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Table 1. The concentration of salts used to prepare a nutrition solution (ml L-1). 

0�1� =�>?	 !�"K: N )��3	�D�  

 (�>3+ �8 

)1-L gmK: N ( of Different ratios 

  

200/120  250/120  300/120  200/180  250/180  300/180  
0  0  0  4  4  4  3KNO 
1  1  1  1  1  1  4PO2H 4NH 
4  4  4  4  4  4  2)3Ca(NO 
2  3.2  3.4  0  0.65  1.9  4SO2K 
1  0  1  1  0  0  KCl 

 

 W�
�2- :�"���3% 0�1� =�>?	 !�"K:N ��3	)(�>3+ �8 ��D. 

Table 2. Treatments: Different ratios of K: N (mg L-1). 

 
�� ���8�-�G 

Reproductive period 

 
�� ���8�-��� 

Vegetative period  
���3% 

Treatment  
300/180                                                300/180  1 

250/180                                                250/180  2  
200/180                                                  200/180  3  
250/120                                                 250/120  4  

200/120                                               200/120    5  
300/120  300/180                 6  
250/120  300/180                 7  
300/120  250/180                 8  
250/120  250/180                  9  
300/120  200/180                 10  
250/120  200/180                 11  
200/120  300/180                 12  

300/120                                                 300/120   13*  

*Control 
*
"��  

 

 �8 :"�./ 2����� @D2�aK  <�%�� �" �8���� @D �" �8 @D <�NP <W�R <�G� <2�aK����  @39-% 
 �8 <��3	 �P
��

 � 8�9��� � ��3	�8�	 W���	 
	�� )TSS <( 
35) @7TA) ��3	 J\R wc�� <(TSS/TA <(W���  03+�\� <@7�>�K�
317 � �

Y3���95
35 �G
� ��3	 !�3D
�
�.  
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  @D i���� G Z/�"< ���� ��3	 �" !�"�%��  �" �8 ��3	 @39-% 
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��x��
% �� �
35� ��3	<�" �K�" � u��!��K �8�7 � �G� 
�Zp5 .
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  �8�	!�"  W���	 
	�� XK��3	  x�5
�P �� ��3	 XK ��NP Y� 2>��D ��P G Z/W�>3��8 Milwaukee made in 

Romany  
 �8 41A �� � �
��c ��3� Z9���
�.  

  �G
� !�3D�
,	 
35 ��35�>3% i�� �� @7 
� ����.  �
,	5 ��3	XK G �>3+ ��3	 8�5 ��3/0  �� �
35� �% W�	��pH <

2/8 ) 
�8�D �8��>5 ��G W�	�� G @7 
35 ��5��	 !�� .
� �>3%Ghasemnezhad, 2013.( 

% Acid (w/v) = N×V1×Eq.wt/V2×10 

   W�	�� 2� �8N <8�5 �>3+�	�� :V1 <���6	 8�5 J�A :V2 � ����� J�A :Eq.wt�	 4+�� 
35 �+�9+�	 �G� : .
��� 

  �
,	  23	�>��C  i�� ��Bor  ���9�" �)12( �G
� ��E�	 2� �� .
� !�3D100  G �>3+��93	XK �� ��3	10 ��3	 �>3+

Y���1��>	 
35 1%  Zp5 <
� m��?	1000 ��93	 �� @ �A W���	 G �>3+9 ��3	 �>3+2 � 6 �� ���7 !8 W����
50 

��93	 
�^ !�� �U�	 .
� �88 ��9% �>-L� �;�" �� �3��F�
,	  y�	 W�R �8 ����� XB�515 >	���� ��L>58 G �8��>5 �� �

 W
	 �>	�>���>9p5T60 UV visible �G
� ��5��	 !�� .
� !�3D�
,	  23	�>��C ����� ����	 G �" 8�
��>5

Y3���95
35 
� �8��>5.  

  03��z >�K���
317 ���6� ��3	�" G �� �D.�� �l�c�D
��7 W�9�8�  8GKDPPH )1�1-!8 @3�� 2- @��93/  (@�G�
3"

233\% 
�8�D )18( . �
,	100 �>3+��93	 G ���6� XK��3	  ��900 �>3+��93	  W���	DPPH 1/0 ��3	 �U�	8�;��  .
�

�>?3	K Z/ G  �8�;�DPPH ��0��5 �� J" �8G 
�. Zp5 �8 !�	8 {�% �� H
	30 �8 �,3P8 T��� �9���% �% �
35� 

W���	 ��0+�A 0c��9� :"�7 .
� !�
SL� �
,	 XB� �8 W�R  y�	517 �>	���� ��L>58 �� �>	�>���>9p5  W
	T60 UV 

visible  ���� �� Z��% W���	 G .
� 233\%Blank  .
�8�D �8��>5  

DPPHsc (%) = {� ������	 − � ���	�/A control} × 100   

   W�	�� 2� �8A sample 8
� :�
��c �>	�>���>9p5 ��L>58 T5�% ����� �
�  �A control :�
,	 ) XB�1 ��3	 �>3+

 + Z��%1 ��3	 �>3+DPPH( �	 � 
���DPPH .8�� W���>	 �8 �
� @A 

  �G
� !�3D�
,	  ���� 23+�� q�\	 G �8��>5 �� @7 W���
� )36.( 900  �>3+��93	XK �� ��3	180  W���	 G �>3+��93	

50 23+�� 
 �8-  � �3>+�7�35900 5 �>3+��93	 H����7 J�
2 %  .
�8�D m��?	�>?3	K �� H
	90  {�% !�	8 �8 �,3P88 �

 XB� .
� !�
SL� �9���%�>?3	K  y�	 W�R �8 :�7�650  �>	������W
	 �>	�>���>9p5 ��L>58 ��35� T60 UV Visible  

�G
� !�3D
�.  G �8��>5 �� W��� 8�
��>5 �8���0E�� � J5� 
35 Y3+�D =�>?	 !�"�
,	 �������� W�� �" ��3	 H�� 

 �8 
35 Y3+�D ��D100  �>3+ ��3	XK
� i�;D ��3	. 

  �88G �8��>5 �� �"  ����GLM  �8��� �;�SAS !��7� .
�
� ��\	 MN5 �8 �"���3% H�\��	 @P
A 23L��3	!�8 

%5��	GK G � 
� �1��,	 Tukey �1��,	 233\% !�����D
�^ !�"2 .
� �8��>5  

  

    

 

1- Digital Caliper                                               2- Multiple testing correction  
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45�'�  

�"#���$ � ��%
� ��&'����  �	�  

  ��3>�!�" :"�./ 2� ��-� 88 03�7 � 03�37 ��3	 ��G �	���� �3F`% ��B]%! ��P 0��D. 0�1� �� J35�>/ =�>?	 !�"

 �� �I��>3����� @D � @D�%�� 2�aKH�% !�"��\	 �F �L��� @9�) 0�
� !�81( �� �F 2� �	  <�NP <W�R <�G�����  �P
��

��3	�����F � �3+� !�"  �%�� �" <���� MN5 �8 8�9��� � ��3	 @39-% 
 �8 � 1% ��\	 8�� �8)P< 0.01 (W�
�)!�" 3< 4  �

 @9�2.(   

 
Fig. 1. Effects of potassium to nitrogen ratios on number of flowers in each inflorescence and number of 

inflorescences per plant of strawberry cv. Camarosa.- 

 @9�1- �F 0�1��I��>3� �� J35�>/ =�>?	 !�" �� ���� @D �" �8 @D � 2�aK���� @D �%�� �" �8 2�aKH�%.�5���	�7 JP� �L���  

  

 
Fig. 2. Effects of potassium to nitrogen ratios on fruit set of strawberry cv. Camarosa.  

 @9�2- �F 0�1��"! =�>?	 5�>/3J �� �3�I��> �� ��3	 @39-% 
 �8 H�%L���� JP� �5���	�7.  
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 �
,	 �� �>3+ �8 73/8 Z9���  �
,	 2��>�7 � 8���8�	!�" ���3% �� m���	 W���	 
	�� !�"13  �3 �� �
,	 �� 43%�% 70/6 

 �66/6  Z9���8�� W�
�) 5.( J"23�^ ��3>��"! !��7� �88�" 88 ��-� �7 ���3%�" G �E� �8�	!�" W���	 
	�� �� J" 

qt>c ��\	�8 !�8  W��>A MN5%1  �1��,	 .
��8TA ��3	���3% ���% �8 �" �
,	 �7 88 ��-� :��	GK �8 �"TA  �8

���3%��\	 H���% �I��>3� �� J35�>/ =�>?	 Q�N5 �� �
� ����G� !�">�
� !�8 
�W�
�) 5.(  s�5����3>��"! �� 058

�88 !��7� G �
	K <�"0�1� TSS/TA ��3	 �
� ����G� 0�8�� ��	G �8 �"��G 0�1� �3F�% �I��>3� �� J35�>/ =�>?	 !�"

��P  �F � 
�>��D���3%  2� ���D.�� �8  W��>A MN5%1 ��\	�88 23L��3	 �1��,	 .8�� �8���3% 88 ��-� �" !�"8< 7   �9 

�� �� 43%�%0�1� 49/2 <63/2  �57/2  2��%U�� !�8�
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 W�
�3- �F 0�1��I��>3� �� J35�>/ =�>?	 !�" �� <�P
�� ����  ��3	 23+� �G� � W�R <�NPH�%.�5���	�7 JP� �L��� 

Table 3.  Effect of different ratios of potassium to nitrogen on number of achenes, diameter, length and weight of 

primary fruit of strawberry cv. Camarosa.  
 

 

H�\��	 @P
A 23L��3	 �D.��!�" �G
��
� !�3D  

Mean least squares of  measured traits 

����  �P
�� 23+���3	 

Number of achenes 

in/+ 
  primary  fruit  

��3	 23+� �NP  

Diameter of  primary 

 fruit (mm)  

W�R ��3	 23+�  

Length of  primary  

fruit (mm)  

 �G� 23+� ��3	 

Weight of  

primary  fruit (g)  

�I��>3� :J35�>/ 

K:N (Mg/L)  

     (Treat)���3%  

bc.00401 bc29.41 c 78.44 b 1.35 1 
bc3.391   c 72.40  cd 99.42 c 2.32 2  

d 33.365 f 12.36 g 32.36 f 00.24 3  
bc.00392 b 69.41 b 60.47 b 44.35 4  
d 66.365 e 03.37 f 17.39 f 00.25  5  
f .00282 e 40.37 ef 89.40 e 28.27 6  
f 66.283 e 18.37 de 53.41 e 77.27 7  
f .00285 d 72.38 de 10.42 e 41.28 8  

ef 33.291 e 66.37 de 89.41 d 76.29 9  
a .00453 a 05.43 a 74.49 a 93.36 10  
b 33.404 a 71.42 ab 04.48 ab 71.35 11  
c .00388 d 75.38 de 71.42 d 18.30 12 
e 33.304 d 51.39 de 26.41 d 24.30 13 *  

)99.2(
 )17.0(

 )35.0(
 )0.23( 8�
��>5 !�Nc SE   

          
NS (P≥0.05) Mean least squares with at least one common character and multiple tests were corrected by Touky's 

method. 

*Control 
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 W�
�4-  �8 23L��3	 �1��,	�F 0�1��I��>3� �� J35�>/ =�>?	 !�" �� �����F ��3	 �G� � W�R <�NP <�P
�� ���� H�%.�5���	�7 JP� �L��� 

Table 4:  Effect of different ratios of potassium to nitrogen number of achenes, diameter, length and weight of secondary of fruits of strawberry cv. Camarosa.  
  

  

 8�9���Yield (g)   ��3	 �P
�� ���� �����F 

Number of achenes 

in secondary fruits.  

 ��3	 �NP  �����F  

Diameter of secondary 

fruits. (mm)  

W�R  ��3	  �����F  

Length of  secondary 

fruits  (mm)  

 ��3	 �G� �����F 

Weight of secondary 

fruits(g)  

 �I��>3� :J35�>/ 

K:N (Mg/L)  

       (Treat)���3%  

102.2 cd 
cd 311.00 b 34.1 36.75 b 25.53 1 

101.89 
d 310.00 b 33.7 cd 36.36 cd 23.40 2  

59.5 g 
c 317.66  f 28.2 g 31.43 i 14.24 3  

106.91 c 
b 240.66 b 34.2 c-a 37.23 d 22.08 4  

61.91 g 
g 268.33 28.1 g 32.14 gh17.03 5  

81.18 f 
i 240.33 de 29.2 g 34.49 hi15.14 6  

81.36 f 
hi 242.33 c 31.2 e-gc 35.96 g-e 18.12 7  

88.27 e 
h 248.66 c 31.2 f-d 35.74 fg17.54 8  

81.32 f 
f 277.66 d29.7 f 34.62 e 19.73 9  

149.05 a 
a 360.33  a 35.6 a 38.52 a 28.72  10  

129.45 b 
b 340.66 b 34.1 ab 37.79 bc24.88 11  

92.11 d 
g 270.66 c 30.6 ef 35.40 ef19.48 12 

83.09 ef 
e 291.33 ef 28.7 f 34.85 bc24.93 13 *  

)1.18(  )1.33( )0.14( )0.25( )0.39( 8�
��>5 !�Nc SE   

 

NS (P≥0.05) Mean least squares with at least one common character and multiple tests were corrected by Touky's method. 

*Control 
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 W�
�5- �F 0�1��I��>3� �� J35�>/ =�>?	 !�" �� �D.�� !�" ���3�3��3� �
� !�3D �G
�H�%.�5���	�7 JP� �L���  
Table 5.  Effect of different ratios of potassium to nitrogen on measured biochemical traits of strawberry cv. Camarosa. 

  

    H�\��	 @P
A 23L��3	 �D.��!�" �
� !�3D �G
�  
Mean least squares of  measured traits  

  

  

TSS/TA  

@��P 
35 

��35�>3% 

(TA) (%)  

�8�	!�" 
	�� 

W���	  

(TSS)   
(Brixᵒ)  

 23	�>��C 

Ascorbic Acid (Mg 

)wet weight  1-100gr  

23��35�>�K  

Anthocyanin 


 �8 �D
��7��S	 

!�S+�9�8� 8GK  

 ( % DPPH ) 
Antioxidant   

@7 @>�  

)Phenol   

 �I��>3� :J35�>/ 

K:N (Mg/L)  

              (Treat)���3%  
b 78.1 a 93.3  f 0.7 j 32.57 C 04.121 d 49.70 d .00101 1 
b 96.1 a 67.3 ef 2.7 k 48.52 d 28.114 f 59.28 de .0098 2  
b 88.1 a 56.3  g 7.6 l 60.42 h 89.83 C 38.78 j33.57 3  
ba 17.2 a 35.3 e 3.7 h 15.98 b 90.153 bc 54.80 C .00106 4  
b 78.1 a 48.3  h 2.6 i 28.94 hg 81.84 bc 71.81 i.0059 5  
ab 02.2 a 77.3 b 3.8 e 36.114 g 05.91 C 53.51 h .0066 6  
a 50.2 a 39.3 b 5.8\ d 75.116 e 48.106 d 98.71 g .0073 7  
a 26.2 a 32.3 a 7.8 b 24.128 Cd 33.118 d 07.70 e .0095 8  
a 95.2 a 28.3 b 5.8 C 48.118 f 61.97 ab 45.84 gh 66.70 9  
ba 27.2 a 47.3 c 9.7 a 96.130 a 76.164 bc 87.81 a 33.122 10  
ba 82.2 a 28.3 d 5.7 b 76.127 a 26.165 bc 79.81 b .00112 11  
b 09.1 a 84.3 

7.3e 
f 17.112 Cd 41.117 d 82.69 de .0098 12 

b38.1 a 65.3 6.7g 
g 03.103 e 97.107 a 20.86 f .0085 13*  

)27.0( (0.19)  )1.60(  )53.0( )90.0( )90.0( )20.0( 8�
��>5 !�Nc SE   

  

NS (P≥0.05) Mean least squares with at least one common character and multiple tests were corrected by Touky's method. 

*Control 
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A 23L��3	 !�8 @P
A Y� q�A <r�>-	 �� �L�
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   �5���0�1� �F �� �I��>3� �� J35�>/ =�>?	 !�"�
,	 03+�\��>�K !�" � ��
317Y3���95
35  ��3	�8  W��>A MN5 

%1 )P < 0.01( ��\	 ���3% �7 88 ��-� 23L��3	 �1��,	 <8�� �810  ���
,	 96/130 ��3	 �8 ��D100  �G�% �G� ��D!�8 

 �
,	 2��>-3�Y3���95
35  .05 ��3	 �8J"23�^  �
,	 2��>�7Y3���95
35  ���3% �� m���	3  �
,	 ��60/42 ��3	 ��D

 ��100  �G�% �G� ��DW�
�) 8�� 5.(  

  ��3	 �
� ����G� 23��35�>�K �
,	 0�8�� ��	G �8 �"��G 0�1� �3F�%��P �I��>3� �� J35�>/ =�>?	 !�"  �F � 
�>��D

���3%�"  2� ���D.�� �8  W��>A MN5%1 ��\	�88 23L��3	 �1��,	 .8�� �8���3% 88 ��-� �" !�"10  �11 �� �
,	 �� 43%�%

76/164  �26/165 ��3	~ 
�G�7��D 2�
3��35 ��D3 �8 ~100  2��%U�� !�8 ��3	 ��D�
,	  �
,	 2��>�7 � 
�8�� 23��35�>�K

 ���3% �� m���	 23��35�>�K3  �5 W�
�) 8�� 5.(  

   �
,	W���  @7��G  �3F�%0�1��8 �I��>3� �� J35�>/ =�>?	 !�"  W��>A MN5%1 ��\	 �8
�23L��3	 �1��,	 .�"  88 ��-�

 ���3% �710  ���
,	 33/122 ��3	 �8 
35 Y3+�D ��D100 ��3	XK �>3+��3	 !�8  �
,	 2��>-3�W��� 05 ��3	 �8 @7. 

J"23�^<  �
,	 2��>�7W���  ���3% �� m���	3 �
,	 �� 33/57 ��3	 Y3+�D ��D �8 
35100 ��3	XK �>3+��3	  0��D ��P

W�
�) 5(.  

67�  

  ���� @D <@D G ��3	 �G� 23L��3	 � ��3	 @39-% 
 �8 <2�aK�D.�� W�6�	 8�9��� �� ��3,>1	 �N�� �7 
�>1" ���"

JS	 G .
��8�	 �7 ��	�� 2��%H�% 8�9��� 
��% � �L�����G �	 45��	 ��B]% � JP� <
�"8 ��P �3F�% JP� @�G�� �8 .
���

�� � �5���	�7H�% JP� 2��>S� �����8�7 ���\	 !8�9��� �E� G �L��� 
�)8( �K 8�9��� �7 <G�� W���	 �� ��B]% �3F�% !�"

 .8�� ��I��>3� � ��35�>/���� @D � @D :"�./ 2� �8 2�aK��G _3" �3F�%���3% G Y� <0��L� ��P �" �+� � 8�9��� �"���3%

����\	 H��  MN5 �8 !�81% ��G �	 ��-� �7 
�88 ��P �3F�%@D G �o\� 
"8 ��B]% � ��B]% 8���7 ��^ �%���>	 @�U8 �� �"

�
-� ��3	 �� @�
�% H���>	 !
�� @A�	 �8 05�8���8�7 
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Research article 

 

Fruit Quality Changes and Yield Components of Strawberry cv. 
Camarosa in Responses to the Application of Potassium to Nitrogen Ratios in 

Soilless Culture  
 

S. Yousefi*, S. Eshghi, A. Gharaghani and H. Atashi1 

 

 Supplying proper ratios of nutrients in different stages of growth and development may 

increase yield and fruit quality of horticultural crops. Treatments consisted of three potassium 

concentrations (200, 250 and 300 mg L-1) and two nitrogen concentrations (120 and 180 mg L-1). 
To prepare the medium used 1:1 (v/v) ratio of cocopeat and perlite. In order to determine the best 

potassium to nitrogen ratios, some plants were continually fertigated with the same K:N ratios to 

the end of experiment period and other plants were fertigated with different N:K ratios in 

vegetative and reproductive periods. Results showed that the tenth treatment (200/180 K/N ratio 

in vegetative period and 300/120 ratio in reproductive period) significantly increased yield 

components and parameters including length, diameter, achenes number and weight of fruits, 

fruit set and qualitative parameters such as phenol, ascorbic acid and anthocyanin. None of the 

treatments had significant effect on titratable acidity, number of inflorescence and flower of the 

strawberry. Considering all measured parameters, the tenth treatment was the best nutrient 

solution. These results suggest that K:N ratio with 200/180 mg L-1 and 300/120 mg L-1 in 

vegetative and reproductive periods can be applied as a proper treatment to improve yield  and  

the quality of strawberries. 
Keywords: Nitrogen, Potassium, Quality, Stage of growth, Yeild. 
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