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ABTSTRAC 

Gerbera is one of the most famous cut flowers, considered as one of the top ten cuts in the floriculture industry. 
Nutrient recipe management is one of the key factors in greenhouse crops production The correct amount and ratio of 
nutrients with each other in nutrient solutions is influenced by some production and absorption conditions such as light 
intensity, ambient temperature and type of culture medium, among which the ratio of some high-consumption elements such 
as potassium and nitrogen is significant. In order to investigate the effect of different ratios of potassium to nitrogen on yield 
and some quantitative and qualitative characteristics of gerbera flower of Dune cultivar, a study in a completely randomized 
design with four treatments of potassium to nitrogen fertilizer ratio (1.25 to 1, 1.5 To 1, 1.75 to 1 and 2 to 1) were performed 
with three replications and five observations. Results showed that increasing the ratios of potassium to nitrogen 
improved growth and flowering and had a significant effect at the 1% level on the number of leaves, leaf fresh and 
dry weight, flower number, flower stem height, flower stem fresh weight, chlorophyll index and soluble sugars 
content. A significant effect at the 5% level also observed in flower vase life and petal anthocyanin. In general, with 
regarding the costs of greenhouse crops production and results of the present study, the application of 1.75:1 ratio of 
potassium to nitrogen in comparison with others ratios of potassium to nitrogen is recommendable and have more 
positive effects on the quantitative and qualitative characteristics of gerbera cv. Dune. 
 
Keywords: Anthocyanin, chlorophyll, flowering, gerbera, nutrition.  
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�$��2 )Gerbera jamesonii( %���5 9� :$�; 1#�$-#< %/ 

.=
�� 1>$5� �4� :��5 %/ � *�?4$7< %� @A �'#� �/� 

�(4$?; �� $BC� *��� DC ��)� �� E4�$
 F< � %4� � 

�+,-./ 1� �� @G H4 I5 13�
 :=4$� 'DC � ��C 

%/ .� 
 �$��2 1� :64� �� *��� DC *��#< %J$
 K9�� 

*��L; *$-D�� 1-
�� � =)�� =�! ; � M����N �� �4� 

��� DC *� ON %/.=
�� *�P�?; %)�
A ��Q7�9�� *�$� 

I5 13�
 :=4$� �$��2 RG�� ��L4� *����9�� %-��J� � 1A ; 

$-D�� 1� *�����=)�-#� =�! ; �$��2 :=
 '#� 

(Shafiullah Prodhan et al., 2017). '�S�C *$��T 

�����5 %-@49 �� U��O; V#�@/ $N�@G %4�WX Y�(;�� 

%Z@;�Z@; ����. :�[G E4�$
$� �%\�]/ 14W^; %)=O/ 1� 

0�?-�/� _ �� `�S;�� �1; � �I�
 a)� � 1(@A *�� 

%S�C *����� 9� 1) 5 *�� %-@49 ��W5$�&�; .'#� 

*��9��) 14W^;*� %3$� 9� 1) 5*�� %-@49 9 @� 1� %� 3 

b.D/ :=D) '#� � V,X� 9� *��� C %4��	�
 � �%!< 

��=� 1A ; 1� *��9��) ��3 $� 1) 5 � ��@c	� ��/9 

V#�@/ �d$e/ 1� � _ *=/<��C�) :��S-#� %/� 
 

)Neto et al., 2015(. �����5 *�$� 14W^; 1� *��=O; 9� 

$N�@G f��-�� .=)��� ��=?/ �4� $N�@G *�$� `� )� +,-./ 

�����5 M��S-/ .'#� �� $-D�� g�3�� ��=?/ %(�) �4� 

�$N�@G $��$� *��9��) 1�!�� �����5 .'#� 9� �< 1-
W5 

��/9 %	) =)� ; h�	; �� / %4�WX �� 1� :9�=)� %7�C �� 

���-3� :��5 ��$J =�� � �< *��=?/ 0� 1C g�3�� � A� 

����� 1� ��$/ 1� 1,�#� :��5 FWA %/� 
 �4 1� K�� 

$Z4� 9� '#� %/��.� i" *�$� 1� '#� ����< U e]/ 

�%7�C h9j '#� 1	� 1!�# �� / �� / 9��) �� 1� g�3 

��Q7� )Khosh-Khui et al., 2010.( �2�$-�) 9� $N�@G 

%,N� �� / 9��) :��5 .'#� *�$� $BC� �Mj e]/ �2�$-�) 

%�4 9� �� / *W^/ '#� 1C 1� ��=?/ ��49 FWA %/� 
 

�  '(�) 1� $4�# $N�@G %)=O/ �� $4��?/ *$-D�� �� 

:� ; HD3 �����5 k	L; %/.=��4 �2�$-�) 1� � _ :=	G 

1� M� N � 4 *�� M�$-�) � h �) /< 1C I��J FWA *�$� 

:��5 '#� �� U ,]/ g�3 � A� .���� :�[G $� ��4� 

�2�$-�) �� ���=�-l" ��m;�$"��� *��=�#� �1@�/< :��� � 

DNA 1C *��� M�G[_� %��-)2 '#� � A� ���� 

)Neto et al., 2015; Sonneveld et al., 2009(. � (	C 

�2�$-�) �� �����5 RG�� n��C o\# M�(�C$; 

*��-3�# *Q-@# -7 =@)�/ I�7�$,C � 9 ! (4� i�� 

M�S�7 9[��C �$C )Rubisco( %/�� 
 1C �� n��C 

'�7$T *Q-@# -7 � '7� %4<��C 13$> � �#[��C �$C 

:�$	� '#� )Lam et al., 1996(.  

0�#�-" H4 $e@G *��$P %/�=
�� 1C �� U�?-)� 9� p4$_ 

=)�< n��< :�$	� �� 9��C�# '�	�� *��49 �� =�! ; V�
 

*Q	#� ��� k(@/ � I]/ d$e/ �:��5 1� :64� �� 1,�$/ 

%�=,5 ���� )Neto et al., 2015(. 0�#�-" �� *����� 9� 

*��=@4<$7 %�42 ! 4Q�7 :��5 9� I�(J U�?-)� F< � �� / 

�%4�WX qS� ��D7 i)�#2� ; �U ,# Q-@# -7 � H4$]; 

=
� � I��D; Y�?) %	-�4$/ n?) :64� *� ���� 

)Amin et al., 2015; Marschner, 2012; Taiz and 

Zeiger, 2002(. �$���C *��� C %	�#�-" $L@/ 1� � (
� 

0��! ��-/ �2�$-�) :=
 � n4�Q7� �$�,	G � '�S�C 

�����5 �� �� %" ���� .(Gaj et al., 2013) 0�#�-" �� 

*�S4� n?) �� 13$>* U�?-)� 9��C�# � �
;��=�� �$C �� 

'4�
) $L@/ 1� � (
� %�=,5 %/� 
 )Moshiri et al., 

1393(. ��@c	� � (	C �0�#�-" 0��! ��-/ �2�$-�) �� �� 

I�D/ 1A� / :� 	) � RG�� k	L; �� / %@�/< $r/ �� 

:��5 %/��$5 (Nurzynska-Wierdak et al., 2012).  

�$���C ��/Q	� �� $e@G 0�#�-" � �2�$-�) �� 1/�)$� 

�%4�WX M=
 Q-@# -7 �� ']; $�&�; ��$J :��� � RG�� 

n4�Q7� �$�,	G � '�S�C �����5 *=�! ; %/.��$5 

n4�Q7� $4��?/ 0�#�-" �� 1/�)$� �%4�WX %-� �� E4�$
 

� (	C �2�$-�) Q�) $�&�; %-(B/ $� M=
 Q-@# -7 ���� 

(Hou et al., 2019).  *��� C �� 14W^;NPK  0���,�# �

 E4�$
 �� :��5 =
� h��=; 1� $L@/ �$��2 �� 0��,C �

 1� '(�) =
� n4�Q7� ����	�; %3$� �� %-� � *� 
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 )Abbasi et al., 2018( .���O; '(�) V#�@/ 
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$�&�; ��W5 �� '�S�C �����5 %-@49 %/.=
�� �� n4�Q7� 

'(�) 0�#�-" 1� ��2�$-�) �$�,	G I5 *����� � (
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'7�4 � $BC�=� ��=O; I5 � `�S;�� 1; � �� �$���C $4��?/ 

$;j�� 0�#�-" 1� �2�$-�) IN�� =4�$5 )Azeezahmed 

et al., 2016(. �� M�O!�\/ *$Z4� Q�) $BC�=� ��=O; I5 

� �$�,	G 1; � I5 *����� (Barbosa et al., 2000) � 

$BC�=� �$�,	G 1A 5  %Z)$7(Kaur et al., 2018) � 
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s -)�4Q�! (Alvarado-Camarillo et al., 2018) �� 

�$���C '(�)*�� $-D�� 0�#�-" 1� �2�$-�) IN�� 

.=4�$5  
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�4� n��6" U�#�� 1395 1)�.,5�� %;�?�?]; :�$5 h ,G 

�%)�(X�� :�ZD4�/9<*�� %)�(X�� � g�3%#�@
 :=�D)�� 

*9���DC :�ZD)�� 1�/��� �$A� =4�$5. 1� � t@/ %#�$� 

'(�)$&�*�� +,-./ 0�#�-" 1� �2�$-�) �� U ,]/ 

%4�WX $� �$�,	G � %3$� %564� *�� %	C %S�C� I5 

��$��2 %D4�/9< �� V!�J u$_ [/�C %7��e; �� 4 ��	�; 

'(�) *� C 0�#�-" 1� �2�$-�) )25/1 1� 1� 5/1 1� 1� 

75/1 1� 1 � 2 1� 1( �� 3 ��$�; � 5 :=��D/ �$A� =
. �� 

�4� n4�/9< 9� *���D) 3 �; 4 15$� �$��2 0J� Dune� 1C 

9� 'C$
 Florist *��=4$3 :=
 �=)� � :��S-#� =4�$5. 

�� $3��� ���$3 :�/ i" 9� 1�
; 0J� �� / �$t) *���D) 

� CW/ ��=,5��*�� %��-#[" 7 *$-�! �� `�S;�� 19 

%-)�#$-/ � $\J 1)��� 23 %-)�#$-/ 'DC =)=
. �� 

�4� n4�/9< 9� V�C$; '�"s�/ ��) 1)�� *=@� (Q4� � 

'�!$" Q4�#) 4 �; 6 %,�/($-/ �� '(�) %	L� 3 1� 1 1� 

�� @G $-�� 'DC :��S-#� .=4�$5 1� � t@/ � (
� =
� � 

%4�$�5 $-
� ���D) i" 9� U�?-)� 1� ��=,5 �%4�
) �� ��/9 

1�
; $-�� 'DC 1� *�9� $� $-/ VO�/ $-�� �'DC 

300 h$5 � C NPK )24 -14 -12( U e]/ 'C$
 

Fertiberia 17�P� .=4�$5 H4 :�/ =O� 9� U�?-)� �D)�� 1� 

��=,5 %4�
) U�	G� ����	�; � :��S-#� 9� U ,]/*�� 

%4�WX �� *�
-(�) +,-./ 0�#�-" 1� �2�$-�) `�$
 =
. 

*����< �����5 �$��2 �� :��S-#� 9� U ,]/ %4�WX 1� M� N 

%-#� � H4 9�� �� ���/ h�L)� .'7$Z�/ 1� � t@/ 

*$�5 ,A 9� n4�Q7� EC $-�� �'DC ��Q�/ 9��) 1� 

%4 D�< $� s�#� 1\��� )1 (1(#�]/ :=
 � �� $� ��� 

*����< U�	G� =4�$5 1C �(4$?; U��O/ 60 %,�/ $-�! $� 

��=,5 �� $� ��� *����< .� �  

)1            (            LR= ECw / ((5*ECe) - ECw) 

�� �4� �1\��� LR 9��) �%4 D�< ECw '4�=� 

%�4$-�!� U ,]/ %4�WX � ECe '4�=� %�4$-�!� :��eG 

`�(
� $-�� 'DC %/.=
�� =��� *��WZ4�A EC �� �4� 

1\��� ds/m %/.=
�� ��=?/ U ,]/ 1P$G :=
 �� $� ��� 

*����< *�$� %/�	; ��=,5�� ����4 :� � � U��O/ 350 

%,�/$-�! � � 1C �(4$?; 60 %,�/$-�! 9� �< 1� M� N 

:9 F< 9� 1; ��=,5 f��3 %/.=
 *�/� V
 � 9�� 1)�.,5 

1� V�;$; 24 � 28 1A�� %-)�#��$5 � M=
 � ) 450 �; 

500 μmol/s/m
2 � �.  
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1� � t@/ ��/�; �� / %4�WX �� / 9��) �����5 9� U ,]/ 

%4�WX Sonneveld $��^; 1-7�4 )De Kreij et al., 1992( 

:��S-#� =4�$5 1C *���� '(�) 25/1 1� 1 0�#�-" 1� 

�2�$-�) � � U�=A) 1.( *�$� ��/�; $N�@G %4�WX ��$��/ 

I	O!� -#� 1�
; U ,]/ =@,5 � (Hoagland & Arnon, 

1950) 1� ��C 1-7$5 .=
 1� � t@/ 1�
; U ,]/ %4�WX 9� 

F< h$) �� '4�=� %�4$-�!� 20 i@	49�$��/ $� %-)�# -

$-/ :��S-#� .=4�$5 '4�=� %�4$-�!� %4�
) (EC) U ,]/ 

%4�WX 7/1 %#� i@	49 $� %-)�#$-/ :� � � pH �< �� 

:��S-#� 9� =�#� H4$-�) p�J� :=
 )17 (=N�� $� *�� 

8/5 �; 6 0�t@; .=4�$5 U��=A 1 � 2 ��Q�/ *��� C 

�� / :��S-#� *�$� 1�
; 100 $-�! U ,]/ %4�WX �� ��D) 

%/�.=�  

*W^/ Q4� 1� :��5 9��) ��/�; � t@/ 1� ��@c	� ��

 14�" U ,]/ 9�10  :��S-#� $49 u$
 1� 't,X $��$�

*W^/ Q4� 14�" U ,]/ 1�
; *�$� .=4�$5 $4��?/ ���

 :��	
 U�=A �� :=
 $Cz2 I� F< $-�! H4 �� �

:=
  $� *�9� 1� �100  �I/�C %4�WX U ,]/ $-�!100 

 .=4�$5 17�P� %,N� �Q./ 1� 14�" U ,]/ 9� $-�! %,�/  

  

U�=A 1 .1/�)$� 1�
; U ,]/ %4�WX *�$� K��$" �$��2 �� '(�) 25/1 1� 1 0�#�-" 1� �2�$-�)   

$4��?/) *�$� 1�
; 100 $-�! U ,]/ %4�WX %/.(=@
��  

Table 1. The nutrient solution preparation recipe for gerbera growing. K:N ratio equals 1.25:1  

(for 100 liters of nutrient solution). 
Fertilizer type and amount 

Mg(NO3)2 NH4H2PO4 KNO3 Ca(NO3)2NH4.10H2O K2SO4 NH4NO3 

21g 11.5 g 49.3 g 7.5 g 8.7 g 10 g 



132  ����  :�����	� �  !�� � "#�$�% $&� '(�) *�� +,-./ #�-"�0 1� )��2�$- $� 3$�% �456% *�� 2 ! 7� /4�% �  ... 

 
 U�=A21�
; 1/�)$� .  14�" U ,]/10 $N�@G 't,X $��$� .d$e/ 0C  

Table 2. The micro-elements stock solution preparation recipe with 10X of concentration. 

Fertilizer type and amount 

H3BO3 MnCl2.4H2O ZnSO4.7H2O CuSO4.5H2O Na2MoO4.2H2O 
2.86 g l.81 g 0.22 g 0.08 g 0.12 g 

  

��< �� / 9��) �����5 �� $� ��� 1�
; U ,]/ 

%4�WX 1� M� N �QL/ 1� �Q./ 100 *$-�! 17�P� 

=4�$5. *�$� ��/�; 9��) �����5 �$��2 1� ��< 9� M[C 

��< 6 =N�� (Fe-EDDHA 6%) 1� ��Q�/ 5/1 h$5 

�� $� 100 $-�! :��S-#� =
. *�
-(�) +,-./ 0�#�-" 

1� �2�$-�) I/�
 '(�) 25/1 1� 1� 5/1 1� 1� 75/1 

1� 1 � 2 1� 1 .=)� � *�$� %���-#� 1� *�
-(�) 

�� CW/ $4��?/ %e.D/ 9� M�S! # 0�#�-" 1� U ,]/ 

%,N� U ,]/) %4�WX :=
$Cz �� U�=A 1( 17�P� 

=4�$5 U�=A) 3(.   

  

U�=A 3 .$4��?/ � ` ) *��� C �� / :��S-#� *�$� 1�
; 

'(�) *�� +,-./ 0�#�-" 1� �2�$-�) $4��?/) *�$� 1�
; 

100 $-�! U ,]/ %4�WX %/.(=@
��  

Table 3. Amount and type of fertilizer source to 

preparation of different potassium to nitrogen ratios1 

(for 100 liters of nutrient solution). 
Potassium to nitrogen (K:N) ratio 

Fertilizer source 
2:1 1.75:1 1.5:1 1.25:1 

10 g 10 g 10 g 10 g NH4NO3 
26.1 g 17.4 g 8.7 g ----- K2SO4 
7.5 g 7.5 g 7.5 g 7.5 g Ca (NO3)2NH4.10H2O 

49.3 g 49.3 g 49.3 g 49.3 g KNO3 
11.5 g 11.5 g 11.5 g 11.5 g NH4H2PO4 
21 g 21 g 21 g 21 g Mg (NO3)2 
150 150 150 150 Total N (mg/l) 
300 262.5 225 187.5 Total K (mg/l) 

  

��
 �
!�"# ��!�$"#� %�&�'�����(  

1� � t@/ :9�=)�*$�5 M�SN �%�42 ! 7� / 1# ��=,5 

1� � _ %7��e; F�.-)� :=
 � b3�
*�� �� / $t) 

%#�$� .=
 ��=O; I5 � {$� IC :��5 �� K��	
 

���O; =
. *�$� :9�=)�*$�5 o\# {$� 9� :�Z-#� 

o\# |@#  (Leaf Area Meter, AM 200) :��S-#� 

.=
 1� 1�4� _ 1# �=G {$� 9� *�
5$� %)��/ �����5 

']; ��	�; F�.-)� :=
 � il# �=G %4�
) 9� 

��Z)��/ *$�5 o\#  1# {$� 1� '#� .=/< `�S;�� 

1J�# :=@�=,5 �� :��5 I/�
) `�S;�� 9� o\# ��=,5 �; 

�
-)�%4 $;4� '	�J 1J�# (:=@�=,5 E# ; E3 nC 

h�L)� .=
 �9� $; 1J�# :=@�=,5 � �9� $; � HD3 

{$� ������5 �� :��S-#� 9� �9�$;* �4!�-�L% �� 'J� 

001/0 h$5 METTLER, PJ300)( :9�=)�*$�5 .=
  

  

��
 �
!�"# ���#�!�� %�&��)"'��(  

b3�
 I�7�$,C (SPAD)� �� H@
" {$� ��* 1O# ; 

41-7� � �� :�Z-#� nL@# b3�
 I�7�$,C 

)MINOLTA 502, Osaka Japan( :9�=)�*$�5 .=4�$5 

*�$� :9�=)�*$�5 ��)��# -)< �{$(,5 1/0 h$5 9� '7�� 

$; {$� 1� :�$	� 10%,�/ $-�! U )�-/ *=�#� I/�
) 

U )�-/ b!�3 � =�#� H4�=4$,C b!�3 1� '(�) 

%	L� 1:99( �� ���� %@�> [/�C :=�4�# :=
 � 

il# :��eG IN�� 1� M=/ 24 'G�# �� %�4��; �� 

*�/� 25 1A�� %-)�#��$5 1Z) *��� .=
 il# 

:��eG �� 1� M=/ 10 1?�J� �� 4000 ��� �� *�/� 4 

1A�� %-)�# ��$5 2 �S4$-)�# =)=
 � 9�7 %4j�� �
)< 

�� U _ f / 550 $-/ )�) E# ; :�Z-#� 

$-/ -7�$-�l#� :=)� 3 .=
 *�$� 1(#�]/ 't,X 

��)��# -)< 9� V4$P %
 /�3 U��O/ )Ɛ = 33000 

mol
-1

 cm
-2

( :��S-#� .=4�$5 ��=?/ ��)��# -)< �� 

:��S-#� 9� 1\��� )2( $� V�� %,�/ U / $� h$5 �9� 

:9�; 1(#�]/ .=
 �� �4� 1\��� A FWA �1) 	) b 

}$G I# � c 't,X U ,]/ $t)�� / %/ .=
��                                                      

)2(                                                    A=Ɛbc  

*�$� :9�=)�*$�5 =�~ @;��C {$� 1/0 h$5 9� '7�� 

%5$� {$�) *�� [/�C 1O# ; (1-7�4 �� %c�J �$3 

:=
 � �� ���� %@�> 1-.4� .=
 il# 5 %,�/$-�! 

� -#�100=N�� 1� 1) 	)�� 17�P� � :=�~�# =
 �; 1� 

M� N :� ; %-3� @�4 =4<�� I	G) �=�~�# � 1! ��$C 

'7�� %5$� �� E�]/ H@3 � �� � ) 0C h�L)� .('7$5 

5/0 %,�/$-�! 9� Y ,./ 1� '#� :=/< 1-
��$� :=
 � 

�� 5/2 %,�/$-�! F< Y ,./ :=
 � �� 'G$# 2500 

��� �� 1?�J� 1� M=/ 10 1?�J� 2 �S4$-)�# =
. i" 



   h ,G%)�(X�� ��$4���� �� 53��	
 �� 1 � ��
�1401  133 

 

9� 2 �S4$-)�# ���$C ��Q�/ FWA �� U _ f / 470 

*�$� =�~ @;��C E# ; $-/ -7�$-�l#� '~�$J =
 � �� 

'4�
) �� :��S-#� 9� 1\��� )3(� ��Q�/ =�~ @;���C $� 

V�� %,�/ h$5 $� h$5 �9� $; 1) 	) '#=� .=/<                                    

)3(   Car=(1000 A470–2-27 Chla–81.4 Chlb)/227  

*�$� :9�=)� *$�5 ��Q�/ *��=@J �U ,]/ 9� :��eG 

%,�!� *��=
Z) :=
 �� U�c.4 :��S-#� .=
 *�$� 1�
; 

�:��eG 5/0 h$5 9� '7�� {$� �� ���� �� 5 %,�/ $-�! 

U )�;� 95 =N�� 1! :=
 � k4�/ %4�� �=A � 1� 1! ! 

n4�/9< 1� 0L� 25 %,�/ $-�! I?-@/ =
. il# 5 

%,�/ $-�! U )�;� 70 =N�� 1� n.� =/�A :=)�	�J�� 

17�P� [/�C�  D-�
 =4�$5. �4� n.� k4�/9� %4�� 

�=A � 1� 1! ! n4�/9< 1� 0L� 25 %,�/ $-�! I?-@/ 

=
. �� '4�
) 10 %,�/ $-�! 9� :��eG 1� '#� :=/< 

1� M=/ 15 1?�J� �� ��� 3500 2 �S4$-)�# .=
 

il# 1� H	C 'l�"�$��/ 1� I3�� 1! ! n4�/9< 

1-.4� .=
 il# 3 %,�/$-�! ��$-)< :9�; 1�
; :=
 

)150 %,�/ h$5 ��$-)<+ 100 %,�/$-�! =�#� 

H4� S! # 72 =N��( 1� �< :��Q7� :=
 � 1! ! *�� 

n4�/9< 1� M=/ 10 1?�J� �� h�	� F< K A ��$J 

:��� =)=
 �; :��/ %Z)� I��D; ��$5. i" 9� H@3 

�=
 1) 	)��� ��Q�/ FWA �� U _ f / 625 $-/ )�) 

�� :�Z-#� $-/ -7�$-�l#� '~�$J =
. *�$� 1�
; 

���=)�-#� �=@J 9� QC ,5 U ,]/ %4�� �� 't,X $SN �; 

120 %,�/ h$5 �� $-�! 1�
; � 1�,C I��$/ %D4�/9< 

*�� �
)< h�L)� =4�$5 � �-4�
) ��Q�/ FWA �
)< �� 

U _ f / 625 $-/ )�) '~�$J =4�$5 )Irigoyen et al., 

1992(. 1� � t@/ ���O; $	G %4�L,5 ��$��2 �
,5 I(J 

9� 1� :�$5 �-�D) :=�> =)=
. 13�
*�� I5 :=4$� 

�� F< �$\?/ *�/� 3±20 1A�� %-)�# ��$5 � 

'� _� 70 =N�� � :��� 10 'G�# %�4��; � 14 

'G�# %4�@
�� 1)�9�� ��$J :��� =)=
. ��Q�/ � ) %_ 

:��� i" 9� '
��$� 100 μmol/s/m
2 .� � 9�� K$�  

1J�# I5 $� �� 9�� ��(�4 1� ��Q�/ 5/2 %-)�# $-/ 

M� N %/'7$5. ��/9 ��4�" $	G �I5 1��-J� 30 

=N�� *�
,5 1)��9*� :�$/6" =)=
 ���O; =
 

(Haghighi et al., 2012).  

  

;���� � <=� 

|4�-) IN�� 9� U�=A 14QL; i)�4��� U�=A) 4( ��D) 

%/=�� 1C '(�)*�� +,-./ 0�#�-" 1� �2�$-�) RG�� 

$�&�; %@O/*��� $� %3$� M�SN H42 ! 7� / .=)���  

  

*�� �
 +,  

'(�) $&� ��=O; $� �2�$-�) 1� 0�#�-" +,-./ *��

%@O/ =N�� H4 U�	-�� o\# �� {$�  � � ���

U�=A)4'(�) ��Z)��/ 1�4�?/ .( 0�#�-" +,-./ *��

 1�) {$� ��=O; �4$-D�� 1C ��� ��D) �2�$-�)16/22  

 '(�) �� (�=G75/1  1�1  1� �2�$-�) 1� 0�#�-"

I�
) =/< '#�1 � *Q�Z)� I5 9�X< *�$� �����5 .(

 =@/9��) {$� ��=O; 9� %e.D/ =� 1� I5 � 
T

) =@4 5 %/ %�42 ! 7� / � ,� �$)< 1C =@-��Nemali 

& Iersel, 2004( .:�� 1,	A 9�4��%/ :��5 1C % 9� =)� ;

 *Q-@# -7 %4<��C � %;��=�� �$C :$�3z �< p4$_

 %/ :��5 �� {$� ��=O; n4�Q7� �=
�� 1-
�� *$-D��

 =
��(Amador et al., 2007) �� {$� ��=O; n4�Q7� .

%/ 0�#�-" $-D�� 't,X �� :=
 ��	�; �����5 1� =)� ;

 �=
 {�Q� � 0��?; �� 0�#�-" 1C =
�� I�!� �4�

U ,# 1-3�@
 =
� g$]/ �� @G 1� � 1-
�� n?) ��

.'#� :=
  

  

 U�=A4 .'(�) $&� i)�4��� 14QL; |4�-)b3�
 %3$� $� �2�$-�) 1� 0�#�-" +,-./ *���$��2 %�42 ! 7� / *��.  
Table 4. Results of variance analysis effect of different ratios of potassium to nitrogen on some morphological indices 

of gerbera. 
Mean of squares 
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df 
Source of 
variation 

1.444* 32.532** 14.173** 5.944** 3.043** 90.129** 6405150.02ns 12.805** 3 K to N ratio 
0.208 1.946 1.666 0.666 0.245 8.434 3331921.96 0.562 8 Error 
4.34 6.75 2.16 11.13 9.66 8.32 8.12 3.86  CV % 

ns :** � * �%@O/ M��S; � ()%@O/ M��S; � ��� V�;$; 1� U�	-�� o\# �� ���5  �1 .=N��  

ns, *, **:  Non-Significantly differnce and significantly difference at 5 and 1 % probability level, respectively 
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 I�
1'(�) $&� ��Z)��/ 1�4�?/ . 1� 0�#�-" +,-./ *��

 0J� �$��2 {$� ��=O; ��Z)��/ $� �2�$-�)Dune .  

Figure 1. Mean comparision effect of different 

potassium to nitrogen rarios on leaf number of 

gerbera cv. Dune.  

  

��@c	� ��� 0�#�-" ���� :��5 � =
� '7��*�� 

%	-�4$/ Y�(;�� %-(B/ � A� ���� 1C �� '4�
) $L@/ 

1� =
� $-O4$# '7��*�� %���5 %/� 
 )Shabala, 

2003; Marschner, 2012(. 0�#�-" �� �iS@; �Q-@# -7 

1O# ; I�7�$,C � ��Q�/ F< {$� n?) 1-
�� � RG�� 

n4�Q7� ��Q�/ Q-@# -7 �{$� FWA *� =��C� ��$C � 

I�
�; 'C$� ��$C �� :��5 %/� 
 )Sangakkara et 

al., 2000(. 9� d$_ $Z4� 0�#�-" �� � (
� 0�
�; � 

0��! ��-/ �2�$-�) �� �:��5  	) {$� � :9�X< *�� %5$� 

�� � (
� :=�D.� � n4�Q7� ��=O; {$� �� :��5 �� RG�� 

%/� 
 )Kumar, 2007; Gaj et al., 2013(. �� n4�/9< 

%
��D/ ��=O; {$� �� I5 *����� )Sajid & Amin, 

2014; Azeezahmad et al., 2016 (� :��5 �$��2 

(Renuka et al., 2015) Q�) �� n4�Q7� 't,X 0�#�-" 

'(�) 1� �2�$-�) n4�Q7� �=�" .�$C   

  

���*�� -�. � �,  

:��� i)�4��� 14QL; 9� IN�� |4�-) �< 9� %C�� ��

'(�) $&� 1C '#� �2�$-�) 1� 0�#�-" +,-./ *��

o\# ��  {$� HD3 � $; �9� $� =N�� H4

%@O/ U�=A) � � ���4 � $; �9� ��Z)��/ �4$-D�� .(

 �V�;$; 1�) {$� HD398/39  �30/6  �� (h$5

 '(�)2  1�1  =
 :=��D/ �2�$-�) 1� 0�#�-"

I�
)2 1-�� � 9�� 0�t@; �� %	
/ n?) 0�#�-" .(

1)9�� �=
) ���� F< U�?-)� � qS� � ��Zorb et 

al., 2014; Marschner, 2012(.  F< ��Q�/ 0�#�-"

 �� � :��� n��C �� �$O; 9� %
�) %�� '#� 9�

 :��5 %�< '�OP� � (
� �� �i)�#2� ; ��D7 qS�

%/ �S4� '(B/ n?) $L@/ '4�
) �� 1!��/ �4� .=@C

 � :=
 %4�WX �� / 1@�
� 0��! ��-/ � FWA 1�

'
�� U ,# �=
 %" �� �� :� ; '�49 n4�Q7� � ��

���� )Taiz & Zeiger, 2002 ��@c	� 0�#�-" .(

 :�$C I�
�; �� :��5 �� �2�$-�) 0��! ��-/ � FWA

b3�
 $� %-(B/ M�$&� Q�) p4$_ �4� 9� � =
� *��

%/ :��5 ���W5(Patel, 2012; Gaj et al., 2013) .   

  

   
I�
 2. 1�4�?/ ��Z)��/ $&� '(�)*�� +,-./ 0�#�-" 1� �2�$-�) $� ��Z)��/ �9� $; {$� I�
) (�> � �9� HD3 {$� 

I�
) ('#�� �$��2 0J� Dune.   

Figure 2. Mean comparision effect of different potassium to nitrogen rarios on leaf fresh weight (left) and dry weight 

(right) of gerbera cv. Dune.  
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�
 +, /#  

U�=A 14QL; i)�4��� U�=A)4( ��D) %/=�� 1C $&� 

'(�)*�� +,-./ 0�#�-" 1� �2�$-�) $� ��=O; I5 �� 

o\# H4 =N�� %@O/��� .=4�$5 �� �4� n��6" n4�Q7� 

't,X �0�#�-" $� ��Z)��/ ��=O; I5 $�&�; '(B/ '
�� � 

�4$-D�� ��Z)��/ ��=O; I5 )16/9 (�=G �� '(�) 75/1 

1� 1 0�#�-" 1� �2�$-�) � �4$-	C ��Z)��/ ��=O; I5 )6 

(�=G �� �$���C '(�) 25/1 1� 1 0�#�-" 1� �2�$-�) �� 

U ,]/ %4�WX 1� '#� =/< I�
)3.(   

  

 
I�
 3. 1�4�?/ ��Z)��/ $&� '(�)*�� +,-./ 0�#�-" 1� 

�2�$-�) $� ��Z)��/ ��=O; I5 �$��2 0J� Dune.   

Figure 3. Mean comparision effect of different 

potassium to nitrogen rarios on flower number of 

gerbera cv. Dune.  

  

0
/ �QA �2�$-�) � 0�#�-" *� -]/� -C�7 �4$; *��

%/ U��O-/ =� �� � :� � :��5 %S�C �� I5 ��=O; =@)� ;

=@�� n4�Q7� %-@49 �����5 �� )Monish et al., 2008( .

 � %4�WX �� / FWA n4�Q7� �=
� H4$]; �� 0�#�-"

=@4<$7 %3$� n4�Q7� =@)�/ *9�# � '3 # *��

1��A M��=�� �$C %4�A�=O; n4�Q7� RG�� � ���� n?) �� �

%/ :��5 �� I5 :9�=)� �) � 
Hussein, 2008; Neto et 

al., 2015(.  ��Q�/ �2�$-�) � 0�#�-" 9� ��/Q	� :��S-#�

 � Q-@# -7 1L�-) �� � :��� n4�Q7� :��5 �� �� I�7�$,C

%/ n4�Q7� :��5 �� %4�WX �� / k	L;=��4 )Hou et al., 

2019(M��=�� �$C n4�Q7� �� .*$-D�� I5 ��=O; ��  ��

%/ =�! ; :��5 � 
(Sajid & Amin, 2014).  n4�Q7�

 �� �2�$-�) 1� 0�#�-" '(�) n4�Q7� $&� �� I5 ��=O;

*����� �� �%4�WX U ,]/ )Barbosa et al., 2000; 

Azeezahmed et al., 2016) s -)�4Q�! � (Alvarado-

Camarillo et al., 2018.'#� :=
 K��Q5 Q�) (  

0��,�
 � ��� �1�� � 2� �#  

�$���C '(�)*�� +,-./ 0�#�-" 1� �2�$-�) $�&�; 

%@O/*��� $� `�S;�� � �9� 1J�# I5 :=@�� '
�� 

U�=A)4.( 1�4�?/ ��Z)��/�� %C�� 9� �< '#� 1C �� 

��� '(�)*�� +,-./ 0�#�-" 1� �2�$-�) �4$-D�� 

`�S;�� � �9� 1J�# :=@�=,5 �� '(�) 2 1� 1 0�#�-" 

1� �2�$-�) 1� V�;$; �� 62 %-)�#$-/ � 7/24 h$5 1� 

'#� =/< I�
)4.( `�S;�� 1J�# :=@�=,5 %�4 9� 

���O/*�� 0
/ � %,N� *�$� ���� '�S�C I5 %)=4$� 

'#� (Al-khassawneh et al., 2006).   

  

  

 
I�
 4. 1�4�?/ ��Z)��/ $&� '(�)*�� +,-./ 0�#�-" 1� 

�2�$-�) $� ��Z)��/ �9� 1J�# :=@�=,5 I�
) (�> � 

`�S;�� 1J�# :=@�=,5 I�
) ('#�� �$��2 0J� Dune.  

Figure 4. Mean comparision effect of different 

potassium to nitrogen rarios on Flower stem weight (left) 

and Flower stem height (right) of gerbera cv. Dune.  

  

 � (
� �0��! ��-/ n4�Q7� �� 0�#�-" � %�< E����

04Q)< '�!�O7 n4�Q7� � :��5 =
� H4$]; VA / ��

%/ :=@�=,5 1J�# �9� � 
(Marschner, 2012). 

:=	G n?) 0�#�-" �� / � F< I?) � I	� �� *�

 :=
G $� :��5 $#�$# �� %� > =)�< p4$_ 9� %4�WX

%/ n��C 0�#�-" ��=?/ 1C %/�Z@� .���� U�?-)� �=��4

�,C �M�S�7 �M�$-�)=�#� � 04Q�@/ �0� 1@�/< *��

%/ n��C � n��< =)�< �� 0�#�-" I?) � I	� .=��4
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%/ M� N %� > =)�<04Q)< �� 1C �$�5� /� �  �� *��

 %7�C 0�#�-" � A� �4�$��@� .'#� Y�(;�� �� :��5 =
�

0-��# �4� F ,\/ �$�,	G *�$� '#� *��$P ��

(Thomas & Thomas, 2009) �� %7�C �2�$-�) . U ,]/

U ,# =
� VA / :��5 E# ; �< 1@�
� FWA � %4�WX ��

1)� A H4$]; � `�S;�� n4�Q7� 1L�-) �� � %G$7 *��

I5%/ �� � 
(Singh, 2000).  1� :��5 `�S;�� n4�Q7�

:$5 ��=O; �� n4�Q7� I�!� :$Z)��/ U _ �%/ �� 1C =
��

%/ :��5 `�S;�� n4�Q7� 1� $L@/4$]; �� �2�$-�) .� 
 H

n.� 1� 1D4� 9� �< U�?-)� � ��@C -�# Q-@# �� *��

U ,# �=
 {�Q� � 0��?; 1� $L@/ :��5 %4� � � :=
 ��

%/ :=@�=,5 1J�# ̀ �S;�� n4�Q7� RG��) � 
Pouryousef 

et al., 2010(.  � F< U�?-)� �� n?) *�S4� �� Q�) 0�#�-"

 �=
 %! _ =
� � �=
 {�Q� �i)�#2� ; ��D7 qS�

U ,# ��:� 	) I�
�; �� )Taiz & Zeiger, 2002(  9� �

I5 1J�# `�S;�� � �9� n4�Q7� RG�� p4$_ �4� :=@��

%/.� 
  

  

�3� ���4�#  

s�#�$� U�=A 14QL; i)�4��� U�=A)4( $&� '(�) *�� 

+,-./ 0�#�-" 1� �2�$-�) �� o\# |@" =N�� $� $	G 

%4�L,5 %@O/��� .� � |4�-) 1�4�?/ ��Z)��/ I�
)5( 

$Z)��� n4�Q7� U _ $	G %4�L,5 �$��2 �� n4�Q7� 't,X 

0�#�-" .� � �4$-D�� $	G %4�L,5 )2/11 (9�� �� '(�) 

2 1� 1 0�#�-" 1� �2�$-�) � �4$-	C $	G %4�L,5 )7/9 

(9�� �� '(�) 1 1� 5/1 :=��D/ .=
 9� I/� G 0
/ �� 

���O; $	G %4�L,5 I5*�� 13�
 :=4$� =N�� �� / 

=/�A U ,]/ �< %/.=
�� $-D�� I5*�� 13�
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%)�/9 1C :$/6" %/=) 
 u \# %@�4�" 9� 9� =@J*�� 

U ,]/ �� {$(,5*�� �
)< � A� .����  9� i" $	G

%@O/ � _ 1� I5 '
��$� ��$J 0J� ` ) $�&�; ']; *���

 ����(Moallaye Mazraei et al., 2019) .U ,#�� �� 

��/9 %5�$/6" Q�) *��=?/ =@J �� � 3 :$�3z =)��� � 

�4� U�	-�� � A� ���� 1C %,G0X� 't,X *j�� =@J �� 

�I~ C�� *�rG� U ,# 9� 1,	A *�=@C -�/�� ���J 1� 

:��S-#� 9� �< .=@
�() �4� %)� ;�) h�=)�*�� %! ,# �� 

'7�4�� �=@J V(# n��C $	G %4�L,5 � %5�$/6" 

{$(,5�� %/��$5 (Van Doorn, 2000). n4�Q7� 0�#�-" 

V(# n4�Q7� �Q-@# -7 n4�Q7� U�?-)� M��=�� �$C�� 9� 

{$� 1� =)�<*�� �n��< n4�Q7� 'G$# U�?-)� �� / �� 

��=)�< � U�?-)� �<�� 1� I5 %/ 
� )Neto et al., 2015(. 

��@c	� 0�#�-" 9� p4$_ n4�Q7� M=
 Q-@# -7 � j�� 

��$� 'G$# U�?-)� �� / *Q-@# -7 9� {$��� 1� '7�� 

:$�3z*� (Lin et al., 2004) � I�
�; U�?-)� 9��C�# � 

M��=�� �$C�� )Moshiri et al., 1393( %/=)� ; RG�� 

n4�Q7� '�	C � '�S�C I5 � 
. n@�	�$� 0�#�-" � 

�2�$-�) Q�) RG�� n4�Q7� ��=O; 13�
�� � '�49 :� ; 

%���5 %/.� 
 �� 1L�-) ��Q�/ �� / %4�WX :$�3z :=
 

�� '7���� n4�Q7� 1-7�4 � 1� � _ $�X 0�?-�/ $L@/ 1� 

n4�Q7� $	G %4�L,5 �� :��5 %/� 
 (Parihar, 2014).  
  

 
I�
 5 .1�4�?/ ��Z)��/ $&� '(�) *�� +,-./ 0�#�-" 1� 

�2�$-�) $� $	G %4�L,5 �$��2 0J� Dune.   

Figure 5. Mean comparision effect of different 

potassium to nitrogen rarios on flower number of 

gerbera cv. Dune. 

  

U�=A 5. |4�-) 14QL; i)�4��� $&� '(�)*�� +,-./ 0�#�-" 1� �2�$-�) $� %3$� b3�
*�� %�42 ! 4Q�7 �$��2.  
Table 5. Results of variance analysis effect of different ratios of potassium to nitrogen on some physiological indices 

of gerbera. 
Mean of squares 

df 
Source of 
variation Soluble sugar Leaf carotenoid Petal anthocyanin Leaf chlorophyll index 

176.877** 0.000009ns 6.749* 28.439** 3 K to N ratio 
17.436 0/003 1.318 1.138 8 Error 
7.42 20.93 15.86 1.91  CV % 

ns%@O/ M��S; � () :** � * �%@O/ M��S; � ��� V�;$; 1� U�	-�� o\# �� ���5  �1 .=N��  

ns, *, **:  Non-Significantly difference and significantly differnce at 5 and 1 % probability level, respectively 
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5.�6 /"'���7  

'(�)*�� +,-./ 0�#�-" 1� �2�$-�) $�&�; %@O/ *��� 

�� o\# U�	-�� H4 =N�� $� b3�
 I�7�$,C {$� 

'
�� U�=A) 5.( �� 't,X*�� +,-./ 0�#�-" 1� 

�2�$-�) '(�) 75/1 1� 1� RG�� U e� �4$-D�� 

��Z)��/ b3�
 I�7�$,C =4�$5 I�
)6.(   

  

 
 I�
6'(�) $&� ��Z)��/ 1�4�?/ . 1� 0�#�-" +,-./ *��

 0J� �$��2 I�7�$,C b3�
 $� �2�$-�)Dune .  

Figure 6. Mean comparision effect of different 

potassium to nitrogen rarios on chlorophyll index 

(SPAD) of gerbera cv. Dune.  
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�� )El-Bassiony, 2012( � RG�� U�O7 

1Z) �-
�� Y�?) %	-�4$/ � qS� '7��*�� �� A 

:��5 %/��$5 (Hegazi et al., 2011). qS� U��O; 

%) 4 :��5 E# ; 0�#�-" � $�&�; �4� $e@G $� 

'�!�O7 04Q)< M��$�" 9�@�C 1C �� 0��! ��-/ 

M��=�� �$C�� � 1O# ; h�=)� *�� :=@@CQ-@# -7 � 

*� -]/ I�7�$,C n?) %4�Q�� ����� M�(&� :=
 

'#� )Ramzan et al., 2010( � n4�Q7� b3�
 

I�7�$,C �� �� %" =�� 3 .'
�� $&� %D4�Q7� � C 

�2�$-�) $� ��=?/ I�7�$,C 1� n?) �2�$-�) �� 

��-3�# I�7�$C Y �$/ %/.� 
 �2�$-�) �QA %,N� 

1	� =�#�*�� 1@�/< � ��m;�$"�� %/=
�� 1C 1� 

M� N H4 V�C$; *��-3�# �� '#["�$,C I	G 

%/=@C (Ouda & Mahadeen, 2008). n4�Q7� 

b3�
 I�7�$,C {$� �����5 $L@/ 1� n4�Q7� 

M=
 Q-@# -7 � =
� �����5 %/� 
 )Najafi et 

al., 2011(.  

*�	�# 8"��"����9  

$� U�=A) i)�4��� 14QL; U�=A s�#�5 $&� (

'(�)  ��)��# -)< $� �2�$-�) 1� 0�#�-" +,-./ *��

 {$(,5%@O/ =N�� |@" o\# ��  |4�-) .'#� ���

:��� ��Z)��/ 1�4�?/ 9� IN�� I�
) ��7 ��� ��D) (

 '(�) �$���C 1C75/1  1�1  �� �2�$-�) 1� 0�#�-"

 ��)��# -)< ��=?/ �4$-D�� =�! ; RG�� �%4�WX U ,]/

 ��Q�/ 1� {$(,5 ��mg/g FW42/8  .=4�$5  

  

 
I�
 7. 1�4�?/ ��Z)��/ $&� '(�)*�� +,-./ 0�#�-" 1� 

�2�$-�) $� *� -]/ ��)��# -)< {$(,5 �$��2 0J� Dune.   
Figure 7. Mean comparision effect of different 

potassium to nitrogen rarios on petal anthocyanin 
content of gerbera cv. Dune.  
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�� I�3� ��)��# -)< =�! ;Zheng et al., 2008.( 
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2008.(  
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*��=@J U ,]/ �� o\# U�	-�� H4 =N�� %@O/ ��� 

.'#� �4$-D�� ��Q�/ =@J*�� U ,]/ )mg/g FW 

74/63(  �� �$���C '(�) 2 1� 1 0�#�-" 1� �2�$-�) 

�� U ,]/ %4�WX 1� '#� =/< I�
) 8.(   

  

  
I�
 8. 1�4�?/ ��Z)��/ $&� '(�)*�� +,-./ 0�#�-" 1� 

�2�$-�) $� *� -]/ =@J U ,]/ {$� �$��2 0J� Dune.  

Figure 8. Mean comparision effect of different ratios 

of potassium to nitrogen on leaf soluble sugars 

content of gerbera cv. Dune. 

  

 1C '#� :��5 9��) �� / $N�@G 1,	A 9� 0�#�-"

 :$�3z � U�?-)� �0�
�; � Q-@# -7 �� %	
/ n?)

M��=�� �$C ���� ��(Pettigrew, 2008) . V(# 0�#�-"
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 '�!�O704Q)<��$C��=�� U��(; �� 1C �� %4�� ��
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(Lester et al., 2010).  9� �� / U�?-)�
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)Ibrahim et al., 2012.(    
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