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Abstract  
 Nutrients and insecticides in runoff or drainage water from the agricultural lands have of long posed a great 
challenge to surface and ground water quality. In agricultural production, fertilizers supply the main source of 
nitrogen required for plant growth. Investigations have shown that part of the nitrogen fertilizers are excluded 
from the root zone and leached into the groundwater or rivers. Modern technologies employed cultivation, 
irrigation, and fertigation management s well as changes in the structure of fertilizers and insecticides could have 
positive effects on reducing the leaching of nitrogen. The objective of this research was to study the effect of 
clinoptilolite zeolite application on reduing urea leaching from soil. In this greenhouse experiment, four levels of 
zeolite (0, 5, 10, and 15% added to a silty clay loam soil), one level of leaching (25% of net irrigation depth), one 
level of fertilizer application (60 mg/L), two sizes of Mianeh zeolite (50 and 200 mesh), and one size of 
Mashhad zeolite (200 mesh) were used in four irrigation events. The results showed positive effects of zeolite on 
reducing urea leaching. The nitrogen concentration in the 0% zeolite treatment was reduced from 1337 mg/L 
(after the first irrigation) to 16 mg/L (after the fourth irrigation event). But, for 15% Mianeh zeolite (50 mesh),   
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these values were 427 and 54 mg/L. Comparison of zeolite types showed that Mashhad zeolite was more 
effective in adsorbing urea than Mianeh zeolite (both 200 mesh). Zeolite, in addition to reducing the urea 
potential for groundwater pollution, was able to decrease the rate of solute transport. It was found that zeolite 
size can have significant effects on the leaching of contaminants. Finer zeolite particles absorb and hold more 
urea. 
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 � � �/��% ��D�D� ����m-�%��� A�E �� Q��B  �% ]Tf[.���,��;	

 5�/�/��	 ��	���M� ?/��>� �� +���|� �}�	 'DE %��	 �% ��E6 !%���
+�������6 '����Z 3����� �#5�%����6 '����Z 5������ � �������E 5/�

+�� !�" S�[E% 5��	��/� 3�>�6 �% ?/��� 6 � q����6.

3 Bhattacharyya et al. 
4 Xiubin 
5 Zhanbin 
6 Perez et al. 
7 Dozier et al. 
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� +����|� '�m-���� ��� &�;��� �% 5E����� ��,��;	 *���/� �%
 +�� &���BE ���P !��� .��}��  5����� *K��D�  ?�/� �� 
��� *�4�

 5�(����=Z +�����|� ���I v���E � !����E� *�����D	 %�����Z ��� ���� +��/
%�� ¥�H �� !��� 5/�#�6 '��Z.

8�	
�� � ���� 
*�JP +���|� :;� ��>� *&,��;	 ?/� �%b*Tk�Tbq�/ *��P�% 

5/�#��6 :;��^b��P�% ��E � 3�����6 s���H K�-0 :;��� q�/ �
+t=< �� !��� 5�%%�Zgk5=�	 ��>� �% ���� �% A�� ���� �% 3�����6 

&���� �tE �".7m�" �%Tm� �-�" �� 3�/���  �� 5%���	 ��=/��( 
+�� !�" &|��� *!%�J���.

�Z���'/�	�6 ��=/�( �� 5/�-" 

&� +����|� !����E� ��}��  5����� ���t�	 �� '�	 �% bk�^kk 
���	 +����| &�E)��=/��( A �B(�� *+����|� v��E &��/�D	 3���� �

'	 �� �>#	 +���|�^kk)��=/�(B�C(�" !%�J���)7m�"T.(
'/�	�6 *��=/�( �� �% !%����� +����|� �����	 ��}�  &� _���	 3��

 &�� !�" �% ¥��H ~��( ����m  )R1-R5 ( %���	 ����m/ `/���" �% �
+��� ���M 5����.

%��, +�"( ���=� %�0 5�[/�D  �;M �� 58���n^bv��J �� �
hk 5�E�� ���"��E �� X6 X4. +�=��M &$ ��	*&�>  �/%�� .�� &  �%

 ���=� �� V/ ��*5H���� 3��� � x��H X�� &�[,  �"&���� �&�� 3�
 S�2Tk� Tb5�E�� ��	3��� � S�D�E� X�� ���=� �� 
���� &�� ���
@-. &����� ��tE �% 3��6 ��" .�����=. 3���� ?��F �% ���1[  �� 3

� x��HX�� 5,� *
���� X�% 3�� �% 5H����� %��)/� �� �/%�� 
@-. � 3��6X�� ��"�� S��� � &���� K�/�2 �� `�D� S�D�E� !�� �>�  *.

���=� wZ �% 5m���n( � 5-�� 3��  �%�% ���M ��" %���	 �� ��
@-. 5.��H � 3��6X��5	 3����=. %�Z.

��% !L��( ?/� �% 5��1�E� ¥�H 5��" 5��� A�� `���	 +��� 3�
 ��/%�� &��>  ��>J�P� 5�,��P !�B#�E�% 3���E� !��� &�D;�	 �� � %�� .
5�,�P !�B#E�% v���	 &� 5����% +�=��M &� ��� *¥�H +��� X�1�E�

%��.�%S��. T��" X��1�E� ¥�H ���P��H +��� !��" ����� *! 

]Ti[.����=� �% A���� +�"�Z ��� �� *'���( ?/� �% %��Z �� *���
�� &� !� ��/%�� !%�J���� !���� ?�/� �"� ���E %��	 ����	 .!���E &����

 &� !��� %�Z %����Z ¥�� ���P +��� ��o�F '����( 
��� 5��� 
!��� 5/�#�6%��.+�t=< ��� !��� *A�� 3�����6 X6 ����	 �� �% �4� 

�/%�� 7F s1#	.
&� �� 7�[M *5��6 '��  S��-0� ����� 3�����6 ��	� ?��,  ��t�	

 ���� ��� &m�/� 3�����6 �����-�  &��=Z ����� 5E���� ��� &� ���=� ?
�E�":

)T(
WPiFCic M)MAD1(MMADM ×−+×=

&;��� ?/� �% &$ 
Mc5��E���� ��� ����F ���� *A�����=�$MAD ����)	 &���=1  ������	

 ������ &�$ A���� !��� 5���2�b/k*+��� MWPi ����=� ��� i�% A� 
5�%�	�( &;DE ���F�� � A����=�$ MFCi ����=� ���i&�;DE �% A� 

50��� '/�)�� ��F ��+�� A���=�$.
���=� ��� *���E %��	 X6 ?��,  3��� �% � v�[�"� +���F �% ���

 �/%�� ?��,  50��� +���� .���=� 5	�-  �4� !��� S��=�	 `��  ��
 X6 �%*��E�/%�� ?/���  +��F ?/� �% � �E�" v�["� .�%���	� ��� 

�� ���=� �� ����� *3����6 ���� �6 ��� 
n��H� &�� &�.�  ��� � �"
 !���" &������ ���tE �% 5/�#���6 ������	 � 5��0��� '/���)�� �% ���

)^b�P�%(&�� &�.�  �� ���=� �� 3��� A�� X6 ����	 *&�;��� ��/� 
&� +�% �	6:

)^(
LR1

MMW iFCi
i −

−=

&$� �%&;��� ?/ 
Wi����=� 3��� ���E %��	 X6 ����	 i*A����=�Z ���F ��� A� Mfci 

�����=� ���i*A�����=�Z ����F ���� 5��0��� +������ �% A� Mi��� 
���=�i3�����6 �� 7�[M A� )����" (�LR 5/�#��6 �����	)^b/k(
+�� .&� A�� &� &Z +�� �ZI ��� 3���� 5�E�� ��� �� !%�J���� +=0

��% *3����6!6 3������%�[E ����� �B/�m/ �� O�	���� 3.
� �% !��� 3���>BEX�� `���	 �% ��/�� 5.��H h��  b&�.�% 

Q���=� �"�� .� 3���>BE �� ��E '���( ?/� �%X�� ��� `���	 �% 
&�J� q/ ��Z��F ��	� *S�C1/ @-. 3��� 3� &�� ��>E6 S�D�E� � 3��6

�" &���� �tE �% !�B#/�	�6.
&� ��	���( ?���,  ��t�	 �� *5/�#��6 '���Z ��� ��4����}�  3���

A�E �����SAS ?�BE��	 &�/�D	 � �" !%�J��� &� �� ���� ���	�6 ���
&�	�% ?mE�% 3�R����-2� :;� �% Ub�P�%�/%�� A�)E� .

1 Duncan 

�>#	^kkC&E��	^kkB

5% R1 
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������!%�J��� %��	 ¥�H 5/��-�" � 5m/��� ���1#	 
<�
(%) 

|
(%) 

M@�" 
(%) 

 �v�
i	6�� 

CEC 
(meq/100g) 

EC 
(dS/m) 

SO4
-2 

(meq/L) 
HCO3

-

(meq/L) 
Cl-

(meq/L) 
Mg+2 

(meq/L) 
Ca+2 

(meq/L) 
K+

(meq/L) 
Na+

(meq/L) 
pHSAR 

�/u�p/Y��/RuY�\/^gib/kY/��/uT/^�/Yp/uu/�Y/��/�T/k

������lE�/��� &/�) X6 �� w=�1	 3�����$�� ��}�  !��� 5/�" 
	L�� ����O ��� �	$(�� <�= 	�� 

+���|� v�E T∗b/hgif 
'	 3��� T∗T\^\k 

+���|� :;� \∗Uh/\^kbbib 
3����6 \∗kb/fgUg\kf 
+���|�×'	3��� knsk/k

+���|� v�E×+���|� :;� \∗bi/^gfU 
+���|� v�E×3����6 \∗f^/Tk\h 

'	 3���×+���|� :;� \∗bi/^fgh 
'	 3���×3����6 \∗kg/\\gi 

+���|� :;�×3����6 U∗fk/\fibT^ 
+���|� v�E×'	3���×+���|� :;� knsk/k
+���|� v�E×'	3���×3����6 knsk/k
+���|� v�E×+���|� :;� ×3����6 U∗ii/^\ik 

'	 3���×+���|� :;� ×3����6 U∗i^/T^\^ 
+���|� v�E×'	3���×+���|� :;� ×3����6 knsk/k

∗o :;� �% ����-2� �/�Ub�P�% 5�,	 5	 ��% *�"��ns5�,	 ���J  ���� ��%

4�3�( � 12	#  
5/�#�6 �� �����Z�� ��}�  � ����-�  lE�/��� &/�)  �� 7P�F ~/��E

 S��. �% !���^+�� !�" &|��� .5	 ��#E S��. ?/� ~/��E &�Z ���%
 &�� �����	���( �� q/�� 5��,	 ��}��  &�E����. ���2 ���Z ��� 3��% '

�E��% !��� 5/�#�6 +t=< .?�BE���	 &��/�D	 �� 7�P�F ~/��E �% ���
 S��.\+�� !�" &|��� .

����0�?�BE��	 &�/�D	!��� 5/�#�6 �� w=�1	 3�����$�� 
	L�� ���$� <�= 	�� 

&E��	 +���|� Tgk aUh/hb\ 
�>#	 +���|� ikbbg/hhh 

'	bkika\T/hgT 
'	 ^kk Tgk bbg/hhb 

	 :;� 
��k%gkaki/fhf 

��	 :;�b%gkbbi/hUT 

��	 :;�Tk%gkcki/\gg 

��	 :;�Tb%gkdbk/TUi 

S�� 3����6 gkabk/Ub\ 
A�% 3����6 gkbki/hb\ 
A�� 3����6 gkchT/^hg 

A��>� 3����6 gkd^b/Tbk 
,	 ���J  %�.� ?�[	 ���J�	 
��F�5����-2� �/�o :;� �% ��%Ub%�P� 

+�����-�  ?��.

'	 �� &E��	 +���|� ��}� bk3�����6 �% !��� 5/�#��6 �� 3���
 S����. �% 5������	h+���� !���" &��|��� .���� *S����. ?��/� Q����� ����

3����6 +�[�	 ��}��  *!���� ����E %���	 5E��	� 7P��� �% 5����	 3��
 5/�#�6 �� +���|�&�5�	 ���/�-E 3��m�"6 ����P %��" .���-�  �%

 ���� � ���" �% ¥��H �� 5�.��H �L����E +t=< *+���|� %����Z 
*S�� 3����6T\\f 5=�	 3�����6 �� l( � ���� �% A�� *A���>� \Tg 

5=�	 ���� �% A����%.�%����� ��� �/%��D	 ?/� &Z 5��F �%Tb��P�% 
&� *¥�H &� +���|� �� � &�h^f �bh5=�	 ���� �% A���E����.

&� +���|� '/���� �� � �% *¥�H �� 3%��/� ���D	 3����6 +��E �
5��	 3�����>BE ¥���H �% !��� %���Z 3������=. �6 5/�#���6 �� � %���"

5	 %%�� .&�3�����6 �% +����|� ��}��  5����� ���t�	 *5�����	 3���
w��=�1	 3�����P�% '/������ 3��� &��� !��� 5/�#���6 '����Z ���P�% 

����D�� �% %��.�	 7�Z �L�����E ����D	 X��� 5�.��H )mg/L(�%
3����6 &E��	 +���|� ���J�	 3���P�% 3��� &� 5����	 3��)'	 ��bk(

n	' �( ��� ���?%� M�G��� ���� 
�	�(O M(� I%�_%�I%

S��T\\f igf h^f 
A�%ifg hTg ^^i 
A��hbb ^b^ TTg 

A��>�\Tg Th^ bh
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3����6 �% +���|� S��. �% &E����>� 3��b+�� !�" &|��� .���
 %��0� &�/�D	 S���.b5�	 �% �� +����|� %��.� �%��� ���J	 ���� 

 3����6 �% !��� 5/�#�6 '��Z +���� &�)��E A���>� �  S�� 3�� .���
 �>�  �%����b3�����6 �� l�( ¥��H &� +���|� �P�% *%��,�	 3���

 &� !��� %�Z 5/�#�6 ����	Tk� bb+���/ '���Z �P�% .?/��#���
 !��� 5/�#���6 '����Z ��}��� ik���P�% &��Z %����E�%������ �� 5��"�

Tb�P�% A���>� 3����6 �% +���|� %��� .5�	 &=r��	 ?�/� �% ��E�� 
&0��	 3�>���D	 ¢��� � 3�*�� 3%���M� 'DE �/�-E �J/� �� 5"��� .

����I�!�" 5/�#�6 !��� '��Z)�P�% ��F�� (%����Z �}� �%
&E��	 +���|�)'	 ��bk(

n	' �( ��� ���?%� M�G��� ���� 
	�(O M(� �I%�_%�I%

S�� Tk\kfk
A�% bkgbfk
A�� hbgkfb

A��>� bbgbik

+���|� %����Z ~/��E '�	 ��� �>#�	 � &E��	 3��^kk %���	 �% 
� �% %�.�	 �L����E ����	 X��� &�� !��� %��Z 5/�#��6 ��% ��� � 

���.3�> g�f+�� !�" !%��6 .&�� ���Z ?�/� v��E &��/�D	 ���t�	
 >BE �� +���|� �" A�)E� !��� +"��.����J�	 
���F *%���	 �� �% 

5���,	 �����J  �� 5Z���F ������ ���� �% :;��� �% ��%b���P�% ?���� 
����	���(+�� .���. �%3�> �% +����|� ��}��  �%�� ��� ��E ��Z4	 

Q�-=	 5/�#�6 '��Z+�� .&��/�D	 ��� ����.3�> h�g!���#�	
5	 %�" � ��� &�E��	 +����|� '/����� *v�-)	 �% &Z !����E^kk '�	 

!�����E� �� � �}���	bk+���� '��	 .&��� ��� �/� ���I *���B/% �����[0
 5	 ��#E �� 3��>� %�m=-0 5	 &Z ���% :;�� '/����� �� 5"�E �E�� 

 �"�� ¥�H �% 34y	 %��	 ��#�� X4. � ���I !�/� .~/���E &��/�D	
���.3�> g�f5	 ��#E ��% !����E� ��� �>#�	 +����|� �%����� &Z 
'	^kk*���J  &�E��	 +����|� ��� 5E����� ���-� ��� '�	 !����E�

�E+"� .3%����Z +���|� v�E ?/������*3���>BE � X4. �� 3��}�  
%���E !��� %�Z.

D��E�#  ���� 
&E�1=� '/�	�6 �% &����� ����P 3� K��D�  ?�/� �% !��� %��Z &�Z

&� &�� +���|� v�E �% � !���E� �% *:;� ��� !��-� ��#�E *+��� ���Z

 " !%�% %����E 3��}��  !��� 5/�#��6 '���Z �% +����|� v�E &Z �.��
&E�% �tE +���|� � �/� ���I *3���)'	^kk (�% 3��#��� ���M

 +"�% ���I &� +[�E !��� 3���>BE � X4. � )'	bk(�E��% .��
���=� �� 5.��H �L����E ����	 *+���|� 
��	 '/���� !�" NZ ��

 	��/� 3�>�6 5�%��6 &)��E �% ������H ���-Z ������E �/ !��� &� 5��
�".

����W�� �% %�.�	 7Z �L����E ���D	 ��5.��H X)mg/L(�%
3����6 &E��	 +���|� ���J�	 3���P�% 3��� &� 5����	 3�� 

)'	 ��^kk(
n	' �( ��� ���?%� M�G��� ���� 

�	�(O M(�  �Rv I%�_%�I%
S�� T\hk TTbk ii^ \Uf 
A�% iff hk\ \k^ ^Ti 
A�� hbf ^\h Tfg TTT 

A��>� \Th T\h Uib^

����x�� �% %�.�	 7Z �L����E ���D	 X�� 5.��H )mg/L(�%
3����6 5����	 3�� �>#	 +���|� ���J�	 3���P�% 3��� &� 

)'	 ��Y��(
n	' �( ��� ���?%� M�G��� ���� 

�	�(O M(�  �Rv I%�_%�I%
S�� T\h^ TTUi iT^ hk^ 

%A�ifb \Ui \kg ^^k 
A�� hbi ^\k Tf\ Tki 

A��>� \Ti T\T U\hU

I��	
>h�/ 
5	 %�>�#�( %%��&���t�	 &�� �%��� 5( ��}��  � +����|� ����H

'	 '/�	�6 ?/� *3��� &�� � &�0��	 Q��D	 �% �� 3��-���/� ���
 %%�� S�[E% .&E�J���	 ���/� �% 3�� !���� ?�/� �% 5E����� ���,��;	

 !%�	 ?/� +�� &���BE ���P .5,���� Q���D	 �% �"�� ���M &CE��� 
'���Z &�� �/�. ���� q-Z �� ������#Z � %%�� !%�J��� +���|� ��
 v����	 &�� 5�%%��Z �%��Z N�Z K�/�2 �� 5���	��/� 3��>�6 5�%��6

 '	 &� �% � 5����|� &� &Z &=r�	 ?/� ?��E�% *�E�" ��<�  *3����
 ��tE �� ?���C-� � %��% 3��>� ��}�  &���P &�� ����D	 3%����M� �� 

&� 3���o ����� 5��� *+�� 5	 ��-" %��.
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