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Abstract  
Wastewater sludge has relatively high amounts of organic matter and salts which favorably affect the physical 
and chemical characteristics of the receiving soil. Hence, it can be used as a cheap fertilizer if properly utilized. 
A number of studies have been reported in Iran on the effects of sludge on soil chemical properties but few 
studies have been conducted to investigate its effects on soil physical characteristics. In order to study the 
cumulative effects of sludge on hydraulic conductivity, bulk density, MWD, soil infiltration, EC, and soil pH, an 
experiment was conducted in a complete randomized design with 7 treatments  ( 1 × 22.5, 2 × 22.5, 3 × 22.5,  1 
× 45, 2 × 45 and 3 × 45 ton/ha wastewater sludge) in three replications over three years. The above mentioned 
traits were measured after the third year of the experiment period. Results showed that increasing amounts of 
sludge enhanced saturated hydraulic conductivity, soil infiltration, MWD, and EC but decreased bulk density. A 
significant correlation was observed between the amount of sludge and soil physical characteristics. Factor 
analysis showed that the amount of sludge and all soil physical characteristics were in first order (physical 
characteristic factor) which explained 71% of the total variance, indicating the high impact of sludge on soil 
physical characteristics. The second factor was pH (a chemical characteristic) that explained only 17% of the 
total variance. Finally, no relationship was found between pH and soil physical characteristics. 
 
Keywords: Cumulative Effects, Sewage Sludge, Soil Physical Characteristic, Factor Analysis. 
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 5	 '/���� � ��B-#�� 5��� 3�>Z�H �% '/���� ?/� &Z ���/ +��� 
]Rj�YR.[Xno�� ?)� �� !%�J��� %&,��;	 ?/� �'/����� �0�� 

�/%�� ¥�H v�["� 5m������� +/��� .
�E� &�Z %�% ��#�E �%����� 
&�� Xno�� ?)� ����D	Yu�� l�( ����m� �% ?�  Y���� +/����

 �� ¥��H 5m��������%�% '/����� ������ .&�,��;	 ?�/� �% '/����� 
*Xn�o�� ?�)� �%����� ��}� ��� ¥��H v�[�"� 5m�������� +/���� 

�&�/�o +=0 5���Z��( R!%�% 3��� 5�,	 3��	6 �tE �� �� �#�E ��% .
+/���5m������� w�=�1	 7�	��0 &�� &Z +�� ¥�H �� 5��P��H 

� %��% 3%��/� 3�/4�(���y  ���m	 � ��	� &� +[�E � &�"�% 5B���
&� 7��% ?�-�*!%�% � 3��&3���% !�	6 +�%CV %�/� +��]YY.[

�� 3���� ¥�H 5m������� +/��� ?�BE��	 �% ���-�  �S���.Y
+�� !�" !%�% ��#E .Xn�o�� ?)� 3����-�  A�-  O�[/�D *+/���� 

%�% '/���� ���" &� +[�E �� ¥�H 5m������� ��E .'/����� ?�/� �%
 ��-� �)pu×j���m� �% ?  ('��� &�� ¥�H 5m������� +/��� &Z

 ��u������ �����" &��� +[���E ������� %���� � ��B-#��� *.3������-�  
u/YY×Y*u/YY×j�pu×j&�� *?)� ���m� �% ?  ��0�� ��� � 

 &� 5m������� +/��� '/���� %��F ���D	p*Y�j&�� +[��E ����� 
3����-�  � �E�" ���"u/YY×R�pu×R5#�/���� *����m� �% ?  

�E%��E ��#E ���" &� +[�E 5m������� +/��� �% �� .��	� ?�/� 7��%
 -�F� &Z %�Z &�.�  ?��� ����� �/�" �� ?�)� ��}�  *��	� ���	 &� O��

 Xno�� !�" N$ �% �6 ����D	 &�� ¥�H 5m������� +/��� ���D	 �
���� ����" 3�> �Z�+��� !���/� 3�����-�  �%u/YY×R�pu×R
&� S�� S�� �% `D� ��,� S��� �% �% � ��" &���o� ?)� ?�,	 ���D	*

�#E !%���� Xno�� ?)� �4� �?�)� O���-�F� *���	� +�"4� �}� �� 
 � !�" &/�)  ¥�H �% Xno��©�+�� &��� ?�� �� �6 ��}.S��	 Y�

��Z��j�%����� ��}� �% ¥��H 5m������� +/��� &Z �E%�Z ����� 
&�� ������ Xn�o�� ?)� � '/����� &��J� ���� ���	 '���Z lW��

5	 ���/]Yj[.
5���Z��( �/�o !%�% ��R�u �P�% %�� &Z ����� %��/� � +���

 3��� ���D	 ?�-�CV '/����� %��.� ��� &�Z ��" ��0�� ��B-#��
 5m������� +/������� '/����� ?�/� *Xno�� ?)� �� !%�J��� �}� 

1 Coeficient of Variation (CV) 
2 Morel 
3 Guckert 

5��,	 3���	6 �tE %�#�E ��% .��}��  &�Z !%�% ��#�E ���D�D�  5�H��
 w=�1	 3����-� ��5m������� +/��� *�&� %�/� 3�/4(���y  +=0

!%�% 3����� lE���/��� 5���,	 3����	6 ���tE �� ���� ��%5��-E %���"]Yp.[
�  %��.� �� &Z �E%�% ��#E ����m-� � 5E���" ?��C-����B-#�� ��}

 &�� *¥��H 5��6 +/���� �� 5	�% %�Z !%�% %��/� lE��/��� +�=0 3���
!���E� 5�,	 3��	6 �tE �� �}� ?/� *3��� �#E ��%]Yu.[

0�0��( -b�	% <EG ��lm�&��n	' ��7	o k�pf� 
�&��. 3���% 5��6 %���	 5�=Z ��2 �� N�Z ����1	 A!%� 5���2 �� �

5	 ¥�H �% 71=1  '/���� �0�� ¥�H �% 5�6 %��	 '/���� �E��".
5	 ��t�E� ?/������ ¥�H �% 5�6 %��	 �%���� �� %��*����1	 A�. 

3���� NZ��  �3�/4( ���/ '��Z ¥�H ]Y��Y�.[� �%����� �) ?
¥���H &��� Xn��o��*��� �� ¥���H 3������ �����1	 A���. &����2

 5��,	 3��% (p=0.05) %�% '���Z .S���.YA��. ?�BE���	 �/%��D	 
Xn�o�� ?�)� w�=�1	 3�����-�  �% �� ¥��H 3����� ���1	

 5	 ��#E ���% . 5��,	 ��}��  &�Z 3���-�  ��>� 3��% ��� A��. '���Z 
+"��E ���" &� +[�E 3���� ���1	*���-�  Y)u/YY×R?�  

�����m� �% (%����.����-�  ?����C-� pu×R'����Z ����E �����m� �% ?��  
#� 3���� ���1	 A�. �% 3��B- %�mE %�)/� &Z �	� ?/� O��-�F�

��#E  !���%�¥��H �% �6 �}� ?��� ?�� �� � ?)� &/�)  �� ��	� ��}
+�� .�&3��2 *��-�  �% ?/� �% ���1	 A�. &Z &��#�	 �6 ����D	

 %��� ����" 3�> �Z �%.���-�  �)pu×j����m� �% ?�  (?/��#���
 '��Z �% �� ��}� .	 A� +�"�% ¥��H 3����� ���1�
n��H� 

�6 !��" S�-0� 3����-�  A�-  ��*5��,	 ��% %��� ����" &�� +[��E �
%��FR�%�% '���Z �� ¥��H ���1	 A�. �P�% .v��o�	 ?�/�

 A���. ���� Xn��o�� ?��)� 5��,-)  �%������ &��.�  7����M ���}� �BE�����
 3���� ���1	+��.3�����-�  ?���C-�u/YY×Y�u/YY×j
*?)� ���m� �% ?  %���FR����-�  � ��P�% pu×Y����m� �% ?�  

����D	 &�� *?)�RY3����� ����1	 A��. '���Z ��0�� ��P�% 
�E�".

Xn�o�� ?�)� ����1	 A��. &,��;	 ?/� �%j�/���� A��� 
5�E�� %�� �,m	 ��	)S��.R(.&� +[�E A�. ?/� ����1	 A�.

 5E�,	 3�>Z�H &Z %��F�u/Y5�E�� �� A�� �,m	 ��	 +�� �����
�-Z 5	 ��"�� .����-�  5H�� �% ?��C-�*%��[>� ���E ¥�H ��-�H�� 

+��/ .5	 ��t�E� ?/������ *¥��H &�� Xn�o�� ?�)� �%����� &Z %��
 %%��� 3����� ����1	 A��. '��Z �.�	 .�����m-� � ������p

&� &Z �E%�Z ����� &�� +[��E 5��6 %���	 ���-Z ���1	 A�. +=0
 �� 5��6 %���	 � ¥�H _�=1	 ���1	 A�. *¥�H A��. �� ���-Z ��/

 
4 Ohu et al. 
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&�� ��}��  ���� 5�F �"�� &���� ¥�H 3���� ���1	 ��� 5P���H
¥�( ��"�� &�"��E ¥�H 5����Z]Y�.[��E%�% ��#�E ���DD�	 5H��
  &Z�'/����� � 3����� ���1	 A�. '��Z �� Xno�� ?)� ��}

 ¥�H 71=1 *%�Z �� &�/�D	 �% +�� ��#�� 5	�% 3��]Ru.[&����2
 K�D�  ?/� �% 5=Z 5>.�  7��M ��}�  ¥�H &� Xno�� ?)� �%����

 ��B/% ~/���E ��� &�Z +�"�% ¥��H 3����� ���1	 A�. '��Z ��
%��% +D��;	 ��DD�	]Rj.[

0�V�� ��+	' �
��2	/ �( -b�	% <EG ��lm� 
S��.Y?�BE��	 MWD Xn�o�� ?�)� w�=�1	 3�����-�  �% �� 

5	 ��#E ���% .!����E� �� 7�P�F ~/���E 3����MWD �% 3�����-�  
%�% ��#E w=�1	 &Z &�E��Z�H 3����/�( '/���� �0�� Xno�� ?)� 

�/%�� .&� Xno�� ?)� &Z 5	�B�� `D� ���D	u/YY����m� �% ?�  
&=F�	 &� �%)��-� p(�pu&�=F�	 &�� �% ���m� �% ?  )���-� �(

&���o� ¥��H &� ��" '/����� *MWD ��B/% 3�����-�  &�� +[��E 
5�,	 %�� ��%. �% �� ���D	 ��-�MWD %���F ����" &�� +[��E �� 

u/R�E%�% '/���� ����� .&�� ����" ���-�  �% �6 ����D	 &�Z 3���2
��-�  3��p��&��� � p�/�*�Y/���R/�5=�	 %�� ��	.

&�� 5��6 3���%�Z �%����� &�Z +��� !%�% ��#E 3%�/� ��,��;	
 5	 ¥�H ��-�H�� 3���/�( '/���� �[� ¥�H %%��]Y�.[&�� ���2

 ¥��H ��-�H��� 3����/�( �% 5���� 7	�0 q/ ¥�H 5�6 ?��Z 5=Z
 5��	 X�����	 %���"]j�.[������m-� � �����R&��Z ���E%�Z ������� 

1 Bear et al. 

&��E��Z�H ����/!�����E� ���� 5Yu/����  Y5��=�	 � +����JF &��� �����E ����	
 ?�/� ����P ?�/� ���< �% � �E��% 5�6 ?��Z 7	��0 `��  3���>BE

&E��Z�H ¥��H +�  �� #�� � ?�B��� 3��� 5�	 ��/�1  *!%� �E��"
]Y�.[��BE6Y���	 �j&E��Z�H 3���/�( +=0 &Z �E%�Z ����� 3���

 5� N���� +�  5�� ¥�H q/ ¥�H 5��6 ?���Z %��/� ���D	 *3���
 �6+��&E��Z�H A�m���� �0�� &Z 5	 �� %%��]R.[

G�H &�� Q���F � w�,�o ��-�H�� 3���% &,��;	 %��	 &D;�	 
&=�%�� [�E �/%�D	 �>�  �/� O���� &Z Xno�� ?)� %&5,-)  ���P

 �" !%���� ¥�H &� S�� &� S�2 �%*5�E�� ?�BE���	 '/����� �0�� 
&E��Z�H �;M�/%�� X�=;	 ��}�  &Z �� Xn�o�� ?)� 5,-)  �}� � 

 5�	 ��#E ¥�H ��-�H�� �� ���%.&�D;�	 �% 5>��#�	 K��D�  ~/���E 
3���� %�Z %�/� �/%�D	 &Z %�% ��#E *&,��;	 %��	 %���F �%��?�  

&� &Z ���m� �% ��	Y���D	 *�" &��o� ¥�H &� S�� MWD ¥��H 
&� �� 5�,	 ��2 %�% '/����� ����" &�� +[��E 3��% .&�Z 5 ���P �%

 �6 ��-Z �/%�D	 %��F �% 5�,/j����m� �% ?  *5��,	 ��}� ��� 3��%
 &E��Z�H 3���/�( +"��E �� .Q��F � w�,o ��-�H�� �	� ?/� 7��%

 �H &=� &� �" ����� *¥]Yu.[X��=;	 ��}��  3%��,�	 ���D�D� 
 +�� !%�% ��#E &E��Z�H 3���/�( �� �� Xno�� ?)�]Rj�Rp.[

0�q�n	' 
� -O r�R  �( -b�	% <EG ��lm� 
S��. �% ¥�H �% X6 I�JE +0�� ?�BE��	Y+�� !�" !%�% ��#E .

��0��JE +�H�% X6 I������ &D;�	 ¥��Z ���Z +�� N�=0 &�+�6

2 Angers 
3 Mehuys 

����8�*G�H �% X6 I�JE *&E��$�H ����/�( *����� ���1	 A�. *�8������� +/��� �� Xno�� ?)� �}� pH 
G�H v�["� !���0 �8/��8�� +/��� �.+�� ���8  &� ?�BE��	 S��. �% %�.�	 �/%�D	.

-b�	% <EG 
)
	#�7 
� <�(

Q��G�
��7 M2��7 
)Q# 	" Ms	" 
� �#�(

P�7	o k�pf� &�� 
)Q# 	" �( &�� t$�� �#�(

MWD 
)Q@�� �#�(

K	' 
� -O r�R  
)Q# 	" Ms	" 
� �#�(

pH 
EC 

)Q"� �#� �( u>L2�(

ka***T/Ta\k/TahU/ka^^/kaf/fa^U/T
b/^^×Ta\/Ta^i/Tahf/ka^b/kab/fabb^/T
b/^^×^ak/hbTf/Tabb/kag^/kaf/fbUg/T
b/^^×\a^/^bTf/Tbf^/kafk/kaf/fchh/^

hb×Tak/Tab^^/Tabh/kaif/kab/fbik/T
hb×^ag/\bTh/TbgT/kaf\/kaf/fcbT/^
hb×\ai/bckg/TbfT/kaik/kag/fdTh/\

SEM*kT/TkTi/kk^h/kkh^/kkb\/kkii/k

*%���E���� 3�;H ?�BE��	p

** ��,	 
n�H� ����% *&��#	 
��F �� ���� �� %��0� �% ��% S�-�F� :;� b�����E �P�% .

4 Standard Error of Mean 
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����0�&,��;	 %��	 w=�1	 ���P��H ?�� �B��[-� 

<EG 
���� Q��G�
��7 M2��7
k�pf� U��

P�7	o 
MWD P�2B/ r�R  pH EC M�v�p' 

R ih\/k ** Ugg/kz ** i\\/k * f\^/k ** ���/� Uig/k ** ?)� ���D	 
T Ukb/kz ** g\T/k hff/k \kg/k i\U/k ** ����� +/����8��  

T i\f/kz * ffT/kz * ^Tf/k UfT/kz ** ����� ���1	 ��� 
T gfh/k \\g/k Ukb/k ** MWD 

T k\^/z f^T/k ��/4(I�JE 
T TiU/k pH 

R EC 

*�** &� 5�,	 �� �  S�-�F� :;� �% ��%�u/���R/�

����D�&� &/�)  �% !�" x��1��� ��>=	�0 �/��o�>=	�0 
u 	2
�� �5
��� ����� 

u 	2
�� �v
�
Q
���� 

EC pH r�R  P�2B/ MWD 
k�pf� U��

P�7	o 
M2��7

Q��G�
��7 
<EG 	
@�	s 

h/fT
Uik

/k
ki/k i^b/k igi/k UiT/kz i^T/k Ui^/k S�� 7	�0 

b/ii
T/Tf

T\g
/k

Uf\/k ^Tg/kz ^gg/k Thg/kz \T\/k kT/k A�% 7	�0 

w�,o ��-�H��*�m#  �% &=� 7¥��H �+���� ��/� 5�=��� 5��� 
+�� .�&���H 5E��	� q�/%�E v�[�"� +���F &�� ¥��H :;�� &�Z

 ��" &��� �>��m" � �/%���EX6 I��JE +0��� *)��>E +0���/5(�%
NZ ����� ¥�H�".��#�E &,��;	 ?/� ~/��E %�% ?�)� �� !%�J���� &�Z

 ��/%�� ¥�H �% X6 I�JE +0�� '/���� �0�� 3%��F �  Xno��
���� 5���,	 '/������ ?��/� 5%���[E ��%.����DD�	 &��Z ���E%�Z ������� 

&�� Xno�� ?)� �%���� �� ¥�H 3�/4(I�JE ����D	uY�R�p ?�  
� ���m� �%&+��/ '/���� 3��B-#� ��2]Rp.[?���C-� �� ���	 R

¢�[�8E��� �Y5<�	 %�Z �� !%�J��� &Z �E%�% ��#E**Xn�o�� ?�)� 
!�Z.� �/4(I�JE %�[>� �0�� &)E�/ ��/%�� 5��" A�� ¥�H q/ 3� .

�&3��2 *�. !�Z ��}�  &Z !�Z I��JE �� Xno�� ?)� � &)E�/ 3�/4�(
 %��� ��#�� 5<�	 %�Z �� &�/�D	 �%]jR.[�%����� ��� I��JE +0���

 3����-�  �% ¥�H &� ?)�j5�� �%��F j����( '/���� ���" ����� 
��-�  � %�ZY+"��E I�JE +0�� �� 3��}�  .� ?�BE��	 I��JE +0�

 ��-�  �% 3��R)���" (� �&������� ��� � YY/�*Yu/�*�Y/�*
��/�*��/�*�j/����/�5�E�� %��� +0��� �% ���	.�/��o 

!%�% 5���Z��( ��� O��[�E �� %��F �% �p���P�% %��� .�� ?���C-� &
7=0��Z4	*G�H w�,o ����� 3�/4(I�JE 3���% &,��;	 %��	 %��� 

&)��E �% �n�H� ���*5�,	 � &tFn	 7��M ��% %��[E.&�� �4�� ���t�	
 �/��-��" � ��8/��� ���P���H ��� ��� ?�)� �/%��D	 �}� �����
 
1 Martens 
2 Frankenberg 

!���E� %��	 ���P��H �����y  �}� � G�H �� �B/��8/ ��� �����
 ��" !%�J��� �>=	�0 &� &/�)  � ��JP ?�� �B��[-�)��>����.\�

h(.

0�w��( -b�	% <EG ��lm�pH �EC 
S���.Y?�BE����	 pH �EC ?��)� w��=�1	 3������-�  �% �� ¥���H 

5	 ��#E Xno�� ��%.�� Xno�� ?)�pH 5�,	 ��}�  ¥�H 3��%
 ��� ���M &� _���	 �6 +=0 &Z +"��E��5�m�6 3��>Z�H 3���� 3

&Z +��pH&� �>E6 +��E ���y  7��M 5�F�� .!��" S��-0� 3�����-� 
 5�,	 ��}�  Xno�� ?)� �� 3��%EC +�"�% ¥��H v�[�"� !����0 .

��� ������-�  &���=Z&����-�  ���.Y)u/YY×R�����m� �% ?��  (�����J 
5���,	 %����tE �� 3�EC ��#��E �����" �������E%�% .����-� j?��)� ����� 

Xno�� &� ���D	pu���m� �% ?  )���-� �(�� ��}��  ?/��#��� ��� 
¥�H 3��" '/���� +"�%.��-�  ?/� �% ����D	EC ������ Rp/j�

�% ��-�  ����D	 ���"EC ������ Y�/R5��% %��� ���	 ��� l��-/� .
3�����-�  ¥�H v�["� !���0 5m/��m�� +/��� +�=��Mj*p*u��

&��� &��� ���� � u/R*�/R*p/R�Y�������/ '/������ �����" ������� .
&� ?�BE���	 &�Z 3��2EC &�� �����-�  ?�/� �% ������ ��� � ��/R*

pp/Y*�/R�uR/Y5�% �� l�-/�%�� ��	.5	+���� &)��E ��� 
 ¥��H �% Xn�o�� ?�)� '/���� �� &Z +��=��M *5�m/��m�� +/���� 

'/���� ¥�H5	���/.�/Xn�o�� ?)� �% �n	� ���D	 �%�� %� �/ �
EC '/���� �0�� &Z +�� �6 %�/� +�=��M ¥��H 5m/��m�� +/��� 
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�	 %%��.������ Xno�� ?)� 5m/��m�� +/��� +�=��M ���D	 Y/R�
5�% 5�E�� �� l�-/� &� &.�  �� ?/������ � %�� ��	EC ����" ¥��H 

&ZY�/R5�% 5�E�� �� l�-/� ��	 %�� 5	 ��t�E� '/����� �� &Z %��
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