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ABSTRACT 

In order to investigate the effect of Hana extract and sodium nitroprusside on antioxidant properties and vase life of 
chrysanthemum, an experiment as factorial in a completely randomized design with three replications was conducted. The 
first factor was Hana leaf extract at three levels (0, 100 and 200 ppm), the second factor was sodium nitroprusside at three 
levels (0, 0.5 and 1 mM) and the third factor was sampling time at three levels (1, 6 and 12 day). The results showed that 
with increasing sampling time, flower diameter, chlorophyll content, relative water content and relative fresh weight 
decreased and the activity of antioxidant enzymes increased significantly. The extract of hana and sodium nitroprusside at 
high concentrations reduced the activity of antioxidant enzymes and improved chrysanthemum quality parameters, 
indicating their positive effects on the elimination of free radicals. The Hana extract treatment on sixth day of sampling time 
was the best treatment for improving the parameters of chrysanthemum flower. The Hana leaf extract and sodium 
nitroprusside treatments suppressed reduction of chlorophyll a, chlorophyll b and total chlorophyll leaf content. The results 
of this study showed that hana extract and sodium nitroprusside had positive effect on vase life of chrysanthemum cut 
flower. 
 
Keywords: Antioxidant enzymes, chlorophyll content, relative water content.  
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G�X�� �:"!�Y 8 
 � Z�� =� 8A��& ��[9"�#W> "� 

*�	%>:"�9 \"%A��9,((� 89:�! ��,+"� �,(.O! �A� 
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L+� 1�"��j> "](A F� GH� ��+ :�! �>��) � "_+� 

1�+�.VA �4�<- � �� G+�� '"A `�" �A �A ��"9. =� 

F<	C �">�1�f fn�c�� '"� :�! �() A� ,
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���� �+ ��"Q G6"9 � �� :�=�"> �4�.�]+� �� GQ� 

01/0 L+=�> ,+�"9 '"�) *4�-�( F��	��! �� `J "m^A 

��"Q $��� $,
 � F� 1,A 24 G&�- �� F��0�"- 

(g�hS+) �� :�A� 4 FC�� �.��-��"9 ��"Q G6"9 � 
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$=�,��:"�9 ,
 � Bq- ��.VA: `J fO�� l-�> 

Fm��� )2( Ff-�VA � "� eO) ;"9 ���� ,!��0 ,
:  

)2                    (RWC=Fw-Dw/Sw-Dw × 100   
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Sw: �=� }�f
� ,c� =� ��"Q L.6"9 �� `J "m^A  
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"mQ 89 �� :�!��	�> v<.SA "! 6 =�� ��f + G��"Q � 

Gf# ,
. L+� GX2 �� :�!=�� "X2� 6 � 12 =�� B/ 

=� }�"
 D+�A=J ���A ���+=�� ��"Q G6"9.  

  

23�4 ����'� ��
 5��$   

GC Ff-�VA ,2�� �0�
 1�f# �Hr �g�<- �,.�� 

10 A�<�4".� `J "m^A �� �� 4�6 �F.S+ � Bq- 1 

;"9 '"f<9 �"0 $,
 F� �J F6�o� ,
. F��	��! �� 

L���A: 30 FC�� .��-���"9 F� 1,A R+ G&�- ��"Q 

$��� ,
 � B/ =� ��"0 F��	��! =� L���A: A��5�  

ECl-�> $�_.-� EC ".A �"QG� ,
 F� A��5� )EC1( 

�FG-� .,AJ Bq- �� 4�6�! F�1,A 20 Q�F^� �� �>� 

�?�120 FC�� .��-���"9 �� ��H6 2/1 "XO	>� ��"Q 

$��� � B/ =� �"- ��,
 A��5� )EC2( �"QG� .��"9 

�� ��G+ �"�: Ff-�VA �
0� 1�f# �Hr: �g�<- 

��,&� 82�) �� Fm��� )3( L+5_+�C $,
 � �.�~+ 

eO)"� ,2�� N��59 ,
.  

)3                         (MSI = [1×(EC1/EC2)]×100 

  

*�6���7 .��  

D](- ��.VA: 6�"<�8� "�'�! �� N�� Arnon 

(1949) ;�]�� ,
. �,.�� 1�cmQ 5/0 A"9� =� '"� �� 

F.
��"� � B/ =� F > F > ��"� l-�> �3�".�� �+�A 

�� 80�� ���! M�(� �-$,�+ ,
. Bq- 20 �<�A".�4 

��.-� 80 ,2�� F� F��	� F6�o� � Bq- �� 

3��X+".��- 6000 ��� �� F^�Q� F� 1,A 10 F^�Q� 

$�����"Q ,
 � $��%& ���Q�6 82�) =� 3��X+".��- �� F� 

L4�� FH�
:� 8^.(A � �� G+�� G��"Q �� g�n 

��A :�! 663 ".A���� :�"� 8�6�"<� a� 645 ".A���� 

:�"� 8�6�"<� b � 470 ".A���� 1��2 G6"9 � �fn 

l���� )4( ) �5 (Ff-�VA :,
  

)4 (Chl.a (mg/g FW)= [(19.3 (A663) – 

0.86 (A645)]�V/(1000�W)    
 )5 (Chl.b (mg/gFW)= [(22.7 (A645) – 

4.68 (A663)]�V/(1000�W)   

�� Fm���:�! �t�� A ��5�A `[C �� g�n ��A 

"P����A� V *]) �+�� ��.-� 80 ,2�� eO)"� 

�<�A".�4 � W  �,��$= '"� $=�> eO)"� ;"9 .G-�  

  

8/9$ :�;�<6 =� >� �?���7   

G�4�c6 *+5�J =t�>�� �� N�� ".A�.6�". q-�: � 

��-�"� D!�� `[C "/ O��,� !�3��,� �� 1,A 30 

��#F� �� g�n ��A 240 ".A���� $=�,��9:"� ,
. 

��<SA D(��� ��): "6�� 1�XO6 -�./*� 50 

A�<� �t�A )pH �7�( `J O��F�K� 15 A�<��t�A � 

100 A".�4�" � $��%& 5�J�	+ ���. D(��� �� F6�o� 

�"�� `J O��F�K� =�rJ � D!�� `[C �� 1,A 30 

��#F� $=�,��9:"� ,+�"9. ��,^A O��"/,� !�3��,� 

5]>F+ $,
 �� $��X.-� =� "oe+ N�A�0 g��cA mM-

1cm-140  Ff-�VA ,
 )Velikova et al., 2001.(   

  

8/9$ :�;�<6 >�=�  !����@$  �'�)7��   

��,^A G�4�c6 *+5�J �� N�� Ranieri et al. )2003( 

$,�](- ,
. �� "#� D(��� L�� 1���� -J =�,�O��"/  � 

,�-� R���� -J � H2O2 1���� -J��,�!� ,�4�> 

�A ��
 F� �� g�n  ��A 290 ".A���� G��"Q �A��
. 

l�VA D(��� :��) 600 ".�4�" �A =� EDTA 1/0 

�<�A��t�A 1500 ".�4�" �A "6�� 1�XO6 50 �<�A�t�A 

)pH �7(� 400 ".�4�" �A ,�-� R���� -J 5/0 

�<�A ��t�A 400 ".�4�" �A H2O2  30 ,2�� � 50 

".�4�" �A $��%& �	+5�J ���. D](- G�4�c6 *+5�J �� 

g�n 7 F^�Q� �� 82��6 ���A= 20 F���#:� Gf# ,
. 

G�4�c6 $K+� *+5�J F� 1��2 g�A�" �A 1���� -J ,�O�� 

$,
 �� F^�Q� �� �<�A;"9 L�U>�"/ N��59 ,
.  

  

8/9$ :�;�<6 >�=�  ���*96 �'�)7   

D](- ��5�A G�4�c6 �</ 8(6 =�,�O�� )PPO( �� 

N�� & Mishra  Kar )(1976 ;�]�� ,
. l�VA 

D(��� :��) 50 ".�4�" �A =� g�4�9�"�/ 100 

�<�A ��t�A 3000 ".�4�" �A =� "6�� 1�XO6 )pH �7( � 

50 ".�4�" �A $��%& �	+5�J ���. ��5�A G�4�c6 *+5�J 

eO)"� "+��^A ,�O�� $,
 g�4�9�"�/ �� g�n ��A 

420 ".A���� Ff-�VA $,
 � F� 1��2 g�A�" �A 
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g�4�9�"�/ F.6�+"��j> �� F^�Q� �� �<�A;"9 L�U>�"/ 

N��59 ,
.  

  

��=/� � *��,� &�� ��  

F+5]> B��+��� � FO+�^A L�_���A�! F� R	� ;"���56� 

SAS 9.2� ;�]�� G6"9. :�"� *�-"> 8 
�! =� ;"� ��56� 

Excel $��X.-� .,
 FO+�^A L�_���A 1�X2 �� $��X.-� 

=� ��A=J L ��� �� xm- g�	.)� 5 ,2�� 1��2 

.G6"9   

  

����= � >6� 

�01 *�  

~+�.� F+5]> B��+��� ��H� ��� F� "#� ��A= F��	� :���"� 

"� "mQ 89 �(cA��� �,
 F� :��n F� �� D+�56� 1,A 

��A= ��,_�:� "mQ 89 D!�� �(cA:��� �,�/ �"�. 

L+".	� ��5�A "mQ 89 )45/8 �.��-".A( �� =�� 

*!�=��� F��	�:���"� $,!�HA �"9+, 8 
) 1.(  

"#� ,-+* ���O��"/�".+, 5�� "mQ 89 �(cA��� ,
 .

�.� ��-�"�~+ FO+�^A L�_���A��! ��	�> 1 �<�A�t�A 

�<�A�t�A ,-+* ���O��"/�".+, ef- �56�D+ �(cA:��� 

A ����5� ) 89 "mQ9 �.��-".A (�"9+, )8 
 2 .(

.,H� ��� �(cA 89 "mQ "� �() $��%& "#� ,(M"!  

��� ���/��  

"#� $��%& �() "� "	& �+�]<9 (cA���� ,
. >��	� 

$��%& �() 100 ppm �� 200 ppm 1��X> (cA�:��� 

.G
�,� ".	�L+ ��5�A "	& �+�]<9 )11/10 =��( �� 

>��	� ,!�
 $,!�HA �"9+, 8 
) 3.(  

"#�  ,+�-�"/�".�� *+,-5�� "� "	& �+�]<9 (cA���� 

,
 .�� D+�56� ,+�-�"/�".�� *+,- xm-� D+�56� �(cA

:��� �]<9 "	& ���+ �n F� �,
 $,!�HA:�  F�

�L+".H� ��5�A "	& �+�]<9 )5/14 =�� *+,- �� (

 ,+�-�"/�".��1 �<�A�t�A $,!�HA ,
 )8 
 4 .(�+L 

+F.6� �! �� �.�+~ Bowyer et al. )2003( �Chang et al. 

)2011 � (Mansouri )2011 (��: 89 �!: F0�
 

"�+$, A�RS � �����: *!���0� G
�� *+,- .

 ,+�-�"/�".��R+ e��"> $,((��!� R+".�� ,+�O�� )NO (

�A,
�� "�0W> F� � ��"�,(� �� ,�O�� R+".�� D^� .

$��A �0"� �� :"�/ ,(+�"6 L.0�,�� :5f- ��!  � �!

89  $,+"� F0�
 :�!,(��A �RS�A ��_�� ,�X- �� F���  �

) G-� $,
 N��59 �_�"6 1�> $��ABadiyan et al., 

2004 GP<r .(50  �100  *+,- �t�A�" �A

��,<9 "	& D+�56� i&�� ,+�-�"/�".��89 �� �  F0�
 :�!

RS�A $,+"� 89 $,+"� )Dianthus caryophyllus cv. 

Nelson( ,
 )Mostofi et al. 2010.(  

  

  
Sampling time (day) 

8 
  1 .�^A+FO A�_���L "#� ��A= F��	�:���"� "� "mQ 89 F0�
 "�$,+ :�����.  
Figure 1. Mean comparison effect of sampling time on flower diameter of chrysanthemum cut flower. 

 

  
Sodium nitroproside (mM) 

8 
 2. �^A+FO A�_���L "#� *+,- ,+�-�"/�".�� "� "mQ 89 F0�
 "�$,+ :�����.  
Figure 2. Mean comparison effect of sodium nitroproside on flower diameter of chrysanthemum cut flower. 
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Hana extract (ppm) 

8 
 3. �^A+FO A�_���L "#� $��%& �() "� "	& �]<9�+ 89 F0�
 $,+"� :�����.  
Figure 3. Mean comparison effect of Hana extract on flower shelf life of chrysanthemum cut flower. 

  

  
Sodium nitroposide (mM) 

8 
 4. �^A+FO A�_���L "#� *+,- ,+�-�"/�".�� "� "	& �+�]<9 89 F0�
 "�$,+ :�����.  
Figure 4. Mean comparison effect of sodium nitroproside on flower shelf life of chrysanthemum cut flower. 

 

Alipour et al. )2013( ��5 "#� *+,- ,+�-�"/�".�� "� 

"	& �+�]<9 89 *+"A Fc4�mA�� .,���	� ��	�> *+,- 

,+�-�"/�".�� i&�� D+�56� "	& �+�]<9 ,
 F� �+L F� 

4��8 G�4�c6 *+5�J:�! �.�J ��,�O�� g���+�9 =�,�O��"/ 

� 1���� -J =�,�O��"/ A� ,
��. L+� e��"> �� D!�� 

g� +���:�! ��=J ��K�O�� kX) G�A�	> ���Hr D+�56� 

5.(- 1�f��"> �<(6 � D!�� G�4�c6 *+5�J �</8(6 

=�,�O��� i&�� D+�56� G�X�� B/ =� G
��"� 89  A� 

.��
 "� ��-� ^V>�1�^ <fQ�� R+".�� ,�O�� �� ��A 

G�4�c6 *+5�J ACC =�,�O�� � :"�9�<C =� ,�4�> �L<�>� 

D(��� �� F��9:�! g�c6 �K�O�� � D!�� 

���-�,�O��"/ :�!,�q�4 �+�Hr � �^4� ���� �3:�! 

���"A F� *+5�J:�! �.�J ��,�O�� i&�� "�0�> �� ,(+J"6 

:"�/ �A��"9  )Beligni et al., 2002; Gao & 

Crawford, 2005; Huang & Kao, 2005(. *+,- 

,+�-�"/�".�� (h	!�L �� 9�<C:"� =� ,
� 

A;5���9����" ��! � �� kX) ����
� 89 �! eC�A 

�56�D+ "	& B/ =� G
��"� �J �! A� ��
. "#� GfTA 

$��%& �() ��5 t�	.)� 4,��8 G�2�0 �.�J  �>���� 

�J �A ,
��. �� '"� :�! �() R+ $��A �O��� 

��(���.6�� F� ;�� ��-�t ��C� ���� F� ����: �9K+� 

,o :".��� � ,o �M��Q �A ,
�� ) Salehi

2006 Surmaghi,(. 8�4� �<2� D!�� g�n "	& 

89 :�! F0�
 �$,+"� ��,O�� �!,��J F� F<�-� 

*O���9���" �A�! �A,
�� )Farokhzad, 2008.( 

1�c4�mA :��+= �(fA "� G�2�0 �9,����=�� B��-��! 

� 1�"#� ��J �� "��"� F(A�� �c�-� =� *O���9���" �A�! 

;�]�� F.6"9 � ~+�.� 82�) =� L+� 1�^�^V> G�2�0 

,o ���" �A B��-�:�! �LH+�J �$"+= RS�A �:,(! 

F���	�4 }�(c� � "+�- ��!��9 �+���� �� F� 1�f#� $,��-� 

G-� )Hammer, 1999.( F� $�?& ���56� =����- i&�� 

D+�56� g�n "	& 89:�! F0�
 $,+"� �A��"9 

)Ichimura & Shimizu, 2009.(  

  

��+,� 	)�� -  .��  

"#� ��A=F��	��:���"� $��%& �() � *+,- ,+�-�"/�".�� 

"� :��.VA fO�� `J '"� (cA���� ,
. �� D+�56� 

��A= F��	��:���"� :��.VA fO�� `J '"� D!�� 

(cA�:��� /�,� ��"� F� ��n: F� ".	�L+ ��5�A 

:��.VA fO�� `J '"� �� =�� *!�=��� F��	�:���"� 
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$,!�HA .,
 L+".H�� ��5�A :��.VA fO�� `J '"� 

)8/75 ,2��( �� >��	� 200 ppm $��%& �() $,!�HA 

.,
 ��-�"� ~+�.� FO+�^A L�_���A �� L�� :�!��	�> 

*+,- ,+�-�"/�".��� L+".H�� � L+".	� ��5�A 

:��.VA fO�� `J '"� �� 98/76 � 12/71 ,2�� F� 

>">e� �� :�!��	�> 1 A�<��t�A *+,- ,+�-�"/�".�� 

� ��	�> ,!�
 $,!�HA ,
. /�": '"f<9 �!: 89 

F0�
 "�+$, �� ,/+$, �!: 6�5+3�4�+ � � ��
��	���+ 

$�"	! G-� F� =� �J F<	C *� ����0 g��c> �J� 

9�$� � =� G-� L.6� `J 9�$� G-� F� "](A F� 

9�"AK/� '"f<9 �! A� ��
. Alipour et al., 2013 

$,!�HA ,��"� F� >���	 �!: *+,- ,+�-�"/�".�� 

$�?& "� �56�+D "	& �]<9�+ eC�A D!�� =� G-� 

L.6� `J � A���5 GH� +�� �� 89 "A+* ,�,
.  

p�m- v<.SA :�!��	�> ��A= F��	�:���"� � $��%& 

�() "#� (cA�:��� "� ��.VA: fO�� `J '"� 
��,(.. �� 

D+�56� ��A= F��	��:���"� D!�� �(cA :��� �� A��5� 

:��.VA fO�� `J '"� 82�) �"9+�, �A� �L+ D!�� �� 

>:�!��	� ��): $��%& �() ".	� ��� 8 
) 5.(  

"#� 8��^.A p�m- v<.SA :�!��	�> F��	� ��A=

:���"� � *+,- ,+�-�"/�".�� "� :��.VA fO�� `J '"� 

(cA���� ��� .~+�.� ��H� ��� G
[9 ��A= ef- D!�� 

��5�A :��.VA fO�� ,
 '"� `J� � �A�L+ D!�� �� 

:�!��	�> :��) *+,- ,+�-�"/�".�� ".	� ��� � �L+ 

�!��	�> ef- D+�56� :��.VA fO��  F� GfO� '"� `J

>��	� ,!�
 ,�,
 .��	�> *+,- ,+�-�"/�".�� 1 

�<�A �t�A GfO� F� "+�- �!��	�> �" <	& :".�  � F.
��

�56� � kX) ef-D+ :��.VA fO��  ,
 '"� `J

8 
)6 .(  

  

��� �� �	)� *�  

"#� ��A= F��	��:���"�  � �() $��%&*+,- ,+�-�"/�".�� 

"� �=� "> �fO� (cA 89���� ,
 .�� D+�56� ��A= 

F��	� :���"� fO� "> �=� =�� ,
 F.-�� 89� ��n F�: 

".	� F�L+ ��5�A �=� "> �fO� ) 8999/55 ,2�� �� (

F��	� *!�=��� =��:���"� �56� �� .,
 $,!�HAD+ $��%& 

��() �=� "> �fO� �56� 89D+ �(cA:��� /�,� �"� .

�L+".H� � L+".	� ��5�A �=� "> �fO� F� 89 >">e� �� 

:�!��	�>  �() $��%&200 ppm > ���	�  $,!�HA ,!�


.,
  

�� L�� :�!��	�> *+,- ,+�-�"/�".�� 5�� L+".H�� 

� L+".	� ��5�A �=� "> �fO�  �� 8971/65  �55/63 

,2�� >"> F�e�  ��*+,- ,+�-�"/�".�� 1 �<�A�t�A  �

>��	�  $,!�HA ,!�
�"9+, ��-�"� ."#� 8��^.A ��A= 

F��	�:���"� � � �() $��%&5� "� �=� "> �fO�  89

(cA� ���  .,
L+".H�� ��5�A �=� "> �fO�  =�� �� 89

> � g����	� ,!�
 $,!�HA ,
 .L�� :�!��	�>  =��

 *H
�  �() $��%&100 ppm  *H
 =�� ��  $��%&

 �()200 ppm 1��X> (cA�:��� �.� .G
�,� ��C�~+ 

 ��� ��H�*+,- ,+�-�"/�".�� � $��%& �() �� p�m- 

L�+�/ "#� �(cA:���  �=� "�"> �fO�  �� � ,(.
�� 89

�56�D+  � �() $��%& xm-*+,- ,+�-�"/�".��� 1��X> 

(cA�:��� fO� "> �=� ���  ,H� $,!�HA 89

8 
)7.(  

  

  
8 
 5. �^A+FO A�_���L "#� 8��^.A ��A= F��	�:���"� � $��%& �() "� ��.VA: fO�� `J '"� 89 F0�
 "�$,+ :�����.  

Figure 5. Mean comparison interaction effect of sampling time and Hana extract on relative water content of 

chrysanthemum cut flower. 
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8 
 6. �^A+FO A�_���L "#� 8��^.A ��A= F��	�:���"� � ,-*+ ,+�-�"/�".�� "� :��.VA fO�� `J '"� 89 F0�
 "�$,+ :�����.  
Figure 6. Mean comparison interaction effect of sampling time and sodium nitroproside on relative water content of 

chrysanthemum cut flower. 
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8 
 7. �^A+FO A�_���L "#� 8��^.A ��A= F��	�:���"� � $��%& �() "� �=� "> �fO� 89 F0�
 $,+"� :�����.  

Figure 7. Mean comparison interaction effect of sampling time and Hana extract on relative fresh weight of 

chrysanthemum cut flower. 

  

  

8 
 8. �^A+FO A�_���L "#� 8��^.A ��A= F��	�:���"� � ,-*+ ,+�-�"/�".�� "� "� �=� "> �fO� 89 F0�
 $,+"� :�����.  
Figure 8. Mean comparison interaction effect of sampling time and sodium nitroproside on relative fresh weight of 

chrysanthemum cut flower 
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Figure 9. Mean comparison interaction effect of sampling time, sodium nitroproside and Hana extract on membrane 

sustainable of chrysanthemum cut flower (SNP0, without SNP; SNP 0.5: SNP 0.5 mM; SNP 1: SNP 1nM) 
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Table 1. Results of variance analysis of Hana leaf extract, sodium nitroproside and sampling time on chlorophile 

content, and antioxidante enzymes of chrysanthemum cut flower. 
Mean of squares.   
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d.f. Source of variation 

0.000008** 0.000034ns 0.00047** 0.005** 0.0037** 0.0034 2 Hana leaf extract (H) 

0.00005** 0.00006** 0.00016** 0.027** 0.0039** 0.015 2 Sodium nitroproside (SNP) 

0.00022** 0.0000004ns 0.0011** 0.00028ns 0.0053** 0.09 1 Sampling time (S) 
0.000002ns 0.000066** 0.000019** 0.0004ns 0.00008ns 0.00009ns 4 H x SNP 

0.000002ns 0.0000004ns 0.00014** 0.00028 0.0001ns 0.0004ns 2 H x S 

0.00003** 0.000007* 0.00001ns 0.0053* 0.0005* 0.0031* 2 SNP x S 
0.000001ns 0.0000015ns 0.000003ns 0.00029ns 0.00008ns 0.0003ns 4 H x SNP x S 

0.0000012 0.000002 0.0000049 0.0003 0.00066 0.00066 - Error 

6.08 5.70 3.98 1.53 4.50 3.30  C.V. (%) 

** �*  �ns: >"> F��e 1��X> (cA�  xm- �� ��� g�	.)�5  �1  � ,2�� ��f�1��X> (cA� ���.  
*, **, ns: Significantly difference at 5 and 1% of probability level, and non significantly difference, respectively. 
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