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���)��  G37       � ���)	 ��3�)1. 128   ��3�)1. 
S4��M 2�);  )Zarishnyak and Shiyan, 1991.(    '��)� N�%)4
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��7 � ��*�� 8. 2	�3 8R�� 
���
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   !�C%� e*�C�  ��]�f    |�. 
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���)�7 �" $��/; :(= � ��3     � ��)4 !�);
  
���"�� � ]�O��    '� :(= � ��3 !�;          �)" '�"�)O� �O��� 7� � *<�"

   '� ]���� :(= S���  ���3 .        �)� �i�)4 '1= $�i���� L�= 2	�"
   L�= ��\ � x4���  '� '"�4� !�; *<�" ." 6���7# 8   21?)4� 9��)�

     L�1" 8��M N�O KP�& �� @����.�	  �;    '	��Q� @��. !  ���0� 84 ��  8" 
  *�# �� ��\� . '�(� !��"# ��� �� )I2 (� $�)%& !��"#  !� !���)� )I1( 

"8   ���.�	 
����A  9�. ��    � '1�� !�; G@����.�	 K.��   B%)4 8)4
       ��. B%4 ��C, � $���	 ��.
�����  9�. ��    '��	 !�;  2	�3 ���& . 

       ��*)�� 8)" yP�= 
�����0  G60  G120   � 180  �)1.      7� ��)�0; �� ��3
$��� r_�� (N180,N120, N60,N0)  ��*�� 8" yP�= ���	 �0 G30 � 60 
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         ��	 � 
����� 
��� � �V� L�= �� ��\�� ���	 � 
����� 
��� �

    ��)	 N�%4 *a ��             *)���3 �)V� GW)1�X� !�);��/� !��)" �.-)P� .
  8" 84��M !�;��.      9�). ��)/� �� 
��0� ��O          2(). �)" 
�)��/; �);

 *< ^�Q� .
�����  :� 8. $��� r_�� 7�    2(). �" 
���/; 
# ��4 �
 ��. 8�"                �� � '�%)4 6)XM 9��)� 8)" '�()� !��"# �� 8������
  S��4 $�%& !��"# !���� !�    8)"            7� @)_& �)� !��)"# S��)4 81)4�
  81a��@3  ';�     *< $����4� 81a�� *�, ��  .  ���; 9�.  '��	  5  W���

   g�O 8"30���  *< 2(. . 81��	W���!�;  2(). 60 '���)4   � �)��
 (�� 81��	8  8,  �;  W��� !�� �; 45-40 '���4      *)< 8�	�3 ��� �� ��� .

       *��1?�� *��_; S&� 6���7# ���� S&�7233  ��)" . )��      �)� 7� S)&� �
  'P�Q��E $��" �      �����=�" '%4��� '(��� *<� 7� 24� �     @)P� 8" 

           � ]�1%� ��&�� 7� '0� 
���� 8" [�" ���" !��37�4S(,  �3 8"   ��/<
'� *�# .   S&� ���  � !��< 8"    �� '_�� 2����� '0(=8�<     � ���4 8" � 

   24� e��a '�%4 L*�4 .   ��)01/�   8()��      {`��). ')c��� �� 
#
���0�   ��*a $65 ��    ���0; ��  �)"    *)�& *)���17-18 ')�   *)<�" .  8)"

  8(�� *P�� �����      G7�� ���� 8,  g�4      G6��)�7# ��R�� 7� @_&    8)��M �-)"
   S&� !�*M7233            g��)V� '�%)4 �� 
���)"�� x)4��� �� 2000  �)��  
 *< 2(. .8(��  8,                 8)\�� g�)��. �)" �1)4 �� � 2)<���" ���M �� �;

   �P���� @/� ����� 8" 9���a*�*< !��*Ci� 
�4� .  ������)	 ��  $�)�
(��8  ,8     7� �;  �14  8(�� � |��=           ')_���� 
7� �" $7�*�� S; � SP�4 !�;
100-120              e�4� �" ���0� 84 �� @" �" � �3��. x4�� 8���� �� ��3 
8(�� 6���7#     *)< 2(). .      8)u��\ !��)"# ��� ��       � !���� ]# !�

  9�. 8" '\��=    ��1	 814�" �;    !�;WSC �*�� $7   *< !�3 .   ���)� ]#
             *)< 8_)4��� '���7 
�;�3 '"# 7�� �V� '1� *�4 ]��. 7� 7�� . ��

  $�%& !��"# ���    !�!����      $7�*�� '/Ra ����. �" '	�Q� ]#     !�)3
*< . '\��= 81��	     $*"# !�;���� �� �; ��  20 '���4  ��    �; ';*"# � �

 ��(	 �� '\��=6 ��� 2/1   ��)" 2��)4 �� �)�P  .)Molden, 1997( 
             ]# ^�Q� '����. �� '	�Q� ]# *a�� ��7� 8" $�3 !*P�� $��� 
���

     8%"�� � ��/� W��V�)1 (      ��. 8���� 
# 8_4��� !��" ��  .   8)%"�� �)�� 7�
*< $����4� ]# ^�Q� '����. 8_4��� !��" .  

WUE = Y/W ) 1           (                                               
  ��  ����8%"�  GY '�           $��)� @). �)� !*)P�� $��)� @. �i��" *����

          !��Q�&� ��01/� �� � $�3 x4�� $*< *P�� :(=)     �)� 8)��� ��01/�
   �� �; �� � '0���P�" ��01/�( *<�".W '�     ]# W)1�X� ����)�� *)����

@��<G       ��*�� G$�3 x4�� 8�	�� ��V� ]# ��*��      @.��*)�� G��V� �X_�
 G'	�Q))� ]#)���))�� b�))/R�!��))"# � '3*))���" � ( *))�� ]# ��*))��

 '	�Q� *�� �f � *�� ]# b�/R� �� � '	�Q�   *)<�")Lamm et 
al.,1994.(          8��" *<� 2Vc� 2<���" 
��7 �� *<� @Q	 g�O ��     �);

 *���3 2_� .              7� 8)<�a x)= :)� ^-)a 7� }M G��-" 2<���" ��i�;
                x)4� x)= 84 7� G9�.�; ���M � [�" 7� ��� :� � �	�O  2)<���"

 *< ��R�� .            $7�*)�� ��)01/� G�-)" @. ��01/� @��< '/. 9��� 81.
        8���\ 81/\ 7� '�. 9��� ��u/; � ��-" W1�X�       
��)� � ��-" '�7

           $��� � S�*4 GS4��M G���	 G@. 
����� @��< $*�;� @0(� �����
 $7�*�� :(=   *< !�3 .    G2<�. 7� @_&  7�      6��)�7# ���)� @)�� L�= 

  C� K.�� 8��/�            8)" '��/)< � ')0��	 9���Q= �V� !��" � 8
*< g�4�� $�i(���7# . g�*\ �� U����124� $*< 8���� .  

  
���  �����  

�� ��� �����  
   $��� }������ 8��R� U����            ��� 
�()� g�� g�)4 �� N�O ��= !�;

8.  !��"# ���  � ���	 G     ���	 �� !��"# @"���� ���  �)"     �-)" ��)01/� 
'�V�  ��� ��") \  g�*2 .(         G*< ��R�� �=�� �" g�� g�4 �� 6���7# ��R��

"8             8)\�� 8). '���7 G*< g�/�� ����= @���� �� !��"# �P�� 8. !��O
    7� 6" 9���a25  '���4 8\��  ��" ���3 .   �-" ��01/�    !��)"# ��� ��

$�%&  !�!���� 8" '�V� ��O        6���	� '�(� !��"# ��� 8" 2_�� !��� 
2<�� .  	� '1�� @P�  �-" ��01/� 6���       $�)%& !��)"# 7� $����4� �"  !�
!����   6�)� �)�� 6;�.� '	�. 2"�O� ���� G    ')O �� ')����a !�);

   *<� @Q	    ��" '�(� !��"# 8" 2_�� .  }��)���� 8��R� $���   �);  
�()� 
     !��"# ��� 8. ���) '�(� !��"#   �$�%&  !�!���� (  ')�V� ����   !���

       7 8���\ 9�*& 6;�. �� � 6���	� �"  ')/� ��-" '�  ���-)3 .   6���)	� �)"
   8���\ *��� ���	 ��*��    8" ��-" '�7 '�V� ��O     8" G2	�� 6���	� !���-

  8���\ 8. !��O     7� '�752          8)" ���	 ��3�1. ��� ��/� �� *��� 59 
  ��/� �� *���60        2)	�� 6���)	� ��)�0;�� ���	 ��3�1.  .  �)�u/;

           �)� 6���)	� �)" 8. ��� 
�(� }������ 8��R� U����     8)������ ��). 
�
      6;�. ��-" '�7 8���\ *���    8)" G8�	��     8)���\ 8). !��)O      7� ')�758 

        8" 
����� ��3�1. ��� ��/� �� *���52     ��/� �� *��� 180  �1. 
2	�� 6;�. ���0; �� 
����� ��3.  

  
 �� ��� �����  

  }������ 8��R� U����   ��� 
�(� ��� g�4 ����� �C�� 8.    �)" ���)	
 -" ��01/� '�V� �    ���'�  � *<�"    �/;� �;��/� ���4 ���   @"���� ��� ��O
 �" �;��/�   �;    ���.�	 7� :�          ��-)" '�7 8���\ *��� G�-" ��01/� !�;

 ![�" ��-" 
7� *��� �5/3'1� '�V� ��� � ���'/ *<�" ) g�*\3 .(  
  

 �� �������
��  
   g�4 ��1384     !��"# ��� ��$�%&  !�!���� �    �� 8" '�(�   K)�

18   �7 2"��  !��"#   *< ��R�� .      !��)"# ��� �� b�/R� ��   $�)%& !� 
!���))��  K))��� 8))" '�())� 6351 �9955�))��  K))V0� ]#��))�0; ��  

*< ^�Q� .  
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'	�"1- ���(�) 	 ������� *��+�,./�. 04� 5�����   

�7��  
8  :�  ;�(�<�  *��$��=������;�%�  �>%);�7�$? EC
dS/mPH

 @)��
/�.%  PPM  

99/0  69/7  ����  31  47  22  2/1  79/13  51/6  6/3  26  1518  
  

 '	�"2-  A�����	 ��(B& C��$�5����� 
������&�� �������D�>�� 	  �<E��<F� �G�'	� '�7 ��   
���F& H��<� 
���� �"��  �G� ����D)��$�� �� =�J���(  
8�� �	G� �+��5/3 �	G� ��� ����" �+��

���0� 2 1882488 31.25 292.68 
!��"# 1 13523467* 61.24 8 
�%= 2 287911.9 15.06 30.79 
���	 2 1649256** 12.68 280.85 

!��"#*���	 2 559896.3* 37.69 40.63 

����� 3 246345.8 46.54* 95.59 

!��"#*
�����  3 46841.48 39.23 101.59 

����� *���	 6 199541.4 24.44 15.83 

�
����* 
!��"#*���	 

6 101435.4 1.52 68.94 

�%= 44 201843.8 13.61 64.16 
**  B%4 ��1 %'�V� ���,*  B%4��5 %'�V� ���  

  
'	�"3-  A�����	 ��(B& C��$�5����� 
������&�� �������D�>�� 	   �<E��<F� �G�=	� '�7 ��  

���F& H��<�  
���� �"��  �G� ����D)��$�� �� =�J���( �� 
8�� �	G� �+5/3 �	G� ��� ����" �+��
���0� 2 1012117.17* 97.88*  308.34* 
!��"# 1 177409.39  1.57 3.56  
�%= 2 942686.06  491.95 528.46 
���	 2 589487.1665* 31.67 19.55 

!��"# *���	 2 201590.22 24.96 4.65 

����� 3 172441.87 15.30 33.47 

!��"#*
����� 3 35440.69 9.67 84.58 

����� *���	 6 139306.20 24.18 53.08 


�����*!��"#*���	 6 172809.63 41.80 41.07 
�%= 44 136674.94 24.88 36.25 

**  B%4 ��1 %'�V� ���,*  B%4��5 %'�V� ���  
  

   g�4 ��1385  ��� ��   !��"#$�%&!� !����  �      K)��� 8" '�(� 
24   �8   2"�� !��"# �  2	�3 9�� .     !���� !��"# ��� �� b�/R� �� 

�     K��� 8" '�(� 4653 �7371   ]# KV0� ���     *< ^�Q� ���0; ��  .
  !��"# $��� @.      g�4 �� |�. �� 1384   � 1385      K)��� 8)" 65   �84 

*��R�� g�O 8" 7�� .  
  

��
� ����	� !��"#  
  }������ 8��R� U���� K.��  $���    ��= !�;  7� @��a    N�)O !��\�

 �" �            !�;���.�	 
��" 2"�� ��	 �" � g�4 
��" '	��Q� e�4�IG P 
� N )      
����� � ���	 G!��"# ��� K��� 8" (   ��� 
�(�    Gg�)4 ��� 8.

              �)" ���)	 � !��)"# @)"���� �)�� � ���	 G!��"# ���  ��)01/�   �-)"
'�V�    ���'� *<�" .      �-" ��01/� �" 
����� ��� �0P  ')�V� 9��)��  !���

�2<�* . " 9����   �; �� �;��/� �    ���.�	 7� :�          �)" ��-)" *)��� �" �;
   ��7 $7�*��5/3 '1�  ���     ![�" $7�*�� � 5/3  ')1�   �)��G  �)\      g�)4 �)�� 

'�V�   ��_� ��� .  ���  g�4            W)1�X� N�%)4 G!��)"# ��� @)"���� �)�� �
     8���\ *��� �" g�4 � 
����� ��-" '�7 '�V�  ���'�  *)<�" ) g�*)\ 4(. 
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 �i��� 8�����  01/�         !��)"# ��� ���� �-)" �� !���)�      8)" '�()� � 
    �)" K���1/2 � 6/1     !��)"# ��� !�)��" G��)�0; �� �)�  $�)%&  !�

!���� ��� 
�(� �� )g�*\ 5 .(  
    ���	 ������ 6���	� �" *�,�; 8. ��� 
�(� 6���7# 8P�4 �� U����

 �
�����!��"# ��� �� �; �� �-" ��01/� �i��� G !���� '�(� � 
6���	�     ��/� ��\ 8" �0P G2<��  P0       �);��/� '�"�� �i��� �" G  �)"

      � ���)	 ������ 6���	� 
���)��    ')�V� 9��)��       *()� $*;�()� !���. 
�i���   8���\ *���           !��)"# ��� �� ��-)" ')�7 !���)��    8)" '�()� 

K��� 84/65   � 93/65   *��� '�  8. *<�"       ��)\� '4��)�� 9��)�� 
����*) g�*\ 5.(  

 i��� 8������        $7�*)�� �� ��-)" ��01/� *���        �� W)1�X� !�);
  g�*\5 24� $*< 8����  .���  *)��� �" ���	 � 
����� W1�X� N�%4 

   ��7 ��-"5/3'1�   ![�" � ���5/3'1�    ')�V� �)��  *()� ���.  8�)���� 
�i���              �� �)0��� ��� 8" 6���7# W1�X� !�;��/� @"���� ��� � �;

 B%45 %" '�. � '/. 9����" g�*\ �� �-624� $*< 8���� .   

  
'	�"4- �� 5����� 
������& O��� A�����	 ��(B& C��$� �>�� 	 ��� ����D�<E��<F� �G�   

���F& H��<�  �"��

����

�G� ����D) �� P& 
��$��(

�+���	G�  
8��
5/3���  �$�

 �+�� �	G� ���
5/3���  �$�

����" �+�� ��� 
�	G�  

 Q� R�,� ������
(kg/m3)

g�4  1 44191472.11** 0.29* 1.33* 15200.84** 2.18** 
�%= 4 1712541.24 0.03 0.09 298.68 0.04 

!��"#  1 9240586.69* 0.02 0.13 0.29 1.45** 
 g�4 *!��"# 1 4455617.36 0.02 0.06 78.77 0.01 

�%= 4 686746.22 0.10 0.59 312.89 0.03 
���	 2 1690374.02** 0.00 0.02 54.69 0.05** 

 g�4 *���	 2 515834.72 0.02 0.14 128.08 0.01 
 ���	 *!��"# 2 1108256.05** 0.02 0.09 52.17 0.04** 

g�4*���	*!��"# 2 58162.38 0.00 0.05 62.54 0.00 

����� 3 150094.13 0.01 0.08 87.15 0.00 

 g�4 *
�����  3 225000.98 0.02 0.12 93.02 0.01 
��� 
�� *!��"# 3 53619.08 0.01 0.06 14.97 0.00 
g�4*
�����*!��"# 3 17764.94 0.02 0.07 225.85* 0.00 

 ���	 *
����� 6 120148.76 0.01 0.05 55.50 0.00 
���	*
�����*!��"# 6 104657.10 0.01 0.05 58.76 0.00 

g�4*���	*
�����*!��"# 12 226532.74 0.01 0.04 34.78 0.01 
�%= 88 224079.32 0.01 0.06 59.82 0.01 

**      B%4 ��1 %'�V� ���,*  B%4��5 %'�V� ���  
  

'	�"5-P�S���� �%����  �	� �� ��P������ T$U� 
������&  

����&  �G� ����D)��$�� �� =�J���( 
8���	G� �+��5/3 
��� �$�

��� �	G� �+��5/3 
��� �$� ����" �+�� �	G� ���  Q� R�,� ������ (kg/m3)

!���� 2107 A 79.73 � 19.69 � 65.84 � 0.40 A 
'�(� 1601 B 78.76 � 20.91 � 65.93 � 0.20 B 
            
P0 1642 B 79.68 � 19.77 � 64.94 � 0.27 B 
P30 1922 A 79.29 � 20.45 � 65.68 � 0.32 A 
P60 1998 A 79.29 � 20.39 � 67.04 � 0.33 A 
           
N0 1785 A 80.48 � 19.24 � 67.25 � 0.29 A 
N60 1815 A 78.16 � 21.54 � 67.13 � 0.29 A 
N120 1893 A 79.73 � 20.04 � 65.07 � 0.31 A 
N180 1922 A 79.29 � 20.04 � 64.10 � 0.31 A 
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'	�"6 -P�S���� �%����  ��	  0���$� �V� 5����� 
������& ��� �>�� 	 ��� *�>+�<E��<F� �G  

����&  �G� ����D)��$�� �� =�J���( 
8�� �	G� �+��5/3 
��� �$�  

�	G� �+�� ���5/3 
��� �$� ����" �+�� �	G� ��� Q� R�,� ������ (kg/m3)

I1N0 2065 A 80.53 A 19.24 A 68.00 A 0.40 A 
I1 N60 2027 A 78.17 A 21.52 A 66.53 A 0.39 A 
I1N120 2185 A 80.53 A 19.36 A 65.28 A 0.41 A 
I1N180 2155 A 80.48 A 18.41 A 63.56 A 0.41 A 
I2N0 1505 B 80.48 A 19.24 A 66.50 A 0.19 B 
I2N60 1602 B 78.15 A 21.56 A 67.72 A 0.20 B 
I2N120 1602 B 78.90 A 20.76 A 64.86 A 0.2 B 
I2N180 1693 B 78.06 A 21.82 A 64.64 A 0.2 B 
I1P0 1722 B 79.39 AB 19.41 A 64.06 A 0.33 B 
I1P30 2234 A 79.44 AB 20.29 A 65.29 A 0.43 A 
I1P60 2365 A 80.90 A 18.86 A 68.17 A 0.45 A 
I2P0 1561 B 79.97 AB 19.85 A 65.81 A 0.19 C 
I2P30 1610 B 79.20 AB 20.61 A 66.06 A 0.21 C 
I2P60 1631 B 77.55 B 22.06 A 65.92 A 0.20 C 

I1P0N0 1835 CDEFG 78.85 AB 20.95 AB 66.92 A 0.36 BCD 
I1P0 N60 1674 EFG 76.98 AB 22.76 AB 63.50 A 0.33 CD 
I1P0N120 1637 EFG 82.15 AB 17.76 AB 63.25 A 0.32 DE 
I1P0N180 1744 DEFG 79.39 AB 17.81 AB 62.58 A 0.34 BCD 
I1P30N0 2175 ABCDEF 80.34 AB 19.34 AB 65.42 A 0.42 ABC 
I1P30N60 2064 ABCDEFG 76.45 AB 23.27 AB 65.33 A 0.39 ABCD 
I1P30N120 2489 AB 79.00 AB 20.76 AB 67.00 A 0.47 A 
I1P30N180 2207 ABCDE 81.71 AB 18.12 AB 63.42 A 0.43 ABC 
I1P60N0 2187 ABCDEF 82.24 AB 17.60 AB 71.67 A 0.42 ABC 
I1P60N60 2344 ABCD 80.90 AB 18.86 AB 70.75 A 0.44 AB 
I1P60N120 2428 ABC 80.30 AB 19.65 AB 65.58 A 0.46 A 
I1P60N180 2502 A 80.20 AB 19.36 AB 64.67 A 0.48 A 
I2 P0N0 1409 G 83.22 A 16.69 B 68.33 A 0.18 F 
I2P0N60 1539 FG 76.71 AB 23.06 AB 70.58 A 0.19 F 
I2P0N120 1569 EFG 79.34 AB 20.35 AB 61.83 A 0.20 F 
I2P0N180 1727 DEFG 80.20 AB 19.79 AB 62.50 A 0.22 F 
I2P30N0 1597 EFG 78.17 AB 21.59 AB 62.83 A 0.20 F 
I2P30N60 1715 DEFG 80.06 AB 19.69 AB 67.67 A 0.22 F 
I2P30N120 1633 EFG 79.63 AB 20.19 AB 64.42 A 0.21 F 
I2P30N180 1494 G 78.85 AB 21.07 AB 69.33 A 0.19 F 
I2P60N0 1508 G 79.73 AB 19.79 AB 68.33 A 0.19 F 
I2P60N60 1553 EFG 77.58 AB 22.04 AB 64.92 A 0.19 F 
I2P60N120 1604 EFG 77.75 AB 21.80 AB 68.33 A 0.20 F 
I2P60N180 1859 BCDEFG 74.92 B 24.90 A 62.08 A 0.23 EF 

  
   � !��"# ��� @"���� ���
�����  ��)01/� ����(" 8. ��� 
�(� 

    ��/� 7� �-"I1N120)     �" !���� !��"#120     yP�)= 
���)�� ��3�1.  (
  �"2185           !���# $��3 �� � *< @��a ���0; �� ��3�1. A   2	�3 ���& 
  �S.      ��/� 7� �-" ��01/� ���� I2N0)        ��3�)1. ��)� �" '�(� !��"#

��� yP�= 
��(   �" 1505          $��)3 �� � *���3 @��a ���0; �� ��3�1.
  !���#B       B%4 �� � 2	�3 ���& 5 % '�V� 
�(����� ��" ��� .  6���)	� �"

       $�%& !��"# ��� �� �-" ��01/� G
����� ^�Q�     2_�)� !���)� !�

'�V� 6���	� '�(� !��"# 8" 2<�� !���.  
  �i��� �" �0P    !�;    � N�%4 �" �-" ��01/�  W1�X 
���)��  �)" 

   !��"# ��� $�%&  !���� !�  '�V� 9����        �)/; � 2<�*� ��\� !���
     *���3 @��a �� '�(� !��"#�� 8R��.$��3      *)��� !*�" $��*)��   !�);

 !�-" W1�X�      *��� 8. ��� 
�(�    $7�*)��     �)�7 ��-)"5/3  ')1�     �)��  �
     ![�" ��-" $��*�� *���5/3          *)��	�3 ���)& !��)�# $��)3 :� �� . )�� �

      � ���	 G!��"# ��� @"����
�����        8. ��� 
�(� �-" ��01/� ��� 7� 
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      ��/� 7� �-" ��01/� ����("I1P60N180)  !��"#!���� �" 60  ��3�1.
   � ���	180    yP�)= 
����� ��3�1.  (   �)"2502      ��)�0; �� ��3�)1. 

 !��))�# $��))3 �� � $��))"A� 2))	�3 ���))&   7� �-))" ��))01/� ���))�/.
!�));��/� I2P60N0)  �))" '�())� !��))"#60 ��))� � ���))	 ��3�))1. 

yP�= 
����� ��3�1. (� I2P30N180  ) �" '�(� !��"#30  ��3�)1. 
   � ���	180     yP�)= 
���)�� ��3�1.  (   K)��� 8)"  �)" 1508 � 1494 

  ���0; �� ��3�1.     � *< @��a      !��)�# $��)3��G       �� � *)��	�3 ���)& 
 B%45 %'�V� 
�(�����  ���'� *<�".  
3    *��� !*�" $��$7�*��   ��-" W1�X� !�;    ����(" 8. ��� 
�(�  �  

      ![�" ��-" $7�*�� *��� ����/.5/3 '1�   �)��  p�)"��    !�);��/� 8)"  
I2P0N0)           
����� ��3�1. ��� � ���	 ��3�1. ��� �" '�(� !��"#
yP�))= ( �I2P60N180 ) �))" '�())� !��))"#60 � ���))	 ��3�))1. 180 

  P�= 
����� ��3�1.y(    8. $��"  K��� 8"   �" 22/83 � 92/74 G*��� 
��    !���# $��3A �  B       B%4 �� � *��	�3 ���& 5 %  ')�V� 
�(�����   ���
��" . � ����/.       ��7 ��-" $7�*�� *��� ����("5/3 '1�  ���    8)" p�"��

!�;��/� I2P0N0)                ��)� � ���)	 ��3�)1. ��)� �)" '�()� !��)"#
  yP�= 
����� ��3�1. (  �I2P60N180 )     �)" '�(� !��"#60   ��3�)1. 

   � ���	180   yP�= 
����� ��3�1. (      K)��� 8)" 8. $��"    �)" 69/16 
�90/24 G*���  ��      !��)�# $��3A � B          B%)4 �� � *)��	�3 ���)& 5 %

 '�V� 
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Effects of drip tape and furrow irrigation methods and different levels of 
Nitrogen and Phosphorus fertilizer on quantity and quality of sugar beet seed 

S.H. Sadrghaen1* 
 

Abstract
in this study influence of nitrogen and Phosphorous elements of in two irrigation methods of furrow and drip 

irrigation methods on quantity and quality of sugar beet seed is investigated. The experiment was split plot in 
completely randomized block design, adopting split factorial on sugar beet seed variety 7233 with three 
replication. Main factors consist of two irrigation methods includes: furrow and drip irrigation (Tape) systems. 
Sub plots consist of 4 nitrogen levels (0, 60, 120, 180 kg/ha) and 3 Phosphorous levels (0, 30, 60 kg/ha). Project 
was conducted in Karaj in the 2004 and 2005 year.Variance combined analysis of different traits of sugar beet 
seed of research showed that there significant differences between sugar beet seed yield in two irrigation 
methods, Phosphorous levels and interaction between irrigation and Phosphorous. The effect of Nitrogen levels 
on seed yield was not significant. The effect of different Nitrogen and Phosphorous levels on seed weigh 
percentage with less than 3.5 mm and more than 3.5 mm dimension was not significant. The interaction effect of 
irrigation methods, Nitrogen levels and environment on seed germination percentage was significant. Nitrogen 
and Phosphorous level increasing in two irrigation methods were not significant effect on seed germination 
percentage. However, the effect of Phosphorous levels and its interaction with irrigation method had not 
significant differences on water use efficiency. The effect of Nitrogen increasing on water use efficiency was 
significant (� = %1). The water use efficiency in drip tape irrigation was significantly more than furrow 
irrigation. Results show that water use efficiency in drip tape irrigation was 1.7 times respect to furrow irrigation 
and seed quality was better in drip irrigation compare to furrow irrigation. Drip tape irrigation increase seed 
yield and decrease water consumption up to %37. So drip tape application for sugar beet seed production in 
farms is recommended. Nitrogen consumption for accessing potential seed yield and increasing Phosphorous 
absorption capability is necessary. For accessing the highest seed yield use of 120 kg Nitrogen and 60 kg 
Phosphorous per hectare base on farm soil analysis is recommended. 

 
Keywords: Sugar Beet Seed, Drip Irrigation, Water Use Efficiency, Furrow Irrigation, Nitrogen, Phosphorous. 
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