
�

� � �
� � �

�� �	

��
 ��� �

� � � � �

� �� � �
�

�
� � � � ��

�
�

� �� � � � �
�

� �
� �

� �
� �

�
�

� �� � �
�

� �
� �

� �
� � �

� �
� �

�
�

�

�
� ��

����


� � � ���� !"#$%&'(��)%*�

+,- ./01 2 3-4567 89:;
- < 49+=> ? @AB

C DEFGH I1 +F;: JK6;C C
L MN +O;:P Q AR-ST
DCU/0V D WXDY J< 89 Z .D 106[\> ]9<6 ^>GH
:;:;- 5_+ C B @ +O;:J `a5W-4567 89:;-
K6;C2bc;9 C3-C D A Z C +Od- 0WXDef V g1h
D .� + � 6 _4567 89: i[DST+ jk 6[T<9 l DP
;- �m no B C + 06[\>:pS +C �2q + 9
Od- .rs2 t>Suv JK6;C,c jk 89SC AB wNx wN y2
EC J<D ^CA . 6 z> C B { 53- j C|}2~ > �w zC�
.�r1 6R-4527 >:;- C + 2 �z+>:;- 4D,�WC +O;
Od- � B � �� 1 D��D�; :E��+BC
 �A 89 C
L �A
�A�_ T<9 J<D zC D�� B�� D��D j6�_ T<9-
.6n AR�:E ]9<6C + ^ GH `a5>:C
 L MN DC J<

3-5 � +,c . 6 z3-456 D . B ]9�9D @DQ�+,c
7 89:;- �m D f;6�W- 3W�� ? @+O;
4D,�WC DEFCU/01 +F;:D :B� �6 p_ ?CD . 6 ;�
�_B C
L MN D�+ >SEDAR � AR-45J< C J<D JK6;MD
c C
L �D j� 5GH�D ¡+ . 6 `5�W89-jf6R-6 ¢£
F;:D��B�_W; C
L �D Z . R-;B WX6�;¤¥¦ @DjfA
D 2�-5 P 5l AB�W- 2§ B ?CD .�� 6n_ JK6;MDC
3456 <9:;- ¨©#�6ª«3- J<D .D B ¬D `a5_<­:
WXDl AB L MN +O;:E D f;6®W;

>J>W6< C
�AD0� D| ¯
°+±²6n�- A C
��MN D³
D R-;B +,-°®2 ´ 49<
D Z D µ�¶%·¸¶ .5�� .
2 ¹+º 3-» 6 89:;- ��
< �� 49<D 6¼ +

½ ½

�� �	

� � � �
� � � �

� �	




� 
 �


� � � �
�� �� �

� � � � � 	 � � �
�� ��  !" � # � $

� � % � �	
& '( 	 � � )� '( �

	 � * +� ( , � '( - . �
�� � � / �0 1 2

� 3 - . � 4 &
� & � 56 7 � � - & . �

� � � � �
+� ( * � 8 9 '( �

: ; )� � 	 <� - ;
�� 56 � = $ � � 	 �

+� ( � 56 7 � >+ � !"
� 6 �� �

� � ? � � 56 7
� 	 !" � �

� - �@A � >+ $
� � � � )� �

B� � � B� � �
C DE � � >+ $ !

� � � � 	 +� " 6
FG F4

	 	 H�
* >+ +� I
� 	 J �� ��
� ( A !"

�* �%

� ��

��������

	
��
��������������
�������
��� !

�

�
�

�

� � �
� � �

�

201

OMATSUZAKI

OMATSUZAKI

Corresponding author

Masakazu K

, Chuou, Ami, Inashiki, Ibaraki, , Japan

E-mail : komachan@mx.ibaraki.ac.jp

Japanese Journal of Farm Work Research : ,

cm

Nitrogen Uptake by Cover Crops and Inorganic Nitrogen

Dynamics in Paddy Rice Field

Masakazu K

Ibaraki University, College of Agriculture

Andisol

+

,+ 0 ,

,+ 2 ,,

-** *-3- - ,+ +

- ,+ + -** *-3-

.. . ,*+ ,+* ,**3

+32-

,**+

,*** +32/

. .

3*

,***

,**. ,**2



�

� �

�

� � � �

�

�

� � �
� � � �

�
� �

� �
� � � � � �

� �� �
� � �� �

� �� � � �
�� � � �
� � � �

� � � � �
�

� � �
�� �

� �
� � �� �

� �
� � �
� � �

�� � 	 � �

� � �� � �
� �
� �
� �

� �
� �

�
� �

�
� �

� � �
�

�� 

�

� � � �
� �� �

� � � � �
� �

� � � �
� �� � � � �

�� � � �
�� � �

� �

��
� � �

��������� � � ����  !"#$� % &'( )
� !* ��+ � ,�����-. / 0% 12% 3 �12 ��,�
- � 4 56785 � 9 0 :;<3 =>'. ? @�1A
B �-�C��D E�� 0FG2 �B �H I0 1 @

�J"&'(+ >KLA MN �1A OPQ I0 1 �
R�STUVWXY� E�� 12 3Z�  �[�

, MNR�STUVWXY !"#$ \>WU]^_`a>
�1A bMcd e6TV '. 1 \ > )0fOPQ3

gcd �h>i 12 j�$kl0 mA \
M]^56bMnbo >STUVWXY0 H12 H  bM
-p� E� ��, q �r" cd gcd e6TV&'(bMgcd�C>

�fs �>&LA � �1 i 12  )0
q 0r"t���� uE�AL� \ % 1 STUVWXY0 \

> H12 3� !"#$>WU]^
1v1 ��,�
� �0 �1A _`a0wm22G>x  y>-mAC

wz�2C��[. ��� >KLA 1-vm2
{ | � -L , STUVWXY�}6Y^6n \
�2 �STUVWXY� ~D��1A &'( \ \ &'(
 �w�� !* �� ��� � 0�� \ >�%12 STUVWXY�� � 
�� � �� \v, \>-�� STUVWXY���> �3Z0��
, ��,�* D�� �STUV . � ��� E�A�G2 �2 S
WXY� ~� r" >��t��>KLA TUVWXY� r"  �Q�UQ >A�
 �� -L , G2 ;<D� � }6Y^6n {


�� !* $>MNR�STUV 0 LA STUVWXY H$&'(� }6
WXY0* 1 STUVWXY�H � Y^6n$� >�%12 � E v,
�r" 0 �1 ��,� �� �1 j����3Z��> � ��
�[z�A � � >KLA � 1 j�,0� 12 }6YQ � �
12 ��>'._ �� B �L �$ � �>A � 4
`� v, �� ¡ - ¢o£ 56785 � 9 0 ¤1 ¥TQ
c>�t�¦ § 0 ���0 �12 ��¨ >'. � F 0�G2

STUVWXY >'� J"
 ©ª�«v,¬

;< ­ ® ® ¯°V 12
>A \v, \��&

'( \v, \���%12
L±��;< C �> !

H g¢²S^ 0* 1 %  ���  % 3��STUVWXY
�1 r"  % 3

2� 0 �A�%12 ;< S ��STUVWXY r" �[
TUVWXY� �H 0 I&'( .  STUVWXY H � %
OPQ0 I�12 MNRSTUVWXY� 0³t
1AbMcd H y e6TV H ´M ¥U]�  =µ¶· >
¸U¹ bMgcd H '. YW¢Uº»� i 0wL
bMgXg gcd H � 0� ¼ ½ I �STUVWXY�H &'(
1 3�1A 0 ¼2 OPQ OPQ�STUVWXY� ~&'( �

� �

� � �

� � � � �	 
 � � 


 � �� � � �
�� ��� � � ��� � � �� �  ! "#
�� � $ % � & 
  ' (!
���� �� �� 
  ' )*  '

+, -.
/ 
 	

0# 1	 2 

3 $

2 4 4 5
�� ���

67 8 4 	 

�� ��� 9 2 � 1	 2

4 "# 

: ;< = � >?


@% ��
A B C DE DE 	

@% ? 2 2 	 2


 � F G � 2 H
I# DE

� JK L
? �� 5 �� 5 M

N C DE DE � �� �O
P 
 � � 4 H

� & ��� �2 �Q
� 5 R #ST ��K U
� ��� ��� K� V W �� � X

#����� G � Y ��� � �
Z 
@ [\� �#�� ��� � ��� ]

^ _ ` ,� M ��� ��� a5
#ST �� �

'
bc � Tde�f
@

�� 	 	
	 	
gf h 


i � �5 �� �
�� 5 ��� �

j	gf J �� 5
k & 
 ���� 4 h �� �5



i l i �� m

i � �n a
i �o k 
 & ���

;< "#  ���� � ? ���

� ������	

� �

�

� �

�

202

high low

input

high

low

input

kg N ha

kg N ha

Ditsch and m m m

Alley

L.

L.

L.

Lam.

kgN ha kg ha

Shipley , Kessavalou and Walter

. m

cm

mol KCl

NUE ;

Nitrogen Use E ciency

CN CN
NUE

N

L. ; N : CN

kg ha , P O : kg ha , K O : kg ha kg N ha CN

kg N ha

N

kg N ha

SAS System

L ; GLM

Secale cereale

Avena sativa Triticum aestivum

Lolium multiflorum

et al

l

Oryza sativa

Triticum secale

,

+

,

+ +

,

+

+ + + +
, / ,

+

+

.. .

*

/*

/

, .

+ /* / +*

+33+ ,**. ,*** +*

+* -+

++ +.

.* +** +** ,**+ +*

,* ++ ,

+33,

+333

,**. ,**2 ,**+ -

3 . +0 ,**, - 2 .

+1

- . * ,/

,**. 2* 1,

,**. ,**2

*

3* ,

+

$

,*** +* ,**+ .

,**+ +* ,**, .

.,

0* .,

/

,

0+ /

�



�

�

�� ����	
�� 
 	�����
����

��� ����� ��� ������ !"#�$%&�� � � �

� �
�

�
�

' �� �
� �

� �
�
' 
 �
( �

( ( ' ��

�

� �

�

' ��
� �

� �
�

�
� �

�
�

�

) *+�,-���./01234 56789:;�<=>?&@A>
B&"CDCE�FG

HI JKL 01MNO JKL 01MNO

P Q P Q
56789:; ' �
./01234 ' �
R

P Q P Q
56789:; ' �
./01234 ' �
R

ST UV WX8./�Y��Z*56789:;�01MNO�./01�[\

\01]�^�_`ab>?c&@A>defg �"hia./jk 	�lmno�<=
p$qr� >@A$?c��s��tuv�"

56789:;�JKL� 	 P�ew
��,-s xy�!r� z{|

}~����P����O$�"� 	� �����>����<���v�wJKL�
� 	>��56789:;�,����O �ar� � � P�� 5678
 ��a� �� Px�$�"� 	�� 9:;�,-���lmno sr�s���J
	
��s��O ��ar� ����$�" KL$��� ./01234$���f
� P�v P���56789:;<=�
� P P �� 	 	>��f
��_`�� P�v P��� 	�
	��s �v ��_`�� �

56789:;�<=�01MNO
56789:;�,-���./01234 
56789:;�<=>?c&@A>def�C
DCE��$�"� 	 P�� 5678
9:;�,->�"@A JKL���01MN
O>def��a�� ��v�� ./01
234 JKL�01MNO>?c&@A>de
f���a�� ��v�a�r� ) ��
� P�� JKL���01MNO>def
56789:;�,-���./01234�>
��a�� ��v�� �� JKL>def
� 56789:;�,-�./01234��
�*� ��v��

	�� �c�	�� �¡¢$%�
P��� P>�ef56789:;�,-��
�./01234���a�� ��v�� � � }~����P������P���O
��a v 	�lmno�JKL� �_`
	>��f£��¤¥�f�� �,¦��§>

� �

� ��

�

� �� ��� � � �

��� ��� ��� ���
�� ��
�

��� ��� ��� ���
��� ��� ��� ��

203

.

:

. Mg ha

Mg ha

. Mg

df

C

N NS NS

C N NS NS NS

C

N

C N NS NS NS NS

-
+

+

+313 ,***

/ + * +

,**,

,**+ -

* /

,**+ *

,*** , .

- ,**,

/ +

+* +,

++ +, ,**+ ,**,

+ + - ,**,

,**+ , - +

+

,**+ -

+

.

,**, -

.

+
,**, ,**+

+

,**+
- 3 . +0

.
+
.

,**,
- 2 . +1

.
+
.



� � �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�� ����	
��
��

� �� � �� � ��
� � � �

� � �
� � �

� �
� �

� �
� �

� �
� �
� � � �

�
� �� � � �� �

� �
� � � �

�� � �
� � ��

� � �
� �

� � �
� �
� � �

� � �� �
� �� � �

� � �
� �

����� � � � �

� ��� !"#$%&'()*+,-./01 2345 ./601
601 +789: ;<=>?<�@

�ABCD EF;./601G � !HID JD "#$%&'(
;KL 601!2345;� *7IM$%NOP�QRC S4T5UVW<
!HL./01< XY;KID JD "# Z[�\]CM^-!_`a; *b
$%<Qc*7LS4T5UVW<=>?�dC C `ae; !QcCD
fQRC S4T5UVW<Z[�\]CM^- g h;� S4T5UVW<$%NOP
!_`a; *bC `ae; �ig7LjkHFl�
CDG S4T5UV

!QcCD W<Z[);�RmH�@GnopHqID $
rs*bC g h;�ig!tu<vw %NOP�2345;jI!jxf EF;./
�
CDG h�^-! ./01!./60 01!601;KL ./601!HIDG y
1;ig7LzFl�
CD<*bC 2345 sp<l<{|�"#$%&'(�\]�-!
!601;�}~QcCD � � S4T5 !HID � � h;�
UVWZ[�*�-! "#$%&'(�\]C 601GjI!jxf<$%NOP�
C EF
M 601G�jRmF=>?�
C ;./01!./601;KL 2345;��

EF;./01+78./601; �zFl�
CD JD "#$%&'(*��
KL 2345; MS4T5UVW<$%NOP�dCfQcC

*�JID JD 9:e;���<��� D
nopsHqID :��*7-$%�O�� g h;�
S4T5UVW<$%NOP� g h; !zFl;KIDG h;�./01;
�./01GjI!jRmFl�
C "#$% !jI!j�f EF;./601; ;
&'(�\]CM �
C ./60 KL 2345!601;� !zf
1!601;� ;KL 2345; HID � � g h;� ./01G
� �JID � � rs*bC !�j�f EF;601+78./601
h;�./01; !QcC ./6 ;KL 2345;� *�JID h;�
01; �
C 601!2345; ig!tu*./01;�j�f EF;./6

� �

�

204

R O T

W F

ha . Mg ha kg N ha

. . Mg ha

kg N ha

kg N ha

. Mg ha . Mg

ha

. . kg N ha

Ave. .

Mg ha

Ave. . Mg ha . Mg

ha

.

. .

kg N ha . .

kg N ha

kg N ha .

kg N ha .

kg N ha

+ + +

+

+

+

+

+

+

+

+

+

+

+

+

+

+

.. .

,

, - -0

+ - + 1

,* -/

0,

,**, -

+ 3 - -

,**, -

.

, +, , 3 2 - .

- .

- * , +

,**+ - *

,**+ - * *2 .

* 20 * 1-

+. * ,- * -/

1 . ,**, -

/ - . * +0

0/ * */ .

/2



�

�

�� ����	
��
��

� �� � �� � ��
� � � �

� �� � �� � ��
� � � �

� � �
� �� � ��

� �
�

� �
� � �

� �

�� �� ��������� !"#$�%&'�()*+,-��()�./

0 1234-��()56789:;<=>?@ AB#� =>C?@
C?@ :DEFG ��*+(),��H

0 1234-��()56789:;<=>?@ AB#� =>C?@
C?@ :DEFG ��GIJ()K+L��H

?@�MN C?@:DEAB#��� O� �()PQL�IRSTU
9VWXY 0 Z [\Y 0

"#$�%&'�]^-��()567S��
��_`/()PQLab�cd _`/()ab9ef�gh�i<- j
klm9nboY()pq9DN j�� r9:st �uO���()5679
vpw��_vpwDNx �� D<Qy�STU[\ r��uO�"#$�
HSTU[\Y WY j9:st� uO %&'�]^:DE��()567�Qy�ST
���H�TU[\z{XYS |}�� U[\Y ����()5679D<

� �

�

�

�

205

:

R O T

W F

R O T

W F

. mg N kg

.

cm

mg N kg

cm cm

+

+

-

.

* ,- / +*

* -/ . /

, ,**+ -

,*** * -*

, . .

,**+

-* -* 0*



�

� �

�

�

�� �� ��	
� �
 ����������

�� ��� ����� ��� ��� �� �!"#$�%�

& �


 

& �� �



�








& ��

�

 
 & � 




� 
 


�

 �


 


 
 



 '
� 
 � 
 


�



�





 '





�





� 


( )* �����	
+,- �� ��	
) ./%01)2%! 3 4)

5 5
6

789:;<= & �
��	
+,- & �
>

789:;<= & �
��	
+,- & �
>

?(@AB C D C E

�F GHI� J.KLM789:;<=6 GHI�NOP� JQ�789:;<=Q
Q��� ��	
�  RS�� ��TUVW$�%�X YZGHI��
�O� [��V\�)]^_`.�VMT
�N�F GHI�NOP�
5.�a!�� ��	
 $b!# c(.�VMd 	
)ef$ g#�M(
[ 5�� X���	
 hi.KL ��jkl789:;<=.mVM�YZ) n

MhiQ.�VM opUVW$�  �� 789:;<=)* qr .�P
�� s [ 5.�a! )�� M�)eft �u�ZFN!"# vwx�M
�)789:;<=y�)z{ ��� V!

��� 	
+,-y�� � � |*)jkl789:;<=
�� "�I)�X��6 y�) �N�F $ VM}*���]^_`$ ~Md 	
)
GHI�� �� ��	
+,- eft $K��� }*_` �Vop�!
�)z{ ��� ��P� 789 V�]^_` ��!op	
ef  ��%!
:;<=)* .b!# ��	
+,-$ "#$ IO.�MV!
��M 5.�a! X�� JQ� jkl)789:;<=)}*� 5���

#zTUZ �V���8:��� �j� �.�~� �.�� N��$�%"#OI
� �j����������� �� (#�M( ��. NZ^���!"
#RVW$��� �� ��	
+,-�� # ��! �O� ]^_`.mVM� �
hi.KLM UVW$��� "� )�������)p)_`.��"# z�N
. � [��6 y.�VM �N�F )O�¡�?¢)(@��q£()jk)��#

�¤¥M¦§%!¨  �!
©ª)«¬­®.�VMT��`y ¯ZN!
.m�Mu�Z	
ef ���� 5)]^
_`.KL [ 5�� OI °.��
� �� [ 5�� °.���M
�� 5����.789:;<=$��x¥
!"#� ����) �±	
)ef.²®$
³´%!"# GHI��
��.�VM� ����`y.� Nµ¶q
·¸  ¹ ��NV[.� hi .KLMj

s 78 :;<=}*_`.�a!�� k)	
ef  u�ZºNZ ��».YZ)
��	


	
d  GHI�!"# ¼?v¡)½ ��

� �

� ��

�

� � � � �	 � � 
�

�


 

� � �� �

�
� �	 � � �

� � �
� � ���

�
�

� � � � �
�

� �
�� � �

� 

� �

� � ��
� �

� �



�

�

�
� � �

�
� �	

� �

� ��

�

�

� � � � � �

� �� � �

�
� �� �

206

Ditsch and Alley Komatsuzaki and

mg N kg

cm

. mg

kg . mg kg Wagger

cm cm

. mg kg

. mg

kg

mg kg

mg N kg

. .

. .

df
cm cm cm cm cm cm

C NS NS NS NS NS

N NS NS NS

C N NS NS NS NS NS NS

C NS NS NS NS NS NS

N NS NS NS NS NS NS

C N NS NS NS NS NS NS

.

+

+ +

+

+

/ +

+33+

.. .

,

,**,

-

,**+ -

2

0 ,**+ . * -*

1 .0

. 12 ,**+

-* 0*

/ --

. ,. 2 ++

++ +.

0

,**,

-

,**+ . . 1 1 1

,**, . , , , 3

.

/

,

- .

* -* -* 0* 0* 3* * -* -* 0* 0* 3*

,**+
.
+
.

,**,
.
+
.

�

�



�� �����	
��
�� ����������

� �� � ��
� �� � � � �

� �� �
� � �

�
� �

�
�

� �
�

� � ��
� �
� � �
� �

�� �� ����� !�"#$%&'�()*"	
+,
-��	
".�

/ 0123-��	
456789:;<=>? @A&� <=
B>? B>? 9CDEF "�����	
��G"HI

JKLMNO; PQRS1�8C; TMU" C;HI� V8WXY�8Z[� B>?
\Z	
� ]V" ^_`89ON� abc �ddeO	
+,
f��� TMU"ghV
ij-c;T-klm nodp"qrstuv 8C;HI��wx8yONz{|8}~UM;
���8yON��LMNO; ��"�h�� T-�U ghV789:;��c�"HIk%
��=��%&'�()*"	
+,
� �� &'�()*"��8��fuv�NO;T-k
	
4568��N���;T-�U	
ij" ��UM� V� VC�z ��U
\ZklO-S8�MU"�,8��f���; �8�:N��kem� �NO; B>?�
T-k}~UM� ¡¢V£���k¤[;T-kJKLMNO;k
=��%&'�()*"	
+,
� ¥¦8 T
C§NIc� [�ghV8C§NzIc§� M8C� V"B>?"��
k V8W

V�� <=>?9CD<=B>?�	
+ XN����T-k��UM; TM8¨� <
,
klm V��%&'�()*¥¦78 =>?� ©ª«8¬OT-kJKLMN9�

­ ­

�

207

:

R O

T W F

Sustainable Agriculture Network.

0

,**+

,**, ,**+ + .

+332

,**, ,**+

,**+

,**,



�

�

�

� �� �

� � �
� � �

� � � �
� � � �

� � � � �
� �

� � �
�� �

�
� �

�

� � �
� 	 	 �

� �
�

� � �
� �

� �
� � �

� �� � �
�

� �
� �

� �
� � � �

�
� �

� �
� �

� �� �
� � � � �

� �
� �

�
� � �

� 	 �
�

� � �
��

� � �
	 �


��
 � �

� ��������� �����
�� �
�� ! "#$ �%&'()*+�,-. / 01 23�4 �� 5��-��6
! 7�89��: ;��< =� >?��
�0 %&'()*+:@A�

0 BCD%&'()* < ��
EFGH $I��0JK��
+L � @A 0 MBNO MBPN �!�: >� %&'()*+@A � �
O PNO QR&(�����: $I��0S ���T<�

0 LU$VW�X Y< >?� Z$V��0 %&'()*+
� [E \]^�X"$�, PNO�MBP � _$`a9���� ���b1�<:
NO� @A 0 �!����c �� ����%&'()*+� dUY� 75eA
�� �f$MBNO0gh$if j9���- k:Al� �m �!� n�

o� _p !#U$ � qpre����E
stu$V��0MBNO� 7$vw:xy< ��� � z �Aj �{|5
-��6=��� ��������>?�}~ e���-� �x��6=���
��$V��-PNO�@A 0
$0MBNO��=� �8�<-��6=
� �� � � _ ��( [ $V�
��� !%&'()*+L $�� @A � V�� $r<,
���0 %&'()*+� | �0 �! EF� �$BCD�%&'()*+�� �
��: ;����$ � [ �� � %&'()*+�L � [ �@A � �
� $0 �!���!�!�y< �� �< BCD%&'()*+���MBNO M
:�U$VW�E [ � $I�� BPNO PNO QR&(V�� _�
0 ���< [ 0%&'()*+� �< ���� | �� �xre�
@A��$ [ � �� x��0 [ � � $I�� Z�< �
9���: ����� � [ �� � �� 4 ��E ����
0 
$V��%&'()*+�
 � [ ! ���N$�9�� � �

� �� %&'()*+� @A $ ���� ��<
��� [ � :3 9���� ;�� %&'()*+�¡ ¢0 }~ �-$
� ��� E �0 $ £� : ��� o��¤��L - �¥�xy
�� %&'()*+�
 $�, | < o�0 %&'()*+�L
@A 0 Tf �9��$ � � � �0MBNO:-y�- f�¡ ¢�¦
0§ ! ��qe�-��6=��� � ¨��MBPNO: �x

%&'()*+:@A�< 0 ]^$ , PNO�QR&(�0MBNO�
[9T©q!ª�`a$�,« 0�
EF� �xy< ��$ � o�0P
7$H 9���:U 5�� ¬­ NO:�- T�¡ ¢�8� ¨��MB
| 0 E 
%&'()*+�@A NOV��MBPNO�xy< Y< [
� f0 !ª$�,® $¯°9�: ±²³$�y�¡ ¢0 �f �<

�
EFG� ´µ0%&'()*+�L \ %&'()*+� @A 0 o
`a $�y��!���� ¶���� Y V�� o�0MBNO:-y�- T�
< %&'()*+�`a$�y�EF� ·¸ �8� ¨��MBPNO�PNO�x, Q
\ ¹� ¥$I��º 5��: k» � R&(�0MBNO� $ Yy<
01 ¼ $�,x� � ·¸� ¹�¦ o�0 %&'()*+� @A
�T���: ¶5���� ¬­ � 0 �,- !� �8�<: %&'
¬­ ()*+�L ½�0 T!��: ;��
%&'()*+�@A�< 0 [ !�y< Y< [ ±²³$�y�
: 1 $V��- � @A 0 �<

� �

� � �

� �
� � � 	 
� � 
�
� � �

���� �
�� �� �� �� �

�	 �
� �

� �  �!
�� �� "# $ � �

� % &
� ' () *
 +

� , ��-. / 0� �
�

���� 12�
��

3 � 456� �
� �� � �

� 7 4 � 8 8
� 9 � : ; <� � � �� � =

� �> � ?
,� : ��@< A7 B

; � �� �� C 7 4 ��@<
� : � .� -. � ; <�� @< � 7D
E ,: F � �� ( G � ,

H I � � �J! �7�	 K L %
�@< = �� � �!

� ; <�� � M N �
, H = .� ' �

I 7 4�� � �
� 3 O 9 ; <�� � ' M

@< P O �
���� � Q
C� R 9 �

� � S 3 M
T ,U � �
�� ' .� : � M V W3

�� � �� � �
X& Y 3 Z

�
[ � \ � ] ^

& _ QR � [ � ��

� Y � `� Z
� 3 �

��� � �� � �� ��
; 
 ���� � W3

� ��

�

�
�

�

�

208

Sustainable Agriculture Network.

Osmond

Komatsu-

zaki and Wagger

Sustainable

Agriculture Network.

. Mg ha

. Mg ha

kg ha

et al.

/

+

+

+

.. .

+332 ,**+

,***

,**+

+332 ,**+ +*

,*** ,**+ ,**+ ,**,

,**+ ,**.

+ -

* /

,**+ .

, -

,*

,**, .

,**2

,**.

, ,**+ -

.

-0 //

,**, -

,**.

,**2

,* .*



�

�

�

�

� �

� � �
�

� �
� �
�

� �

� �
�

�
� �

�
�

� � �

� �
� � � � � � �

� � � �
� �

� �
� �

� �
� � � �

�
� � �

� �
� � � � �

� �

� � � � �

� � 	 �

� � �


 �
 �
 ���� ��

�
 �
 ��������� ��� �!"#�$%&' (��$%�)*

�� �!"#�+ ,�� -*$% . /0
123456789( : ;�< =
�< >?� (@ABC
DE�FG���HI JKLM JKNLM
OPQNLM�< (RES
7TUV WV ��$%XYZ�< [ 1
\][ ?�< BES7TU

V ^_1`U :�<a b1OE]
cdef,ghi_djkV, >?�

�� �!"#?PIABES7T4�=,
lCghi_V
�� �!"#�&'UV$% < ��$
%, [ 1OE]A �$
%m 7 nU]E9^(ji ^_i�o
��� pq <[ rs�tujiv
w_9A�(xy9 � z {� B|}~ ��

�b����1O�9 > ����
���1�E] � �

�� �!"# �� $% JKLM NLM � z B|}~ ���ji�$%
JKNLM FG�� �G� � /0��� � /0

�� � ���1O�9��ji��
� ��s1��V��8 ���

� �� ��1O�9�� �!"#
�� ¡

�� �!"#� (��$%)* �
� ¡

�
 �
 ���� 
 ¢ £¤
�� ¥¦ 189 7 U
V��§ �� ¡

�
 �
 ¨©1 UVKª�«G
JK¬J­ ®¯°±²��� �� 1
�E] ³(´µ

�¶· >¸��¹º�»( ¼½

� �

� �

� �

� � �	 
�
�




� �
� �

�
� 


�
� �
� �
� � �� �

� � �� �
� �


 �
� �

� �
�
� 


 
!� 


!� 


� " �

 # $� !�

% 

&'

� !�
(

� 
)

�����

���	

�

�

�

�

� �

�

�

�
�

�

�

�

�

� �

� �

� � �

� � � �

Summary

209

nd

ings abstracts of American Society of Agron-

Komatsuzaki, M. and M.G. Wagger ( ) : Cover

under flooded conditions. However, residual soil

( ) : Conserving Residual Corn Fertilizer

crop N recovery in relation to time of plant-

:

Rye Cover Crop Following Syobean Under

Coservation Tillage : Residual Soil Nitrate,

:

Osmond, D.L., L. Xu, K. May and N.N. Ranells.

. mg N kg . Field-scale nitrogen loss estimation

worksheet (NLEW) : User Guide, Version

mg N kg . .

Shipley. P.R., J. J. Meisinger and A.M. Decker

mg N kg

Nitrogen with Winter Cover Crops. Agron.

J., (Sep. Oct.) ; .

Sustainable Agriculture Network ( ) : Man-

aging cover crop profitably, Edition.

Sustainable Agriculture Network Hand-

kg N ha book Series, Book . Sustainable Agricul-

ture Research and Education, Washington

DC.

:

NO -

N ; .

:

:

Ditsch, D.C. and Alley, M.M. ( ) : Nonlegu- ; .

minus cover crops management for resid- :

ual N recover and subsequent crop yields, ; .

Journal of fertilizer issues, ( ) ; .

Paddy field rice can conserve N in the soil

; .

Kessavalou, A. and D.T. Walter ( ) : Winter N represents a potential environment concern

when fields are no longer flooded. Winter an-

nual grass cover crops may provide an alterna-

Agron. J., ; . tive means to conserve residual soil N follow-

ing rice harvest. A two years field experiment

: was conducted at the Ibaraki University of Ex-

; perimental Farm, to compare dry matter and N

: uptake by rye ( L.), oat (
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ing and growth termination. Annual meet- lowing April were in the descending order of
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accumulation occurred with rye ( . kg N ha ),

Cover crop N accumulation followed patterns

accumulation. Between species, N accumulation

fluence on cover crop DM accumulation, with all planting dates. By March, the greatest N

di erences in N levels becoming more pro-

nounced by the April sampling date. On with other species accumulating . to . kg N

April, DM di erences between the low and ha . Cover crop N accumulation increased ap-

high residual soil N levels were . vs . Mg preciably from March to April.

ha for rye ( increase), . vs . Mg ha These results demonstrated that grass cover

for oat ( increase), . vs . Mg ha for crops have a great potential for controlling

wheat ( increase), and . vs . Mg ha soil residual N. However, additional research

for triticale ( increase), respectively. will be needed to determine the contribution

of cover crop N to subsequent rice growth.

similar to those for DM, but was mainly in-

fluenced by main e ect factors. Residual soil N

level again exerted the greatest influence on N Cover crop, Paddy field, Nitrogen, Rye, Wheat,

Triticale, Oat

for rye was greater than oat and wheat across
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