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 �4 ��B/ � ��4 � ��� �-�� +v6  q9 ^
�4 ���

 �R���4 ^��+� � ;�4� 1� ' �' ��O�� ��� �/ ���
�

��'+V z-0 .�:��( �/����� 1�+/ ��:�50  �� �B/ '��

�4 +�e�' 1+�� Q0�' �' ����-�� 1�� 1�) +vP �/90 

��� +�  ( B\�K ��� �' X�/�O��1�  � �� �'�' ��+P10 

���  1�+/ � �� �G�w� e�' 1+�� �/ +v6  q9 +��O

�:��( 1� ' �/ ��4�
� �~ �/ �:�2±25 ��:�
 �(�' '�+V

) �S�: E/�M�42 z���4 � �<�' ( �� Q6�
 )41 .(

�-�� ��!{M �/ �" ��2 ��� �:��( ���
� �/ +�  �'�

�:��( 1���B/ ��-� ��� ����� �' � �6�4 �B/ +� �' �'�

`0�� �� � �� n���� ����4 �:��( '��24 ��� 1��

�-�� ��M ��'� �:��( �B/ QK '��24 � 1'�� ��"

�P�
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 ��,�� `0��)2(  =  ( ×�:��( �<�'�:� g �_���V z-0 ��� )                                                  v/��� )4(  

 

�'�' ����� �'/ 1�� � ��UG� �+: ^
�4 ��� 9 E
'

 1�� 9MSTAT-C  ����6  � �:����� ��U	4 '�� 

X�,:�� �
 �' �
" �� �9 �/ ���v
 �' XR:�' 1� 

 ������5 �� ��	:� �<�'.  

  

 ��	��  

1- ���	�� � �� � �� !�� �"	# $�%  

  �� �H" �P�
 ��M �K '�' ��-: �:����� ��U	4 F���:

  �vHH
 �' CHH
����+� � ��HH � +�D�HH4 EHH74 1��HH 9 +HH[:

 ��HHH����5   ��HHH � QHHH/�6�  +HHHD� ��HHHv
��� � �HHH<�' ×

  ��HH���� �vHH
 �' CHH
����+�1   EHHG+V ��+HHP �HH<�'

)���( 1 .( 1��M �/    �P�H
 ��HM QP��H� � +]K��� �K

�� � 5�  �' �"  1�H�5  �15      +H/�+/ NH�4+4 �H/ E��H


147/6  �647/5  HH/ +HH�  ��:�HH
 �  X�HH
_�� ��HH 9 EHH
'

    �H/ CH
����+� ��H��4 �' �" �P�
 ��M X�+��KKCl  �'

 E[�\4   �H/ +/�+/ �<�'233/5      �H� QH<�� +H�  ��:�H


)���( 2 .(   +HD� EH74 �" �P�
 ��M X�+��K � X�+�-�/

  ��HH � QHH/�6� ×  1�+HH/ NHH�4+4 �HH/ CHH
����+�KCl   �'

 E[�\2  �� � 5�  � �<�'10  E��
)033/7   ��:�H


 +H�  ( �KNO3  EHH[�\ �HH/2   ��HH � 5�HH  � �H<�'15 

 E��
)450/4  +H�  ��:�
 (   EH-V QH<��) ���H( 3 .(

���( m�
�+/ 1      EH74 1��H 9 +H[: �� �H" �-�� ��M

 ������ �v
 �' C
����+� +�D�45 b8�0� �<�'  �
2 

'�' ��HH-: �� 1��' . X�+�HH-�/  ��HH��4 �' �HH" �HH-�� ��HHM

  �H/ C
����+�PEG   EH[�\ �'5   � �H<�'KNO3  �'

 E[�\2  �/ +/�+/ N�4+4 �/ �<�'294/5  �050/5  ��:�


  �H/ ��/+  �9 X�+��K � +� KCl   EH[�\ �'4   �H<�'

 �/ +/�+/822/3 / +�  ��:�
 � � 9 E
')���( 2 .(  ��HM

�� 9 +[: �� �_���V Q/�6�  +D� � C
����+� +�D�4 E74 1

 �� � ×�' C
����+�    ��H���� �vH
5    b8�H0� �H<�'

 �HH�' �HH  ��HH-: �� 1��HH 9)���HH( 1 .(HH/ �1��HHM  �HHK

   CH
����+� ��H��4 �/ ��/+  �-�� ��M X�+��KKCl   �H/

 E[�\4  �/ +/�+/ �<�'056/9 / +�  ��:�
 �   �H 9 EH
'

)���( 2 .( ���H( m�
�+/-3    �H_���V ��HM X�+H��K 

  ��HH � QHH/�6�  +HHD� EHH74 ×  �HH/ ��HH/+  UHH�: CHH
����+�

KNO3  E[�\ �'2     ��H � 5�H  � �H<�'15   E��H


 �/ +/�+/600/7 ��:�
 �� Q<�� +� )���( 3.(  
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���(1: :����' ���M �P� F:+/ �B/ 5�2/+  X�,:�� C
����+� � �� � 1�� ����4 E74 �  

  

5�+��i4 T/�
   df   �-�� ��M

�"  

 �P�
 ��M

�"  

 ��M

�_���V  

 �-�� +4 ���

�"  

 �P�
 +4 ���

�"  

QK +4 ���   �:��( E�+


�:�  

 `0��

��,��1  

 `0��

��,��2  

��+R4  2  223/0  858/0  849/1  002/0  002/0  008/0  828/0  541/24603  943/0  

 �� �)A(  2  954/0  * 144/1  009/4  000/0  001/0  003/0  ** 329/8  227/12974  * 461/1  

 C
����+�

)B(  

5   *347/2  * 949/0  * 339/5  002/0  * 001/0   *005/0  ** 470/3  * 356/43215  * 114/1  

A×B 10  062/1  ** 758/1  * 589/4  * 002/0  ** 004/0  **009/0  ** 799/1  * 995/45780  ** 927/0  

Error 34  849/0  335/0  759/1  001/0  001/0  002/0  236/0  924/677343  757/10  

C.V%    93/19  85/9  63/12  99/28  89/15  24/18  83/7  1/14  89/10  

  

 *� : ** ������ �v
 �' ��' �
2  N�4+4 �/1  �5 �<�'.  

  

  

  

���( 2: C
����+� � �� � 1�� ����4 E74 �:����' ���M �P� F:+/ �B/ X�,:��  ����6 *  

  
������4   �-�� ��M

�"  

)+�  ��:�
(  

 �P�
 ��M

�"  

)+�  ��:�
(  

 ��M

�_���V  

)+�  ��:�
(  

 �-�� +4 ���

�"  

)�+V( 

 �P�
 +4 ���

�"  

)�+V(  

 +4 ���

QK  

)�+V(  

 �:��( E�+


�:�  

 `0��

��,��1  

 `0��

��,��2  

T5  

T10 

T15 

a 889/4  

a 486/4  

a 494/4 

a 147/6 

ab 842/5  

b 647/5  

a 04/11  

a 33/10  

a 14/10  

a 098/0  

a 091/0  

a 095/0  

a 169/0  

a 152/0 

a 164/0  

268/0  a 

a 243/0  

a 259/0 

b 415/5  

a 683/6  

a 542/6  

a 1026 

a 0/993  

a 3/973  

b 847/4  

a 391/5 

a 264/5 

PEG 5% a 294/5  a 928/5  a 22/11  a 086/0  ab 163/0  ab 250/0  b 848/5  a 1056  b 811/4  

PEG 
10% 

ab 517/4  a 017/6  a 53/10  a 097/0  ab 167/0  ab 265/0  a 838/6  a 1010  a 462/5 

KNO3 
1% 

ab 522/4  a 939/5  a  46/10  a 118/0  a 177/0  a 296/0  b 813/5  a 1/993 a 373/5 

KNO3 
2% 

a 050/5  a 022/6  a 07/11  a 084/0  ab 162/0  ab 246/0  b 714/5 a 1032 b 932/4  

KCl 2% ab 533/4  a 133/6  a 67/10  a 097/0  ab 161/0  ab 258/0  a 139/7  a  1030 a 602/5  

KCl 4% b 822/3  b 233/5  b 056/9  a 084/0  b 141/0  b 225/0  b 839/5  b 0/863  b 823/4  

  

 :* ������ �v
 �' 1��' �
2  5��c4 d+�-  b�+� 1���' 1������4 ��+V +� �' � ���
 +� �'5  1� �
 �' �
" �� �9 m�
�+/ �<�'XR:�' '���:.  
  

  

  

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

�cOk  +/ �9 �� � 5�  � �B/ C
����+� +�Dy4��� � �:� �:��( 1�� ...  99 

���( 3: C
����+� � �� � Q/�6�  5�+D� E74 �:����' ���M �P� F:+/ �B/ 5�c< X�,:��  ����6 *  

  
������4  

 �� � ×C
����+�  

M�" �-�� ��  

)+�  ��:�
(  

�" �P�
 ��M  

)+�  ��:�
(  

�_���V ��M  

)+�  ��:�
(  

�" �-�� +4 ���  

)�+V( 

�" �P�
 +4 ���  

)�+V(  

QK +4 ���  

)�+V(  

�:� �:��( E�+
  ��,�� `0��1  ��,�� `0��2  

PEG 5% , T5 a 717/5  abcd 117/6 a 83/11 c 060/0 abcde 160/0 cdefg 220/0  def 447/5 ab 1081 bc 030/4 

PEG 5% , T10 abcd 767/4  bcde 867/5 ab 63/10  abc 106/0 abcde 163/0 abcdf 270/0  f 113/5 ab 3/980 ab 970/4 

PEG 5% , T15 abc 333/5  abcd 250/6 a 58/11  a 130/0  abcd 176/0 abc 306/0 ef 170/5 ab 1077 ab 243/5 

PEG 10% , T5 abc 050/5  bcde 867/5  ab 92/10 abc 076/0 abcde 160/0 Bcdefg236/0  def 623/5 ab 1006 ab 573/4 

PEG 10% , T10  abcd 033/4 abc 483/6  ab 52/10 abc 103/0 abc 183/0 abcde 286/0 cdef 907/5 ab 0/989 ab 363/5 

PEG 10% ,T15 abcd 333/4 abc 300/6 ab 73/10 abc 116/0 abcd 173/0 abcde 290/0 ef 230/5 ab 1025 ab 900/4 

KNO3 1% ,T5 abc 333/5 abcd 083/6  ab 42/11 abc 120/0 abcd 180/0 abcde 300/0 def 27/5  ab 1071 ab 483/5 

KNO3 1% ,T10  cd 750/3 def 150/5 bc 900/8 abc 076/0  de 120/0 fg 196/0 b 460/7  ab 1/870 ab  983/4  

KNO3 1% ,T15  abcd 233/4 ab 700/6  ab 93/10  abc 106/0  ab 210/0  ab 316/0 cdef 023/6  ab 1056 ab 950/5 

KNO3 2gr,T5 ab 617/5  ab 717/6 a 33/12 abc 110/0 abc 183/0 Abcde293/0  cdef 817/5 a  1165  ab 653/5 

KNO3 2% ,T10 abcd 833/4 abcde 950/5 ab 78/10 bc 066/0 de 120/0 fg 186/0 a 913/8  ab 1064 ab 763/5 

KNO3 2% ,T15 d 150/3 f 450/4 c 600/7 bc 066/0 e 103/0 g 170/0 cde 090/6  b  4/731 ab 513/4 

KCl 2 %,T5 abcd 833/4 bcde 583/5 ab 42/10  abc 080/0 bcde 150/0 bcdefg 230/0 c 570/6 ab 1016 ab 920/4 

KCl 2 %,T10 abc 033/5  a 033/7  a 07/12 abc 110/0 a 220/0  a 330/0 b 940/7 a 1181 a  433/6  

KCl 2 %,T15 abcd 000/4 ef 867/4 bc 867/8  ab 120/0 cde 146/0  abcdef 266/0 cd 247/6 ab 7/846 ab 927/4 

KCl 4 %,T5 abcd 483/4 def 483/5 abc 967/9 abc 066/0 cde 143/0 efg 210/0 cdef 703/5  ab 3/926 ab 570/4 

KCl 4 %,T10 abcd 733/4 abcde 967/5 ab 70/10  ab 123/0  abcd 180/0 abcd 303/0 c 597/6 ab  1037  ab 680/5 

KCl 4 %,T15 bcd 883/3 ef 950/4 bc 833/8 abc 146/0 cde 146/0 defg 216/0 cd 197/6 ab 6/832 ab 057/5 

  

 :* ���
 +� �'1T  �2T  �3T  +/�+/ N�4+4 �/5 �10 �15  

 :* ���
 +� �'PEG �3KNO  �KCl / +/�+/ N�4+4 �5 �10 �1 �2 �2  �4  
  

2- '� � �� �"	# !�� � �� () *+�  

       +HHD� EH74 ^H6G 1��H 9 +HH[: �� �H" �H-�� +H4 ���

 ��HH � QHH/�6�  × ��HH���� �vHH
 �' CHH
����+�5  �HH<�'

  '�' ��H-: �� 1�� 9 b8�0�) ���H(1( H/ � � 1��HM   �HK

    ���H( �H/ r/�Hv  �H" �-�� +4 ��� QP��� � +]K��� 3 

Q/�6�  +D� E74  �� � ×    �H/ ��H/+  NH�4+4 �/ C
����+�

PEG  EHH[�\ �HH/5   ��HH � 5�HH  � �HH<�'15  E��HH


)130/0 �+V ( �PEG  E[�\ �/5   ��H � 5�  � �<�'

5  E��
)060/0 �+V ('�/ .+/ ���( m�
� 1   ��� UH�:

   �� d+�H-  5��H< �/ �' +� QK +4 ��� � �" �P�
 +4

      ��H���� �vH
 �' CH
����+� +�D�H4 EH74 1�� 9 +[:5 

'   ��H � QH/�6�  +D� E74 � �<� ×   �vH
 �' CH
����+�

 ������1      H/ �'�' ��H-: �� 1��' �H
2  b8�H0� �H<�' �

1��M ���( rSM �K 2  QK � �" �P�
 +4 ��� X�+�-�/

  �H/ ��/+  N�4+4 �/KNO3   EH[�\ �'1    +H/�+/ �H<�'

 �/177/0  �296/0    �H/ ��H/+  �9 X�+��K � �+VKCl 
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 E[�\ �'4    H/�+/ NH�4+4 �H/ �<�'  �H/ +141/0  �225/0 

�� Q<�� �+V .   QHK � �H" �P�
 ��� +]K��� X�
_��

    ��H � QH/�6�  +HD� E74 ×     d+�H-  ��HM �H/ CH
����+�

 �/ ��/+ KCl   EH[�\ �'2     ��H � 5�H  � �H<�'10 

 �/ +/�+/ N�4+4 �/ E��
220/0  �330/0   QP��H� � �+V

 �/ ��/+  �9KNO3  E[�\ �'2  �� � 5�  � �<�'

15 �+/ N�4+4 �/ �/ +/103/0  �170/0 / �+V �  �H 9 E
'

)���( 3.(  

  

3- -�+ ����. /0(#  

K '�' ��-: �:����� F���:    �' �H:� �H:��( E�+H
 �

����4 � �HH�4  � CHH
����+� ���HH � +�D�HH4 EHH74 �HH
2� �HH�

  ��HH � QHH/�6�  5�+HHD� ×  ��HH���� �vHH
�' CHH
����+�1 

 �H
2  1�� 9 b8�0� �<�'  '�' ��H-: �� 1��') ���H( 

1 .(+
 QP���    ��H/+  ��H � +�D�H4 E74 �:� �:��( E�

 �� � 5�  �/5     �H/ +H/�+/ E��H
415/5    +]K��H� � '�H/

  �H/ ��/+  C
����+� ����4 +�D�4 E74 �:� �:��( E�+


PEG  E[�\ �/10  � �<�'KCl  E[�\ �/2  �/ �<�'

 �/ +/�+/ N�4+4838/6  �139/7  '�/)���( 2 .(  �H/ r/�v 

���( 3  �:��( E�+
 X�+�-�/ U�: Q/�6�  +D� E74 �:�

 ��HH � ×   �HH/ ��HH/+  CHH
����+�KNO3  EHH[�\ �'2 

 �� � 5�  � �<�'10  �/ +/�+/ E��
913/8  X�+��K �

 �/ ��/+  �:� �:��( E�+
KCl   EH[�\ �'2   �H<�'

   ��H � 5�H  �5    X�H
_�� � E��H
KCl   EH[�\ �'4 

 �� � 5�  � �<�'10   �H/ +/�+/ N�4+4 �/ E��
570/6 

 �597/6 / � 9 E
'�.  

  

4-  ��2�� 34	51 �2   

+/ ���( m�
� 1      �9 ��H
�' ��H-: 1��H 9 �H�U	4

��HH,�� `0�HH� �HHK EHH
� 1  � CHH
����+� +�D�HH4 EHH74

 ��HH � QHH/�6�  5�+HHD� × ��HH���� �vHH
 �' CHH
����+�5 

    H/ �EH��' 1��' �H
2  b8�H0� �<�' � 1��HM   �' �HK

���( 2  ��H,�� `0�� X�+��K E
� '�!-  1   EH74

 C
����+� ���7 KCl  �' E[�\4  �/ +/�+/ �<�'863  

���( rSM � '�/ 3 ��,�� `0�� X�+�-�/ U�: 1   E74

 �� � Q/�6�  5�+D� ×  1�H� ����4 �' C
����+�KCl  �'

E[�\ 1��2  �� � 5�  � �<�'10  � E��
KNO3 

 E[�\ �'2    ��H � 5�H  � �<�'5     NH�4+4 �H/ E��H


 +/�+/1181  �1165  �/ ��/+  �9 X�+��K �KNO3  �'

[�\ E2  �� � 5�  � �<�'15   �H/ +/�+/ E��
4/731 

�� Q<�� .��,�� `0�� �'2    �H�U	4 �� QH<�� F���:

  � ��HH � +�D�HH4 EHH74 EcHH< XHH�� �HHK '�' ��HH-: 1��HH 9

 ������ �v
 �' C
����+�5 X��� � �<�'  E74 ��M

  ��H � Q/�6�  5�+D� ×    +�D�H4 EH74 CH
����+�1   �H<�'

 EG+V ��+P)���( 1 .(,�� `0�� +]K�����2   EH74

 5�  �' �� � +�D�410  �15      �H/ +H/�+/ NH�4+4 �H/ E��


391/5  �264/5    ��H � 5�H  �' �9 QP��� �5   E��H


 +/�+/847/4  E-V Q<��)���( 2 .( X�+�-�/ X�
_��

��,�� `0�� X�+��K �2   ��H � Q/�6�  5�+D� E74 ×

 �/ ��/+  N�4+4 �/ C
����+�KCl   EH[�\ �/2   �H<�'

 �� � 5�  �'10 ��
 � EPEG  E[�\ �/5  �' �<�'

 �� � 5� 5  �/ +/�+/ E��
433/6  �030/4  �� Q<��

)���( 3.(   

  

678  

e�� �9       ��HM e��UHG� ��H
�' ��H-: fH��o  1�H�

�-��e
4 �' �"    X�HO�� �HK �+H" E
� �K � �pU( 1��

 �HH�� e��UHHG� �RHH-0 e
HH4 �HH/ �HH�/�6  EHH!( 5�+HH��i4

�-���  �"   � +]K��H� qBH( ��H[
  �/ �K ���/  EH/�M

 �HH  5��HH< '+HH�V)2 �49  �63 .( �K���HHK)44 ( +HHD�
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E[�\��� 1��X��4��:��( 1�� +/ �� ��R��V  ��H
V �:�

  �HH/ �HHK '�HH�: ����HH-  � '�' ��+HHP �HH
�+/ '��HH  �HH( �

�-�� ��M q9 Q��:��� e��K   �H  e��HK UH�: �" �H/�� .

 ����R�� � ����K X�
_��)45 (   ���H�� �HK �:'�' ��-:

   +H/ C
����+���H
� � '�Ho: 1��    �H�O�4 NH(�  �H,:+G

�_���V��U/ �P�
 � �-�� �/ 1��   ��BH/ �H/ ����6  �' +4

�  ��-: C
����+�  �P�H
 �' �8� 9 E�O�2G ��U�  � '��

�_���V�  +4��/ ��� C
����+� 1�����/.  

e�� �9 F���:���/ f��o  1�� E
� N�v  X�� +V

�-�� ��M �R-0 e
4 +D� �' �K�P�
 � �"  +H� �H"  �'

�P�
 ��M e��K ES�: �O� ��
/�� �  e��K  +�H-�/ �"

�-�� ��M ���  �"���/ . e��.H� +��
 �'   `oH-  �H�

      �H/ ���H6  ��HP�� �RH-0 e
H4 ^��+� �' �K E
� ���

 �HH-�� �HH�� E�+HH
 �� e
HH4 �HH�O�� QHH��+  �' �RHH-0

  �H-�� ��HM ES�: �	��: �' ��:��'��0+/ 1+4��/   �H/ �H"

�P�HH
�9 �' �HH" HH  e��UHHG� �HH�� �HH/��)32 .( � U_:�HH


 ����R��)60 (  1�BH/ �-�� ��M �K �:'+K n��UV U�:

 ��HHHM �HHH/ C
����+����HHH�� +HHHD� �' QHHHc�G � ��HHH�0 �'

�HH
2  EHHG�� e��UHHG� 1��' . ����HHR�� � � ��HHP)7 ( �HH/

 �H-�� ��M +/ 1��� e
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