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ABSTRACT 

In order to accelerate the flowering time in four late flowering chrysanthemum cultivars, the effect of different 

concentrations of gibberellic acid and day length on flowering time and some quantitative and qualitative 

characteristics, an experiment was conducted as a factorial split plot in a completely randomized design with three 

treatments and four replications. Cultivars included Ariamanesh, Roxana, Dina and Oran. Gibberellic acid treatment 

at four levels (0, 75, 150 and 300 mg/ l) and foliar application time at two levels (30 and 45 days after transplanting) 

were applied. Daytime treatments at three levels included 16 hours of light - 8 hours of darkness (control), 12 hours 

of light - 12 hours of darkness and 8 hours of light - 16 hours of darkness. In this experiment, the main and sub plots 

were day length and gibberellic acid, respectively. The studied traits included flowering stem length, flower number, 

flower diameter, dry weight of flowers and leaves, content of photosynthetic pigments, peroxidase and number of 

days to flowering. The results showed that the highest flower number, diameter and dry weight of flowers were 

obtained in the treatment of 300 mg/l gibberellic acid and 16 hours of darkness. Flowering time was accelerated by 

300 mg/l gibberellic acid and 16 hours in the dark compared to the control for about 21 days. Dina cultivar was also 

recognized as the best cultivar in response to different levels of gibberellic acid and reduction in day length, so that 

the number of days to flowering in this cultivar compared to other cultivars showed a significant decrease. 
 
Keywords: Day to flowering, peroxidase, photosynthesis pigments. 
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Table 1. The most important characteristics of chrysanthemum cultivars used in the experiment 

Name Colour Open of flowering date End of flowering date  

Aryamanesh Creamy  2th December 12th December 

Roxana Red orangy 2th November 17th November 

Dina Purple 22th October 18th November 

Oran Red  5th November 20th November 

  

�+Qh	� 6��78� &$+1 
�Z+� :+)�A* . Z8? 

��7+�<�$P w�>�$! U�� Chance & Maehly 

(1955)  �� fP" �+	+
 s+<$= 0+�;= M(<� �1�$�= 

�! |}H ��470 $��(8�8 � 6��X�>� �� s $m "
(��# 

6/26 "9+� �i(� &�$! 3Y>�]� ��7^� M(<� �1�$�= 

6��78� &$+1 .7
 O  "9+� $�+) �� u(9S� RQ<�� 

&��J $*�! 4�X�* .+>��P 20 "9+�  �i(� )6=pH�( 

M(<� �1 )2-methoxy phenol( 5 "9+� �i(� � 

7+�<�$P 
'��7+� 1 "9+� �i(� �! ��7^� "Y>�Q�� �� 

. Z8? "H�$S�>� .�(! RQ<�� k$� 47� O  3^+/� 

I�B8� .7
 O  7J�� :+)�A* ��7+�<�$P 
�;8 67Q�� 

:+)�A* . Z8? 3< O  �$�+� M(� M(<� �1 �� �� O  

3^+/� 7+�<� 7Q< V $A= "� .�(
 4�Y>�]� &���? � 

��Z+)�8? �! 6��X�>� �� I$8 ��Z*� SAS 4�(5 :*$1 � 

.>� �����(	8 �! 6��X�>� �� I$8 ��Z*�Excel I�B8� 7
 

� �+G8�+� �� �! 
(��? LSD 3� �^� .787
  

  
:��;$ 	 <(�  

��� ���� �� �����   

3 ZB= 6��� �� 
�;8 ��� M(N 3/�> 01 67Q�� 3! �(N 

QA�" ���& :]= $+_g= �$!��< o(e> V9�S� 

7+>� O+)$Y+H )01/0P<(� M(N ��� )01/0P<( � 

./� )01/0P<( ��$/ .:*$1 Qh	��+ $_� 0!�^�� =��	+ 

7+>� O+)$Y+H � ./� $! M(N 3/�> 01 67Q�� 

"QA� ��� �(! )01/0P<(� ��� $_� 0!�^�� �>$  =����	+ 

$! ��  :X5 "QA� ��� 7;8 M�7H) 2.(  

3� �^� �+G8�+�  �� 
�;8 ��� �$!��< 

7+>� O+)$Y+H sY> R �Z*� M(N 3/�> 01 67Q�� 

7
� 3! &�(N 3< � $�;+! M(N 3/�> �! �$!��< 300 

"9+� $�+) $! I$1 7+>� O+)$Y+H 7+)(=  7
)23/27 

"�8�> $��) ( M�7H3 .(7+>� O+)$Y+H �� @ $N 

R �Z*� .+�^= � 0 (N 
7
 M(9> �� R �Z*� M(N 

a/�> 01 67Q�� $_`� :>� )Chang et al., 2006 .(
$_� :YD� �$!��< 7+>� O+)$Y+H $! M(N 3/�> 01 

�� 
���+1 "�Q � C>(= $ �> �+^^]� U��Z1 67
 

:>� )Chehrazi1 et al., 2017; Gol et al., 

2006 .(  
R��< 6��� �� "� ��= 16 3! 8 :L�> sY> 

R �Z*� "QA� ��� M(N 3/�> 01 67Q�� 7
 .4��X= 

"QA� &��� �+! M(N 3/�> &����	+= 8 � 12 :L�> 

"� ��= 67��;� 7 �$G8 ) M�7H3 .(R �Z*� M(N 

3/�> 01 &����� �! R �Z*� 4�L�> " �Q
�� 3< �� 

$_� R �Z*� 7
� "; �� ��X=� "� �7�*� C>(= � $ �> 

Z+8 U��Z1 67
 ) :>�Kahar, 2008; Nxumalo & 

Wahome, 2010 .(��+1 �� 7Q��� 6�=(< ��� 3< "8�

:L�> 3! � 78��� ��+8 &$�;+! "� ��= &��� 

.�+8���  "� ��= 6��� R �Z*� 3< ���� �(H� " ��

3)(+=� jL�! p���Z)  3/�> M(N 
7
7Q9! � 
7


"	8  :L�> R �Z*� C �$
 � � �� pi(	A� � �(


"=�(5 �� " �Q
��  "; �� 7
� &�$! C �$
 $ �> 3<

3! 3/�> M(N R �Z*� jL�! �7
�! |(9e�  4�(5

3! 38 � |(9e� 3)(+=� 0�
 .7
 7��(# 67
  

 ��� M(N R��< :>� 67
 %S;� �+Qh	�

 7
 3/�> $e/ � M(N R��< jL�! &����� �� 7Q9!

6$G8�+� ��7A= R��< $_� �� 3/�> M(N R��< 3<  ��

"� ��X=�  �� I�GQ� ��� &��c? 01 3! $BQ� 3< 7�*�

"� 6�+1  �� &Z�Q>(�* ��(� R��< 
? 0+)� 3< �(


 �(8 �+! :Y�8 M��A= I7L � 6�=(< ��� M(N 3! Z�$/

 R �Z*� :Y�8 � � 6�=(< ��� �� 3< 6�(! ��� Z�$/ �(8

6���#�
 7+)(= jL�! � 3�*�   $BQ� � 67
 "Y8�H &��

01 3/�> d�X=�� R��< 3! "� 67Q�� �(
 

)Heuvelink et al., 1998(.  
  

  



   I(9L"8�Yc�! 
�$ ���� �� 51��	
 �� 4 � 
�����1399  983 

 
  

  

  

M�7H 2.  � ��83 ZB= f8� ���  $_�7+>� O+)$Y+H � M(N 6��� " �Q
�� &����� 01 4�X5 "#$! $!  
Table 2. Results of variance analysis of gibberellic acid and day length on some charachteristics of chrysanthemum 
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df S.O.V. 

2828.8** 0.46** 0.001** 1.45** 0.19** 0.59** 2.30** 13.38** 22.15** 566.35** 759.72** 3 Gibberellic acid (A) 
37.5* 0.37** 0.0005** 2.57** 0.45** 0.86** 1.60** 0.44* 3.20** 485.48** 205.27** 2 Dark period (B) 

36274.3** 0.04** 0.0006** 0.32** 0.03** 0.17** 0.52** 0.75** 59.06** 20.97* 170.02** 3 cultivar (C) 
176.7** 0.08** 0.0002** 0.05** 0.02** 0.017ns 0.27** 1.81** 1.21** 7.43ns 42.53** 6 A×B 
225.5** 0.02** 0.00006** 0.07** 0.009* 0.05** 0.18** 0.31 ** 1.57** 18.88** 35.24** 9 A×C 

360.7** 0.03** 0.00009** 0.09** 0.01* 0.08** 0.15** 0.61** 2.07** 43.35** 9.40ns 6 B×C 
13.1 0.004 0.0001 0.01 0.003 0.008 0.01 0.12 0.2 6.33 9.76 144 Error 

* � ** :4��X= s+=$= 3! "QA� ��� �� o(e> 5 � 1 75��                     .*, **: Significantly difference at 5 and 1% of probability levels, respectively. 
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Table 3. Mean comparison effect of gibberllic acid, day length and cultivar on morphological and biochemical 
characterestics of chrysanthemum 

Characteristics  
 

Treatment 

Flower 
stem length 

(cm) 

Flower 
number in 

branch 

Flower 
diameter 

(mm) 

Leaf dry 
weight 

(g) 

Flower dry 
weight 

(g) 

CLa 
(mg g-1 FW) 

CLb 
(mg g-1 FW) 

CLtotal 
(mg g-1 
FW) 

Carotenoid 
(mg g-1 FW) 

Peroxidase 
(unit/mg-protein) 

GA 

0 mg/l 17.93d 8.62 c 3.23d 1.48c 0.28d 0.547c 0.421c 0.96d 0.450d 0.011c 
75 mg/l 22.58c 9.77c 3.78c 1.84b 0.44c 0.578c 0.469b 1.04c 0.055c 0.018b 
150 mg/l 24.95b 13.22b 4.08b 1.94b 0.68b 0.650b 0.498b 1.14b 0.590b 0.020b 
300mg/l 27.23a 16.18 a 4.86a 2.73a 0.76a 0.796a 0.574a 1.37a 0.068a 0.026a 

Dark period 
(hr) 

8 hr 24.53a 9.35 c 3.75b 2.04ab 0.42c 0.757a 0.577a 1.33a 0.656a 0.018b 

12hr 23.85a 11.65 b 4.02a 1.902b 0.48b 0.647b 0.485b 1.13b 0.544b 0.017b 
16hr 21.14b 14.84 a 4.19a 2.051a 0.72a 0.525c 0.408c 0.93c 0.509c 0.022a 

Cultivar 

Ariamanesh 25.51a 12.72 a 3.46bc 1.93b 0.66a 0.715a 0.496ab 1.21a 0.582a 0.015d 
Roxana 20.90c 12.08ab 3.60b 1.93b 0.50c 0.635b 0.486b 1.17ab 0.597a 0.021b 
Dina 23.26b 11.87ab 5.64a 2.18a 0.42d 0.653b 0.523a 1.12b 0.524b 0.017c 
Oran 23.04b 11.12 b 3.25c 1.94b 0.58b 0.568c 0.455c 1.02c 0.575a 0.023a 

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

:CLa0+*�$9< a � :CLb0+*�$9<b �CL total: 0< 0+*�$9<  
In each column means followed by at least a common letter, are not significantly different at 1% probability level.  
CLa: Chlorophyll a, CLb: Chlorophyll b, CL total: Chlorophyll total 

 

M(N 3/�> 01 ./� ��& ��(� 3A)�e� 4��X= 

"QA� ���& �! $G 7�  :
��. � $�;+! � � $�	< M(N 

3/�> 01 67Q�� 3! s+=$= u(!$� 3! ./� ��& RQ�� �? � 

�8��<� �(! )51/25 � 90/20 "�8�> ($��. 4��X= 

"QA� ���& �+! M(N 3/�> �� ./� ��Q  � 
���� 

67��;� 7;8 )M�7H 3.( 4��X= "�+�8' �+! ./� ��& 

V9�S� �&����� jL�! ��$! "1T � &�� 4��X�� 

"� (
� 3< "�  �� � � "1T � �� M(N 3/�> 01 :>�. 

M(N 3/�> �01 �� ./� ��& ��� 6791 6�=(< $= �� 

$ � 6791 :>� )Schwabe, 2015.(   

M(N 3/�> ./� ��& V9�S� �� �>�P 3! �$!��< 


(��(� �>�P &�� "=��X�� 
�;8 ���� 3! &�(N 3< M(N 

3/�> 01 �� ./� �8��<� � �Q � ��  ��	+=I7L �$!��< 

7+>� O+)$Y+H 3! �(N "QA� &��� $�	< �� �� ./� $G � 

��(! ��� �$!��< 300 "9+� I$1 $! $�+) 7+>� O+)$Y+H 

sY> 7
 4��X= "QA� &��� �+! M(N 3/�> 01 

./� ��& V9�S� 67��;� �(;8 )M�7H 4.(  

 �� �
���  

��8 �  o(e> $+_g= :]= 3=(! �� 01 ��7A= ��� 
�;8

7+>� V9�S� O+)$Y+H )01/0P<(�  ��� M(N)01/0P<(  �

./� )05/0P<( ��$/ ) :*$1M�7H2 .(�^� 3� �+G8�+�  �� 


�;8 ��� ��7A= 01 �� 3=(! �! �Z*� R 
�Z+� k$F� 

7+>� O+)$Y+H �Z*� R  :*� � !+$�; � ��7A= 01 u(!$� 

3! =+��	 �$!��< 300 "9+� $�+) $! I$1 7+>� O+)$Y+H �(! 

)18/16( )M�7H 3 .(7+>� O+)$Y+H $N �� @ $�= b 

�791"  01 38�(H C^> �� :A8�	� �)Chang et al., 

2006(� G8�+UZ 6�=(< � 01 �791 �= :
�< 
��� 
�$<" 

)Du et al., 2004�Z*� sY> �( R "� 01 ��7A=  .�(


�Z*� R 1 �� 01 ��7A=+6� �����&  �$!��< $_� ��

7+>� �> C>(= O+)$Y+H $ � 8+Z  :>� 67
 U��Z1

)Taiz & Zeiger, 2004; da Silva Vieira et al., 2011 .(

7+>� $N �� O+)$Y+H @ $�= b �791" �Z*� � R  M(N

�791 6���" �Z*� sY> R "� 3=(! �� 01 ��7A=  �(


)Gol et al., 2006( .��8 � ���? R  M(N R��< ��� 
�;8



984   :
����	� � � ����� !�" #$!" %#�
 ��& '()(*�(�& � !+
(+	+�"  ��,- ./� 01 �����&  ... 

 

�(8 6���& �Z*� sY> R 7
 01 ��7A=� 3! �(N&  3<

 R �Z*�= M�	L�+��	 �� "� ��= 8  :L�> 3!16  :L�>

�Z*� sY> R "QA� �> 3! :Y�8 3=(! �� 01 ��7A= ��� $ 

=+����	 ) 7
 M�7H3�B8?�� .( ����� 3<&  O 1+6� 

��YH� 6�=(<���& �$! �:>�& )(=+7 8 01 38�(H+7Q��� ��$/ 

��*$1 �� 6��� ��= �" 8i(N" :>� .� � l=++$ �� M(N 

6��� �(8& �� $N @ $]= O )(=+7 
(��(�  &��
��� �� �� 

@N�Q� $� 	��" 1+�6� sY> 01 �^)�"  "� �(
 

)Mukesh Singh & Brij, 2015.(  

  

 �� ���  

$_� 7+>� V9�S� o(e> �$!��<  O+)$Y+H)01/0P<(� 

M(N ��� )01/0P<(  ./� �)01/0P<( $e/ $!  01

"QA� .�(! ��� Qh	�+�  $_�0!�^�� =+����	  01 $e/ $!

QA�"  7
 ���)01/0P< � M�7H4.( �! �Z*� R  :L�>

��= �"� �Z*� 01 $e/ R  �:*� � 3< � �Z*� R  �� fP

7+>� �$!��< = 3! :Y�8 O+)$Y+H+��	 �� I7L :*� 

7+>� ! O+)$Y+H+$�; 3! .�(! �(N& ! 3<+$�; �  01 $e/

 u(!$�= 3!+��	 16 ��= :L�> �"  �$!��< �300 

"9+� 7+>� $�+) $! I$1 O+)$Y+H �(! )28/5 "9+� ($�� 

)M�7H6.(  

$�	< � = �� 01 $e/+��	 8  :L�>"� ��=  I7L �

7+>� �$!��< )(= O+)$Y+H+7 7
 )91/2 "9+� ($��. 

7+>� $N �� O+)$Y+H @ �Z*� R  \$Y91 ��7A= �  3A>(=

"� 
? qe> �Z*� 3! $BQ� 78�(= R �(
 3h91 $e/ 

)Ramesh et al., 2002; Chang et al., 2006(  .�$!��< 

7+>� O+)$Y+H jL�! �Z*� R $e/ 01 �� 3	� ./� �� �7
 

��� �Z*� R $e/ 01 �� ./� �? RQ�� :Y�8 3! �$!��< 

7+>� O+)$Y+H $�	< �� �> $ ./� �� �(! .!+$�; � $e/ 01 

u(!$� 3! ./� � �Q � �$!��< 300 "9+� $�+) $! I$1 

7+>� O+)$Y+H �(! )5/6 "9+� ($�� ) M�7H4(. �$!��< 

7+>� $N �� O+)$Y+H @ �Z*� R  �\$Y91 6��78� � ��7A= ��

�Z*� sY> R � �� 01 $e/+OS �$1 7 )Ramesh et 

al., 2002.( R��< M(N "� ��= 6��� �� 16 3! 8 :L�> 

sY> R��< "QA� ��� $e/ 01 �� ./� � �Q 7
� ��� $e/ 

01 ./� ��& �? RQ�� � �8��<� �� 3,H�(� �! M(N 

6���  &���(8& V9�S� l=++$& 
�;8 ��78 )M�7H 5 .(

�(Y,! 4�X5 �� ;" 01 �����&� �� 39	H $e/ 01 �� 

�$
 C ��� 6�=(< C>(= �> $ ^^]�+� U��Z1 67
 :>� 
)Nxumalo & Wahome, 2010; Kazaz et al., 2010.(  

  

 � ! �"#  

��8 � ZB= 3 ��� f8� 6���  01 O;# 
�� ��� 
�;8 ��

3! "QA� �(N ���& 7+>� $+_g= :]=  O+)$Y+H

)01/0P<(�  ��� M(N)01/0P<(�  ./�)01/0P<(  $_� �

 0!�^��� ��� M(N � ./� �O+)$Y+H7+>� � ./� 

 � O+)$Y+H7+>�) ��� M(N01/0P<(  $_� .:*$1 ��$/

7+>� O+)$Y+H )01/0P<(  ��� M(N �)05/0P<(  $!

"QA� \$! O;# 
�� ���&  0!�^�� $_� .7


7+>�  ��� M(N �� O+)$Y+H)01/0P<(  �� ��� M(N �

 ./�)01/0P<( 8+Z "QA� \$! O;# 
�� $!  �(! ���

 M�7H)2 .(  
  

M�7H 4 . �+G8�+� 3� �^�$_� 0!�^�� 7+>� O+)$Y+H � ./� $! 4�X5 O '()(*�(� 01 &����� 
Table 4. Mean comparison interaction effect of gibberllic acid and cultivar on morphological characters of 

chrysanthemum 
Treatment Morphological characters 

GA Cultivar  Flower number  Flower stem length (cm)  Flower diameter (mm) Leaf dry weight (g) Flower dry weight (g)  

0 mg/l 

Ariamanesh  9.25fg 21.5ef 3.25efg 1.52de 0.25h 
Roxana 10.25defg 14.5h 2.66gh 1.38e 0.21h 
Dina 8.08g 16.25gh 4.86cd 1.51de 0.33gh 
Oran  6.91g 19.5fg 2.14h 1.49de 0.34gh 

75 mg/l  

Ariamanesh  12.16cdef 25.58abcde 3.3efg 1.76cde 0.37fgh 
Roxana 8.75fg 20fg 3.53e 1.92cd 0.31gh 
Dina 8.41g 21.5ef 5.5bc 2.15bc 0.54def 
Oran  9.75efg 23.16cdfe 2.77fgh 1.51de 0.52ef 

150 mg/l 

Ariamanesh  13.16bcde 26.54abcd 3.53e 1.71cde 0.46efg 
Roxana 13.25bcde 22.37def 3.65e 1.92cd 0.57de 
Dina 13.33bcd 27.66ab 5.68b 2.14bc 1ca 
Oran  13.16bcde 23.25bcdef 3.46ef 1.97cd 0.7cd 

300 mg/l 

Ariamanesh  16.33ab 28.416a 3.74e 2.72a 0.59cde 
Roxana 16.08ab 26.75abcd 4.56d 2.48ab 0.9ab 
Dina 17.66a 27.708abc 6.5a 2.83a 0.75bc 
Oran  14.66abc 26.75abcd 4.62d 2.78a 0.77bc 
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 "�#��� �� ���� �$�%& �'(� ���) ������. 
In each column means followed by at least a common letter, are not significantly different at 1% probability level.  
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Table 5. Mean comparison interaction effect of day length and cultivar on morphological characteristics of 
chrysanthemum 

Treatment  Morphological characteristics  
Dark 

period  
Cultivars  

Flower number in 
plant 

Stem length 
(cm)  

Flower diameter 
(mm) 

Leaf dry weight  
(g)  

Flower dry weight  
(g) 

8 hr 

Ariamanesh  8.125e 26.46a 3.48c 2abc 0.35e 
Roxana 10.68cde 23.03ab 3.69c 1.87bc 0.38e 
Dina 9.5de 23.81ab 5.04b 2.04abc 0.41de 
Oran  9.125de 24.81a 2.79d 2.23ab 0.53cd 

12 hr 

Ariamanesh  14.43a 26.12a 3.42c 1.85bc 0.43de 
Roxana 11.437bcd 20.75bc 3.73c 1.72c 0.41de 
Dina 9.875de 24.87a 5.67a 2.29a 0.61bc 
Oran  10.875cde 23.68ab 3.26cd 1.72c 0.47cde 

16 hr 

Ariamanesh  15.625a 23.93ab 3.46c 1.93abc 0.47cde 
Roxana 14.125ab 18.93c 3.39c 2.18ab 0.71b 
Dina 16.25a 21.09bc 6.2a 2.21ab 0.95a 
Oran  13.375abc 20.62bc 3.71c 1.86bc 0.74b 

�� 	
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 ���
 ������� �� ����� �� �	� ��	��� ��  !
 "�#��� �� ���� �$�%& �'(� ���) ������. 
In each column means followed by at least a common letter, are not significantly different at 1% probability level. 
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 )Kazaz et al., 
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Table 6. Mean comparison interaction effect of gibberellic acid and day length on morphological characteristics of 

chrysanthemum 

Treatment Morphological characteristics  

GA 
Dark period 

(hr) 

Flower number in plant  

(number) 

Stem length  

(cm) 

Flower diameter  

(mm) 

Leaf dry weight  

(g) 

Flower dry weight  

(g) 

0 mg/l 

8 6.87f 19.37e 2.91f 1.49e 0.18h 

12 7.5f 19.43e 3.40ef 1.49e 0.34g 

16 11.5de 15f 3.39ef 1.46e 0.33g 

75 mg/l 

8 7.03f 22.75cde 3.34ef 1.54e 0.41efg 

12 9.56ef 23.31bcd 4.18bcd 1.87ede 0.37fg 

16 12.37de 21.68de 3.82de 2.10cd 0.53cde 

150 mg/l 

8 9.75ef 25bcd 4.06cd 1.83de 0.60cd 

12 13.5bcd 26.43b 3.90de 1.96cd 0.55cde 

16 16.43ab 23.43bcd 4.28bcd 2.02cd 0.90b 

300 mg/l 

8 13.43cd 31a 4.68ab 3.30a 0.49def 

12 16.06bc 26.25bc 4.61bc 2.28bc 0.67c 

16 19.06a 24.46bcd 5.28a 2.61b 1.11a 

�� 	
 ���
 ���
 ������� �� ����� �� �	� ��	��� ��  !
 "�#��� �� ���� �$�%& �'(� ���) ������. 
In each column means followed by at least a common letter, are not significantly different at 1% probability level.  

  

�$%&�' (�� ($)���)*  

� ��8 3� �^� �+G8�+� 
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u(!$� 3! ./� �8��<� �(! )375/0.( �$!��< 300 "9+� I$1 

$! $�+) 7+>� O+)$Y+H sY> R �Z*� ��7^� 0+*�$9< b �� 
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���+1 V9�S� "� (
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)Kumar et al., 2003; Dalal et al., 2009; Siddiqui et 

al., 2011;. Maggio et al., 2010(. �+Qh	� U��Z1 
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 7+>� O+)$Y+H s $S= ��7^� 0+*�$9< �� �� 
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3! $+#g= "� ���78� )Ichimura & Goto, 2000( � ��7^� 

0+*�$9< 6�+1 �� M(N �6�=(<��� R��< "� 7!�  ) Kazaz 

et al., 2010.(   
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0	L "� 7QQ< R^8 "�	< 78��� )Oxborough, 2004.( 
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Table 7. Mean comparison interaction effect of gibberlic acid and cultivar on biochemical characteristics of 

chrysanthemum 

Treatment Biochemical characters 

GA Cultivar 
CLa  

(mg g-1 FW) 

CLb  

(mg g-1 FW) 

CLtotal 

(mg g-1 FW) 

Carotenoid 

(mg g-1 FW) 

Peroxidase  

(unit/mg-protein) 

0 mg/l 

Ariamanesh 0.664cd 0.442fgh 1.10def 0.513d-g 0.004k 

Roxana 0.492fg 0.375h 0.86hi 0.382h 0.014hi 

Dina 0.57d-g 0.467d-g 1.03efg 0.432gh 0.008jk 

Oran 0.469g 0.398gh 0.85i 0.574fg 0.017fgh 

75 mg/l 

Ariamanesh 0.655cd 0.49c-f 1.14c-f 0.572cde 0.013ij 

Roxana 0.505efg 0.492c-f 0.99f-i 0.508cde 0.023ghi 

Dina 0.638cde 0.497c-f 1.13c-f 0.508efg 0.015b-e 

Oran 0.512efg 0.396gh 0.90ghi 0.548edf 0.022e -h 

150 mg/l 

Ariamanesh 0.734bc 0.507b-f 1.24bcd 0.57cde 0.018e -h 

Roxana 0.625c-f 0.496c-f 1.12def 0.67b 0.02def 

Dina 0.671cd 0.527a-e 1.19b-e 0.517d-g 0.019d-g 

Oran 0.571d-g 0.459efg 1.03fgh 0.601bcd 0.022bcd 

300 mg/l 

Ariamanesh 0.806ab 0.545a-d 1.35ab 0.671b 0.024bc 

Roxana 0.915a 0.582ab 1.50a 0.764a 0.026ab 

Dina 0.732bc 0.601a 1.33b 0.64bc 0.025ab 

Oran 0.728bc 0.566abc 1.29bc 0.677ab 0.029a 

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

:CLa0+*�$9< a � :CLb0+*�$9<b �CL total: 0< 0+*�$9<  

In each column means followed by at least a common letter, are not significantly different at 1% probability level.  

CLa: Chlorophyll a, CLb: Chlorophyll b, CL total: Chlorophyll total 

  

 M�7H8 . �+G8�+� 3� �^�&����� 01 " �+	+
(+! 4�X5 $! ./� � ��� M(N 0!�^�� $_�  

Table 8. Mean comparison interaction effect of day length and cultivar on biochemical characteristics of 

chrysanthemum 

Treatment Biochemical characters 

Dark period  

(hr) 
Cultivars 

CLa  

(mg g-1 FW) 

CLb 

(mg g-1 FW) 

CLtotal  

(mg g-1 FW) 

Carotenoid 

(mg g-1 FW) 
Peroxidase 

 (unit/mg-protein) 

8 hr 

Ariamanesh 0.815a 0.562bc 1.37a 0.645ab 0.015def 

Roxana 0.704bcd 0.6ab 1.30ab 0.715a 0.021bc 

Dina 0.786ab 0.632a 1.41a 0.568cd 0.012f 

Oran 0.722a-d 0.514cd 1.23bc 0.695a 0.021bc 

12 hr 

Ariamanesh 0.699bcd 0.516cd 1.21bc 0.581bc 0.013ef 

Roxana 0.752abc 0.476de 1.23bc 0.586bc 0.018cd 

Dina 0.643cd 0.487d 1.13cd 0.511cde 0.017de 

Oran 0.490f 0.46de 0.95efg 0.496de 0.018cd 

16 hr 

Ariamanesh 0.631de 0.41efg 1.04de 0.52cde 0.015def 

Roxana 0.447f 0.382g 0.83g 0.491e 0.023b 

Dina 0.529ef 0.45def 0.98ef 0.493de 0.021bc 

Oran 0.492f 0.39fg 0.88fg 0.533cde 0.028a 

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

:CLa0+*�$9< a � :CLb0+*�$9<b �CL total: 0< 0+*�$9<  

In each column means followed by at least a common letter, are not significantly different at 1% probability level.  

CLa: Chlorophyll a, CLb: Chlorophyll b, CL total: Chlorophyll total 

.
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:>� )Kurilcik et al., 2008; Mazher et al., 2014.(  
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 M�7H9 . �+G8�+� 3� �^� M�7H7+>� 0!�^�� $_� &����� 01 " �+	+
(+! 4�X5 $! ./� � O+)$Y+H  
Table 9. Mean comparison interaction of gibberlic acid and day length on biochemical characteristics of 

chrysanthemum 
Treatment Biochemical characters 

GA Dark period  
CLa  

(mg g-1 FW) 
CLb  

(mg g-1 FW) 
CLtotal 

 (mg g-1 FW) 
Carotenoid 

(mg g-1 FW) 
Peroxidase  

(unit/mg-protein) 

0 mg/l 
8 0.620cde 0.497cde 1.11de 0.542d 0.009e 

12 0.589c-f 0.467def 1.05def 0.457e 0.010e 
16 0.432g 0.298h 0.73h 0.352f 0.015d 

75 mg/l 
8 0.686bc 0.576b 1.26bc 0.562cd 0.020bc 

12 0.561def 0.435efg 0.99efg 0.511de 0.017cd 
16 0.486fg 0.396g 0.88g 0.580bcd 0.018cd 

150 mg/l 
8 0.774b 0.561bc 1.33b 0.645b 0.021bc 

12 0.656cd 0.506cd 1.16cd 0.580bcd 0.018cd 
16 0.522efg 0.426fg 0.94fg 0.544d 0.021bc 

300 mg/l 
8 0.948a 0.675a 1.62a 0.875a 0.022b 

12 0.78b 0.533bc 1.31b 0.628bc 0.022b 
16 0.66cd 0.513bcd 1.17cd 0.562cd 0.029a 

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

:CLa0+*�$9< a � :CLb0+*�$9<b �CL total: 0< 0+*�$9<.  
In each column means followed by at least a common letter, are not significantly different at 1% probability level.  
CLa: Chlorophyll a, CLb: Chlorophyll b, CL total: Chlorophyll total  
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Figure 1. Mean comparison interaction effect of gibberlic acid and cultivar on day to flowering of chrysanthemum 
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Figure 2. Mean comparison interaction effect of day length and cultivar on on day to flowering of chrysanthemum 
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Figure 3. Mean comparison interaction effect of gibberlic acid and cultivar on day to flowering of chrysanthemum 
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