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)�� ��5

F�,� 8�3K� �� g�	 8��@�� H�3$� �(�� g�	 N���L
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4- Support Vector Machines (SVM) 
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Q��( G, F��;@�, �� 
Q��( �#S�� �,�� 8�,���)�

-� � F�* -S��X	 g�	 F�G�� 
Q��( 8�I.��	 ,�@�, Ng�	-

 � ��, b��Z. 
>4,� k,#Q -� 8�I.��	 -A)�, ���

Q��(

	 -�e�� 8�I.��	 G, O�C ��5 �fP �,�� �.��&


Q��(
	 Y,�4, O�C ��5-� .�#*8�,  ��� �5 -L 
)>	K 


Q��( G, ���b��Z. �,�,� -L 
��5 -� -�e�� 8���


	 
���� �)@T5 8�I.��	 `�� -L �#*K Nearest to 

Mean (KNM) F�* F��	�. k�K@., WP,�	 G, 
��3. .��,

2- Out of Bag 
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"��)	Q��( 8��� WA* �� ,� g�	 8�, G, F��;@�, �� 
1 


	 F�5��	.��)L  

  

  
 RJ�1: W��F� X�L7�, RY,
� ��: 6�
� 6���F��� �I�:
	 �(� +, 9��Z7�, �* �S)
N V�
	K T����V�8���� /* V�
	  

  
�(� �[F���I7�,:�� -� �,�� `�� �� 
�L �#E

g�	 
���G�,8@*,f&��)L W	�* -L ��,� �#Q� �51  G, 
�K�

F�,�:E�M@	 
���G�, � �52 
	 -�#3q	 g�, `�� �� .�)*��

F�,�-� �5-�#3q	��G -� 
���$� O�#e<#	G= � ̀ G#	= ��5 


	 H�TM�F�,� �,�>� �,�� � �#* `�� 
0� .��/�� ��5

F�,� �,�>� �,�� Y��F�,� <= �� -L F�* -�,�, ���X	 ��5 �5

-� -� 
���$� O�#ek ��G
	 H�TM� ,Zq	 -�#3q	 -L �#*

k-1  F��;@�, <#	G= �,�� �3T4 b� � `G#	= �,�� �3T4


	 W3� 8�, .�#*k 
	 �,�A� ���G, b� �5 �� �#* 

��G-�#3q	b� W4,�P �5�� .�.��& �,�4 <#	G= ��#	 ��� 

8�I.��	 
���. 
���G�, b� �,�� ����.
	 ���& �#*)19.( 

-Q#��� B5�'C 8�, �� <�@���* �,�>� <�#� HL -� ��5

��S@�, �,�� N
��>0�_	 :E�M@	 
���G�, `�� G, g�	 
q)�

�)j-�/�,3  �,�M	 � F��;@�,k  �� ��,��10 ��  -@��& �{.

.�* F�p� ��
)>	 -L ����� ��5��\@	 �,�>� <#j 8�, �,�


	
���S� -� �� �)*��P< 0.1  8�� 
I@TS35 g��Q ��

 N��, ���G 
3��4, ��5��\@	 � +,#�� -.��0�� ��A�3�

W	�� B5�L 8�,���)� �� �12	 W	,#� k�K@., � ����� ��5

                                                             
1
-  Hold-out 

2
- Cross-Validation 

3
- k-Fold  


	 +,#�� ��A�3� 8�3K� �#S���� �12	 �.,#� -q�@. �� .�*

����� �,�>� B5�L � /�� ��,f&�1, �� W	,#� k�K@., �,�� �5

Y�& <#���&� G,-�Y�&4 �* F��;@�, )39 .(  

�(� �
J�
� �*��+�,:��   BK� b� g�	 
���G�,

-35 8��@�� �)�=�� 8�, .��, g�	 ->�#� �)�=�� �� -S.�Q

F�,� B��3. �� g�	
	 <��. ,� g�	 
�= 
�,��L � �5 .�5�

g�	 �.�� G, <�)�3E, ��Q 
���G�, � 
q)���S@�, N�G��

g�	 ��A�3� � �4� �� G, B5�'C 8�, �� 
������#	 ��5

8��>� "��? ���>	5 )2R�_( :��	 8�I.��	 � (6) MSE( 

-� ���>	 �� 8�, .�* F��;@�,) R�,�� G, "����1) � (2 (

-�
	 ��� -;02	 NR�,�� 8�, �� .�)�=n �,�>� NF�,� ��5

#	G�, �� 
��� �iX  �iY -� "����i  F�,� 8�	,�� � ����=

,�.FG,
	 F�* ���&.�)*�� 

R� �
∑����	�
�

∑����	

�
                                                   �1
-_�,�   

MSE �
∑ �y� � x�


��
���

N
                                     �2
-_�,� 

4
- Stepwise Regression 

5
- Coefficient of Determination 

6
- Mean Squared Error 

����� 
3��4, W	,#� 

g�	(Y�� -Q�� � W��M@	 �1, N^0�( Y�� -Q�� N
_() 
.#���&� ��5 

�Z�3	 W��X� g�	 H�3$� �(�� g�	 
���$� WI)Q g�	 

 g�	k -��T35 8��@A��Z. 


�#)$	 
S$� -AS* #I0, ^�K�� g�	 


�X	 
_( �(�� 

-S��X	 g�	 
)�3K� ����M	 8�I.��	�5 

 
Q��( k�K@.,k  G, g�	11 �.�,� ,� 8�I.��	 �� �,�M	 8��@A��Z. -L  g�	 

 8�I.��	 -S��X	k 
Q��( <,#)� -� F�* k�K@., 
Q��( 

+,#�� ��A�3� <,Z�	 
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]��7�  

-� ,�@�, �� � -�P�. 8�� "��)	 -_�,� 8��>� �#{)	

-�P�. Ng�	 8��@�� k�K@., � ��A�3� <,Z�	 +��, �� �5

g�� �� +,#�� ��A�3� 8�I.��	 <,Z�	 "��	 h�@K	 ��5

 g��Q �� .����&1  � ��0#� 8�I.��	 Ng#$X	 ��A�3�

 �#?� <��,�( G, 
��5��* �,�� ��L ��G v_� 8�I.��	

#$X	 <,Z�	 -L<= +,#�� g J,�K@�, 
��>0�_	 F��� �� �5

.��, F����& -�,�, NF�*  

  

  

  

 �)(S1:  �Y,����
*���� �W	
�9(� ��� �� (�2�	 V�8���� C�,�G, -��, 
*  6��1377-1387 

-�P�. F��3* 1  2  3  4  5  6  

-�P�. ����-����P  �,#(  ����)& ���	  �3*�L  �#����.  
(��@A5) ��L ��G v_�  295 50 153  28 135 291 

(8�) ��0#� <,Z�	 123 21 153  47 227 591  

(��@A5 �� #��L) ��A�3� 529 666 1000  1555 1689 2130 

 :-,��� /�1�� �
J�
� ) �
��5, ^�,
� V�* /E*,�  

g��Q �� ��52  ��7  �,�>�74  N
3��4, W	�� W	��

(<�@���*) -�P�. � g��  -.��0�� ��A�3� �� ��, 8A3	 -L

 G, F��;@�, �� �)*�� -@*,� -_�,� +,#�� 
I@TS35 "��?

 <#���C ����M	 .��, F�* 
����P-Value<0.1 

<��.
	 
I@TS35 "�,�? <�#� �,��)>	 F�)5�.�*��  F�p�

 � 
3��4, W	,#� 8�� 
I@TS35 N-./�� ��A�3� <,Z�	 ��

 �� .��, F�* 
���� Z�. +,#�� -.��0�� ��A�3� H@���I0

���#	��#	 +,#�� -.��0�� ��A�3� H@���I0 -L �,�4 
����

 W	,#�) 
��@�= ��5G�� W	,#� ��, -@��&70  ��74 Z�. (

-�F�* -@��& �{. �� 
3@���I0 O�#e�, � �., UC |#?#	 8

<#	G= G, 
&�Z� �,�M	 N��0#� <,Z�	 8�3K� �� h�@K	 ��5

 ��0#� <,Z�	 � W	,#� 8�, 8�� �@��� -_�,� � W	,#� 8�,

 F�#� W	,#� 8�, 8@��& �{. �� 
3@���I0 O�#e �� +,#��

.��,  

  

  

 �)(S2 : -,��� /�1�� �
J�
� V�* �87UI
� ]��7�(kg/ha) -,��� /�1�� �
J�
� �7���82 �(log(kg/ha))O�: 
�+ _E� � (ha)  )

 O�: 
�+ _E� �7���82(Log(ha)) /����� 6��� V�8���� �*  

 ,#5 ��	� 8�I.��	 

8������ ���S���, �,��( ��� �,��	 �#���* ��	 <��= �s= �� 83�� �);�, 

��\@	 �L 1 2 3 4 5 6 7 8 9 10 11 12 

��A�3� ns1/0-  ns 25/0- ns 09/0- ns 04/0- ns 02/0- ns 06/0- ns 05/0- ns 07/0 ns 22/0 ns 11/0 ns 04/0- ns 15/0- 

��A�3� H@���I0 ns 08/0 ns 09/0- ns 06/0 ns 11/0 ns 12/0 ns 1/0 ns 02/0 ns 2/0 * 32/0 ns 15/0 ns 04/0 ns 02/0 

��L ��G v_� ** 37/0- ns 27/0- ** 4/0- ** 46/0- ** 49/0- ** 53/0- ns 13/0- ns 26/0- ** 51/0- ** 41/0- * 29/0- ns 08/0- 

��L ��G v_� H@���I0 ns 22/0- ns 15/0- ns 25/0- * 32/0- ** 37/0- * 35/0- ns 02/0- ns 06/0- ** 38/0- * 34/0- ns 22/0- ns 04/0 
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 �)(S3:  -,��� /�1�� �
J�
� V�* �87UI
� ]��7�(kg/ha) -,��� /�1�� �
J�
� �7���82 �(log(kg/ha))O�: 
�+ _E� � (ha)  )

 O�: 
�+ _E� �7���82(Log(ha)) /����� 
`:,(Y ) R5,(Y 6��� V�8���� �*  
  ,#5 ��	� 8�I.��	  

  8������ ��	� ���S���, ��	� �,��( ��	� ��� ��	� �,��	 ��	� �#���* ��	� 

  �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P 

��\@	 �L 13 14 15 16 17 18 19  20 21 22 23 24 

��A�3� ns 1/0- ns 08/0- ns 2/0- * 28/0- ns 11/0 ns 22/0- * 3/0 ns 28/0- ** 42/0 * 33/0- * 3/0 ns 25/0- 

��A�3� H@���I0 ns 06/0 ns 09/0 ns 05/0- ns 12/0- ns 26/0 ns 07/0- ** 45/0 ns 13/0- ** 55/0 ns 2/0- ** 44/0 ns 09/0- 

��L ��G v_� * 29/0- ** 41/0- ns 15/0- * 36/0- * 32/0- ** 42/0- ** 37/0- **46/0- *34/0- **49/0- **44/0- **51/0- 

��L ��G v_� H@���I0 ns 18/0- ns 24/0- ns 05/0- ns 23/0- ns 16/0- * 28/0- ns 19/0- **37/0- ns 18/0- **42/0- ns 24/0- **36/0- 

  ��	 ��	� <��= ��	� �s= ��	� �� ��	� 83�� ��	� �);�, ��	� 

  �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P 

��\@	 �L 25 26 27 28 29 30 31 32 33 34 35 36 

��A�3� ns 22/0 ns 02/0 ns 08/0 ns 05/0 ns 25/0 ns 14/0 ns 11/0 ns 09/0 ns 03/0- ns 04/0- ns 14/0- ns 14/0- 

��A�3� H@���I0 * 33/0 ns 13/0 ns 18/0 ns 18/0 * 29/0 * 28/0 ns 13/0 ns 16/0 ns 03/0 ns 05/0 ns 0 ns 04/0 

��L ��G v_� ns 17/0- ** 38/0- ns 1/0- * 34/0- ** 42/0- **48/0- **39/0- **42/0- ns 24/0- *31/0- ns 03/0 ns 19/0- 

��L ��G v_� H@���I0 ns 03/0- ns 22/0- ns 04/0 ns 15/0- *35/0- *34/0- *33/0- *32/0- ns 2/0- ns 23/0- ns 12/0 ns 04/0- 

  
 �)(S4 :  -,��� /�1�� �
J�
� V�* �87UI
� ]��7�(kg/ha) -,��� /�1�� �
J�
� �7���82 �(log(kg/ha))O�: 
�+ _E� � (ha)  )

 O�: 
�+ _E� �7���82(Log(ha)) /����� 6��� a,
��b	 /F�,� �*  

  �	� O,���\� -)	,� 

  8������ ���S���, �,��( ��� �,��	 �#���* ��	 <��= �s= �� 83�� �);�, 

��\@	 �L 37 38 39 40 41 42 43 44 45 46 47 48 

��A�3� ns 01/0- ns 26/0 ** 49/0 **68/0 **72/0 **53/0 ns 19/0 ns 01/0 ns 12/0 ns 06/0 ns 03 /0 ns 02/0- 

��A�3� H@���I0 ns 06/0- *34/0 **4/0 **62/0 **67/0 **41/0 ns 12/0 ns 04/0- ns 02/0 ns 04/0- ns 05/0- ns 09/0- 

��L ��G v_� ns 23/0 ns 23/0- *33/0 *29/0 *28/0 *35/0 **42/0 *32/0 ns 04/0 ns 02/0- 2ns  /0 **39/0 

��L ��G v_� H@���I0 ns 11/0 ns 04/0- *28/0 *32/0 *32/0 *3/0 *3/0 ns 23/0 ns 03/0- ns 1/0- ns 08/0 *3/0 

  

 �)(S5:  -,��� /�1�� �
J�
� V�* �87UI
� ]��7�(kg/ha) -,��� /�1�� �
J�
� �7���82 �(log(kg/ha))O�: 
�+ _E� � (ha)  )

 O�: 
�+ _E� �7���82(Log(ha)) ��HG R5,(Y ) 
`:,(Y �V�8���� 6��� �*  

  
�$� ��	� ���� <�@T��� Z���C <�@T	G 

  ���� <�@T��� Z���C <�@T	G �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P �]L,�P W4,�P 

��\@	 �L 49 50 51 52 53 54 55 56 57 58 59 60 

��A�3� ns 04/0 ns 04/0- ns 07/0 ns 01/0- ns 17/0- ns 06/0- * 31/0 ns 22/0- ns 01/0- ns 18/0 ns 05/0- ns 01/0 

��A�3� H@���I0 ns 17/0 ns 12/0 ns 21/0 ns 09/0 ns 01/0- ns 08/0 **47/0 ns 08/0- ns 09/0 *28/0 ns 03/0 ns 14/0 

��L ��G v_� ns 12/0- **53/0- **37/0- *33/0- *32/0- ns 25/0- **46/0- **45/0- **4/0- *29/0- *31/0- *33/0- 

��L ��G v_� H@���I0 ns 06/0 **37/0- ns 18/0- ns 23/0- ns 24/0- ns 05/0- *28/0- *3/0- *35/0- ns 09/0- ns 26/0- ns 18/0- 

  
 �)(S6:  -,��� /�1�� �
J�
� V�* �87UI
� ]��7�(kg/ha) -,��� /�1�� �
J�
� �7���82 �(log(kg/ha))O�: 
�+ _E� � (ha)  )

 O�: 
�+ _E� �7���82(Log(ha)) ��HG B��* ) �IU� O*�c� �*  

  
ST. ��#E� 
�$� `���  

  ���� <�@T��� Z���C <�@T	G ���� <�@T��� Z���C <�@T	G -.��0�� `��� 

��\@	 �L 61 62 63 64 65 66 67 68 69 

��A�3� ns 28/0 ns 16/0 * 34/0 ns 16/0 *3/0 ns 07/0- ns 01/0- ns 03/0 ns 15/0 

��A�3� H@���I0 ns 14/0 ns 06/0 ns 27/0 ns 11/0 ns 18/0 ns 05/0- ns 07/0- ns 0 ns 05/0 

��L ��G v_� ns 27/0 ns 22/0 ns 04/0 *29/0 ns 2/0 ns 06/0- ns 15/0 ns 0 ns 14/0 

��L ��G v_� H@���I0 ns 12/0 ns 0 ns 11/0- ns 2/0 ns 14/0 ns 11/0- ns 1/0 ns 08/0- ns 02/0 
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 �)(S7:  -,��� /�1�� �
J�
� V�* �87UI
� ]��7�(kg/ha) -,��� /�1�� �
J�
� �7���82 �(log(kg/ha))O�: 
�+ _E� � (ha)  )

 O�: 
�+ _E� �7���82(Log(ha)) -,��� O�:
�+ _E� ) �
J�
� ���HG �*�7GQ a���� �*  

  
��@�= 
�$�  

  ���� <�@T��� Z���C <�@T	G -.��0�� 
��@�= g�� -�P�.  -./�� ��0#� <,Z�	 (8�) ��L ��G v_�  -.��0�� ��A�3� 

��\@	 �L 70 71 72 73 74 75 76 77 78 79 

��A�3� **64/0- **54/0- **54/0- **55/0- **7/0- **43/0- **87/0 **52/0 ns13/0- **1 

��A�3� H@���I0 **54/0- **55/0- **49/0- **48/0- **61/0- * 33/0- **88/0 **6/0 ns 05/0- **1 

��L ��G v_� ns 27/0- ns 08/0- ns 06/0- ns 21/0- ns 22/0- **44/0 ns 02/0- **65/0 **1 ns 13/0- 

��L ��G v_� H@���I0 ns 22/0- ns 17/0- ns 0 ns 16/0- ns 17/0- **42/0 ns 08/0 **76/0 **1 ns 05/0- 

 8�� 
I@TS35 �,�Q, -q�@.74  �� 
3��4, �@	,��C

-� +,#�� ��A�3� <,Z�	 -_�,� �#Q� G, 
L�P <#���C `��

 8�� (
;)	 
I@TS35) +#A>	 ���S���, R�#@	 ��	�

 W	��)2 ( �� ��A�3� <,Z�	 �� <�)�3E, v_�05/0)P-

Value<0.1 (
	 .�*���-��#E�5 -L  ���S���, ��	� -j

 � ��, �@��� ��A�3� <,Z�	 �*�� �@3L-L�q.= G,  W$�

 � ��, g#$X	 8�, �*,��� � �*� W$� ���S���,

8�)d35 � +,#��-
	 �*�L H�� O�#e ~�S��, 8�, �#*

-�Q#�F�	 W4,�P � �]L,�P ��	� .��, ��fC <�@T��� ��5

 W	,#� W	�*19  ��24 -�,� 
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