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H��HF���	�B�@>���B��� 1  �O�ก��PQก��D�E�JJ���	�����J��J���D�ก��=��D����
����
�J���PR��@���	�HF���	����  ����N�ก���J����MM  RCBD  �O����  4  W<O�  ���  8  ?�A��J��� 
>��ก�MJF�����E��C���<O�Y�	ก�YF�=	A�>�I���E?J  3  E��J �O���Z�	
��
>���M
���M (กก. G�K-1) ��� 500 ��� 
1,000 กก. G�K-1  >�I�
���
���	
������O�H��PR��@���	�HF���	���� (�����<�JF��>�I� 16-20-0  �	
�� 25  กก. G�K-1  
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K�Y�F�JF��>�I�  21-0-0  �	
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K�ก�?R�HQ<���K�����	�?O��	`���?=�
� ก��>��
���>��?��B�C��ก��DEFG��
�
��H��HF���M�K� 
ก��DEF�	
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Abstract 
           The  objectives  of  this  research  were  to  evaluate nitrogen  utilization  efficiency  (NUE)  
of  rice  variety  cv. Patthumthani 1  on  yield  and  yield  components  by  application  of  3   
legume  green  manure  species  namely  Sesbania  rostrata,  Vignia  unguiculata  and  Canavalia  
ensiformis  as  compared  to  chemical  fertilizer.  Pot  experiments  were  conducted  in  
Phatthalung  Soil  Series using  RCBD  with  4  replications.  A  total  number  of  8  treatments  
comprised  of application  of  dry  biomass  of  the  3  legume  green  manure  species  at  the  
                                                           

  



calculated  rate of 500,  1,000  kg rai-1  (total of 6 treatments), recommended  chemical  fertilizer 
(RCF) (using  25 kg rai-1  basal  fertilizer 16-20-0  and  top  dressing  with  20  kg rai-1 chemical 
fertilizer 21-0-0)  and  0  kg rai-1  as control.  The  results  showed  that  of   the  3  legume  green  
manure  species  released NH4

+-N  to the  soil  higher  than  application  of  500  kg rai-1   which  
resulted  increase  in  rice  yield  significantly difference  from  RCF  whereas  application  of  
legume  green manures at  the  rate  of  500  kg rai-1  were  found  non-significantly  difference  with  
RCF.  Application  of  legume  green  manures  at  the  rate  of  1,000  kg rai-1  resulted  in  
increase number  of  tillers  and  panicle  per  hill  significantly.  Evaluation  of  NUE  was  found  
that  nitrogen  recovery  efficiency (NRE)  of  was  higher  when  applied  legume  green manures at 
1,000  kg rai-1   than  500  kg rai-1   whereas  yield  efficiency (YE)  and  physiology efficiency (PE)  of  
RCF  tended  to  be  in  contrary. Nitrogen  content  in  seed  and  straw  was found non-
significantly  difference  among  all  treatments  but  the  amount  of  organic  matter  in  soil  after 
rice  harvest  was  higher  with  soil  incorporated  with  legume  green  manures  as  compared  to 
control.  
Keyword: legume  green  manure  Nitrogen  utilization  efficiency  Pathumthani1  rice  variety  Yield  
and  yield  components. 
 
1.  #��@	 
      ก��DEF=	A�>�I���E?J (legume  green  manure)  >��?M����?O�
�c���กD����>
�
E��  =	A�>�I���E?J��<
������?����=
�Q�G��
�
��D���ก�PGJF�J����������@��กG��W
M���  (Rhizobium  spp.) ��A��P	���RKD�>�
H����ก����O�
F�
��A�=Rกก�Mop���G>D�J��
>q�>�I���E?J��F�  ?K��Y�QA�>����Z  50-80 %  H���<O�Y�	ก�YF�
��A�K��?���GJF
�c�
>q��Y�K�G��
�
��?O�Y�	M��E��A>�Rก
��Y�	������ก?K��Y�QA���A�K��?���GJFEF�
>q��Y�K�

��A���������	
=����>�	M>���?�M	
�H��J��DYFJ�HQ<� (Bouldin,1988)  ��กก���J���>�Rก=	A�>�I���E?J��F�G=
ก�M��J����
��A�������>����Z  7-8  ?	>J�Y@��F�>�RกHF��
��Y�	��M�K�  ?����=
��A�B�
�G��
�
��D�J��
��GJF��กก�K�  100  กก.  N 
tก�
�@-1  Y�����กก�K�  16  กก. N G�K-1  WQA�
������ก	M����
F��ก��H��HF��  
(Ladha  et  al., 1996)  ������	�?K��DY K̀GJF������?�J��F��
��ก	��K�  ก��DEF>�I���E?JD���HF����ก��ก��
���B���Y�	กDYFG��
�
������O�DYFHF����N�N��

��A�HQ<���F�  �	�>�	M>���?�M	
�H��J�����	<����E��C��  
���  
���ก��C�� DYFJ�HQ<�J�ก�K�ก��DEF>�I���������@Y���
��� (Meelu  et  al., 1994)  ��K��G�กc
��G��
�
��D�
?C��J�����<O�H	���ก��
>��A���>����RK
��J
����J�ก��M��ก��
K�� w  
EK�  ก��M��ก��>�J>�K��
G��
�
��  ก��M��ก��?R`
?��G��
�
����ก���������@����	E��E��K�
��G>DEF  ก��M��ก��J�G�
��Lx
�E	�  
ก��M��ก����
Y�H��กy�W�����
���  ก��M��ก��E��F����D�J��  ก��M��ก��?R`
?��G>ก	Mก��GY�MK�
H���<O�  
>q�
F�  �O�DYF>��?��B�C��ก��DEFG��
�
��H��HF���J�������������K���กD�ก��>��
�������
?R`
?����A
ก�J��กก��M��ก��
K�� w  
Y�K���<DYFE	J
��GJF  Meelu ����Z� (1994)  ก�K���K�  ����
>q�
>����E�@H��G��
�
��Y���>��?��B�C��ก��DEF>�I���E?JD�?C��J�����<O�H	�H��HF����HQ<���RKก	M�	
�����
>����Zก��>�J>�K��G��
�
��  WQA�
ก�A��HF���J�
��ก	M?C��J��  
EK�  ����
>q�ก�J-JK��  ��ZYCR��  
����E�<�  ��ก�P  ก��ก���H�����������@  
>q�
F�  ���ก��M��ก��JRJG��
�
����ก>�I���E?JG>DEF  WQA�  
Diekman  et  al. (1992)  �������K�  HF��JRJG��
�
����ก>�I���E?JG>DEFGJF�
ก
K��ก	�
��E��JH��>�I���E
?J  ?C��J��  ���ก���	Jก��>�I���E?J  ��กN�ก��PQก��ก��JRJG��
�
����ก>�I���E?JG>DEF  (N recovery 
efficiency, NRE)  �M�K�  �
ก
K��ก	���ก
	<��
K  21-78 %  WQA�
>q�G>D��O����
J���ก	�ก	Mก��DEF>�I�
���
G��
�
��  �����กN�ก��PQก���J�DEF
����� 15N �M�K�  ก��DEF>�I���E?J���K� NRE ?R�ก�K� 90 %  
��A�




���Mก	M>�I��R
��� (65 %)  ���C��Y�	�ก��
กcM
ก�A��HF����F�ก��DEF>�I���E?J��G��
�
����
Y�����RKD��� 
(45 %)  ?R�ก�K�>�I��R
���  (25 %)  H��>����Z>�I�G��
�
����A D?K  ���ก��PQก��>��?��B�C��ก��DEF
G��
�
�� (N  use  efficiency, NUE)  D���J	MG�K��H��
ก�
�ก��O����  44  ����M�K�  ���K� NRE  
z��A�  
36 % (Gassman       et  al., 1993)  ?��� ����Z� (2552)  PQก��
M�<��
F�ก��DEF=	A�>�I���E?J 3 E��J 
GJF�กK  �?��	L��ก	� (Sesbania  rostrata)  =	A���K� (Vignia  unguiculata)  ���=	A���F� (Canavalia  
ensiformis)  ��A>�RกD�J����E�JJ���	����  �M�K�  =	A�>�I���E?J�	<�  3  E��J?����=DYFN�N��
���E��C��  
660, 593  ��� 603 กก. G�K-1  
���O�J	M ���ก��DEF���E��C����A�	
��  500  กก. G�K-1  ��P	ก�C��
>�J>�K��G��
�
��DYF�กKHF��GJF
z��A�>����Z  8, 6  ��� 5  กก. G�K-1  Y�����>��?��B�C��ก��>�J>�K��DYF
G��
�
���กKHF��>����Z  41, 44  ���  45 % ��ก��A>�J>�K���	<�Y�J 
���O�J	M  �Q��K���
������ก	M
>����ZG��
�
����AHF��
F��ก��D���J	MN�N��
  400-500 กก. G�K-1   ก��PQก����<�Q����	
=�>��?��@
��A�
>��
���>��?��B�C��ก��DEFG��
�
����A>�J>�K����ก���E��C��H��=	A�>�I���E?JD��	
��
K��ก	�
��A�
���M
ก	Mก��DEF>�I�
�����A��N�
K����@>��ก�MN�N��
���N�N��
H��HF�� 
 

2.  �&�ก�K�! �����ก	� 
       �J���D����
�����J���PR��@���	�HF���	����  �	�Y�	J�	����  J��
	���K��
>q�J��E�JJ���	���� (ก��K�
E�JJ����A 6) N�ก����
����Y@J��������
>q�ก�J (pH 5.30)  >����Z��������	
=��K��HF��
AO� 1.69 %  
G��
�
���	<�Y�J
AO���ก 0.09 %  �����L�?L��	?��A
>q�>����E�@�K��HF��
AO� 9.86  mg kg-1 soil  �J����
�N�ก���J����MM RCBD  �O���� 4 W<O�  >��ก�MJF�����E��C���<O�Y�	ก�YF�=	A�>�I���E?J�O���Z�	
��

>���M
���M (กก. G�K-1)  N?�J��  7  ?�A��J��� ���>�I�
���
���	
������O�H��PR��@���	�HF���	����  ���  ���
��<�JF��>�I�     16-20-0  �	
�� 25  กก. G�K-1 ����
K�Y�F�JF��>�I� 21-0-0  �	
�� 20  กก. G�K-1  ��� 8  ?�A�
�J���  ���  T1 =  �?��	L��ก	�  500  กก. G�K-1  T2 =  �?��	L��ก	� 1,000  กก. G�K-1  T3 =  =	A���K� 500  กก. 
G�K-1  T4 = =	A���K� 1,000  กก. G�K-1  T5 =  =	A���F� 500  กก. G�K-1  T6 = =	A���F� 1,000  กก. G�K-1  T7 =  G�KD?K
>�I�  ��� T8 =  >�I�
����	
������O�  

����
	���K��J���J�����ก�>���J���D�PR��@���	�HF���	����  ?�K�J��
?K��Y�QA�
��A���
����Y@Y�?�M	
�H��J��กK���J��������ก?K��Y�QA��O�M����D�ก��=���J���H��J

?F�NK�PR��@ก��� 30  W.�.  ?R�  20  W.�.  �O����  72  ก��=�� w  ��  10  กก.  

����
	���K��=	A�>�I���E?J
�
K��E��J
���	
����AกO�Y�JG�FD��
K��?�A��J����J��O���Z
>q��	
��
>���M
���M กก. ��.�YF� G�K-1  N?�
ก	MJ��D�ก��=����A��J	M�����Qก  10  W.�.  (Williams et al.,1992)  

���<O��O�
���ก���H	��<O�G�F  10  �	� 
(Meelu et al.,1994)  

����ก�F�HF��>pกJO�  �O�
��cJ�	�B�@HF��>���B��� 1  �EK�<O���<�G�F  1  ���  ��F��O���Y�F�
JF��NF�H��M����<�G�F  3  �	�  
��A�
��cJHF��
��A���ก�O�G>Y�K��D�ก��M�
���ก�F�H��J  50×75  W.�.  �	ก��
��J	M�<O�  1-2  W.�.  ��
F�ก�F�����GJF  25  �	�  =��G>>pกJO�ก��=�� w  ��  5  
F�  ���
��A�HF������GJF  1  
?	>J�Y@Y�	�>pกJO�  �O�ก��=����กDYF
Y���ก��=����  2 
F�  ก��JR���	ก��  �	ก����J	M�<O�DYF��RKD���J	M
�����Qก  5  W.�.
��JEK��ก��
���`

�M�
H��
F�HF���������  2 ?	>J�Y@กK��ก��
กcM
ก�A��>�K��DYF�<O��YF�  
ก��>���ก	����กO��	JP	
�RHF���J���B�DEF���=���	E��E���
����	M�O��������P	
�RHF��  ���M	��QกHF��R�
N�N��
  ���@>��ก�MN�N��
  �J��	M�O����ก���
กก���A
���  30  �	�Y�	�>pกJO�  �	M�O�������@>��ก�M
N�N��
  �O�������
K�ก�  �O����
��cJ
K����  �<O�Y�	ก  100  
��cJ  ���
>��@
Wc�
@
��cJJ�  E	A��<O�Y�	ก

��cJHF��
>���ก��A��J	M����E�<�  14 %  
��A��	JN�N��
  ��
����Y@Y�>����ZG��
�
��D�
	���K��HF�����
J�� �����������	
=�H��J��Y�	�ก��
กcM
ก�A��  �J�?�K�
	���K��
��cJ���
�W	�HF��G>�M�YF���A��ZYCR��  65-
70o C  ���<O�Y�	ก����A  E	A��<O�Y�	ก  MJ����K��NK��
��ก��H��J  2  �.�.  
��A���
����Y@Y�>����Z



G��
�
���J���B�  Kjeldahl  method (�O�
>q�, 2545;?�P	กJ��,2537)  ���Y�>����Z��������	
=�H��J���J�
��B�  Walkley and Black (�O�
>q�, 2545;?�P	กJ��,2537)     
      ก��>��
���>��?��B�C��ก��DEFG��
�
��  (NUE)  �O�N�ก����
����Y@N�N��
HF����กก��=��
�J��� ��A��ก��D?K=	A�>�I���E?J  D?K>�I�
���  ���G�KD?K>�I�  >����Z>�I�G��
�
����AD?K  ���>����ZG��
�
��D�
HF��  ���O���Z>��?��B�C��ก��DEFG��
�
��H��HF���J�DEF?R
�H��  Ankumah ����Z� (2003)  
J	�
K�G>��< 
     Yield  efficiency   Y���     

i
N

o
Y

i
Y

         YE
−

=
 

     Nitrogen  recovery  efficiency  Y��� 100
N

NRNR
       NRE

i

oi x
−

=  

     Physiological  efficiency  Y���  
oi

oi

NRNR
YY

         PE
−

−
=  

   
��A� Yi   ��� N�N��
H����E>�Rก��ก�>����A��ก��D?K>�I�G��
�
�� (กก. G�K-1) 
    Yo   ��� N�N��
H����E>�Rก��ก�>����AG�K��ก��D?K>�I�G��
�
�� (กก. G�K-1) 
    Ni   ��� >����Z>�I�G��
�
����AD?K (กก.N G�K-1) 
    NRi ��� ก��JRJG��
�
��H����E>�Rก��ก�>����A��ก��D?K>�I�G��
�
�� (กก.N G�K-1) 
    NRo ��� ก��JRJG��
�
��H����E>�Rก��ก�>����AG�K��ก��D?K>�I�G��
�
�� (กก.N G�K-1) 
          ก���>�N�ก���J���  ��
����Y@�����>�>����J���B�  Analysis  of  Variance  (ANOVA)  ก��
�����Z��K� F  =F��K�  F  ��A�O���ZGJF��กก�K��K�  F  D�
����  �?J��K�  N�H��?�A��J����
ก
K��ก	���K��
���	�?O��	`���?=�
�  ��
����Y@�����
ก
K��H���K�
z��A�?�A��J����J���B�  LSD  ��A��J	M�	�?O��	` 0.05  ���
��
����Y@����?	��	�B@��Y�K��
	��>�
F����
	��>�
���J���B�  Correlation and Regression (?����, 2528) 
 

3.  � ก	����%�! ����	�K��  
     3.1  � � ��! ���"����ก�#� � �������	� 
     N�N��
HF���������
ก
K��ก	����?=�
���กก��DEF���E��C��=	A�>�I���E?J�	<�  3  E��J��Y�K���	
�� 
1,000  กก.G�K-1 ���  500  กก. G�K-1  ก��DEFD��	
��  500  กก. G�K-1  G�K�
ก
K����กก��DEF>�I�
����	
��
����O�  D�HZ���Aก��G�KD?K>�I�DYFN�N��

AO�?�J (Table 1)  ก��DEF=	A�>�I���E?J�	
�� 1,000  กก. G�K-1  ��ก=	A�
��F�  =	A���K�  ����?��	L��ก	�  N�N��

��A�HQ<���กก��G�KD?K>�I��F���� 149.93, 140.74  ��� 140.09  

���O�J	M  HZ���Aก��DEFD��	
��  500 กก. G�K-1 ���ก��DEF>�I�
����	
������O�DYFN�N��

��A�HQ<��F����  
66.05, 80.42, 72.42  ���  69.93  ��กก��G�KD?K>�I�
���O�J	M  ��
Yc�GJF�K�N�N��
��A
��A�HQ<���
��A�
��
>����Zก��DEF���E��C��H��=	A� >�I���E?J��A
��A�HQ<�  
��A����กก��
��A�>����Z���E��C�����O�DYF��ก��
?�?�G��
�
��D����E��C����กHQ<�    (?��� ����Z�, 2550 ; Dayegamiye  et al., 2002)  �Q�
>�J>�K��G��
�
��?RKJ��Y�	�ก��?	Mก�MGJF>����Z��ก  �O�DYFHF���O�G��
�
��G>DEFD�ก��?�F��N�N��
GJF
��กHQ<�  ?O�Y�	Mก��DEF���E��C��=	A�>�I���E?J�	<�  3  E��J��A�	
��  500  กก. G�K-1  ��
���M
�K�ก	Mก��DEF
>�I�
����	
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กก� (�O����
F� ก�-1)  ���
�O�������
K�ก�?R�?�J (
z��A� 13.90  
F� ก�-1  ���  11.00  ��� ก�-1 
���O�J	M)  �
ก
K����กก��DEF=	A�
��F��	
��  500  กก. G�K-1  ���ก��G�KD?K>�I���K�����	�?O��	`  D�HZ���Aก��DEF�?��	L��ก	����=	A���K��	
��  
1,000  กก. G�K-1  ก���
กก�����O�������
K�ก�G�K�
ก
K��ก	�ก	Mก��DEFD��	
��  500  กก. G�K-1  ก��D?K
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���O�J	M (Table  2)  ?K��ก��DEF���E��C����ก=	A�>�I���E?J�	<�  3  E��J
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��  ก��DEF>�I�
���
���	
������O�  ���ก��G�KDEF>�I�  G�K��N�
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Wc�
@
��cJJ�  ����<O�Y�	ก  100  
��cJ  �
K�������F�ก��DEF���E��C����ก=	A�>�I���E?J�	<�  3  E��J
�	
��  1,000  กก. G�K-1  ���ก��D?K>�I�
����	
������O�  DYF�O����
��cJ
K�������
>��@
Wc�
@
��cJJ�?R�ก�K�
ก��DEF���E��C����A�	
��  500  กก.G�K-1  ���ก��G�KD?K>�I�  D�HZ���A�<O�Y�	ก  100  
��cJDYFN�Dก�F
����ก	�
��Y�K��ก��DEF>p��	�
K��ก	� 
 

Table 1  Effects  of  legume  green  manure  on  rice  yield  by  using  different  biomass  rates  

Treatments Grain rice yield (g pot-1) Increase (%) 
1.  S. rostrata  500  kg dw rai-1   15.95 b1   72.42 
2.  S. rostrata  1,000  kg dw rai-1  22.21 a 140.09 
3.  V. unguiculata  500  kg dw rai-1 16.69 b   80.42 
4.  V. unguiculata  1,000  kg dw rai-1  22.27 a 140.74 
5.  C. ensiformis  500  kg dw rai-1 15.36 b   66.05 
6.  C. ensiformis  1,000  kg dw rai-1  23.12 a 149.93 
7.  0  kg dw rai-1   9.25 c - 
8.  recommended chemical fertilizer  15.72 b   69.93 
F-test **  
C.V.(%) 7.30  

                1 In  a  column, data  with  the  same  letters  do  not  differ  significantly  by  LSD0.05 
 

Table 2  Effects  of  legume  green  manure  on  rice  yield  components  by  using  different  biomass  
rates  

Treatments 
No. of 
tillers 

No. of 
panicle hill-1       

No. of 
spikelets 
panicle-1 

%  of  filled 
grain 

100 grain 
wt. (g) 

1.  S. rostrata  500  kg dw rai-1  10.50 bc1   7.50 b1  98.93 77.00 2.64 
2.  S. rostrata  1,000  kg dw rai-1  11.50 b   9.00 ab 102.92 82.04 2.50 
3.  V. unguiculata  500  kg dw rai-1 10.00 bc  8.00 b 103.54 77.77 2.60 
4.  V. unguiculata  1,000  kg dw rai-
1 

 11.50 b   9.00 ab 109.93 80.79 2.52 

5.  C. ensiformis  500  kg dw rai-1 10.00 bc  8.00 b 101.82 71.38 2.53 
6.  C. ensiformis  1,000  kg dw rai-1  13.90 a   11.00 a 107.74 79.57 2.48 
7.  0  kg dw rai-1 8.13 c  7.00 b  84.04 76.48 2.65 
8.  recommended chemical fertilizer  11.00 b  8.00 b 102.96 77.81 2.78 
F-test ** * ns ns ns 
C.V. (%) 14.43     17.23 12.80 6.47   13.16 

        1 In  a  column, data  with  the  same  letters  do  not  differ  significantly  by  LSD0.05  
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  Figure  1  Effects  of  legume  green  manures  on  the  relationship  between  rice  yield  and  yield   
                 components  by  using  different  biomass  rates 
                (A)  no. of tillers  (B)  no. of panicle hill -1      (C)  no. of spikelets panicle-1 
                (D)  % of filled grain     (E)  100 grain wt.(g)  
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Figure  2   Effects  of  legume  green  manure  on  NH+
4-N  of  soil  at  different  rice  growth  phase 

                            by  using  different  biomass  rates     [I  =  Mean different significantly by LSD0.05 ] 
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Table 3  Effects  of  legume  green  manures  on  nitrogen  utilization  efficiency (Yield  efficiency, Nitrogen 
              recovery  efficiency  and  Physiology  efficiency)  of  rice  by  using  different  biomass  rates  
 

Treatments Yield  Nitrogen Physiology  
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efficiency 

1.  S. rostrata  500  kg dw rai-1 17.21 43.67 39.41 
2.  S. rostrata  1,000  kg dw rai-1 16.65 47.52 35.07 
3.  V. unguiculata  500  kg dw rai-1 22.06 47.45 46.50 
4.  V. unguiculata  1,000  kg dw rai-1 19.31 51.90 37.20 
5.  C. ensiformis  500  kg dw rai-1 17.91 43.96 40.73 
6.  C. ensiformis  1,000  kg dw rai-1 20.33 54.24 37.49 
7.  0  kg dw rai-1 - - - 
8.  recommended chemical fertilizer  30.30 51.52 58.82 

          

Table 4  Effects  of  legume  green  manure  on  total  N (%)  in  rice  grain  and  straw, in  soil  and  soil   
             organic  matter (%)  by  using  different  biomass  rates  
 

Treatment Total N Soil organic 
matter  Grain Straw Soil 

1.  S. rostrata  500  kg dw rai-1 1.25 0.78 0.09 1.75a1 
2.  S. rostrata  1,000  kg dw rai-1 1.29  0.94 0.09 1.76 a 
3.  V. unguiculata  500  kg dw rai-1 1.26  0.76 0.09 1.76 a 
4.  V. unguiculata  1,000  kg dw rai-1 1.28  0.93 0.09 1.75 a 
5.  C. ensiformis  500  kg dw rai-1 1.24  0.77 0.09 1.73 a 
6.  C. ensiformis  1,000  kg dw rai-1 1.29  0.94 0.09 1.75 a 
7.  0  kg dw rai-1 1.18  0.68 0.08 1.61 b 
8.  recommended chemical fertilizer  1.22  0.76 0.09 1.74 a 

F-test ns ns ns ** 
   C.V.(%) 8.17 17.20 3.11 4.90             

                1In  a  column, data  with  the  same  letters  do  not  differ  significantly  by  LSD0.05  
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      ก��DEF=	A�>�I���E?J�	<�  3  E��J���  �?��	L��ก	�  =	A���K�  ���=	A���F���A�	
�����E��C��  1,000  กก. 
G�K-1  ?����=
��A�N�N��
H��HF��>���B��� 1  ��A>�Rก
��Y�	�GJFJ�ก�K�ก��DEF>�I�
����	
������O�  D�HZ���A
�	
��  500  กก. G�K-1  DYFN�N��
HF��
�K�
����ก	Mก��DEF>�I�
����	
������O�  �?J�DYF
Yc�=Q�P	ก�C��ก��DEF
=	A�>�I���E?J  3  E��J��<D�J����D��	�Y�	J�	����  E�JJ���	����  WQA�?����=�J���>�I�
���GJF  >����Z
G��
�
����A>�J>�K����ก���E��C��H��=	A�>�I���E?J�	
��  1,000  กก. G�K-1  ��กก�K��	
��  500  กก. G�K-1  
���ก��DEF>�I�
���  ��=Rก�O�G>DEFD�ก���
กก�H��HF��GJF��กHQ<���K�����	�?O��	`���?=�
�  �O�DYFHF����
���@>��ก�MN�N��
��A?O��	`����O�������
K�ก�?R�HQ<�  ?K�N�DYFN�N��
H��HF��
��A�HQ<�  ก��>��
���
>��?��B�C��ก��DEFG��
�
���M�K�  ��F>��?��B�C��ก��
>��A��G��
�
���
K��Y�K����ก�Y�K��	<�Y�JG>

>q�N�N��
 (YE)  ���>��?��B�C��ก��JRJG��
�
����ก�Y�K�>�I���AD?K�
K��E��JG>
>q�N�N��
  (PE)  ��ก
ก��DEF>�I�
����	
������O����ก��DEF=	A�>�I���E?J�	
��  500  กก. G�K-1  �������F�?R�ก�K�ก��DEF=	A�>�I���E?J



�	
��  1,000  กก. G�K-1 กc
��  �
K>��?��B�C��D�ก��JRJ>����ZG��
�
����A����RKD�J���	<�Y�JH��HF�� 
(NRE) ��?R�ก�K��	
��  500  กก. G�K-1  G��
�
����AHF��JRJG>DEF
��A�ก��
���`

�M�
���?�F��N�N��
��HQ<���RK
ก	M>����Z��ก�F��H��G��
�
����A����RKD��
K��EK��ก��
���`

�M�
  >����ZG��
�
����A����ก��D�EK��
ก��
���`

�M�
����O�
F����DMกK������ก��M��H��J�กG�K�F��ก�K�  2  ?	>J�Y@ J	�
EK���กก��DEF=	A�>�I�
��E?J  1,000  กก. G�K-1 ��������?O��	`D�ก���	������@>��ก�MN�N��
H��HF�����ก���
กก�����O����
���
K�
F�Y���
K���<���A��A�O�G>?RKก��
��A�N�N��
GJF��กก�K�ก����>����ZG��
�
���F��ก�K�D�EK��ก��

���`

�M�
D�EK���	<�  �Q��O�DYF
Yc�����?O��	`H��ก��DEF=	A�>�I���E?J��A?����=�	ก����J	MG��
�
��D�J��
GJF���ก�K�ก��DEF>�I�
�����A����ก�??R`
?��G��
�
����กก��M��ก�����ก��C��  
���  ���E��C��
K�� w 
GJF�K��ก�K�  ?	J?K��ก���O�G��
�
����ก�Y�K�>�I�=	A���E?J���>�I�
���G>DEF��Y�K��ก��?�F�����@>��ก�M��A� 
w ���ก��?�F��N�N��
G�K?����=������	���กN�ก���J�����<GJF  �
K
>q�>��
Jc���A�K�?�D��K�ก��DEF>�I�
���
��A��E?����=���O� G>DEFGJF
�c��
K�����G�K=Rก�	�Y��ก	M����
F��ก��D�ก��?�F�����@>��ก�MN�N��
D��
K
��EK��ก��
���`

�M�
��=Rก�O�G>DEFD�ก��?�F�����@>��ก�M��A� w ��ก
Y��� ��กN�N��
 (���K� YE  ��� 
PE ?R�)  ��
>q�ก��?R`
>�K�D�
E��>��M	
�Y���G�K  D�HZ���Aก��DEF=	A�>�I���E?J?����=>�J>�K��G��
�
����A

>q�>����E�@D�����
�����A������ก�K������
Y���?�ก	M�	�Y������
F��ก��G��
�
��D�ก��?�F��
���@>��ก�MN�N��
GJFJ�ก�K�  �Q��������ก���J?�M�	<�D���J	MYF��>��M	
�ก�����D�?C��G�K��H��

ก�
�ก�
��A�����	�N�กK��ก��?��>
��A�DEFD����>��M	
�
K�G> 
 

5.  ก����ก������ก	A 

      H�H�M�����Z  NP.J�.�C��	��@  กO��	��	
�@  ����P.J�.��
E���  �������@  ��A>�Qก������ก��  ������	�

ก�
����
���������	����  C����E���EP�?
�@  �Z���	���ก�B���E�
�  �Y�������	�?�H���������@  
PR��@���	�HF���	����  ���?=����	�����AJ���	����  ��A?�	M?���ก�����	�   
 

6.  ��ก�	���	���� 
�O�
>q�  �K�����.  2545.  �RK���ก����
����Y@J�������E. C����E�B�Z�P�?
�@ �Z���	���ก�B���E�
�  
       �Y�������	�?�H���������@  ?�H��. 
?�P	กJ��  �Z���P@.  2537.  ก����
����Y@J�������E. C����E�B�Z�P�?
�@  �Z���	���ก�B���E�
�   
  �Y�������	�?�H���������@  ?�H��. 
?���  JO��P, �C��	��@  กO��	��	
�@  �����
E���  �������@. 2550. N�N��
���E��C�����ก��>�J>�K��B�
�     

  G��
�
��H��=	A�>�I���E?JM��E��J. Y�F�  342-350.  ��  
�ก?��ก��>��E�������E�ก��H�� 
 �Y�������	�
ก�
�P�?
�@  ��	<���A  45.  �Y�������	�
ก�
�P�?
�@  ก���
���.     

?����  ��>J�??ก��.  2528.  ก��
���?�M�����
ก
K���K�
z��A�.  PR��@?K�
?������o�ก�M��ก��
ก�
�   
           �YK�E�
�  �Y�������	�
ก�
�P�?
�@  ก���
���. 
Ankumah, R.  O., V.  Khan, K.  Mwamba  and  K.  Kpomblekou-A.  2003.  The  influence  of  source   

and  timing  of  nitrogen  fertilizers  on  yield  and  nitrogen use  efficiency  of  four  sweet  
potato  cultivars.  Agriculture,  Ecosystems  and  Environment.  100 : 201-207. 

Bouldin, D. R.  1988.  Effect  of  green  manure  on soil organic matter content  and  nitrogen   
  availability.  In  Green  Manuring  in  Rice  Farming, pp. 151-163.  Los  Banos : Int. Rice   
           Res.  Inst. 
Cassman, K.  G., M.  J.  Kropff, J.  Gaunt  and  S.  Peng.  1933.  Nitrogen  use  efficiency  of  rice
  Reconsidered : What  are  the  key  constraints.  Plant  and  Soil  155/15 : 359-362. 
Cassman, K.  G., A.  Dobermann  and  D.  T.  Walters.  2002.  Agroecosystems, nitrogen-use   

~ 



  efficiency,  and  nitrogen  management. J.  Hum.  Env. 31 : 132-140. 
Diekman,  K.  H., S.  K.  De  Datta  and  J.  C.  G.  Ottow.  1992.   Effect  of  combined  Application     
      Of  green  manure  and  urea  on  N  losses  from  urea  fertilizer.  Los  Banos : Int.  Rice   
  Res.  Inst.  
Dayegamiye, A.  N., T.  S.  Tran  and  M.  R.  Lavendiere.  2002.  Effect  of  green  manures  on   
           Soil  physical  and  biological  properties  and  on  crop  yields  and  N  nutrition.  17th world   
  congress  of  soil  science  Bangkok. 
Fageria, N.  K.  and  V.  C.  Baligar. 1999. Yield  and  yield  components  of  lowland  rice  as    
      influenced  by  timing  of  nitrogen  fertilization. J.  Plant  Nutr.  22 : 23-32.     
Hasegawa, H. 2003. High-yielding  rice  cultivars  perform  best  even  at  reduced  nitrogen   
           Fertilizer  rate. Crop  Sci. 43 : 921-926. 
Hirel, B., J.  L.  Gouis, B.  Ney  and  A.  Gallis. �The  challenge  of  improving  nitrogen  use   
           Efficiency  in  crop  plant : towards  a  more  central  role  for  genetic  variability  and   
           Quantitative  genetics  within  intergrated  approaches.� :  
  http://WWW.jxb.oxordjournals.org/content/full/erm097v1.2009.                         
Ladha, J.K., D.  Kundu, M. G. Copenolle, M. B. Peoples, V. R. Carangal  and  P.  Dart. 1996. Grain   
  and  forage  legume  effects  of  soil  nitrogen  dynamics  in  lowland  rice-based cropping   
  systems.  Soil  Sci.  Soc.  Amer. J.  60 : 183-192. 
Meelu, O. P., Y.  Singh  and  B.  Singh. 1994.  Green  manuring  for  soil  productivity  improvement.  
  Rome : FAO. 
Singh, V.  P.  1978.  Nitrogen movement  in  water draining  from  irrigated  riceland.  Ph.D. Thesis.   
      University  of  the  Philippines. 
Williams,  W.  A.  and  D.  C.  Finrock.  1962.  Effect  of  placement  and  time  of  incorporation of   
      vetch  on  rice  yields.  Agron.  J.  54 : 547-549. 
Youli, Y., Y.  Yoshinori, W.  Yulong, Y.  Tetsushi, M.  Akira, N.  Youji  and  C.  Jianzhong. 2000.  
           Role  of  nitrogen  regulation  in  sink  and  source  formation  of  high-yielding  rice   
           cultivars. Soil  Sci.  and  Plant  Nutri. 46 : 825-834. 
 

 

~ 


