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Fig. 1. Changes leaf area index in day after planting and dates November 29th (p1), December 19th 
(p2) and January 8th (p3). (Pre regarding predicting and obs is Regarding observations).  

  
 ����H+2- �� \�� cd8 [��� g��,,h� 2 <� ���k � M��� �� �����  <� 50 �70 �90  �110 ) .���� �4� �� /���pre 

j���� i,2 /�  � �*,�obs �� g�) �	� /� j���� .()��� 
Fig. 2. Changes leaf area index day after planting and in densities 50, 70, 90 and 110 Plants per square 

meter. (Pre regarding predicting and obs is Regarding observations). 
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Table 1. Changes leaf area index canola cultivar Hyola 401 in different dates and planting densities  
��4��5 

Factor  
a±se  b±se  c±se  LAI max  RMSE  R2  

:Y�� F+��G 

Planting date  

08/09/90  005.06±0.0  82.86±1.52  223.3±14.45  3.31  0.429  0.97  
28/09/90  009.059±0.0  82.54±2.7  163.6±18.66  2.41  0.538  0.93  
18/10/90  012.058±0.0  82.54±3.77  126.3±20.06  1.82  0.564  0.87  

:Y�� `���G 

Planting density 

50 016.058±0.0  82.33±5.02  21.4±25.119  1.72  0.609  0.85  

70 011.058±0.0  82.75±3.38  21.4±21.149  2.16  0.512  0.92  

90 008.06±0.0  82.83±2.59  16.0±21.192  2.88  0.547  0.95  

110 005.06±0.0  82.69±1.69  7±16.222  3.32  0.411  0.97  
)a  (c)�1�%� e+��� ( j�# � �*�� 7�**� p4�Y �����kG � ) �5��; �1 m�� h^6b) �m�� h^6 p4�Y �i���
 y"�( 5��; (LAI max �i���
 (

) �m�� h^6 p4�YRMSE) ( �^4 ��%��� ��89��� �M& (R2�� ���@G e+�� ( .�Y��  
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(a and c): Predictive equation coefficients Changes leaf area index in time, (b): Timing maximum leaf area 
index, (LAImax): maximum leaf area index, RMSE: Root mean square error and R2 is Coefficient of 
determination. 
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 �1 `���G j+�>�� �� �Y"��4 e+�� ���b� .1"� j+��;2
 e+�� �+����� .:��+ j+�>�� :Y�� c��d� ��P F+��G

 �Y"��4)� :61  s"+�P `�� ���� 7��2401  �1 �>��
 `���G ( V(� :Y�� F+��G110  �� B��� ��� �1 )G"�

 ��89���476/0 e+�� �+���� (  �Y"��4)� :61  7��2
�1  `���G ( 3"6 :Y�� F+��G50  �� B��� ��� �1 )G"�

 ��89���308/0 )� :61  V(�&) ��22 e+�� ���b� .(
 �>�*6"�� V�%� B�%�G {�6� �� 7�Y )@6�
� �Y"��4

 s"+�P `�� ����401 �>�� )� �"A  )� )&"G �� _6"��
2 �+� �1 7�Y V�� � c��d� ��P����G1(�
 �1 j+��; 

39/0  V(�&) 1"�2.(Thomson and Siddique 

)1997 ( �"9 f�[� �+���� �+1�b� )� �91�� L��>< (
 �(�$�� �Y"��4 e+���� �9�"G  ��"4 )�5��9 7�*P1 

 �1 �(�$G )?��9 �1 ( 5�P��< ��� W+="�"+>�� �(�$G
 �1 W�4 71�� ���"G52  �P .�Y�� Maddonni (

) 5���X�P2001��G )� �*�Y�1 5��� ( t+�A ;� �P��< `�
 B��( �]�� �Y"��4 e+�� �� m�� 7;��9� ( )+(�; �� ��]QG

�� 1"Y .Majd Nasiri and Ahmadi )2006 �� (
 z��� `�� �9��< 7��< �(� �� 1"4 j+��;22818  )�

 j+�>�� �� �Y"��4 e+�� 5�>�� )� �9��6� )?��9 �+�
 ;� `���G3/13  )�40  ;� B��� ��� �1 )G"�08/1  )�55/0 

 .:��+ jP��`P ��*g  �9��� 7��< :Y�� �1 ��4QG ��
 z��� `��2818  e+�� 5�>�� 5��	��G )� ���� ;�

 `���G �1 �Y"��440  ;� B��� ��� �1 )G"�55/0  )�54/0 
 `���G �1 ( jP��3/13  ;� B��� ��� �1 )G"�08/1  )�

35/1  .1�1 5��9 j+�>��)� �w9 �� �6�  e+�� ���b�
8g )� �Y"��4 B+;"G �89"m�� �P  ( �"@  �"9 ���b�

 �`���G j+�>�� �� )� 1��1 �8�	� �#"9�� _6"G )���+
 B+;"G 7"
9 �1 ����kGm�� �P  ��"E��9 1��<.  

�	
	� ��
� ������  
      ��Z� �Z^4 )Z^��� L;��Z� ;� BZ�%�G f�[� �+����

 �ZZ%�?G WZZ�4 71�ZZ� ( 7�ZZY :ZZ��+�1 �ZZ%�?G BZZ�%�G

     BZ�%�G f�Z[� �+���Z� _Z4 �+� e�Y )� �Y )@6�
�

�� �Y��  V(�&)3.(  

  

&�)T 2–  ����  ��� ������ ����401  �� �$%�G���� <�   � W%4X������ <�  M��� 

Table 2. extinction coefficient canola cultivar Hyola 401 in different dates and planting densities  
G����-M��� �����  

Date- planting density 
    K±se  RMSE       R2       

90/09/08  

50 0.416±0.028 0.053 0.993 
70 0.432±0.032 0.059 0.989 
90 0.464±0.04 0.066 0.992 
110 0.476±0.043 0.068 0.992 

90/09/28 
50 0.335±0.01 0.018 0.997 
70 0.37±0.017 0.033 0.989 
90 0.422±0.031 0.058 0.988 
110 0.452±0.039 0.069 0.99 

90/10/18 

50 0.308±0.009 0.012 0.997 
70 0.331±0.009 0.016 0.997 
90 0.372±0.015 0.028 0.996 
110 0.433±0.032 0.057 0.994 

:K  ��Y"��4 e+��:RMSE ( �^4 ��%��� ��89��� �M&R2  ���@G e+���� �Y��. 
K: extinction coefficient, RMSE: Root mean square error and R2 is Coefficient of determination. 
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Table 3. Radiation use efficiency canola cultivar Hyola 401 in different dates and planting densities  
G����-M��� �����  

Date- planting density 
b±se  RMSE R2  

90/09/08  

50 0.695±0.07  98.72  0.961  
70 0.877±0.093  140.93  0.956  
90 0.941±0.117  209.14  0.941  
110 1.043±0.13  244.08  0.941  

90/09/28 
50 1.024±0.077  65.01  0.997  
70 0.931±0.053  65.05  0.989  
90 0.886±0.053  84.94  0.988  
110 0.968±0.062  109.77  0.99  

90/10/18 
50 1.19±0.065  42.05  0.988  
70 1.067±0.048  44.43  0.991  
90 0.942±0.062  81.53  0.982  
110 0.806±0.05  89.59  0.984  

b:  �(V(=�8� �� 3�<) B�%�G ;� 71�$�6� �+���� _4 e�YRMSE( �^4 ��%��� ��89��� �M& :R2  ���@G e+���� �Y��.  
b: Line slope of radiation use efficiency (g/MJ), RMSE: Root mean square error and R2 is Coefficient of determination. 
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Table 4. Describing equation coefficients (y=bx) distribution of dry matter in leaves from the stem 
elongation stage to flowering 

:b  �m�� )� W�4 71�� B+;"G �+���� _4 e�Y:RMSE  ( �^4 ��%��� ��89��� �M&R2 �� ���@G e+�� .�Y��  
b: Line slope efficiency distribution of dry matter to leaves, RMSE: Root mean square error and R2 is Coefficient of 
determination. 
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Table 5. Describing equation coefficients (y=bx) distribution of dry matter in shoot from the stem 
elongation stage to flowering 

:b  �)��6 )� W�4 71�� B+;"G �+���� _4 e�Y:RMSE  ( �^4 ��%��� ��89��� �M&R2 �� ���@G e+�� .�Y�� 

b: Line slope efficiency distribution of dry matter to shoot, RMSE: Root mean square error and R2 is Coefficient of 
determination. 

��4��5 

Factor  
b±se      RMSE     R2        

:Y�� F+��G 

Planting date  

90/09/08  0.405±0.002  6.74  0.999  
90/09/28  0.399±0.005  11.14  0.998  
90/10/18  0.410±0.006  11.98  0.997  

 `���G:Y�� 

Planting density 

50  0.422±0.003  5.32  0.999  
70  0.416±0.001  2.46  0.999  
90  0.408±0.003  9.07  0.999  
110  0.392±0.002  5.92  0.999  

��4��5  

Factor  
b±se            RMSE   R2 

:Y�� F+��G 

Planting date  

90/09/08  0.385±0.01 33.4  0.99  
90/09/28  0.381±0.019 37.84  0.98  
90/10/18  0.399±0.018 35.95  0.97  

:Y�� `���G 

Planting density 

50  0.297±0.004 6.05  0.998  
70  0.347±0.001 2.93  0.999  
90  0.384±0.008 1.94  0.999  
110  0.437±0.006 16.09  0.998  
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Table 6. Describing equation coefficients (y=bx) distribution of dry matter in pod from the stem 
elongation stage to flowering 

:b  ���&�"4 )� W�4 71�� B+;"G �+���� _4 e�Y:RMSE  ( �^4 ��%��� ��89��� �M&R2 �� ���@G e+�� .�Y�� 

b: Line slope efficiency distribution of dry matter to pod, RMSE: Root mean square error and R2 is Coefficient of 
determination. 
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��4��5 

Factor  
b±se         RMSE     R2  

:Y�� F+��G 

Planting date  

90/09/08  0.208±0.008  27.88  0.97  
90/09/28  0.218±0.013  26.95  0.96  
90/10/18  0.189±0.012  25.75  0.94  

:Y�� `���G 

Planting density 

0.280±0.001  2.35  0.999  
70  0.235±0.002  5.14  0.998  
90  0.207±0.004  10.28  0.996  
110  0.169±0.004  12.37  0.994  
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Table 7. Describing equation coefficients (y=bx) distribution of dry matter in leaves from the 
flowering stage to filling pod 

��4��5 

Factor  
b±se        RMSE    R2  

:Y�� F+��G 

Planting date  

90/09/08  0.118±0.01  26.43  0.944  
90/09/28  0.121±0.011  22.4  0.94  
90/10/18  0.118±0.011  19.5  0.934  

:Y�� `���G 

Planting density 

50  0.195±0.001  1.83  0.999  
70  0.139±0.0006  1.003  0.999  
90  0.11±0.002  4.33  0.998  
110  0.098±0.0004  1.4  0.999  

:b  �m�� )� W�4 71�� B+;"G �+���� _4 e�Y:RMSE  ( �^4 ��%��� ��89��� �M&R2  ���@G e+���� �Y��. 

b: Line slope efficiency distribution of dry matter to leaves, RMSE: Root mean square error and R2 is Coefficient of 
determination. 
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Table 8. Describing equation coefficients (y=bx) distribution of dry matter in shoot from the 
flowering stage to filling pod 

��4��5  

Factor  
b±se       RMSE    R2  

:Y�� F+��G 

Planting date  

90/09/08  0.523±0.023  56.78                  0.986  
90/09/28  0.505±0.028  56.16  0.977  
90/10/18  0.556±0.035  58.46  0.972  

:Y�� `���G 

Planting density 

50  0.367±0.007  8.95  0.997  
70  0.455±0.007  11.45  0.998  
90  0.52±0.005  10.64  0.999  
110  0.591±0.01  23.77  0.998  

:b  �)��6 )� W�4 71�� B+;"G �+���� _4 e�Y:RMSE  ( �^4 ��%��� ��89��� �M&R2  ���@G e+���� �Y��. 
b: Line slope efficiency distribution of dry matter to shoot, RMSE: Root mean square error and R2 is Coefficient of 
determination. 
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Table 9. Describing equation coefficients (y=bx) distribution of dry matter in pod from the flowering 
stage to filling pod 

��4��5 

Factor  
b±se    RMSE     R2  

:Y�� F+��G 

Planting date  

90/09/08  0.357±0.013  31.97  0.99              
90/09/28  0.373±0.017  34.76  0.984  
90/10/18  0.324±0.024  40.87  0.96  

:Y�� `���G 

Planting density 

50  0.436±0.006  7.92  0.998  
70  0.405±0.007  11.54  0.998  
90  0.369±0.003  6.52  0.999  
110  0.309±0.01  23.94  0.993  

:b  ���&�"4 )� W�4 71�� B+;"G �+���� _4 e�Y:RMSE  ( �^4 ��%��� ��89��� �M&R2  ���@G e+���� �Y��. 

b: Line slope efficiency distribution of dry matter to pod, RMSE: Root mean square error and R2 is Coefficient of 
determination. 
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Table 10. Describing equation coefficients (y=bx) distribution of dry matter in leaves from the filling 
pod stage to maturity 

��4��5 

Factor  
b±se  RMSE R2  

:Y�� F+��G 

Planting date  

90/09/08  0.084±0.012  41.17  0.753  
90/09/28  0.079±0.013  36.34  0.697  
90/10/18  0.077±0.012  29.26  0.691  

:Y�� `���G 

Planting density 

50  0.131±0.02  32.11  0.787  
70  0.098±0.013  29.12  0.813  
90  0.072±0.011  32.11  0.743  
110  0.065±0.013  38.55  0.727  

:b  �m�� )� W�4 71�� B+;"G �+���� _4 e�Y:RMSE  ( �^4 ��%��� ��89��� �M&R2 �� ���@G e+�� .�Y�� 

b: Line slope efficiency distribution of dry matter to leaves, RMSE: Root mean square error and R2 is Coefficient of 
determination. 
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Table 11. Describing equation coefficients (y=bx) distribution of dry matter in shoot from the filling 
pod stage to maturity 

��4��5 

Factor  
b±se     RMSE R2  

:Y�� F+��G 

Planting date  

90/09/08  0.505±0.016  53.15  0.985  
90/09/28  0.491±0.017  49.88  0.979  
90/10/18  0.514±0.018  42.80  0.978  

:Y�� `���G 

Planting density 

50  0.360±0.005  8.4  0.997  
70  0.448±0.004  10.21  0.998  
90  0.505±0.004  12.73  0.998  
110  0.572±0.008  23.60  0.998  

:b  �)��6 )� W�4 71�� B+;"G �+���� _4 e�Y:RMSE  ( �^4 ��%��� ��89��� �M&R2 �� ���@G e+�� .�Y�� 

b: Line slope efficiency distribution of dry matter to shoot, RMSE: Root mean square error and R2 is Coefficient of 
determination. 
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Table 12. Describing equation coefficients (y=bx) distribution of dry matter in pod from the filling 
pod stage to maturity 

��4��5 

Factor  
b±se  RMSE   R2 

:Y�� F+��G 

Planting date  

90/09/08  0.410±0.019  62.25  0.969  
90/09/28  0.428±0.018  51.96  0.97  
90/10/18  0.407±0.017  41.83  0.968  

:Y�� `���G 

Planting density 

50  0.508±0.022  35.82  0.978  
70  0.452±0.015  33.52  0.985  
90  0.421±0.015  42.95  0.982  
110  0.362±0.018  52.57  0.977  

:b  ���&�"4 )� W�4 71�� B+;"G �+���� _4 e�Y:RMSE  ( �^4 ��%��� ��89��� �M&R2 �� ���@G e+�� .�Y�� 

b: Line slope efficiency distribution of dry matter to pod, RMSE: Root mean square error and R2 is Coefficient of 
determination. 
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