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KMM, a�MMZ /.' ' u�MM$ \pMM& �Z�MM) ' 2(MM) �MM$ �	 /O 

�F.OMM�[� 2�3�"MM" V(MM) .#MM��$ u�MM$ \pMM& �	 X'��MM& ��MM@

 2�3=&	 a>, #$ 2�3���F.OLA meter  I(MF LI-3100  �Z�M& 
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 ����� ��	
� � 
���	�� ��
� � ���� /	� �������� /  ��	 ! ��! � "#$)&'�(/�	)*��+,-.

��

U.S.A       8(F #$ rz& ' #9&�CF �� ��F	 �	 �-�& �J  #MP�	 

*=��&      [� �W�O a�Z /.' �� () 2	 	 � �Q /'O �	 	 �1"" 	�M) V .

   �Z�M) *$��.�  �WP         `M, a�MZ /.' `MF�- '	 (M)� ��M@

12�MM")Total Dry Matter((TDM)R� ' MM""u�MM$ \pMM& 8 �

)Leaf Area((LA)}� (F M(+=��1 � �Q � . ()� (�'� V""[� � �$

    >�� 8� �c #P�	 .  2�"1M[*   .'� –  MP�	 M  #(GDD)   2	�]=M&  

    }+F V�  � �$ ' 2()M  FO .  ��M ) �@ ��M*&�+)���w (p+FM  #Mk #B

    , (c ' `Q (c /O �	M  c #P�	 �oM Q 8� �"  $ 2() ( =&  	�MM 2	�]

 ())�' �.(

 ���O . *� 1 u�$ \p& ' a�Z /.' 8 �""R� #k "  �9DM� 2�

     5'	 #MP�	 #MH	�[F .   �MH 4�M&  *��M>� j$�� a� /�F. #$. M� �

() 2	�]=& )�(.

TDM = ea+bt+ct 2 ]�[

  �Z�) V""[� � �$        `, a�Z /.' 8 �""R� (�'� #, ()� ��@

 R� '"" p& 8 �           *MF /�M"$ /�MF. #M$ �9D�  � u�$ \   �'� 4(M+,

     %=�MF �M$ #k �&  *��"&�1�     42�M"1 `M, a�MZ /.' .  ��M"1

*9D� ()� �-�&)Relative Growth Rate((RGR) �M&	 #$

(FO)�.(

RGR = b+2ct ]�[

  2�MM"1 (MM)� �-�MM&)Crop Growth Rate((CGR))w( .  4

`;�c N�dRGR�	  4`, a�Z /.' �&	 #$ (FO )�' ��:(

CGR = (b+2ct)expa+bt+ct2 ]w[

R�  42'0- #$"" I�F�� .  u�$ \p& 8 �h() #9&�CF :

LA = expa'+b't+c't2    ]h[

    ()� (�'� *&��$ � �$ M�1 ~ M"    2�'	 I�Mi V=��M1 �M}� �	 42�

     !&�+F / (+x /O ()�$  #   *M>� �M}�      �M)  �M�. 4(M&��   ' NO e

 �@*� F 4" 1(���$ / ^*          #H�& �@ #Bp+F a� �	 ��� S$�� 8(F ' 

 *F �""R�   aM� �	 2�M"1 (M)� .  #6c�F a� �&  V7>F  �H 4(+,

          (M=�  ��M]�  ����	 �3�	 I�& �	 ' ��	'. I�& .      VM�  jM�� � �M$

 #P�	 I�F�� .  `7�F–  8� �Mc *M[>�� ()� .'� )Growth 

Degree Days((GDD)() 2	�]=&   . .  2	�]=&  �6-GDD  �M$ 

            .�"� 	��F 8� �c � (BF #, *��F. �� /�@�"1 #, �&  l�&  V� 

          *M>� �M}� 	��MF (M)� #6c�F #$ (++7� �����	  � (+M&� .  � �M$

 #9&�CFGDD I�F�� .  �() 2	�]=&  .

]�[GDD = Σn [(Tmax+Tmin)/2]-Tb                     

� V�  �	I�F�:

GDD =  #P�	–8� �c *[>�� ()� .'� 

Tmax = $ 8� �c #P�	"�"#� .'� #+

Tmin = >k 8� �c #P�	"#� .'� #+

Tb =       � �]; �� *@�"1 #��� 8� �c #P�	"^�b�H��    #M, *@�"1 ~

 G��$ � �$�J*=��& #P�	 F #=��1 �}� �	 	 �1*	�).

          �� .  r� #=]@ #� ' S) 4 #& `; �� �	��   *��M&�+) G��$ 

#��1  K6- K6=mF ��@       �M��1 8��M; #-�^F `Z 	 .�@ ��@ .

       [$�F *$�x �	�, a� .  ��, V�  � �$*    I�i #$ �     M$ #M, �=F ~ #

  ' 	 (MM[� ' (MM) 2	�]=MM&  	�MM$ 2(MM) #MM=Z (�  *�	�YMM� 8��M;

#��1 K6- ��@           	�1 �M) 		�� �	�M, �	 	�MP�F .�M@ ��M@ M�( .

#��1K6- K6=mF ��@X'��& `F�) .�@ ��@)Echinochloa

crus-galli(  ��M$ 50M&���'  4�)Cyperus difformis(  /�M>,�"� 4

*$O)Sagitaria trifolia(�	�O `1 4)Eclipta prostrata( %)�Q 4

� ')Alisma plantago aquatica L.(�^MMM"� ' )Scripus

juncoides Roxb((�	�$  .6k"2	 	 #H��O �WP �@"� #$ ^ M� 5'	 #�

(9� 	�Z�(�() `.

 #��>� � �$  �$ .  ��"1       #=]@ '	 �@ #6;�� #$ G� ) #M=]@  ��M@

    _=�@ ' _�) 45��Wx 45'	 (  ��k��� .  r��       8�M, �M@ �	   #M$

��i             2�3�M��F.O �	 ' 2(M) N�m=�  G��$ `F�k #��$ '	 *�	�Y� 

5 (�     /O K6=mF ��@)u�$   #��� ' #Q�& 4 (      (�(M)  (MP _M@ .  .

   5 (�  V�  .  rz&  2��Y- `>- �@     �M��1 8��M; ��M"1 .  � �M$

   `>- 5��� 2��Y-        (M) 2	�]=&  s��x ' V@�  �'� .  ��"1)h .(

 �$�   �V  #��$  (=$  ��k       #-�^F .  2() N�m=�  G��$ ��@  ��Mi #$

     $ /O �v ' `1 �� 2() #=D) NO �	 `F�, # �>DQ �	 ��YZ

  	�) #=��1 #��� . 5 (�  rz&$ �@ # _@ .  *@�3���F.O �"� #6"&'

      5 (�  .  a� �@ ' 2()  (P         �M$ �M� 8��M; #M$ �M@     aM� aM>, 

            *M�.' �9D� �$ ' 2() 	�Z 0F�, *=&	 N�"&O 2�3=&	�:�   #M$ 

          #M=m�� ���MF VMH�  `MZ 	 ' 2	'^M�  �M"pB� ��$ '	 �pBF NO /O
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 ���/�/�012� �<�5 �	)�� 89/� �:! ;<=� � ��6� �	7�� �� �3�� ����4/5� ...

��

(�() .     8(F #$  � VH� �J        ��MF	 ��P NO 5�>c `Z 	 #B"Q	 
°C��J     2��Y- rz& ' 2	 	 � �Q       ��M$ '	 VH�  �	 2() j>P ��@

            2(M) 2	 	 ��M9- VM>� ' *��M; �<�, .  M>� 'M#��  �M@  ��Mi #M$

      ��MF	 �^��� `Z 	 #��1 (P°C�J�    (�(M) �� (MW3�  .   #M$ 5.v

    2��Y- #6c�F �@ .  `9Q #, �&  �,�  .�M"� 	��F � ^$  #"6, ��"1

   8(F #$�J     ��MF	 �	 '0,�M�  `Z 	 #B"Q	 °C��J  *��]-(Md 

(�())h.(

   2��Y- �U  *&��$ � �$  #� �P �$ �@  K6- �'�$ *�.  .�M@ ��@

  ��  .  `9Q �F.O 5��    � (MBF SpH   ' EC 6k  M"  2��YM- #  [� �M@ "M" V

(�() . �$�[� "" � (BF VpH  2�3=M&	 .  pH meter I(MF 6200

SIBATA  �$ ' �[� "" � (BF VEC  2�3=M&	 .  EC   I(MF G+M& 

LF 325 WTW, Germany	�1 2	�]=&   M�( .  �M$�[�  "M"  / �M� V

  �M}6< *9"&O�1	 �M@�hJ ' �JJ %    .  2(M) � �m=M&  2��YM-

5 (� �@    �@ K6=mF ��    I�i ' ()� / ^"F �'� 4G��$ 5�Q�  .  ~

=��6kMMM"��MMM6k ' `�  l'�MMMZ ��MMM� ' X'��MMM& �'�MMM$  ^

)Amaranthus retroflexus() �>�� KM6- 2(+ �M@� ��$ .�M@  M� ~

   u�$ VW� ' u�$ (  (�() 2	 	 �U  .        �'�M$  (M=$  *��]-(Md � �M$

       I�6CF �$ l'�Z ��� ' X'��&�h %      2(M++, *��]-(Md j��MF

 �6,�z"@ _�(&    8(MF #$ ��h      #M"6, �M� 2(M) *��]-(Md #MB"Q	 

/b����         rz& ' (�'�$ V"$ .  /O *Cp& ��@��@��$   2() ��>"� 

             e� �) �	 ' *+"& �'� ' 2() ��=D) �pBF NO *��, � (BF �$

@�3���F.O*      �� (�() 2	 	 ��, ��@��$   #M� �P /O   (M�	�1 � 	 .

  #� �P .  r�   /() � 	�@��$   	 ([� �h       	 �	 ' 2()  (P ��$  `Z

      �pQ #$ ��=� X�| a�� *=��&        *��; �<�, a� /O K, #, �=F

   (�() #=) �1 �) 	 � �Q .        5 (M�  .  aM� �M@ � �M$    5�MQ�  ��M@

      �M}6< �M$ 2'0- G��$ K6=mF �M@�hJ   ' �JJ % 2��YM- �M@�

    � �pBF NO (@�) 4��k�F"       �$ ' () #=��1 �}� �	 ^�   �@ �  .  ~

�"    () ��}+F � �g� #& �@��> . �$�  /	�, N�i�F     ��M=� X'�| 

  � (BFh F "6* H "  2��Y- .  �=    '� �}� 	��F I�6CF ��@���@��$

#� �P   �=� X�| �	 � 	� � �    ��M6]� � �M� .  2	�]=&  �$ ' () #=m*

 �=� �&�     m9� .  �� () #=D$ �@"  1�6P NO �"��	�)  .X�| �M@�

   #$ 2��Y- �'�c ��=� 2 �>@��@��$    l'�MZ ��M� ' X'��M& 

       e� �) �	 #=]@ a� 8(F #$@�3���F.O*   (M+=��1 � �Q  .   .  rM�

    =��6k I�i 8(F V�  /() *i"��6k ' `�  ^ ��@��M$ #M� �P  2	.

    *M6"F �<�, a>, �$   2. (M�  ��M=F         (M;�	 rzM& ' 2(M) ��M"1

1(�� 	.�$* 1 "  2��Y- e&�� #{@�  �i .  �@�    #Mp$ � %�  #9M&�CF

 ())�.(

]� [((A-B)/B)*100

   �	�   #p$ � VA  1 I�i "           ' 2��YM- �MU  �MC� .�M@ K6- #{@�

   =��6k I�i j>P `;�c"  ��6k ' `�     ' 2	�$ /O  ^B  1 I�i " #{@�

 	�$ �pBF NO �U  �C� #k (@�) .�@ K6-)�.( �$� �M&	 #$

 �MMd /	�'O�MM&�1� !"� 8�]MM; /�"^�b�H�MM� � ^MM�  5�MM� .  ~

SPSS H��O 4" 2	 	 ^     � ^�  5�� .  �@Mstatc  M&�� '"    .  �M@� 	�>� _

 #F���$EXCEL() 2	�]=&  .

	)9?q6� � 8

�BF�    �) �	 5�Q�  	�g6>- #D�     ��Mk �M$ 5�MQ�  �H�MZ ��k e

       KM6- �M$ G��$ _Q� �@ 5��� �M@�    [� ' .�M@  "M" F V M"   S@�Mk / ^

     >)�@ 5�Q�  #k 	 	 /��� 4	�g6>-* 6- 4* >|�k *     4�^MZ 45��Mi 4

    ' �v	 4~��	IR64 ��� #$ " !�/�J 4�/�� 4h/�� 4w/�� 4�/�� 4

w/w�   ' �/h�       	�Mg6>- S@�Mk �H�MZ ��Mk #$ �9D� (;�	 

(+=) 	 .�=��    �=>k #k 	 	 /��� G�   K6- y ��  _k �� V�@�   �	 .�@ 

    ��k��� .  r� _�) #=]@� �&  2	�$ ) `g)� .(.  M$ "  45�MQ�  V

  �=>k �v	 _Q��K6- _k �� V �M@�     #M$  � \pM& (Mc ' �	 .�M@ 

  	 	 ��Y=Z  	�Z .$  #   42'0-       �M� .  rM� /�MF. `$�B=F �U��  �M$ 

           �M=>k _�) #=]@ �	 �v	 _Q� #k 	 	 /��� G��$ 5�Q� �   _MQ� ' V

      $ _W� #=]@ �	 �^Z ' ~��	"�=��      (+=M) 	  � .�@ K6- _k �� V .

    #$ #P�� �$�  F /	�$ /�Dg"    #M��$ _k �M� / ^ �M@�      #M>@ �	 G��M$ 

�"     �< 	 �F �9D� ' �@��>*�   ' _@V"+x      �v	 _MQ� �=W$ 	�g6>- 

�	  �) �    �M& #$ �9D� �H�Z ��k #$ �9D� ��6mF ��k e� �

 F 5�Q� * =� / ��"      =$�Q� / �� �v	 _Q� #k ���1 #�* $  M"�=��  �	 

�BF��& �$ #D��&  2	 	 /��� 	�Z .  X'��& `$�BF �	 5�Q�  �.

&��$*  � 8�]; "^�b�H�� 1 ~"        �M$ ��M6mF ��k �	 X'��& 2�

       � �	 #k 	 	 /��� G��$ K6=mF 5�Q� " �M@��>*�  Mk     �M$ X'��M& #
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"T!+.&�� �W�/2 �	�� �� 89/� &�)c� �	7�� ^�� �� _`� :K�� �� �/� 
	� f	�9 �� gd 
	�)W�2 ����4� �	 )K� _`� �� lk/l(

  �@�          � 	 (M�	�$ 2(M) ��k K6=mF 5�Q�  .  ~�  M+C+F * �M@�

    u�$ \p& �Z�)(LAI)    1 ()� �-�& '  M"  2�(CGR) ��M9��B�

   (�	�$ #$��F)`g)�@�� ' �.(    �	 � � V"   �� #6c�F �� �@��> M���*

#��>�� 	�$� R=F '	 �@ 4"  	�[M; (M�'� /�+{>@ ��   #M$ 4(+=M) 	 

 	 8��9-�       ��k��� .  r� #=]@ ��@ #6c�F �� �3� 1 4"   �$ G��$ 2�

           i I�c �	 X'��& ' (�	�$ _@ �$ �$�Q� �	 /�+{>@ X'��&*

   '� ()� 2�'	 /	�k��*         Mi N�=M) #M=9H  #k 2	�$ 	�Z *   /	�Mk 

 �'(+ �$ 2��	�$ 8'�]=F K6=mF 5�Q�  ��k �C� X'��& .

 � �	"   1 #k 4(@�) ��>"   �W+� #$ X'��& 2�*�      	�M$ 2(M) ��k 

    �M& ()� �-�& (�'��j   Mi �M�*        . #M6c�F 	� ' ' 2(M)  M��*

	�1MM�( .MM&��$*;�YMMZ ' (MM)� (MM�'� "b�MMH�+� 8��g*1 MM" 2�

  �P �	 4X'��&*�     #M��1 /'�$ �$�Q� #k  �)      G��M$ �M$ �M$�Q� (

 #=) (� 	�P' #��1 /'�	 �$�Q� �W+� 4 �)   X'��M& �M$ X'��& (

      DM$ �M$�Q� �0>- �) 	 	�P'"     �M& .  �M=>k ��� � �"   	�M$ �M@��> .

   =Z  �	 �$ X'��&"  [Q�F V=) 	 ��" !&�+F �  	 �MF 4��� �}� .  ��

 �<*�  �A� ' � ��k *  �$ �  ����k ��=D1 *  1(�. #Z�x 4*  	�Z 

 �&  ��j i ��*    � /O u�M$ \pM& �Z�M) ' 2	�>�  M"$ ^ M"  �=� .

�&� � �"     X'��& .  ��	'. ' 	�$ �@��>�@� 	 �        �M$ 2 �M>@ #Mk �M3

     u�M$ 2�'	 (M�	�$ 2() ��k G��$ 5�Q�  M@	* '� (M)� '  M��*

  � 	�Z��i #$i `F�k * . #6c�F 	� ' ' 2	�k ��*()  .

6-*   _-��     1 (M)� �-�& (�'� #g+ M"  � �	 X'��M& 2�"  ��M>

       � #$��F �v	 _Q� ' X'��& ��6mF ��k"   $ (Q�� (@�) ��> G��

 H' 	�$* $ "   V�  � '	 V" �>� ��>�  ��gM)O ^� 	  M�  (M) 2( . � �	"  ��M>

     �MMW=�  #MM6c�F �MM� �v	 _MMQ� ' X'��MM& ��MM6mF ��MMk*�

#��>�� 	�$� K6- 4       H�c �	 	�$ #=��� `1 #$ X'��& .�@*  �	 #k

�"   (@�) ��>��9��B� F�>� * #��$ �@�   � 1 V"    ̀ M1 �6c�F �	 2� M@	*

(�	�$ . �& . � 	 �  �) �	 �3�� e"F ��>    _MQ� �M$ X'��M& ��6m

             �-�M& ' u�M$ \p& �Z�) 4\p& (c ' �	 #��$ 	 ([� �v	

 #��$ ()��@�    �M� X'��M& �"V    F�M>� .  �M�* � "      	�M$ �M@��> M� V

 9F y�d�F"   V�           X'��M& �$ �$�Q� �	 �v	 _Q� #k �&  #=g� V

  $ 8�(Q �$"�=��   �&  2	�>� `>-  .     #$ #P�� �$  �H�   /	�M$ /�Dg

  #P�	–[>�� ()� .'� *8� �c    �M< 	 �MF �9D� *� �M& ' � �

  `F �-�UEF   F 4()� �	 *  ���$ `F�- / ���      �$ �$�Q� �	 �v	 _Q� 

   �& #$ �9D� X'��&� � �"      M&O�1	 	 �F 	�P' �	  � �@��>"  /O !

�D� 	  .

 2��Y- �U �@�     #� �P �$ G��$ K6=mF 5�Q�  �.*��@��$   X'��M& 

        /�F. `F�- �U  #k 	 	 /��� l'�Z ��� ' �M@�     ��k��M� .  rM� �

 #� �P �$�.*  #=]@ �	 �@�     � 	 _�) ' 5'	 �    1(M�� 	.�$ 8�(MQ *
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