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Biculture of nonlegumes and legumes could serve
as cover crops for increasing main crop yield,
while reducing NO3 leaching. This study, con-
ducted from 1994 to 1999, determined the effect
of monocultured cereal rye (Secale cereale L.),
annual ryegrass (Lolium multiflorum), and hairy
vetch (Vicia villosa), and bicultured rye/vetch
and ryegrass/vetch on N availability in soil, corn
(Zea mays L.) yield, and NO3-N leaching in a silt
loam soil. The field had been in corn and cover
crop rotation since 1987. In addition to the
cover crop treatments, there were four N fertilizer
rates (0, 67, 134, and 201 kg N ha–1, referred to as
N0, N1, N2, and N3, respectively) applied to corn.
The experiment was a randomized split-block de-
sign with three replications for each treatment.
Lysimeters were installed in 1987 at 0.75 m below
the soil surface for leachate collection for the N0,
N2, and N3 treatments. The result showed that
vetch monoculture had the most influence on soil
N availability and corn yield, followed by the
bicultures. Rye or ryegrass monoculture had ei-
ther no effect or an adverse effect on corn yield
and soil N availability. Leachate NO3-N concentra-
tion was highest where vetch cover crop was
planted regardless of N rates, which suggests that
N mineralization of vetch N continued well into
the fall and winter. Leachate NO3-N concentration
increased with increasing N fertilizer rates and
exceeded the U.S. Environmental Protection
Agency’s drinking water standard of 10 mg N l–1

even at recommended N rate for corn in this re-
gion (coastal Pacific Northwest). In comparisons
of the average NO3-N concentration during the
period of high N leaching, monocultured rye and
ryegrass or bicultured rye/vetch and ryegrass/
vetch very effectively decreased N leaching in
1998 with dry fall weather. The amount of N avail-
able for leaching (determined based on the
presidedress nitrate test, the amount of N fertil-
izer applied, and N uptake) correlated well with
average NO3-N during the high N leaching period
for vetch cover crop treatment and for the control
without the cover crops. The correlation, however,
failed for other cover crops largely because of
variable effectiveness of the cover crops in reduc-
ing NO3 leaching during the 5 years of this study.
Further research is needed to determine if relay
cover crops planted into standing summer crops
is a more appropriate approach than fall seeding
in this region to gain sufficient growth of the cover
crop by fall. Testing with other main crops that
have earlier harvest dates than corn is also needed
to further validate the effectiveness of the
bicultures to increase soil N availability while pro-
tecting the water quality.
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RESULTS AND DISCUSSION

Cover Crop N, Soil N Availability, and Corn
Yield
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TABLE 1
Cover Crop Aboveground Biomass, Tissue N Concentration,

C:N ratio, N Accumulation, and PSNT in the Soil Averaged over 5 Years

Biomass N Concentration N Uptake PSNT
Cover Crop  (Mg ha –1)  (g kg–1)  (kg ha–1) C:N Ratio  (kg N ha–1)

Control 0.51 (0.02) 17.8 (4.3)  9.1 (0.6) 21 (1) 35.2 (25.9)

Rye (Ry) 1.52 (0.54) 14.4 (1.0) 20.9 (6.7) 26 (2) 31.4 (16.2)

Ryegrass (Rg) 1.57 (0.36) 12.4 (2.1) 18.8 (3.6) 31 (5) 22.9 (16.3)

Vetch (V) 1.82 (0.37) 32.6 (3.0) 58.3 (9.5) 12 (1) 69.8 (41.2)

Ry/V 2.18 (0.24) 23.2 (3.0) 49.7 (7.0) 16 (2) 45.7 (10.1)

Rg/V 2.53 (0.56) 23.2 (5.9) 56.3 (9.0) 17 (4) 53.0 (32.2)

Note: Values within parentheses are standard deviation.



25

Kuo et al.: Effect of Winter Cover Crops on Soil Nitrogen Availability TheScientificWorld (2001) 1(S2), 22–29

1994: y = 3.26x - 2.09, R2 = 0.69

1995: y = 1.30x + 30.74, R2 = 0.89

1996: y = 0.92x + 3.63, R2 = 0.75

1997: y = 2.26x - 24.44, R2 = 0.79

1998: y = 5.31x - 54.04, R2 = 0.84

0

50

100

150

200

0 10 20 30 40

Cover crop N, mg kg-1

P
S

N
T

, k
g 

N
 h

a-1

1994

1995

1996

1997

1998

��������	 ���������	
���	�������������������
������
���

�������
	 ������������		���	
������
������
��������
������	�������������������

Time

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T
ot

al
 p

re
ci

pi
ta

tio
n,

 c
m

0

5

10

15

20

25

30

35

1994 
1995 
1996 
1997 
1998 
Normal 

!
 ����
 ��
 �������	
 ���H��
 ����������������
 8����
 ���
 �������
������� 
:'!�
������
��
�..3
���
���
�������
��
�����
����
!
��
���
����
������
��
 ��
�..6
��
 ���
�����
������
���
��������
�����
�����	��
����
2
�����
���
�����
��
����
�����
��
�����	�
:'!�
���
�����	�
�����
����
!
����
���
����
������
($�$-*�
���
��	���������
��
���
������������
�������
�����
����
!
��
:'!�
��
���
����
���
�����
�������
���
������������
���
������
����
��
����
��
�����
��
���
�����	�
�����
����
!
���
�����	�
:'!�
����
���
2�����
�������

���
�����	�
����
�����
����
���
2�����
������
���
�����
����
����������
����
��
!
�������"��
��������
���
��	����
��������	
�����
(�2�$
@	
����* 
������������
��������	
���H�����
(�0�3
@	
����*
��
���	����H�����
(����
@	
����* 
���
������
��������	
���
(�+�+
@	
����*
��
���	����
(6�.
@	
����*�
���
�����
���
���
����
����
����
��
!
�������"��
��������
���
.�1
@	������
>��
!
����/� 
���
�������
���
����
��
����
���
����
������
���
�����	�
����
!

����/�
���
��	����
��������	
���
�����
(�06
/	
!
����* 
��������
�����
��������	
���H�����
(��3
/	
!
����*
��
���	����H�����
(.�
/	
!
����* 
���
������
��������	
���
(60
/	
!
����*
��
���	����
�����
����
(-6
/	
!
����*�
>��
���
������� 
!
����/�
���
��
���
��
����
���
������������
���	����
(-6
/	
!
����*�
���������
��
���
�����
����
���
��
���	����
���
����������
��
����
�����������
4���
�����
���
!
����/�
����
�������
���������
����
���������	
!
����
����"��
������
���
��������
��������
���
����
���������
��
B��
��
�����3��

���
������������
�����
��
����������
���������
����
�����
���
!
����/�
��
���������	
����
:'!��
����
��
������������
��
���
�����
������������
�������
:'!�
���
����
�����
(>�	�
0*
��
!
����/�
(����
���
��������*�
���
:'!�
���
����
	���
�
	���
���
��<
��
���������
!
��
���
����
�������
����
���������
�����
����
���������
����
������������
��
���������
��
���
����������
��
!
�������	
�����
���
����
��������



26

Kuo et al.: Effect of Winter Cover Crops on Soil Nitrogen Availability TheScientificWorld (2001) 1(S2), 22–29

N Leaching as Affected by Cover Crop
Species and N Fertilizer Rate
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