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3) �3] +����+P(H$ �6,2;SHCT; ��A�� %=i� N/D !�(�
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%& N/�; ?� �/C�� �6^�F/�D ��"|9� ����1� ��|9; 78 ��� ?�9"A� 

)Double Distilled Water ( ��]�@ *� F��KC�$� ��� ���$ 1 ?CED

/��D ?��C��& ���J)8 2����~� 78 ,2����L .?��)(=) !1�� /6���D +���6

P��1 +�6x�2H"; ��/�9; P���1 ��6 ?�� 1 /)/�D ?CT�� +�C"Mb�

";2H/�D ?���~� F/�D ��"|9� ����1� ��|9; 78 ��C"M)bb1bx.(

?)(=) *� %OA ,��="� +�6 N/�; ?�� ,?H4�; R��h+��;� �� 
>��$ 

)Cº�.(/)/�D F��� ���A .��/�9; ��J)8 *� e�� ��6 ?�� ���$ b�

2H"; /D ?��~� F/D �"|9� ���1� �|9; 78 �C"M.P��1 +1��4 +��6

?)(=) N/; ?� ��="� 1 /6�D +�6^
>�$ F/�)�*�M +1� )�G"�D (


>���$ ����rt
��"M1�CGM� ���� /���C��& �����A ?��9"A� �� �1� +���6

P(H$ /��=) 
3) �|9; 78 %#�� ?� �J)8 +�6.+�;� �� ?H4�; R��

 ����)Cºt/bb.bb(
���& N�(L .*� ��� ��/�9; ?�H4�; R���

 
��"M(��C; 
���H] 1 2��G��CGM� 
��/��6 78 �� P(��Hi; +���6

F*�/)� /D +�"& .%�& +��6 �= �+�18 �1� 
��() F/�D )*� /�0�

	� 20"O: 2&�* (/)/D 2$��� �1� R"=6 �� Z") .F*�/)� +��"& ��6

 2M�C"g�� u�$ 
��/6 F�IC$� ��), Jenwey P/;hc� ,%=4 %��A 

!�CEHI)� 
#�$ (/D ��g)� .�����9; ���/)�C�$� ���i)� 1 R"I)�";

 
"M(��C; %@ 
"M(��C; 1 P(Hi; +�6 (=) ��6 +��� 2C3) +�6 ?�) 1

Z") 
"M1�CGM� !�Z"; X��Z�� /L�� �;��$ ���="� ��d� �� 2C3) +�6

/D ?O$�i; ��* ?|��� [O: /6�D ?� 
OE):

]�[[(C-T)/T] * 100 = 2C"M1�CGM� 
3) X��Z�� /L�� 

C
"M1�CGM� 
�H] ,?)(=) �� 2C3) +�6 1 /6��D +�6T
��H] 


"M1�CGM� ?)(=) �� 2C3) +�6 
$� ��="� +�6 .

�)	8L+�	�L 	� 

������9; ���/)�C��$� �����i)� 1 R"I)���"; ���6��="� *� v��� ���6 ��

?� ?�)(=) 1 ��A�� *� v� �6 +��� F/;8 
$� ?O�$�i; ��6 �D 1 /


��& ���A ?E��9; ��(; .,2�|# !("$�&� !(;*8 [��: *� �/C��

W6 
�"M(��C; %�@ �����9; R"�� 2ICE�� P(�Hi; +��6(TDS) 1


"M1�CGM� �="� ��d� �� 2C3) +�6 	�� �� 2����*�� 2�&�* /����& .

W6 �)�����1 Z"M�)8 [��: *� R"�Y(ANOVA) 2��0; �|�$ ,���

 R"I)�"; R"� �\C#� !�(� /�D ?O�$�i; ��="� �6 �� �6 .!(�;*8

 2q(�)Tukey's HSD test (N1�K� +��� 2�0; +�6 ��6 R"�� ���

R"I)���"; *� v��� ?��)(=) +���6 
����& �����A F��KC��$� ��(��; ���6 .
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%@ ��/9;
"M(��C; �62�$��� ��(�; 2�>��* ��A�� �� P(Hi; +,

?� �1/4 �� R"I)�"; �(:)t/xx±r/xa�2H"; �(�� ��C"M �� ��& 

)P1/ �(.R��C3"� +�KL WA�)x/ba±hxa2H"; �C"M �� ��& (

R��C=@ 2��O@ WA� 1)x/xt±xtt2H"; ��C"M �� ���& (�� ��/�9;

/�CD�� .
"M(��C; %@ 
�H] P(�Hi; +�6 �� 23�41 ������ )���

 R"I)�";r/tt±xpb2H"; �C"M �� ��& (2�>��* ���A�� *� 2@/�)�

=@ �(�� �C .R"�� �\C�#� ?�@ ��� !�3�) �)�����1 Z"M��)8 u���C)

R"I)�"; �6
�"M(��C; %�q ?�� U(���; +P(�Hi; +��6)TDS �� 

P1/  �(�|�$ �� 23�41 ?�)(& ��� 2�>��* ���A�� *� v��6 

�1 /L���/L �� 2�0; 
$� ���.%GD����i)� 1 R"I)�";

 
"M(��C; %@ ���/)�C$� ?)(=) P(Hi; +�6 �� 2�$��� ��(�; +��6

?� ���(=) N�(L2; !�3) /6� .

?)(=) �� /�D F/6�3�; 2C"M1�CGM� 
3) +��/9; /6�D +�6

)%GD�.(��C; R"I)�";
"M( ?)(=) R�� �� 2C3) +�6 �1/4 �� �6

t/p±p/bh2H"; ?@ �(� �C"M �� ��& ��<�O��9� ��/9; Rx/p/�L��

 
"M(��C; %@ 2; %"G3� �� P(Hi; +�6 /6�)��/9;Ec �|9; 78

F/�D �"|9� ���1�^b/x!8 P(�Hi; }\�;� 1 _(�;1�G"; th/^

2H"; F*�/)� �C"M �� ��& W3Y %��A ?@ /D +�"& � 2D(�
$.(

��/��9; R"��� ?��@ ��� !�3��) 2��|# !("��$�&� !(��;*8��@ %


��"M(��C; P(��Hi; +���6 )TDS(,2��C"M1�CGM� 
3��) !�Z��"; 1

?)(=) 	� ��0; �� +�6 W6 ,2>(��; 2&�* �( 1 2ICE�)���/ 

)��/-=r(.�� ��/�; ����9; P1/ �Z")2; !�3) R"�� ?�@ /6�

R"I)�"; 	�� +��6��="� 1 /6��D 2�C"M1�CGM� 
3�) +��6 *2�&�

 Z"M��)8 u���C) _��$��� 1 ���� �( 1 �\C#� 20"O: 1 2>(��;

 �)����1 R��� �\C�#� 1 /�L�� � �|�$ �� Z�") ��6�/�L �� 
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�

#A!-.<Z,	M�7�)��	5� 	����D� #�)TDS (��=� ���	� <8�4 n, � ����� �	:�� ��.

7�)��	5� 7O�o ���� KZ= 1� ���D� 	� 7�� 15�) �� �14.

#A!p.	M� <Z,7�)�15A)� #� 	�)TDS(J�7�)��	5� <8� 8 �� �5�8 	� �	:�� ���1� ���� 	� 

��=� ���	� <8�4 n, � ����� .���	� �	E5N� �lm� ��@e �� 	�-7�� �@! ���� q1! .

Control =  J@�	!T1 =3, �	 �C ���
E� �4�� �T2 =3, �	 �C �4�������.

2���0; �(��� ���.W��6 R"I)���"; �\C��#� R"���Y ?��� U(����; +���6


"M(��C; ?)(=) �� 2C3) +�6 	�� ���="� ���0; �� +��6 2�&�*

 2>(��;)T1 P1/  �� �(R"I)�"; �\C#� Z") 1U(���; +��6

 
"M(��C; %q ?��� 23�41 ������ 1 2>��* ��A�� �� P(Hi; +�6

 �|$�1 /L�� �2�0; /L�� �(� ��� .

��C"M1�CGM� 
3�) �\C�#� ?�)(=) �� 21 /6��D +���6�����="

	� ?)(=) R"� Z") 1 2>(��; 2&�* 	�� ��="� 1 /6�D +�6 2�&�*

 ?� 20"O: P1/�  �� /�L�� N�(L�
�$� F/�D F��� !�3�) .
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����� ��	
� � ���	�� ��
� � ���� /�	��������/��	 ! �&
" � #$%)()� (/,	"�+-./0 

�

��@ep.7�)��	5� G�W8	�� #� 	�TDS)(7�)��	5� � J<8� 8 �� �5�8 	� ���1� ���� 	� .7�)��	5� 7O�o ���� KZ= 1� ���D� 	� �14

15�) ��)1−mgL (7�� .C=J@�	!T1 =<8� 8 3, [1�� �� 	� J���
E� �4��T2 =<8� 8 3, [1�� �� 	� J����� �4��=T1-C  Q,�+��

7�)�15A)� ��Z8 �	 �C 12�1� �5�8 	�s@�	! <� 7�Z8 )@?�� KZ=1� (�T2-C =7�)�15A)� ��Z8 Q,�+�� �	 �C 12�1� �5�8 	�p7�Z8 

@�	! <�)@?�� KZ=1�.(

�6��="� 

?)(=) �6

TDS 

)1−mgL(

C

)1−mgL(

T1 

)1−mgL(

T1-C % T2 

)1−mgL(

T2-C 
%

2H0Oi; �/��±��� �/�±�/���/��±�/�- /V��/�±�/�-�/�

+�KL /��±�� V/�±��/��±�/��/V��/�±�/���/��

2JM���� ��±�� �/�±�/���/�±V/�-� ���/±�/���/��

�"�� �/��±V� �/±�/�V�/V±�/V-V/�-�/±�/���

2��;�; �/��±V� �/±�/��V/��±�/V��/V��/�±V/��/��

?TH� �/�±�V �/�±�/�-�/��±�/���/V��/��±�/���/��

�j8 �/�±�� V/�±�/-�/��±�/�- V/V��/�±�/��/��

+� �� �/��±�� /�±�/��/�-±�/��� �/�V�/V±�/���V/V

2��O@ /�±�� �/±�/���/V±�/���/�-�/V±�/�/�

2��*�"; ��4 �/��±�� �/�±�/���/�±�/V�V��/-±�/���/��

26(q ����� �/��±�� �/��±�/���/�±�/��� V�/�±�/��V/��

%@ R"I)�"; �/±�/�- �/�±�/��

?E��9; R�� 2OE) ��A�� 2; !�3) ?)(=) R"� �� ?@ /6� ?�@ 2���6

 	� ��="� ��0; �� ?C��& ���A 2>(��; 2&�* 2JM����� WA� ,/)�

 �� 2)(�� 
3�) X��Z��� /�L�� R���C=@ ��"�� WA� 1 R��C3"�

��� 
OE��)/��)��� /6���D ?.������� S��HCT; ����A�� R"��� ?E����9; 

	�� ��d� ��� 2C"M1�CGM� 
3) !�Z"; ��iM *� 1 2>(���; 2�&�*

	� �� 2�0"O: 2�&�* %G�D
�$� F/�D F��� !�3�) .R"�� ��

?)(=) 	�� ���0; �� ?�@ 2��6 ?�C��& ����A 2�0"O: 2�&�* /�)� 

/�L�� R���C=@ �j8 1 +� ��� ���A�� 1 R��C3�"� ?TH� WA� Z")

 X��Z�����/���)��� �� 2���C"M1�CGM� 
3���) .?���O�� �����A�� +/����� 

	�� ��d� ��� 2�$��� ��(; N���O> 2>(���; 2�&�*�*� 
�$:

2�����;�; �2�����O@ �2JM������� .� +�K���L ��j8 A. scoparia�

2��H0Oi; .���"�� 1 +� ���� �2����*�"; ����4 �?��TH� 
��$� 

W��6 ?��O�� R"���Y 	��� ���d� ���� ���J)8 +/���� 2��0"O: 2��&�* 

N��O> �*� 
�$ :��� �?�TH��M�+�K�L �2���O@ �2���;�; �2J.

A. scoparia .1 �j8 ,����"�� �2���H0Oi; �2�����*�"; �����4 

+� �� 
$� )GD%.(
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V

#A!t.7�)��	5� ��Z8 Q,�+�� <Z,	M� �5�8 	�)El (<8� 8 �� 3, [1�� �� 	� ���
E� �4��)1T(�

3, [1�� �� ����� �4��)2T(<8� 8 <� 7�Z8 ��=� ���	� <8�4 n, � ���	� ����� �	:�� �� @�	! 	�.

��@e �� �	E5N� �lm� s7�� �@! ���� q1! .

uD� �58�<&4�1

F�� *� 2G� 	�� ?� 
;1�9; +�6 �� P(�Hi; ��(�; X��Z��� ,2�&�*

 
$� 2H�(q�1 F�"D �� F{�1 ?� ,P(H$ .��(�; ��/�9; R"�� R��������

 � 1 P(H$ P(Hi; 	� ?� %=i �(� 1 2:�O��� 2&�* ����)��(.��� 

P�4 R�� X61{� R�� u��C) _�$� �� ,
"M(��C; %@ ��/9; R"� +�6

 
"M1�CGM� 
3) ��/9; 1 P(Hi; ?)(=) +�6 	�� ��d� ��� ��6 2�&�*

W6 �(� Wq ��"E� !8 ��/9; �� 1 
D�/) �( 1 2ICE�.!�(�� R"��� 

W6 `��~ ��/9; 4� 2ICE�<n�=C ?� "M� R�� ��� F1\�> ?�@ 
�$� %


"M(��C; 
�H] +��I�� �/�0C; %;�(> ,2M(H$ !1�� P(Hi; +�6

 �� Z") /)��� 
M�#� �;� R��)br.(��/�9; 
�"M1�CGM� 
3�) ��� ��6

 N/D P(H$ �� F���1 `"$8 +�6 26��"& 
�$� `�$��C; .��� R���

 P(H$ 2|���D R"�Y �� ,P�4 �� �(�# +(�Ci; ���=� F���; +��6

 2; ?"HT� /��@ .� �&�P(H$ W@�� 
���� �� F/��� `"�$8 +��6 +��6

 	� X�� ?� 	$�� �� ,X��;*8 ��(; 2�#�� 2��0� ,/�@ �""k� 2&�*

 P(H$ *� ,?�g"C) �� ,/��)�=� F/�)* ��I�� 2�#�� 1 /)1�� R"� *� �6

;
"M1�CoM� ��/9 Z") 2C3) +�6 ��/0� �� `$��C; P(H$ R�� �""k� �6

 ��@ /6�(# .*� %L�4 u��C) ,R������� R�� 2; �1� �(�) ?�� /)�(�

 	� X�� N/D ,
��� ?C�D�� 2ICE�� F��"& ?)(& 1 ��  1 2&�*

 /D��)�1^x.(

2$��� R"�� �� �;��$ ?�� %�=i� !�Z"; ?@ 
$� F��� !�3) �6

?C���1 ?)(& 2>��* ��A�� 1 �6 1 
�$� N1�KC; SHCT; +�6 ��/�9; 

	� X�� ?� 	$�� �� �J)8 2C"M1�CGM� 
3) 
E�") !�E�G� 2�&�* 

)^b,^h1^p.(2���0; !�(��� ��� �\C��#� 
3��) R"I)���"; R"���

?)(=) �� 2C"M1�CGM� ?� Z") ��="� 1 /6�D +�6 
$� %"M� R"=6.

(E��� 1 ����(; 2;)^p(X���;*8 u��C) 2$��� �� ,+��6 ,�(�# 

?� F/"$� ?g"C) R�� 
���� *� 2�C"M1�CGM� 
3�) ?@ /)� ��6 
�i� +

	� X�� 2&�*,� !��6�"& *� 2�#�� �� l�9� 2�; F/�� �(�D .��J)8

W6 F�(=) !�(�> R"�Y 
K�L e�� ,2�C"M1�CGM� 
3) '/�/� ?@ /)�

 ?�)(& ��=� +��� 2;(=> 	�� ?�� _�E�4 +��6 
E�") 2�&�* .*�

?g"C) Z") �~�4 X61{� 2; +�"& F1��& !8 *� ������ ��A�� ?@ �(D

 %& 2C"M1�CGM� 
3) !�Z"; ?@ /�CE6 2)�6�"& *� 	�$�� �� !�3��6

 	� X�� ?� 2&�* 2; X��Z�� /���)P1/ b.(*� R������� [���: R��
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����� ��	
� � ���	�� ��
� � ���� /�	��������/��	 ! �&
" � #$%)()� (/,	"�+-./0 

�

2; 	� ?� �� �J)8 %=i� !�Z"; !�(� �(=) 2���*�� 2&�*.

?E��9; �X��Z� 2OE) 	�� ��="� �d� �� 2C"M1�CGM� 
3) 2�&�*

 2; !�3) 2>(��; 2���*�"; ��4 1 +� �� ,�"�� ��A�� ?@ /6� ��

����� 	�2&�* ��A�� ���$ ?� 
OE) ,3"� 
;1�9; ?�"9� 1 /)��� +�C

 _�E4 !8 ?� 
OE) ��A�� /)�� .+� ��� 1 �j8 ,��"�� ��A�� Z�") ��

	� %��9; 2�; !�3�) �(�# *� +�C3"� 
;1�9; 20"O: 2&�* ,/��6�

 
"M1�CGM� 
3) !�Z"; ���* �6?�)(=) ?� 
OE) �J)8 +/6��D +��6,


$� X��;*8 ��(; ��A�� ���$ *� �C=@ .,2���g� /6�(D _�$� ��

 �"�� ��A�� ��4 ,+� �� ,%�& ���� ���A�� 1Z�  2���O@ 1 2���*�";

?9O: 2; +/�� /)(D)^.(`"$8 �|# R������� %���9; �� �J)8 +����


$� �C=@ _��1* +�;�$ .

	� ?� 
$� RG=; ����� ��A�� *� 2#�� /��D�� _�E�4 2�&�*

 ?� 2M1 �|# ��0; �� ,!�(� %& ��� %"M�	�2&�* /�)�"I) ���A .

z�1(D8)t(�q 1+�)a(N/; P(:%&26� %�w; 2)��C#�� �� 

?� 
;1�9; �� +�I�� %;�> �� (M8 1 (H6	�2�&�* 2�; /��)�� .��

Z") ����� 
�$� ? (� %��A �(~(; R�� .P(�: 2M(�=0; l����D ��

%& 26� R"�� ,!8 R��#8 �� %& R"M1� !/D �6�� !�;* *� ����� h�

��ht
$� *1� .�1* �I�� ��A�� *� 2H0Oi; ����� �2; %& �1 /�6�

 P(:%&26� R"�� Z") !8 ^t��� b�
�$� *1� .2���g� /6�(�D

 2; !�3) ?@ /6� `"$8 *� 2G� WA� R�� ?�� 
OE�) ��A�� R�������

	� 
$� 2&�* .	� ?� %=i� �~�4 X61{� u��C) _�$� �� 2�&�*

 ��="� 1� �6 �� 2H0�Oi; WA� ��	�2&�* �� 20"O: 1 2>(���; 


$� l$(�C; /4 .���� ̀ "$8 R��� !8 !�(� �����2;?� /)�(� 
�H>

 !8 !�(� %&�1*/D��.u��C) ,+� ��� ���A�� ��(�; �� X61{� R��

 2��*�"; ��4 1 �"�� Z") ���� 
�9��|; 2���g� /6�(�D ��� .���A��

 R"�> �� 1 %& ��� ��A�� 1Z  �(@�; 	�� ?�� �1��9; P��4 2�&�*

2; 7(Ei; /)(D .2341 ����� A. scoparia� �6 �� Z") ���="� 1

	��� ?��� %��=i� ����iM *� 
��$� l��$(C; /��4 �� 2��&�* .P(��:

%& 26� 2�#�� ?�@ 2��(L �� 1 
$� 2)n(: ��COE) Z") ?)(& R��

 %& *� �d� �� !8 _��1* +�6 	�� 2�&�* %�& ,/���"O� `"�$8 +��6

 2; *�� !8 *� /0� ?@ +�I�� !�Z"; ?g"C) �� 1 F/D R�ZI��  /)(D

 2=) X6�@ !8 P(�i; /"M(� /��� .M�?g"C) ?CO ["A� +�"& U(��; ��

?� +f(�M(�� %�4��; 2�$��� ?� �� R"�"0� F{��1 ?�� ,./�D� *1�

)Growing Degree-Day = GDD ( ��� ,���A�� *� v�� ��6 +����


$� ?9|�; 2="HA� l���D ?� ? (�.

v��+W�	w� 


$� F/D ��g)� �() ��"� F�I3)�� N���OC>� %i; *� X61{� R�� .

R�/� �0; N/>�E�; *� ?H"�$1 F�I3�)�� 23�61{� ���Ci; 
�)1

 2; +��ZI$��$ �(D .?�@ ?�/J; /"g; 1 2=$�A P($� !���A8 *�

 e=@ }�: ��g)� �� +���G=6 *� Z") 1 /)�(=) 2)���D +�6 +��6

 1 F�I3���;*8 ���Ci; !��$��D��@ ,2��";� +��A8 1 +/�"> W)�#

W6 �:��# ?� ,?��g� �� *�1�3@ ,!�")�J"@ �~�;\] +�A8 *� R"�Y

 � 1 +��o=6 1 v�=q *� 1 ,������ 2Hi; ��A�� !��� ���A ��"C#��

W6 +���;8 +��6Z"M�)8 ���g)� �� +/�=i;��� ��Cq� +��A8 +�o�

2; 2)���/A �(D.

��	
� ���� ��	>5�� 
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