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V7! �� �2�  q�� ��+��23�� 6&Wn $  �-&	 @D�&! \��	
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�! ���$ ���$�A# :q&WM!  D��()Vadlapudi and 
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�D&1 ���D�&	  **# �3�n <�+��1 �� �#  D��� )Kirk et 
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 0 *1�(� )Wegulo and Klein, 2006( . 0 *1 `$�*	

 ��,�? R+�# t��� <�!� 6&_ �� <��B�!��j <�+��1 ��

������ %!�&�  �+��1 ����c� �� ���!>&� $ ��  :T > �U�=D
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 S�	�	13 /5/11  $21 �=D�( �?��  ���� \�gD��! $ ���1

 <f �D��-�(377 �3�! �! �=!  >�� ) %2>1(.   

 /�,-�.! \�� ��67 �� 0 *1 ���B! �� ����W	 :�&;

�A+ V��# /���f �M! ��=($��,35 /���f /�&�M!

V>�+ �� �# ���f�WD $ �*��$� /\>&	 /���f ,( /���f ��M-

�(��� ��&! E�&n �� 0 *1  �-&	  `�u=D� / D�&� V7!

 D > .�� 0 *1 F��B! `�u=D��� �# �&� �&MD ��M-

 :�7? ��+ �� �������[? ��,5&!) ��> /`&*? /6��>

`�j $ (�=>�� ���5  *>��  �� �,-�.! ��&! �c.*! 0��	 $

 *+� R>&� .�D&�D E�! �_ 0 *1 F��B! �� ������  ��+

�� $ ����O $ �A7L���� /\���$��1 $ �&7� �3� ��=K

������  $� �� 0 *1  >� {3=u! %n��! �� �4��5 ��+

���1 :�&; 0 *1 E��1 � >� �3n�! . 6$� �3n�!

�D&�D ����O F$�> �	 V4�� r�� �&7� �� ������ < > 

)81 -37 ��H#$  ( �u( �	 0�D ����O �� 0$� �3n�! $

 �D�� < >)90 -81 ��H#$  (��  �!�UD� 6&_)Zadoks 

et al., 1974.( $ \�-  <���2�+)Lin et al., 1979(  $

<���2�+ $ $�+ )Hau et al., 1982(  �#  D��# ���B1

�	�&; �������� @��&	 �# �� �+ >�� ����W	 :�&; /

�$� �5� �D&�D {3=u! ��+  /��.5 �&g-� %!�> ������

 �&g-�Z  �&g-� /%2>W  /S��� ^O �( �&g-� /%2>

�� ���� ����W	 �&g-� $ %2> ��&- �&g-� �(�

������  <�K2� �+�(� .������ �# �UDf ��  �4��5 ��+

J��5 F&D �� �(��� ��&! <f @��&	 $ E�&� ���&+ ��+  �+

 ����W	 :�&; ���(� )Brown and Ogle, 1997( /

�� \�*|�+�D&�D �$� �2*�� %�-�  ������W  0��	 %2>

�! R>&� �� ���B! \�� �� / +��D&�D ���� $�  ������

 *1 F��B! �$� �� 0W  > E��"=(� %2> . ���B! �+ ��

 &�3�� ��+$��� �� =!� $ :q�W	� %M! ��W E�  �� �.cD

 �=��1 �)D  > ���# �� E��"=(� �� $25/0×25/0 

�D&�D �,��!�=!  ���1 :�&; ������)Basu et al., 

1973 .( Vz]� �� �?&	 �� �4��5 ������ F&D /���# �+ ��

0� D� �$� �&?&! r�� ��+  NuA! /0 *1 E��1 �3L*( $

�� <f �D�$��� $ F&D �+ �� E�&-f E��1 m	 ����> :�&;

�4��5 ������   > \��,	.  N�uA	 0 � :�&; ��

������ ���B! ��/  ����� �# E��1 �3L*( $ r�� �� �=�K5

�� �&� ������ Vz]��&; ���5 m�=(]� <$�� �D�1� ? :

���1 $ �A# ���� $ A��!�f �� ���(�*> > %c=*! E�g .

�� �+��1 V#��	 ���# �+ �� \�*|�+ m	 ����> :�&;

 �	&� F�"	�� /�3L*()��&4 �=! ^(&	( �	&� &�D �3n�! /

 �� ���� l.( �� F�"	�� $ �������[? :�W=u! /0 *1

<�2! �D�!�( E�g=(� �3�($ 6 !  �D�7? `��GARMIN 

MAP 72 CSX  > �L' / .�D&�D �3n�! �� ������  /0$�

 ���D&�D 6$� �3n�! �� �# �_�cD <��+ �&� E > ������/ 

 E�g=(� �� ��-$� ��cD <��# � �� ���� �# ���1 :�&;

<�2! �D�!�(  > E��"=(� �D�7? `��. @�? ��  ,�  ��$f

B! �� m� �+ ���� �=K�� F&*	 /:��]_��D&�D F��  ������

> �L(�M! E >  .��*! �� ����K� �� �2*�� �� �?&	 �� �� @

�<&D�> �=�DP$�=+ NO�> $ - $ ���� <&KI��( $ �*�

E > E��"=(� �=K�� F&*	 �(��� �(� ���� \�����*� /

E�� D�  �� E��"=(� /�(��� \�� �� F��B! �=K�� F&*	 ���1

 > E��� l�?�	 NO�> $� \�� .NO�>  �=�DP$�=+ ��+

NO�> E�� D� �#  *=K+ ���+  ��*j $ �=O�&*2� ���1

�D&1  V+ �� �� �� �� ���!1�� D  <�AD � � m� S-�5 �� $

�!  *+� .<&D�> NO�>-  ��*j ��'k	 �M	 �=A�� �*�$

�D&1 �D&1 �� $ E�&� ��  Z�Kn ���D ��+�(�.                                                                 

)1(                                        i

s

1i
i lnPPH' ∑

=

−=  

  

<f �� �#/ H'  /NO�> �� c!S �D&1 %# �� ,	  �� �+

$ �D&�D Pi  �D&1 �� ����� V7(i �(� �D&�D %# �� �LKD .

 �	 �"; \�� NO�> \�� :����[	 �*!��5/4 �! >��.  

�D&1 �?&=! :T > �� <&KI��( NO�>  �� S-�j ��+

 �D&�D�(��D&1 ��*j �� �-$ / ���� �# D� ��(�Kn �� .

 <&KI��( NO�>�! ���[	 m� �	 �"; ��  *#.   
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<f �� �#/ 1-D /NO�> �� c! ni  �D&1 ����� �� ,	i 0�

 /�D&�D ��N  $ �D&�D �� ����� %# �� ,	S �D&1 �� ,	  �� �+

 �D&�D�(�.  

  

  

 %2>1 -  ��,5&!67 5 E�&n �� �Au� �� �(��� ��&! 0 *1 ���B!E� <�=K31 <�=(� �&(  
Figure 1. Location of the 67 studied wheat fields in a part of Qaresoo basin, Golestan province, Iran 

  

H��9 )-�2�5� � 3��2+.I �6  

J��5 ���(�*> ������ ��+ �$� Z�(� �� ��  �2(�q&(

�2K*�����1 $ )Solarska and Grudzinska, 2005 (

���1 :�&; . � �&)*! \�r�� ��  �� ������ �� E�&-f ��+

 :�,.5 E�&-f $ V-�( ���� %;��  n1×1  ��7	 ��=��=D�(

 > .�3L*( �� \�*|�+ �*�>&� /E�&-f ��+ 0&31 $ �+  ���+

 $ E > � ? �3L*( ���� ��  D�&� ������ Vz]� ����� �#

�D&�D ��3# /�D&"� o �7?  V� ( ���3#&I�+ �� �+5/0 

  ;��)H2=��$ 10  ;�� (�� : !8-5  ���5 �c�5�

 *=��1 . <$�=( �.c! `f �� HI( E��� &A=K> E >

mAO �� H� $  D > <��#mAO �j�# ��<$�=( \# 

��=� �� /E >S�( �A# ^�M! �$�n ��+ �*�!� 

 ��1f �$�=K#�)Potato Dextrose Agar( ��u! E��W� /

 ��1f)Yeast Extract Agar( ��1f :�� /)Corn Meal 

Agar( ��1f �-�! /)Malt Extract Agar ( ��1f m��� $

)Czapeck Dox Agar ( D > E��� ���5 . ���1&3? ����

� �A# ^�M! < > E�&-f ����3�($  ��� c! /��=#��

�!&=��=(� :�"-&(> ���o� ^�M! �� \�K�  )2 �3�!  0�1

-�� �+ �� �$�n \100 �3�! @��! ^�M! �=�-.(  HI(

��=� ^�M! �$�n ��+  ��!� �� �A#25  �?��

Z&�K3(  ��� 7gD �&D <$ � ^���> ��  >� m5�	� %O��

 D > .f ��DsD� �# �U ������� �+  ���L?� ��+ *=K+  $

�A# ^�M! �� �A# %��5  ���� / D�&LD �-&�,! ��+

<f ���(�*> � �� �+> E��"=(� ��&2($�2�! V�cK! �$ .  
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6$ ? 1- �"=(� ����� ���� ! �T�# ��+��[=!V��W	 �O�� B�-�Df �� E > E����1 CART  
 Table 1. Quantitative variables of agricultural management used in the CART analysis 

  
  

�.5; 4�+J� )�-'-.� ��*�K+ G��	 GL?�M� �0�  �(

<�� NO2'G��>  

D �� �&��! :��]_�E��7  ����=?� $ ���W=5� ��+

�D&�D F��B! R(�� S-�5 �� E > ������  �_ $ �!�D

Ln�W!> �O� \�!� m-�! <���$�A# �� �  . \�� ��

R(�� �!�D  $ �T�# �=��� ! %!�&� �� �&��! :��]_� /

\( %�L5 �� �(��� ��&! E�&n 0 *1  �-&	 �� �"�# ����� /

$�A# �� ^L	�! :]�WM	 /���$�A# ���U	 $ <�B�! /���

�&# F&D $ V( ���W!�� 0 *1  �-&	 <�B�! /`f / ����

�� 6&WM! �$�� $  �-&	 �*�B+ /l.(  n�$  n�$ ����

 /�3L5 6&WM! ����c� �� ��$�A# ��=�� /�A# �c��( /l.(

 $ �>�� /�>�# :��3�� �� E��"=(� ��&! :�$�� F&D

a�O :�,�� /�>����  SK# �g�� :��]_� ���( $ ���$

 > D )6$ ?��+ 1  $2.(  

  

  

  

Variable [=!��  
l�o&	   n�$  \�gD��!  �w#� n  %5� n  

Description Unit Average Maximum Minimum 
N fertilizer <P$�=�D �&#  - kg/ha 193.5 400 50 

P fertilizer �"K� �&# - kg/ha 118.96 400 0 

K fertilizer Z�=� �&# - kg/ha 14.18 200 0 

Micro fertilizer $�2�! �&# - lit/ha 9.37 150 0 

Tilt fungicide J��5�3�	 R# - lit/ha 0.28 1 0 

Arta fungicide J��5�	�f R# - lit/ha 0.004 0.3 0 

Alto fungicide J��5&=-f R# - lit/ha 0.03 1 0 

Bromicide herbicide {3� �K��!$�� R# - lit/ha 0.42 2 0 

Granstar herbicide {3���=KD��1 R# - lit/ha 15.15 30 0 

Topik herbicide {3�m���	 R# - lit/ha 0.89 1.5 0 

Seeding rate ���W! ��� �� c! - kg/ha 203.36 260 100 

Supplementary irrigation �3��2	 �����f 0= no, 1= yes N/A 0.58 1 0 

Crop residue burninig < D��&( �+��1 ����c� 0= no, 1= yes N/A 0.19 1 0 

Crop residue moldboard plowing Vu> �+��1 ����c� <�� 0= no, 1= yes N/A 0.78 1 0 

Crop residue disking mK�� �+��1 ����c� <�� 0= no, 1= yes N/A 0.03 1 0 

Farmer age ��$�A# \( - Year 50 80 28 

Agricultural experience 	���$�A# ���U - Year 29.5 60 3 

Area of wheat cultivation 0 *1 �A# ��� l.( - ha 7.14 46 0.5 

Wheat yield 0 *1 ��23�� - t/ha 3.74 6.5 2 

Planting and growing equipments �>�� $ �>�# :�B�7U	      

Moldboard plow �� D���1�� \+f$�1 - N/A 1.07 2 0 

Disk mK�� - N/A 3 6 0 

Chisel 6B�4 - N/A 0.16 3 0 

Ditcher �|=�� - N/A 0.55 4 0 

Sprayer ��I�( - N/A 1.52 3 0 

Combine L�#�\� - N/A 0.03 1 0 

Centrifuge fertilizer P&�"��=D�( ����&# - N/A 0.88 2 0 

Centrifuge feed P&�"��=D�( ������ - N/A 0.66 1 0 

Handy seed broadcast ��(� �� �>���� - N/A 0.13 1 0 

Handy fertilizer broadcast �(� �� �>���&# - N/A 0.13 1 0 
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6$ ? 2- V��W	 �O�� B�-�Df �� E > E��"=(� ����� ���� ! �"�# ��+��[=! ���1CART  
 Table 2. Qualitative variables of agricultural management used in the CART analysis 

  


+ �( ��*�K+ 3��A �+ 
�:�2+ <�� ,&�

���=	 3'�;CART  

b�cM	 \�� �� V��W	 �O�� 6 ! �� ���� ���1

uA! $ ��L	�� <��# NR*2�+�� NO�> \�� F&*	 ��+

<&D�>-  ��&�U! m� �� 0 *1 ��23�� $ <&KI��( $ �*�$

# :��]_� > E��"=(� �=��� ! �"�# $ �T� .�O�� 6 ! 

V��W	���1 �2� �� ��+��B�� �&5 $  6$� =!�� �&)*!

�=(�� *� $ R���*�� �(� �# m� 6 ! ��=!�����D $ 

<$ � �D&1�+ R�� ��� �� y&WO �.��� \��  ��+��[=!

%c=K! $ ��[=! �=K��$ �(� �� $ �$���+ V7! E����$�# 

�(�. V��W	 �O�����1 ��  �-&	 NO�> /�=O���� 

R���&O �*�� � ��� Z�(� ��( \�D�&5 l�o&	 �! +�. 

V=��&g-���+ V��W	 �O�� F�&D� �"3=u!  D��� �# �� \�� 

R+$v� �O�� 6 ! �� V��W	 ���1CART 

)Classification and Regression Trees (���<�&* 

m� V=��&g-� �K��c!�� E��"=(� E > �(� .CART �2� 

�� �O�� F�&D� E��� *� �(� �# ^(&	 \���� $  <���2�+

)Breiman et al., 1984( ���,! > . \�� 6 ! m� 

���&�D �AO�4��j ��L> �O�� �� :���Kc	 ���� ���	$� 

���,! m� &g-�� E��� *� $ ���,! �W�uA	 �!*# . 

V��W	 �O�� �� �( �B? �3;� %!�> /�A�� E�1 �3O��  $

r�� %�2A	 E >  �(�)Azar et al., 2001(. �O�� 

��U�� �D&1 �� E >�� �(� �# �� � =�� �g�+ E����+ �� 

E�1  �A��)E�1 \�-$�( �# �� q�� ���5 �!/���1 �&?$  D���. 

HI( Z�(� �� ���[=! �# �! D�&	 R��\��	 �*g�+ �� 

���� �+ �O�> ��U�� / *# /�A�� �� `�,AD� ��U�� �!�&>. 

\�� %�� � cDf �!��� �! ��� E��� �	��+ �&?&! �� �+ /E�1 

R��\��	 �*g�+ �� �=>�� $ �� �=(� m� y�O b3,	 

 D��1. \�*4 �+�1 �# �� �7=D� ���5 �!$ ���1 �� <f 

���,AD� ��U�� ��D/�&> E�1 ���7D �� E �!�D r�� �! �&>

)Berry and Linoff, 2004.(  

  
P�( � Q-��> 

H��9
.� )-�2�5� 3�6  

������ J��5 �D&1 d*� E > �(��� 0 *1 F��B! �� ��

 ��� sD� %!�>)Puccinia striiformis f. sp. tritici( /

E&75 sD� ��)Puccinia triticina( �3L*( 0&����&� /

)Fusarium graminearum( �3L*( �&��&=I( /

)Stagonospora nodorum (E&75 �2- $ ��)Bipolaris 

sorokiniana ( D > ���(�*>.  

��[=!  
Variable 

:�M�o&	 

Descriptions 

 `$�*	 ��%L5 6�( $� B����  
Autumn rotation two years ago   

S�( /0 *1 R�f /&? /�B3# /�*�!� 

Wheat, Potato, Canola, Barley, Fallow 

 `$�*	 ��%L5 6�( B����  
Autumn rotation last year 

S�( /�B3# /0 *1 �&uD /���&- /�*�!� 

Wheat, Canola, Potato, Bean, Pea 

 `$�*	 �� <�=K��	$� %L5 6�(  
Summer rotation two years ago   

�?&1 /R�f /dD�� /�BL( :�� /��&( /�gD�� 

Vegetable, Rice, Fallow, Tomato, Soybean 

 `$�*	 ��%L5 6�( <�=K��	  
Summer rotation last year 

�?&1 /R�f /dD�� /�BL(  /��&( /�gD��:��  
Vegetable, Rice, Fallow, Tomato, Soybean, Maize 

 `$�*	 ��6�K!� <�=K��	  
Summer rotation this year 

�?&1 /R�f /dD�� /�BL( :�� /��&( /�gD�� 

Vegetable, Rice, Fallow, Tomato, Soybean, Maize 

0 *1 0�5��  
Wheat cultivars 

  ���$�!)N-81-18( /N-80-19Z�1�� /�> +&# / 
Morvarid (N-81-18), N-80-19, Koohdasht, Zagros 

�A# ����	 

Planting date 

1  �	15  /<��f16  �	30 /<��f 1  �	15  /��f16  �	30 /��f 1  �	15  /��16  �	30 �� 

October 23 to November 6, November 7-21, November 22 to 
December 6, December 7-21, December 22 to January 5, January 6-20 

��$�A# :]�WM	 l.( 

Farmer education 

�� HD�K�- �&� /HD�K�- /V3I�� �&� /�.(&=! /����*+�� /��� =�� /��&( 

Illiterate, Elementary, Guidance school, Diploma, Technician, 
Bachelor's degree, Master's degree 
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%&�� �+'��R	3����( 405	 3�6 � )���9 3�6

�.5; '78�*  

NO�> ��,o$ <&D�> F&*	 ��+-  $ <&KI��( $ �*�$

 0 *1 ��23���(��� ��&! �c.*! �� ��  %2>2  �����

�(� E > . ��67 ���B!  :����[	 /�(��� ��&! 0 *1

<&D�> NO�> -  \�� �*�$17/0  �	70/1 )��  \�gD��!

29/1(  \�� <&KI��( NO�> :����[	 $4/0  �	67/0 )�� 

 \�gD��!53/0( �&� .0 *1 ��23�� B�D  ����c! \��2  �	5/6 

 ��=2+ �� \	)��  \�gD��!74/3 ��=2+ �� \	(  ���[=!�&� .

:$�"	  E �� ��+NO�> ��  F��B! ��23�� $ F&*	 ��+

 �"�# $ �T�# %!�&� �� �(��� ��&! �c.*! �� 0 *1

 D > E��� ��L	�� �=��� !. /b�cM	 \�� ��  �� E��"=(� ��

%�3M	 �$� V��W	 �O�� ���1CART  %!�&� �$�

� �=��� ! �"�# $ �T�#� /0 *1 F��B! �� E !f �(�

[	 �� ���1�'� %!�&� \��=7� �� �L�#�	NO�> :����  ��+

<&D�>- 1 ��23�� $ <&KI��( /�*�$0 *  \��,	 > . \��

6 ! \�� �=��� ! �"�# $ �T�# %!�&� �#  D��� <�AD �+
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Figure 2. Box plot of variations of Shannon-Wiener and Simpson diversity indices and wheat yield in selected 
fields. Horizontal line in the middle of each box is the median (second quartile), the bottom and top rectangles 

are the first and third quartiles, respectively, and the bottom and top lines outside the each box are the minimum 
and maximum values of the data.  
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Figure 3. Classification and regression tree model for diversity indices a) Shannon–Wiener and b) Simpson. 
Within each rectangle (Node) is labeled with number of wheat fields (n), percent of wheat fields (%) and the 

value diversity indices (Predicted). The value in parentheses indicate the effect of agricultural management on 
diversity index. 
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Figure 4. Classification and regression tree (CART) model for wheat yield 
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Abstract 

To evaluate the qualitative and quantitative effects of agricultural managements on the fungal 
diseases of wheat, a study was carried out at 67 wheat-grown fields located in 8 villages in four 
geographical sides of Gorgan, Golestan province, Iran, in 2010. Samples were taken using 0.25×0.25 
m quadrates. Then pathogenic fungi were identified and used to calculate the biodiversity of 
pathogenic fungi, heterogeneity index of Shannon-Wiener and Simpson. Qualitative and quantitative 
state of agricultural managements was provided by a researcher made questionnaires from farmers. 
The classification and regression trees (CART) procedure showed that nitrogen fertilizer, plant density 
and potash fertilizer were the most important management factors affecting the Shannon-Wiener 
diversity index variations, and nitrogen fertilizer, plant density and phosphorus fertilizer were the most 
important management factors affecting the Simpson diversity index variations. Moreover, the most 
variability of wheat yield was mainly interpreted by management factors including seeding rate, 
nitrogen fertilizer and previous two years rotation. Overall, nitrogen fertilizer and seeding rate (plant 
density) were common between wheat yield and both Shannon-Wiener and Simpson indices, so that, 
nitrogen fertilizer explained 38 and 31% of the Shannon-Wiener and Simpson indices variations, 
respectively, while 46% of the wheat yield variation was explained by seeding rate. The results 
suggest that appropriate amount of nitrogen fertilizer and desirable plant density were effective 
management options to improve the yield and reduce the fungal diseases in the Golestan province. 
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