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Introduction   
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Study Design   

Study sites were established at a cooperator’s farm in 
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samples were collected from the same area throughout 
���	�����+		��
�	��3����	/���	���������	��	����	��	���	
four corners and in the center of the sampling plot at 
������	��	<$;j�	;j$J<�	J<$Kj�	Kj$O<�	���	O<$;:<	�3	��	
�����
�.	
F��	;|�	:<<O�	"��	��	�����	"��	;J}�	���	
�����	���)���	
�������	::�	:<<O�	"��	:}{�	
�	j	�3	
�
�3����	��3����+	"��
�.	���	.��/
�.	������	
"��	;Oj	
��	:Jj��	�
/��0��	��
�	��3����	/���	���������	��	<${+j�	
{+j$;j+<	���	;j+<$::+j	�3	������	��	�..��.��
�.	�)�	
:+j	�3	�
�3����	��
�	�����	�����3��	���������	���3	���	
��3��
�.	����+	#�	���	��3�	�
3�	�
/��0���	��
�	/����	
content measurements were collected to a depth of 
;<	�3	��
�.	�	�
3�	��3�
�	��5����3����	
@"%�	�����+	

Samples from each soil depth were analyzed for bulk 
����
���	B�	��	[�	(�	���	��	��	���	]�/�	�����	!�
)���
��	
Soil Testing Laboratory (Missouri Agricultural 
�z���
3���	����
���	;}}|�+	B
���.��	�������	/��	
expressed as total N in both inorganic and organic 
forms (Missouri Agricultural Experiment Station, 
;}}|�+	 @����	�����	�)�
�����	�	/��	3�������	/
��	�	
Mehlich III test, which is appropriate for the soils of 
]�/�	
F
�����
	#.�
��������	�z���
3���	����
���	;}}|�+		
Duplicate samples were analyzed within the National 
Soil Tilth Laboratory as a cross reference to evaluate 
quality of the process and differences in N and P content 
/���	����	����	j	�������	���/���	���	�/�	���������
��+	
(���������
���	/���	�z�������	��	3.	0.-1 
���	/�
.���	
���	���	����
����+	*��0	����
��	��3����	/���	���������	��	
the initial sampling period for each depth by removing 
a 125 cmJ volume of soil with an open sided sampler, 
/�
.�
�.	���	��3����	���
�.	���	��
�	)���3�	��	;<j�(	
for 48 hours, reweighing to determine the dry weight, 
and then using that weight to determine the dry mass of 
��
�	���	��
�	)���3�	��	��
�+	

Plant samples from the corn sites were collected 
�
/��0��	
"��	;Oj	��	:Jj�	��	���	����	�����	�z������	
leaf from the top and the ear leaf after tasseling by 
removing 1 cm2 disk from the center point of the leaf 
��	���	�
��	��	���	3
��
�+	X
)�	�
�������	���)��	/���	
sampled from each site during the course of the study 
/
��	�
�������	���)��	��3����	����	/��0+		B���
���	
contents of P and N were obtained from the Iowa 
�����	!�
)���
��	��
�	@���
�.	����������	
F
�����
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@����	;+	 ��
�	@����	���	(����
�.	F���.�3���	(��������
��
��	���	����	�
��+	 

Site X
���	 Soil Type (���	
Manure Application Sidedress

N
Applied
(kg ha-1�	

Manure
Applied
in 2005 

Month
Applied

N Added 
(kg ha-1�	

P Added 
(kg ha-1�	

1 1 (�����	
clay loam (���	 April

:<<O	 112 52 jO	

2 1 Webster 
clay loam (���	 April

:<<O	 112 52 jO	

J	 1 (���
��	
loam (���	 April

:<<O	 112 52 jO	

4 1 (���
��	
loam (���	 April

:<<O	 112 52 jO	

5 2 Lawler
loam (���	 October

2005 157 {O	 0

O	 2 (�����	
clay loam (���	 October

2005 157 {O	 0

7 J	 (���
��	
loam Soybeans 0 0 0 Yes 

8 J	 (���
��	
loam Soybeans 0 0 0 No

@����	:+	 "���
���	"����
��
���	��	���	��
�	@����	/
��
�	���	�����	�
��	
�	(������	]�/�+	"���	���3	��
�	���)��	��	
����
�	(�����+	

Soil Type "����	
�3�	 Texture (���	

��	

Bulk Density 
(g cm$J�	 pH Available Water 

(cm cm-1�	

(���
��	
Loam

<$JJ	 Loam 22 ;+K:	 O+:	 <+:;	

JJ$|K	 (���	���3	 27 ;+O<	 O+|	 <+;|	

84-152 Sandy loam 17 ;+{j	 {+|	 <+;|	

(�����	 0-100 (���	���3	 J;	 ;+Kj	 O+{	 <+:;	
Loam 100-152 Sandy loam 19 ;+j{	 {+<	 <+;j	

Lawler
Loam

<$jJ	 Loam :J	 ;+K:	 O+:	 <+:;	

jJ${O	 Sandy clay loam 24 ;+j:	 j+|	 <+;{	

{O$;j:	 Sandy loam 7 ;+O:	 j+|	 <+<J	

Webster 
(���	
Loam

0-55 Silty clay loam J;	 ;+J{	 {+<	 <+:<	

jj$}O	 (���	���3	 J<	 ;+Kj	 {+;	 <+;{	

}O$;j:	 Sandy loam :J	 ;+O<	 {+}	 <+;|	
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X
.���	;+	 �����
���	��	���	�
.��	�
���	��	���	����
�	(�����	�/
��	�������
��	���3	���	���	:<<O	(#X�	����
���	��3��
�.	�����+	
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#.�
��������	�z���
3���	����
���	;}}|�+	 (���	�
�3���	
samples were collected from two plants from the edge 
��	���	��3��
�.	����	��	���	�
/��0��	
����)��+	 #����	
tasseling, biomass samples were separated into leaves, 
����0��	���	����+	�����	�
�3���	��3����	/���	��
��+	@����	
data were used to estimate N and P removal from the soil 

���	���	�����	�
�3���	���
�.	���	������+	*
�3���	�����	
samples were collected at the end of the growing season 
���3	���	�������	�
���+	 �������	�
�3���	��3����	/���	

divided into vegetative and seed fractions, dried, and 
analyzed for N content at the Iowa State Soil Testing 
Laboratory (Missouri Agricultural Experiment Station, 
;}}|�+	

Meteorological data (maximum and minimum daily 
��3���������	���	��
��	����
�
���
���	/���	���������	���3	
an automated weather station located on the cooperator’s 
���3	/
��
�	<+j	03	��	���	����	�
���+	

3.0 
Data Analyses 

Results were obtained for each soil depth and sampling 
�����
��	/
��
�	���	��3��
�.	����+	@����	����	/���	����	
evaluated to determine the variation within the sampling 
����+	 #3�����	��	��
�	�	���	B	/���	�z�������	��	.	3$J	

and kg m$J�	�������
)���+		@����	)�����	/���	���
)��	��	
adjusting the P and N concentrations at each depth by the 

bulk density of the soil obtained at the initial sampling 
���
��+	"
���������	
�	��
�	B	���	�	����������
���	/���	
determined from the intensive samples collected in the 
spring and fall to evaluate changes over the course of 
���	.��/
�.	������+	����
��
���	�
���������	/���	���3��	
�
.�
�����	��	���	<+<j	��)��+	
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Meteorological Conditions 
Maximum and minimum temperatures during the 
growing season were typical of most years in central 
]�/�	
X
.���	:�+	F�z
3�3	��3���������	�z������	
J<�(	���	�	��/	����	���
�.	���	������+	����
�
���
���	
however, was characterized by sparse rainfall during the 
early growing season and abundant rainfall during the 
������	����	��	���	.��/
�.	������	
X
.���	J�+	 @��	���0	
of precipitation events created a situation in which the 
�����	��
�	������	/��	�z���3���	���	�����.�	3���	��	���	
�����	.��/
�.	������+	

4.0 
Results 

Variation of Soil Nutrient 
Concentrations within Sampling Sites 
The largest variation in total soil P was in the upper 
��3��
�.	�����	���	���	�)�	�����3����	/
��
�	�
��	;	
���	���	F��	��3��
�.	����	
X
.���	K�+	@��	��������	
deviation of the mean was larger relative to its mean 
compared to means and standard deviations at lower 
������+	 @�
�	�������	/��	�����)��	������	���	�
.��	�
���+	

X
.���	K+	 F����	���	��������	��)
��
���	��	F���
��	]]]	�	
concentrations over the six sampling depths for the 
�)�	�����3����	���3	�
��	;+	�
��	;	
�	
�	X
���	;�	
/�
��	����
)��	���
�.	����
���
��	��	�/
��	3�����+	
��
�	��3����	/���	���������	
�	F��	:<<O+	(���	
management characteristics are summarized in 
@����	;+	

X
.���	:+  F�z
3�3	���	3
�
3�3	��
��	��3���������	���
�.	
���	:<<O	.��/
�.	������	
�	�������	]�/�+	#	���	

�	���	�.���	
��
�����	����	��	���	���
�.	3�����	
����
���
��+	

X
.���	J+	 "�
��	����
�
���
��	���
�.	���	:<<O	.��/
�.	������	

�	�������	]�/�+	#	���	
�	���	�.���	
��
�����	����	��	
���	���
�.	3�����	����
���
��+	

An example for changes in soil N concentration 
/
��	�����	
�	���/�	
�	X
.���	j+	(���.��	
�	��
�	B	
concentrations with depth were slightly different 
��3�����	��	��
�	�+		�
3
���	��	����.��	
�	��
�	�	
concentrations, the highest concentration of N was in the 
�����	�����+	��/�)���	���	��������	
�	B	����������
��	
from the uppermost layer to the next depth was less 
/
��	��
�	B	��3�����	��	��
�	�+	@��	����
��	
�	���	�����	
N concentration with soil depth was similar among 
�
���	;$K	
�	X
���	;	
X
.���	O�+	@����	����	�
���	���������	
�����	�
�������	��
�	�����	
@����	;�+	]�	��3���
�.	���	
������	����������
���	���	B	���	�	�3��.	���	�����	
��
��	/
��
�	X
���	;	�����	/��	��	�
.�
�����	�
��������	
�3��.	���	��
��	
����	���	����������+	 �̂�
��
���	�3��.	
��
��	/���	
��
.�
�����	���	��
�	����	���	���	���
�.	
���	����	��3��
�.	���
���+	 �
3
���	������	/���	�����	
���	���	�����	�	����������
���	/
��	�����	���	�
���	;$K+		
@����	�	����������
��	�
������	�
.�
�������	�3��.	���	
����	�
���	����	
�	���	�����	��3��
�.	�����	
X
.���	{�+	
(���������
���	��	�����	�	/���	��/��	��	�
��	J+	@����	
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was a rapid decrease in the concentrations of both P and 
B	/
��	�����	
�	���	������	/�
��	
�	�z������	�
���	���	
3�����	
�	����
��	
�	���	�����	������	���	�����	
�	�	���.�	
amount of plant residue from the previous crop present 

�	�����	������	��	/���+	

X
.���	j+  F����	���	��������	��)
��
���	��	��
�	�����	B	
concentrations over the six sampling depths for 
���	�)�	�����3����	���3	�
��	;+	�
��	;	
�	
�	X
���	
;�	/�
��	����
)��	���
�.	3�����	����
���
��+	"���	
���	���3	��3����	���������	
�	F��	:<<O+	(����
�.	
���������
��
��	���	��33��
���	
�	@����	;+		

X
.���	O+  ��
�	�����	B	����������
���	/
��	�����	���	�
���	
;$K	
�	X
���	;+	X
���	;	����
)��	���
�.	����
���
��	
��	�/
��	3�����	
�	:<<O	
@����	;�+	��3����	/���	
���������	
�	F��	:<<O+	

X
.���	{+  F���
��	]]]	�	����������
���	/
��	�����	���	�
���	
;$K	
�	X
���	;+	X
���	;	����
)��	�	���
�.	�/
��	
3�����	����
���
��	
@����	;�+	��3����	/���	
���������	
�	F��	:<<O+	

Nutrient Concentrations in the Soil 
during the Growing Season 
@����	��
�	B	����������
���	��	���	{+j	�3	��3��
�.	
depth showed large variations among the four sites 

;$K�	
�	X
���	;	���	�3�����	)��
��
���	������	���	������	

X
.���	|�+	@�
�	)��
��
�
��	/��	����
�����	��	�
���������	
in the initial soil N concentrations among the four sites 
because the patterns remained consistent across the 
������+	@�
�	�����	��	���	��
�	������	
�	3���	����3
�	
�	
���3�	��	3
�����
���
��	���������	���	���
�.	���	:<<O	
.��/
�.	������	��
�	����	��	���	��
�	������	/��	Y�
��	
dry with water contents in the upper 10 cm often near 
<+;	�������	��	�)�
�����	/����+	@��	)��
��
��	������	���	
season and among soils was typical of what we have 
observed in other studies in sampling this soil depth 

�������	���	����.���	;}}K�+	

X
.���	|+  (���.��	
�	���	�����	��
�	B	����������
���	��	���	
{+j	�3	��3��
�.	�����	���	���	����	�
���	
;$K�	
�	
X
���	;	���
�.	���	:<<O	.��/
�.	������+	(���	���	
soil management characteristics are presented in 
@����	;+		
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(���.��	
�	B	���	�	����������
���	
�	���	��
�	������	
/���	�)�������	���	���	�����	�
�������	�����	���	�����
�.	
������.
��	�������	
�	:<<O+	 X��	�����	��3���
�����	
data from soil samples collected at the beginning and 
end of the growing season were averaged across sites 
/
��
�	X
����	;	
�
���	;$K�	���	:	
�
���	j$O�+	@����	/��	�	
decrease in P concentrations at all depths for Sites 1-4 in 
X
���	;	
X
.���	}��	/�
��	���	�	�������	����
���
��	����	
of spring applied manure supplemented with N sidedress 
����
���
��+	@��	����.�	
�	�	/
��
�	���	��
�	������	/��	
.�������	/
��	���	��
�	���������	�������	��	���	�������+	#�	
all depths there was a decrease in total soil P, consistent 
/
��	�	��3�)��	��	3���	���	����	����
���	��Y�
��3����+	

X
.���	}+	 "
���������	
�	F���
��	]]]	�	����������
���	/
��	
��
�	�����	
�	X
���	;	���/���	���	���
�.	���	����	
��3��
�.	���
���	
�	:<<O+	X
���	;	����
)��	�	
���
�.	����
���
��	��	�/
��	3�����	
@����	;�+	
(���������
��	)�����	��	��3����	���������	
�	���	
spring were subtracted from those collected in 
���	����	���	����	���3	�
���	;$K	
�	X
���	;	/���	
�)���.��	.������	)�����+	

Soil N concentrations from the beginning to the end of 
���	.��/
�.	������	���������	
�	X
���	;�	/�
��	����
)��	
���	���
�.	3�����	����
���
��	
X
.���	;<�+	@����	/��	�	
��������	
�	���	B	����������
��	
�	���	�����	��
�	������	
�������	��	����0�	���3	���	��
�	��	���	����+	 ��/�)���	
the largest decrease in total soil N concentration was 
�����	
�	���	:<	$	j<	�3	�����+	@�
�	�����	���
�����	
has the highest concentrations of roots to extract N 

[��3��	���	*�����	;}}j�+		@�
�	�������	��	B	�z�����
��	
/��	�z�..������	
�	:<<O	�������	��	���	���	����	���	
��
���	���	���	������3�	
�	�	�
�.��	����	��	�����)��
���+	
Sampling N concentration using this method is inclusive 
of all sources of N within the soil layer which may not 
��	�������	��	���	�3����	��	3�����	����
��	��	���	��
�+	

X
.���	;<+  "
���������	
�	��
�	�����	B	����������
���	/
��	
��
�	�����	
�	X
���	;	���/���	���	���
�.	���	����	
��3��
�.	���
���	
�	:<<O+	X
���	;	����
)��	�	
���
�.	����
���
��	��	�/
��	3�����	
@����	;�+	
(���������
��	)�����	��	��3����	���������	
�	���	
spring were subtracted from those collected in 
���	����	���	����	���3	�
���	;$K	
�	X
���	;	/���	
�)���.��	��	����
�	.������	)�����+	

�
���	j	���	O	
�	X
���	:	
@����	;�	����
)��	����	����
��	
3�����	��	������	;j{	���	{O	0.	��-1 of N and P, 
�������
)���+	 @����	��
�	�	���	B	����������
���	���������	
��	���	������	
�	���	��
�	������	�)��	���	.��/
�.	������	

X
.����	;;	���	;:�+	%�3�)��	��	B	���3	���	��
�	������	
was greatest at the 20 - 40 cm depth similar to the other 
�
���+	@��	3���	���
������	����.�	
�	���	�	��)���	/��	
�	
���	�����	�����	��	���	��
�	������	
�	/�
��	�����	/��	�	
decrease exceeding 15 g m$J	
�	��
�	�����+		@����	����.��	

�	�	���	B	����������
���	���3	���
�.	��	����	
�	X
���	:	
showed similar patterns to that found for Sites 1-4 in 
X
���	;+	 @����	�����	/��	��	�
��������	
�	���	��������	
of nutrient changes between the fall and spring applied 
3�����	��5�����	
�	���	��������	��	����.�	/
��
�	���	
��
�	������	
X
.����	}$;:�+	 #�����.�	�����	/��	����	�	
����
��	��	��
�	����	��	�	������	��	���	��/��	�3����	��	
manure applied and then supplemented with sidedress N, 
�����	/��	��	�
.�
�����	�
��������	
�	���	�	��3�)��	�����	
���/���	���	�/�	�����+	 @����	/��	���Y����	�	/
��
�	
���	��
�	������	��	������	���	�	��Y�
��3����	���	���	����	
����	���
�.	��
�	����+		]�	�����	/
��	�	.������	�3����	��	
rainfall there may be a greater difference between these 
�/�	�����3�+	

Differences in total soil N and P concentrations 
�����.����	��
�	�������	/���	���	�
.�
�����	���	��3����	
���������	���3	�
���	{	���	|+	*���	�����	���/��	�
3
���	
��������	
�	���	����������
��	�������+	@����	/��	��	
�
��������	
�	���	����
�.	�����	���/���	�����	�/�	�����	
based on the observations of the soil samples collected 
�����	���)���+	@��	�������	����	/
��	���	3�����	�
�����	

�
��	{�	���/��	��	
��
.�
�����	
�������	
�	F���
��	]]]	�	
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concentrations in the upper soil depth over the growing 
������+	 @����	/��	��	���
�
����	�	�����	��	���	��
�	
during this period and these differences can be attributed 
��	��3��
�.	)��
��
��	/
��
�	�3���	�����+	 (���.��	�)��	
the growing season for Sites 7 and 8 showed similar 
��������	��	�
���	;$K+	

X
.���	;;+	 "
���������	
�	�����	��
�	B	����������
���	/
��	
��
�	�����	
�	X
���	:	���/���	���	���
�.	���	
����	��3��
�.	���
���	
�	:<<O+	X
���	:	����
)��	
�	����	����
���
��	��	�/
��	3�����	
@����	;�+	
(���������
��	)�����	��	��3����	���������	
�	���	
spring were subtracted from those collected in the 
����	���	����	���3	�
���	j	���	O	
�	X
���	:	/���	
�)���.��+	

X
.���	;:+  "
���������	
�	F���
��	]]]	�	����������
���	/
��	
��
�	�����	
�	X
���	:	���/���	���	���
�.	���	
����	��3��
�.	���
���	
�	:<<O+	X
���	:	����
)��	
�	����	����
���
��	��	�/
��	3�����	
@����	;�+	
(���������
��	)�����	��	��3����	���������	
�	���	
spring were subtracted from those collected in the 
����	���	����	���3	�
���	j	���	O	
�	X
���	:	/���	
�)���.��+	

��
�	��3����	���������	���3	���	�������	�����	
X
���	J�	
�
�	���	���/	���	�
��������	/
��
�	���	������	�����.����	
���	����+		@�
�	/��	�z������	�������	��	3�����	/��	
applied during this season, and any N or P added from 
manure in previous years had been removed by the 
���)
���	����'�	����+	

Plant Nutrient Concentrations 
(���.��	
�	���	�����	B	����������
��	
�	�����	���)��	
showed a decrease during the growing season 

X
.���	;J�+	@����	/��	��	�
.�
�����	�
��������	
�	���	
B	����������
���	�3��.	�
���	;$K	
�	X
���	;	���
�.	��
�	
�����+		

X
.���	;J+	 (���.��	
�	�����	�����	B	����������
��	
�	�����	
leaves throughout the growing season for Sites 1-4 

�	:<<O+	 X
���	;	����
)��	���
�.	����
���
��	��	
�/
��	3�����	
@����;�+	

Nutrient Balance 
Analyses of plant biomass production and its N content 
indicated that N removal in the aboveground biomass for 
X
���	;	
�
���	;$K�	/��	:<|	0.	��-1�	���	X
���	:	
�
���	j	
���	O�	/��	;}{	0.	��-1�	���	���	X
���	J	
�
���	{	���	|�	
was 147 kg ha-1+	 @��	����������	����
���	��3�)��	�����	
��	���	����.��	
�	���	�����	B	���3	���	��
�	������	���	
X
���	;	
�
���	;$K�	/��	;}{	0.	��-1�	���	X
���	:	
�
���	j	
���	O�	/��	:<<	0.	��-1�	���	���	X
���	J	
�
���	{	���	|�	
/��	;J{	0.	��-1+	@����	
�	)���	.���	�.���3���	���/���	
the N changes and crop removal rates in this study 

X
.���	;K�+	 @����	/��	��	�
.�
�����	�
��������	���/���	
X
���	;	���	X
���	:	
�	���	B	��3�)��+	@�
�	
�	�z������	
�������	�����	/��	��	�
.�
�����	�
��������	
�	���	�
���	
between these two manure management systems with 
�	�
���	��	;<�;O<	0.	��-1	���	���	�/�	�����+	X��	X
���	J	
with the soybean crop the yield for both sites was 
2,500 kg ha-1	/
��	��	�
.�
�����	�
��������	���/���	���	
�����+	
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The P balance showed a similar good agreement between 
changes in the soil concentration and P content of the 
�
�3���	���	.��
�+	]�	X
���	;�	���	��
�$�����	�	��3�)��	
/��	����������	��	��	O:	0.	��-1+	�	��3�)��	�����	��	
�
�3���	���	.��
�	�������	/��	Oj	0.	��-1	���	X
���	;+	
]�	X
���	:�	���	��
�$�����	�	��3�)��	/��	����������	��	
��	jO	0.	��-1	��3�����	��	OK	0.	��-1 for calculations 
�����	��	�
�3���	���	.��
�+	 @����	/��	��	�
.�
�����	
difference between the two methods of estimating P 
��3�)��	�����+	 @�
�	(BF�	
�	�����	��	�������
�.	
nutrients to meet the crop removal, and for the year in 
the study these results demonstrate the effectiveness 
��	���	3�����+	�)��	����.�	���	����	���
���	/��	���	
removed, these nutrients are now present on the surface 
���	/����	��	��������	��	���	��
�	������	��	�	������	��	
���
���	������	3
����
��	���
)
��	���	�
���.�+	��/�)���	��	
����	���)���	
���	�����
��	���	��
�	������	�����	����
����	
���	��	����
�����	��	��
�.	��3�)��	���3	���	������+	
These values for removal exceed the amount applied 
with the difference being the extraction from the soil 
������	���
�.	���	�����
�.	������+	

X
.���	;K+	(�3���
���	��	3�������	)�����	���
3����	B	
removal from corn-soybean rotations with manure 
����
���	���
�
���	���	���	:<<O	�����+	�
���	;	���	

;$K��	�
��	:	
j$O�	���	�
��	J	
{$|�+	
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5.0 
Conclusions and Impact   

#���
���
��	��	�/
��	3�����	��
�.	(BF��	����	�	����$
soybean cropping system creates a condition in which 
�����	
�	�z�����
��	��	����
����	���3	���	��
�	������	��	 
3���	���	����	��3���+	 @��	:<<O	.��/
�.	������	/��	 
not typical with the small precipitation events during  
the portion of the growing season in which there is the  
3���	���
�	)�.����
)�	.��/��	���	.��
�	�������
��+	
This created a condition in which there was a water 
����
�	
�	���	��
�	������	/
��	���	������	�z�����
�.	/����	 
���3	/
��
�	���	��
�	������	��	������	�z����
�.	;+j	3+	 
Water contents in the soil samples collected at harvest  
indicated the soil was near the lower limit of soil water  
�)�
���
�
��	
����	���	���/���	����	�����	/��	��	/����	 
���	���������	��	����
����	/
��
�	���	��
�	������+	 @�
�	 
scenario is not atypical of central Iowa where the soil 
������	
�	���	��	���	�
3�	��	���)���+	@����	3��������.
���	
conditions would create a situation that limits any 
downward movement of nutrients, especially NOJ$B+	
��/�)���	���	�z�����
��	��	����
����	���3	���	��
�	������	
was necessary to offset the amount applied to the soil  
via manure and sidedress N to the corn crop and this  
�����
��	�
�	���	������	�
���	���/���	���	�/�	�����
���+		 
X����/
�.	(BF��	����	3���	���	�.����3
�	��3���	 
for the crop and the P and N removal rates from the soil 
������	/���	���	�
.�
�����	���/���	���	�/�	�
�������	 
3�����	3���.�3���	�����3�+	 ]�	���	�������	����	����	 
had portions with and without a history of manure there 
/��	��3�)��	��	B	���	�	���3	���	������	��	3���	���	����	 
.��/��	��3����	���	����
����+	 @��	���0	��	�
���������	 

�	���	����
���	��������	���	�����	�����	���/��	����	 
there was no residual N or P from the previous manure 
����
���
��+	 X��	����	���	����	���	�������	����	�	
portion of the nutrients removed would be returned to 
���	��
�	�����.�	���	����	���
���	
���)��	���	����0��	����	 
/����	��	����	��	���	��
�	������+	@��	�3����	��������	��	 
���	��
�	���3	���	���
���	/����	������
��	���	������	��	 
���	�3�����	��3�)��	���
�.	���	������+  

The metrics for ground-water contamination in this study  
were not directly assessed because this year with limited  
��
�����	���)��	��	�
3
�	/����	3�)�3���+	 @����
Y���	���	
sampling shallow ground water in these poorly drained  
soils require a minimum of one year of adjustment  
time before sample collection and are not possible to  
���	/���	���	��
��	���	���+		U�	/����	��������	���3	 
��
�	���$.��/
�.	������	�����	����	�����/
�.	(BF��	 
provides nutrients in adequate supply for the crop with 
���	���
�
��	��	����	�z�������	���3	���	��
�	������+	
One of the limitations for this study was the lack of  
precipitation during the growing season which allowed  

����	���	�	����
��	������3���	��	������
)�	:+	 �̂�
��
��	
in precipitation among years requires multiple years of 
study and other studies being conducted in central Iowa 
��..���	����	�	3
�
3�3	��	�)�	�����	3��	��	������	
to account for the variation in precipitation timing and 
�3�����	���
�.	�����
�.	������+	@����	�����	��	����
��	
need to be conducted over a range of meteorological 
scenarios to address the variable conditions of soil water 
�������	
������	��	�
�������	����
�
���
��	�3�����+		U�	
would expect a similar result with the crop demand using 
���	����
����	����
��	���3	���	3�����	������+	 ���������	
������	��	�/���	��	���	)����	��	��)����
�.	(BF�	���	
�����	���	���	������
��	)��
��
��	�3��.	��
��	
�	���
�	
��������	
�	������
�.	����
����	��	���	����+	
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