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3- Nutrient Film Technique                      
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1- Inductively Coupled Plasma Atomic Emission Spectroscopy  
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Table 1. The optimal level of leaf nutrients in greenhouse cucumber (third to fourth full mature and developed 

leaves from the end growing point) in three stages of growth (10). 
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Initial growth up to 12 leaves (Initial nutrient solution) 

N (%) P (%) K (%) Ca (%) Mg (%) S (%) 

4.50–6.00 0.34–0.75 3.90–5.00 1.40–3.50 0.30–1.00 0.40–0.70 

Fe (mg L-1) Mn (mg L-1) Zn (mg L-1) Cu (mg L-1) B (mg L-1) Mo (mg L-1) 

50-100 50-100 20-60 5-25 25-65 0.2-0.8 

��� 	1���  I����) 	��J
B�EK���  ��N�� �2	1��� 	#��> G� 3�@(  

Vegetative growth (substitutional nutrient solution at vegetative stage before blooming) 
N (%) P (%) K (%) Ca (%) Mg (%) S (%) 

4.50-6.00 0.30-0.70 1.50-2.50 2.20-4.50 0.45-0.75 0.30-0.80 

Fe (mg L-1) Mn (mg L-1) Zn (mg L-1) Cu (mg L-1) B (mg L-1) Mo (mg L-1) 

50-100 30-100 20-60 5-25 25-65 0.3-1.0 
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 I����) 	1��G ��� ��N�� �2	1��G �2 	#��> m���(  

Reproductive growth (substitutional nutrient solution at reproductive stage in early blooming stage) 

N (%) P (%) K (%) Ca (%) Mg (%) S (%) 

2.50-5.00 0.30-0.70 2.50-3.50 1.50-3.50 0.35-0.65 0.30-0.80 

Fe (mg L-1) Mn (mg L-1) Zn (mg L-1) Cu (mg L-1) B (mg L-1) Mo (mg L-1) 

50-100 30-100 20-60 5-25 25-65 0.3-1.0 
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���0 �2�E�� � �� G� I���� ���0 �<5 �� .���4& ) ���YVS4D( 9��X� DB4��0 �2 �# �8 ��N�� ��� ��4> j0 G� 2����5 I���� D���0 

�� \�� �� ]1U �G� 9�<
 _�P& 400/1D I���� B�EK��� �� =�� b�� �4Y& � �� I���� ���0 �2�E�� � �� G� I���� ���0 �<5 

��2�>. \��  _�P& �� ]1U �G� 9�<
 �#���4& B44P& �2M8��� 2��7�� s�8� �� ���.�  ]1U �G�) ��� �� _�P& 9�<


9<�G�2�&"��� ( I�F��"�# �2 [�;?�  B4� 91:�7200/1  �&400/1 ���.�  ��4> ]1U �2�� ��>��45 �� _�P& 	����5 "���

[4Pa � C8�;� Db�� c7 d�F� �� B44P& )5 D8.(   

 

 I���2 – �
�?�> ��4U "��� �2� ;8� 2��� ���0 	��J
 I����"�.  
Table 2. The basic Stock nutritional solution used for greenhouse cucumber. 

]
�& 	��J
 I���� A  

Tank A nutrient solution 

]
�& 	��J
 I���� B  

Tank B nutrient solution  
Calcium nitrate solid 86 kg Potassium nitrate 55 kg 

Potassium nitrate 18 kg Monopotassium phosphate 11 kg 

Iron EDDHA 6% 1396 g Magnesium sulphate 16% MgO 34 kg 

Manganese EDTA 12.8% 429 g Monoammonium phosphate 5 kg 

Zinc EDTA 14.8% 221 g Borax 11.3% B 239 g 

Copper EDTA 14.8% 32 g Sodium molybdate 39.6% 12 g 

The amount of fertilizers is calculated for a volume of 1000 liters and a 100-fold concentrated nutrient solution. 

���.� �#2�5 "��� Z�N 1000 �;4- � I���� 	��J
 100 ����� �4�
 ��� ��8��� ���2�> 98�.  

 

  ��4� � 	#��> m��� �� ���& �� �&�� 2�:��� B4K
�4�2�2�U 3���� �2 	#2�� ���]� L�� 2��P& �� � ���10 �&�� G� B4V �#

�G��
� .�� "�4>�K�2 	>/��"�# 	1���G7  ��� [�;?� 3N��� �2G�  �������.� "�#�F�� ) 	��J
��E�  �w��;4
 9S�
 �5

I����5 =�� C8�& �G��
�"�4> �� �� ( ��K;82 "�;���;:�8� "��
 	���8z01 �G��
���2�> "�4> )3 D4  �19(. ���.� D_�P& 

f-�U E;�8�;� � 	����5 d�F� "E;�8�;� c7 �G��
� ��� [�;?� 3N��� �2"�4> ��. ��E4� I2��& "G�> "�� e��"�#  }-��

)B4��8 � B4���YV e�� G� �8 �U�� (�� �2� ;8� G� ��K;82 �;�E;�8�;� 	;82 m�
 G�� Z;<48 	-2��&2  �:���7 ���:4- I��� �

 9��O 9S�
400 	�4��;4- �2 ��>  "��2 �227  ���2 s�4<�8 ��
 L�� �1250  ��� I�X �� �4
�O �2 6����;� �� I����:4�

 "�#670  �465 �G��
� �;��
�
"�4> �� .	����5 d�F� c7 �S�- "E;�8�;��"3 )IWUE( G� Z4<.& ��E4� E;�8�;� f-�U  e��

)Pn ( ����E4� _�P& ) e��E( ��8��� �� . c7 d�F� 	����5 9�<
 s�:P� ��� [�;?� 3N��� �2"E;�8�;�4 ) O2µmolH(

2CO1-mol G�4
 B44P& "��� 	�7 �S�-�"5 )2CO1-mol O2µmolH (��2�> ��8���. �2�2 M5�� j
����� ��E�& I�8 �2 "�#

 ��E�� ��
 C8�& R���G7SAS-9.1 �2�2 B4K
�4� �<��.� �����2 ��V =�� C8�& �#) B:
�2 "�P≤ 0.05 .�� ���
� ( �#��2��
 Z8�

 ��E�� ��
 ��Excel 2016 .��2�> ���
�  

5��.% 6 � �  

  ��4;
�#" I���� 	�P� �#�� �
��
 	>�� ��E�& ) B�EK���S1 D�4-�� ��� ��N�� �8 �# �2 �5 2�2 ��1
 (	1���  D	1��G �

 ��2�.�"�#�F��  ��4Y� �N B4K
�4� G� R4� E�K�� � Z48�;0 D� <� D�w��;4
"�#�F��  ��4U e�� 	��J
�
�?�>"�  I���)1 (

 D2��Z#B4�V  � 2�>�> DZ�E4�� DZ4<�5 2���5�~�  I���) �� ��#�1�3  �4I���� ���4& �2 .( ) B�EK���S2 	>�� 9S�
 D(

 ��� D2�� ��4Y� �N B4K
�4� G� R4� E�K�� � Z48�;0 D� <� D�w��;4
���.�  � Z�E4�� DZ4<�5�K�2 "�#�F�� Z5 2��Y� d�F�

 .9����2 	1���G7 ��#�1� �� �5 �2 I���� 	��J
  ��5/0 	�4�I�� � <� �2 �# DG�� � <� �2 ��V 9��8 �4-�� cJ� ��� � 

 

1 - Inductively Coupled Plasma Emission Spectroscopy (ICPS-8100)             

 2- LI-COR 6400 XT portable gas analyzer (Li-Cor, Lincoln, NE, USA)    3- Instantaneous Water Use Efficiency       

4- Instantaneous water requirement                                                                     5- Instantaneous water requirement  
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�2�E�� � <� ����X �;8�40 �2  ^H85/0	�4�I�� �2 I���� 	;���G�� M��� R��E�� 9S�
 � <� �2 ��4> �� �;14� G� ]� 

�!�2 �2�� ]1U �� �5 �8 ����� �&b�� G� �N ��4Y� 	�� ���� B�� ���.� "b�� � <� M��� 2���5 B#7 � "�� 	� 2��)8.( 

6��8 cJ� Z48�;0 2���5 M��� Z4<�5 � Z�E4�� 	� ��4> �2Z48�;0 R#�5 � 2�� �2 I���� ����X 	�P���2 cJ� Z4<�5 �� 

2��Y� ��41?� � G� 	>�48�0 ��K�> � �K�2 	��8��
�# �2 ���>	K
�� "�4>��� 	� ��5)5.(  B��;Y����.�  9S�
"�#�F�� 

 ��4Y� �N �� ���& �� 	��J
"�#�F��  ��4U e�� 	��J
�
�?�> "� ��� ��N�� �8 �# �2�� B�EK��� I���� ���4& �� h���� M4&�&

S3  B�EK��� I���� �S4 I���) 2�� 3 � 4 .(^H8 D�w��;4
 D� <� E�K�� � Z48�;0 ��34-2 cJ� D�;14� �2 I���� 	��J
 

R#�5 	����� � 9��O �K
 B;��2 ^H8 �7�# �2 I���� 	��J
 M��� R��E�� 94���<� DcJ� � ��� I2�P& "�#�F�� 	��J
 

�2 ��#�4> 	�2�� )5.(  

  
 I���3-  9S�
 B4K
�4�"�#�F��  	��J
d�F��0 e�� 3N��� �2 �
�?�> ��4U ��� [�;?�Z@� "�  E&��5�8)B4K
(.  

Table 3. Average concentration of leaf macronutrients in different growth stages of greenhouse cucumber cultivar 

Socrates (Negin). 

���4&�#  

Treatments  

��� 3N��� 

Growth stages 

N 

(%) 

P 

(%) 

K 

(%) 

Ca 

(%) 

Mg 

(%) 

S 

(%) 

) ���0 	��J
 I����S1(  

Basic nutrient solution (S1)  

�4-�� ��� 

Initial growth 
3.46 0.31 2.53 0.64 0.25 0.32 

B�EK��� I���� 1   

Substitutional solution (S1)  

�4-�� ��� 

Initial growth 
6.14 1.35 5.18 0.54 0.26 0.41 

 ��� 	1���  

Vegetative 

growth 

5.94 1.24 3.23 1.04 0.31 0.34 

	1��G ��� 

Reproductive 

growth 

5.63 1.22 3.34 0.79 0.32 0.40 

B�EK��� I���� 2   

Substitutional solution (S2)  

�4-�� ��� 

Initial  growth 
5.98 1.53 5.78 2.74 0.89 0.64 

 ��� 	1���  

Vegetative 
growth 

5.54 1.32 2.37 3.87 0.74 0.76 

	1��G ��� 

Reproductive 
growth 

4.92 0.75 3.17 3.18 0.71 0.72 

B�EK��� I���� 3   

Substitutional solution (S3)  

�4-�� ��� 

Initial growth 
5.02 0.94 4.25 1.97 0.63 0.57 

 ��� 	1���  

Vegetative 
growth 

4.62 0.81 1.59 2.67 0.52 0.48 

	1��G ��� 

Reproductive 

growth 

3.52 0.62 2.84 2.49 0.54 0.52 

B�EK��� I���� 4   

Substitutional solution (S4)  

�4-�� ��� 

Initial growth 
4.56 0.98 3.97 2.61 0.66 0.59 

 ��� 	1���  

Vegetative 

growth 

4.86 0.83 2.42 2.84 0.68 0.52 

	1��G ��� 

Reproductive 

growth 

3.76 0.52 2.83 2.67 0.73 0.69 
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 I���4-  9S�
 B4K
�4�"�#�F��  "JQ�E�� 	��J
3N��� �2 e�� �
�?�> ��4U ��� [�;?�Z@� "�  E&��5�8)B4K
(.  
Table 4. Average concentration of leaf micronutrients in different growth stages of greenhouse cucumber cultivar 

Socrates (Negin). 

���4& 

Treatments 

��� 3N��� 

Growth stages 

Fe 

(mg L-1) 

Mn 

(mg L-1) 

Zn 

(mg L-1) 

Cu 

(mg L-1) 

B 

(mg L-1) 

Mo 

(mg L-1) 

) ���0 	��J
 I����S1(  

Basic nutrient solution (S1)  

�4-�� ��� 

Initial growth 
73.45 62.7 27.65 7.84 16.47 0.34 

) B�EK��� I����S1(  

Substitutional Solution (S1)  

�4-�� ��� 

Initial growth 
79.14 95.46 21.4 6.57 19.12 0.37 

 ���	1���  

Vegetative 

growth 

65.24 88.21 24.51 5.47 20.45 0.32 

	1��G ��� 

Reproductive 

growth 

72.15 94.61 25.74 4.98 23.08 0.33 

) B�EK��� I����S2(  

Substitutional Solution (S2)  

�4-�� ��� 

Initial  growth 
95.41 120.43 54.87 15.41 57.56 0.76 

 ���	1���  

Vegetative 

growth 

89.47 114.25 66.41 23.41 64.23 0.74 

 ���	1��G  

Reproductive 

growth 

94.25 103.42 58.49 21.44 67.12 0.67 

) B�EK��� I����S3(  

Substitutional Solution (S3)  

�4-�� ��� 

Initial growth 
78.34 90.35 44.23 13.47 45.63 0.58 

 ���	1���  

Vegetative 

growth 

68.54 83.56 43.16 17.76 48.72 0.54 

	1��G ��� 

Reproductive 

growth 

69.05 88.12 42.08 16.33 46.92 0.47 

) B�EK��� I����S4(  

Substitutional Solution (S4)  

�4-�� ��� 

Initial growth 
76.07 81.60 33.85 9.41 35.36 0.45 

 ���	1���  

Vegetative 

growth 

65.07 72.17 39.84 10.76 44.06 0.41 

	1��G ��� 

Reproductive 

growth 

66.07 79.82 41.12 13.93 43.75 0.44 

 

 

   B�EK��� I���� ���4&S3  B��;14����.�  3:�) 2�2 g�F;U� 2�U �� �� �&�� �N�� �2 2�:���1 M��� � (8/91%  R��E��

 �2 �#�� ���4& �� 9�<
 �&�� 2�:���S1  B�EK��� I���� "�#���4& .��S2  B�EK��� I���� �S4  ���@ 	1���G7 ���> ]� �2

 M��� M4&�& �� � �;��28/33  �6/22%  R��E�� �2.�
�� �#�� �� 9�<
 �&�� 2�:���  

 ��4;
"�# fU�� B4K
�4� �<��.� B��;14� �5 2�2 ��1
 "E;�8�;� "�#���.�  I���� ���4& �� l�P;� f-�U E;�8�;�

 B�EK���S3  B�EK��� I���� �7 G� j0 � 2�� 	1��G � 	1��� ��� ��N�� �2S4  I���) 9��2 ���@5 B��;14� .(���.�  _�P&

 B�EK��� I���� ���4& �� h���� 	>��S4  .2��Z#B4�V  B��;14����.�  I���� ���4& �� h���� "E;�8�;� c7 d�F� 	����5

 B�EK���S2  B�EK��� I���� �7 G� j0 �S3 �;�5 .2�� B����.�  B�EK��� I���� ���4& �� l�P;� "E;�8�;� c7 d�F� 	����5

S4  B��;14� .2�����.�  d�F� 	����5"�#�F��  �� c7 d�F� 	����5 E4
 � 	��J
���.� 9/179  MP:��;� �# |�G� �� ��>��45

�
�?�> ��4U �;<� 91:�7 �2 	��J
 9��O I���� 2����5 �� c7 9S�
 R#�5 �� �Y�& "�85% � DB�EK��� I���� �2 	��J
 I���
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��982 ) ��723 B��;14� .(���.� �S�- 	�7 G�4
 B�EK��� I���� "�#���4& �� h���� "�S4  B�EK��� I���� �S1  ��N�� �2

 I���) 2�� 	1��G ��� � 	1��� ���5.( 

 

 I���5- fU�� B4K
�4� �<��.� "E;�8�;� "�#3N��� �2 e�� �
�?�> ��4U ��� [�;?�"� Z@�  E&��5�8)B4K
(.  
Table 5. Mean comparison of leaf photosynthetic indices in different growth stages of greenhouse cucumber 

cultivar Socrates (Negin). 

���4& ��� 3N��� 

*f-�U E;�8�;� ���.� 

Net 

photosynthetic 

rate 

(Pnmax, 

μmolCO2·m−2·s−1) 

���.� _�P&  

Transpiration 

rate 

(E, 

μmolH2O·m-2.s-

1) 

"E;�8�;� c7 d�F� 	����5 

�S�-"�  

Instantaneous water 

use efficiency 

(µmolCO2)/(µmolH2O) 

�S�- 	�7 G�4
"�  

Instantaneous water 

 requirement

)2O)/molCO2(µmolH  

 B�EK��� I����

)S1(  

Substitutional 

Solution (S1)  

�4-�� ��� 

Initial growth 
8.2h 2.57e 3.15c 321.8c 

 ��� 	1���  

Vegetative 

growth 

6.23i 2.26e 2.84d 358.5b 

	1��G ��� 

Reproductive 

growth 

10.46g 3.92d 2.62d 389.2a 

 B�EK��� I����

)S2(  

Substitutional 
Solution (S2)  

�4-�� ��� 

Initial  growth 
11.84fg 2.42e 4.94ab 209.7d 

 ��� 	1���  

Vegetative 

growth 

13.42e 2.63e 5.05a 199.8d 

	1��G ��� 

Reproductive 

growth 

14.35de 2.95e 4.87b 202.1d 

 B�EK��� I����

)S3(  

Substitutional 

Solution (S3)  

�4-�� ��� 

Initial growth 
16.36c 4.84d 3.34c 291.5c 

 ��� 	1���  

Vegetative 

growth 

19.48a 5.96bc 3.25c 311.4c 

	1��G ��� 

Reproductive 

growth 

18.75ab 5.74c 3.17cd 317.9c 

 B�EK��� I����

)S4(  

Substitutional 

Solution (S4)  

�4-�� ��� 

Initial growth 
17.45b 6.53b 2.71d 369.7b 

 ��� 	1���  

Vegetative 

growth 

16.62c 6.89ab 2.45e 405.6a 

	1��G ��� 

Reproductive 

growth 

17.31bc 7.47a 3.31e 425.9a 

*The average values with the same letters in each column do not have statistically significant difference (P≤ 0.05). 
B4K
�4� "���2 "�#d�N "�#��;8 �# �2 ���1�D 	�P� "���7 dz;U���2  �
���
)P≤ 0.05(.  
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Fig. 1. Effect of experimental treatments on average yield of greenhouse cucumber cultivar Socrates (Negin) 

columns with different letters have significant difference at 5% statistical level. 
3:�1- �
�?�> ��4U �&�� 2�:��� B4K
�4� �� R���G7 "�#���4& �O�Z@� "�  E&��5�8)B4K
( ��;8 "�# "���2 d��N [�;?� "���2 dz;U� 

	�P� ��2  ^H8 �25  "���7 �!�2	� �����.  

  

   

 

  
  

 Fig. 2. Regression relationship between instantaneous water requirement and experimental assumption of 

transpiration ratio to dry weight (S1, S2, S3 and S4) at different stages of initial growth (IG), vegetative 

growth (VG) and reproductive growth (RG) of greenhouse cucumber in Socrates cultivar (Negin). 

3:� 2 -  �H��� 	
�48�>��S�- 	�7 G�4
 B4� "�#���4& ]1U �2�� �� _�P& 9�<
 \�� � "�R���G7 )S1 DS2 DS3  �S4 ( 3N��� �2

��� [�;?� 1��� D�4-��	  	1��G � �
�?�> ��4U"� Z@�  E&��5�8)B4K
(.  
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 \�� �� l��H� ��2 �� ]1U �G� ) 2�� 	1���G7 "�#���4& _�P&r = 0.92 (

 3:�)2�2 fU�� B�� G� �2� ;8� ��:�� �5 D( �
�?�> C���� �# �2 B�EK��� I���� 9S�
 B��;Y� B44P& G�4
 �� l��H� "�

	� Z#��� �� ��4> 	:�w�-��E4� .2��7�2�2 B4K
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Fig. 3. Frequency and distribution of means of instantaneous water requirement in the range of transpiration ratio 

to dry weight of greenhouse cucumber in Socrates cultivar (Negin). 
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Table 6. Correlation coefficients of photosynthetic characteristics of greenhouse cucumber in Socrates cultivar 

(Negin). 
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Evaluation of Mass Balance Method to Determine Nutrients 

Concentration of Substitutional Solution in Soilless Closed 

Hydroponic System of Greenhouse Cucumber 
 

M.S. Tadayon*11 

 

 In Iran, due to shortage of water resources, the application of closed hydroponic systems is 

one of the priorities of research on the development of greenhouse cultivation. In these 

conditions, there is a strong need for reuse of nutritional solutions due to the high economic 

costs and environmental problems. Replacing the base nutrient solution in a constant manner at 

each growth stage causes a nutritional imbalance in closed hydroponic system. In this 

experiment, this technique was evaluated to determine the most suitable concentration of 

substitutional solutions in a closed hydroponic system for greenhouse cucumber. The 

experiment was conducted in a completely randomized design with three replications and four 

treatments. The experimental treatments contained fixed solution (control) and application of 

the base solution and replacement of the nutrient solution adjusted in different stages of growth 

by assuming dry weight ratio (kg) to transpiration (liters) in three levels (1/200, 1/300 and 

1/400). Substitutional solution of dry weight to transpiration ratio of 1/300 improved the leaf 

nutrient concentration of cucumber and had the maximum yield per plant and net 

photosynthesis rate. The highest efficiency of photosynthetic water use was related to the 

solution of dry weight to transpiration ratio of 1/200.  

Keywords: Hydroponic culture, Nutrition, Nutrient solution formula, Greenhouse. 
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