�A;	&� 3��% ��+#; $�

�� 23��

) 3
+6Campbell and Madden, 1990; 

McRoberts et al., 2003.(  

2��3
�$	
@�" �� �S'" �36 $'��$	
@�" '�a
 
� $
�

$	
@�" �s�@����=�'(� �� �6

 $
� �� $	
��" � 
�

$	
@�"�� �A�(	 $
� ?(� 	� .36
" 	�+6� 	
��" 3
�+�

23�|�� &�
 �36 :+XF� ��P ��	�+��� '�2�	 s( .�+6 	
%

 =
��� s( �� 2�
F��� ���B8�� ?�#^ OP $�'" ��+@;

A��	 �"
(�	� 23�
�� �	 A
+@
 s( RW6 �#�( �D�� $�

�� 3#^ �� �8( A" �	 �, � 3#% $�'" 236 ��+#; D"
_ �3;

�
��  �� D��
 �36 �"
(�	� 
" ��
��� ?�#^ .3��

=
���}�� � D�� ��
F�� ���H 236 \'U� $
� A
+�

 t+
 ?(� 	
86, D(&� .�	�3
 �]W�� �8(&�Y '��F�

 �	 $	
@�" !('� �"
(�	� A% D�� 2�
F��� DT+X� �=
���

�� ?8@�) ��
�Madden et al., 2007 .( �� �8(

>�'��=
��� ?('�A��	 $
�2��3
� $�'" A% $� $'��

$	
@�"A
�� �BC ��'" $
� �(
�'S A8T $	
@�") &(	

 �� �6

 :3#�Drechslera tritici-repentis $	
@�" �

2+XH A8T �� �6

 +L �T+@�� $�Cochliobolus 

sativus �� �6

 :3#� I'" �+(	+�9� $	
@�" �Septoria 

tritici  +L �:3#� ��U� [3�F� $	
@�" ��� �6

 

Blumeria graminisA" (�� 	
% $�
X#��� =
��� ���	

911  



                                                       �

L
H, � �

L
H,                    � �
����C /�BZ��&�� 2	��/  2	
@6:��/ �
��"
� 1402 

) �
8�'� � $	
� d�+�Saari and Prescott, 1975 (

A" AT
�� ?(� 	� A%) =
��� ��+#;SP �� �
( �, �� (�+6

��, 	� A% D�� 
�� '" A�+" s( $	
@�" �36 =
��� =

 
� 'FE9 �� ?����+6 0�3L) �1.(  

  

 0�3L1 - ) �
8�'� � $	
� =
���Saari and Prescott, 19752��3
� $�'" (36 $'��$	
@�" �A
�� �BC ��'" $
�&(	 

Table 1. Saari and Prescott (1975) scale for measuring foliar diseases severity in small grain cereals 

Score Description 

0 No contamination 

1 Occurrence of little separate and scattered spots on the lowest leaves 
2 Occurrence of scattered spots on secondary leaves along with infection of primary leaves 
3 Occurrence of little infection on the leaves of lower 1/3 of the plant 
4 Extension of disease up to lower half of the plant 
5 Severe infection on the lower leaves and extension of disease up to lower half of the plant 
6 Severe infection on the lower 1/3 of the plant moderate infection up to lower half of the plant 
7 Severe infection on the lower and middle leaves and little extension of disease up to under flag leaf 
8 Severe infection on the lower and middle leaves and very little infection on the flag leaf 
9 Severe infection on all leaves and infection of spike 
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Table 2. Descriptive statistics of tan spot disease in different wheat cultivars measured by Saari and Prescott 

(1975) scale (A), disease severity percent on the highest leaf (B), double digit scale (AB), and disease severity 

index (PDI) 
Variable AB A B PDI 

Mean 70.62 6.85 20.53 17.57 

Standard error 7.79 0.75 6.85 6.37 

Coefficient of variation (CV) 11.03 11.02 33.36 36.26 

Minimum 51.0 5.0 10.0 6.17 

Maximum 92.0 9.0 40.0 34.56 

Skewness -0.98 -0.86 0.63 0.34 

Standard skewness -2.12 -1.85 1.36 0.73 

Kurtosis 4.49 4.68 1.29 0.79 

Standard kurtosis 4.84 5.05 1.39 0.85 

Shapiro-Wilk statistic 0.52 ** 0.59 ** 0.89 ** 0.94 ns 

Kolmogorov-Smirnov D statistic (KSD) 0.41** 0.47 ** 0.24 ns 0.20 ns 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Figure 1. Frequency distribution of four variables used to measure tan spot disease severity in wheat different 

cultivars compared with standard normal distribution curve. A) Saari and Prescott (1975) scale, B) disease 

severity percent on the highest leaf, AB) double digit scale, PDI) disease severity index. The red curves show 

standard normal distribution. 
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Table 3. Analysis of variance of tan spot disease severity in different wheat cultivars based on Saari and 

Prescott (1975) scale (A), disease severity percent on the highest leaf (B), double digit scale (AB) and disease 

severity index (PDI) 

Source of variation df 
Mean square 

AB A B PDI 

Replication 2 15.31 ns 0.14 ns 0.04 ns 7.09 ns 

Treatment 9 59.15 ns 0.52 ns 0.94* 79.62* 

Error 134 67.09 0.65 0.25 22.69 

Total 149  -  -  -  - 

R-square 34.53 32.68 68.13 66.89 
ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Figure 2. Comparison of means of tan spot disease severity among different wheat cultivars based on disease 

severity percent on the highest leaf (B) and disease severity index (PDI) variables using LSD mathod 
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Table 4. Correlation coefficients between the variables of tan spot disease severity in wheat different cultivars 

using general linear model (GLM) measured by double digit scale (AB), scale of Saari and Prescott, 1975 (A), 

disease severity percent on the highest leaf (B) and disease severity index (PDI). 

Variable AB A B PDI 

AB  0.996**  0.38*  0.57**  

A   0.30 ns 0.50**  

B    0.97**  

PDI     

ns, * and ** Not-significant and significant at 5% and 1% probability levels, respectively. 
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Figure 3. Simple linear regression between the different variables of tan spot disease severity in the studied 

wheat cultivars. A) Saari and Prescott (1975) scale, B) disease severity percent on the highest leaf, AB) double 

digit scale, PDI) disease severity index. Figures a, b, and c show the regression between PDI variable and the 

variables A, B, and AB, respectively. 
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Figure 4. Simple linear regression between the different variables of tan spot disease severity in the studied 

wheat cultivars. A) Saari and Prescott (1975) scale, B) disease severity percent on the highest leaf, AB) double 

digit scale. Figures a and b show the regression between AB variable and the variables A and B, respectively. 
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