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ABSTRACT 
Today, due to the importance of producing organic products and increasing demand, the use of healthy and organic 

compounds such as amino acids (glutamic acid) to increase the quality and quantity of the product, is very important. 

In this study, the effect of glutamic acid at three levels (0, 200 and 300 mg / l) as a foliar application on some 

quantitative and qualitative characteristics of strawberry cultivar Albion under hydroponic conditions was 

investigated. According to the results, effect of glutamic acid on plant height, fruit shape, total yield, fruit flavor, 

titratable acidity, firmness, total anthocyanin and vitamin C of fruit tissue was significant. The highest total yield, 

soluble solids, tissue firmness, total anthocyanin and vitamin C of fruit tissue was observed in glutamic acid treatment 

with a concentration of 300 mg / l. Also, the highest titratable acidity was recorded in the control treatment. 

According to this study, the use of glutamic acid at a concentration of 300 mg / l is recommended to improve the 

quantitative and qualitative properties of strawberry fruit, but requires further research. 
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Table 1. Amounts of nutrients used for growing strawberries in a hydroponic system according to Lynette (2006). 

Growth stage 
Nutrients (mg/L) 

N P K Mg Ca S Fe Mn Zn B Cu Mo EC pH 
Vegetative growth 207 65 184 58 221 77 6.5 2.6 0.25 0.7 0.07 0.05 2 5.8 
Fruiting 182 82 301 58 148 77 6.5 2.6 0.25 0.7 0.07 0.05 2 5.8 
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��< !g4,-  3�!&8 G:< 3,!� n$58 C\+��� � !� `�  


$�$&8 H�,!J -
 )Vargas et al., 2006.(  

  

0'"2� 3���4 &�'� ,*5) (&�'�  

,!�3 <�,0��� H&EL� 3!2�} =$&� <, X�� =-2�V� 

!2�}3 ��,)&2�<�� �-; 5 -1( =��5�+, .-
 C� �$A3 

C4 C� �&=$�23 D�;� <, !_8 
��M� >P
 � !2�} �-; 5 

� C� �&=$�2�0 �� 4&5&H !2�}3 �%&0� �!� �-;1 @�E� 

.H"!* �� �?80H �&78�&� ��,&�2<� C� 
,$B; ��,&<� 

�U,� ,!�3 >P
 �&=$ �� !2 �&��	 �� !_8 C�"!* -
 

)De Resende et al., 2008(.  

  

pH &�'�  

3,!� =<,-8,3!&* pH �=$&� oR =$&��2 �� =��5�+, <, 

=�7�+� oR =$&� C�"!*!&* �-
 z% <, �$\; 
�,� oR 

=$&� <, Kb�4 ��"�U �� �,!J 
�,� ��!�PD, pH!�� �� 

>/,� oR =$&� N�U =-
 � pH ��$� !_8 H�,!J 

-0�!* )Caruso et al., 2011.(  

  

&8
!�
 3�'9 �/�!'�
 ,��) �/'� (TA)  

3,!� �0, �$_B� <, X�� 
$&+,!�&� =��5�+, -
 C� �0, 

6�$U C4 ,-��, 10 ��&�!�&D <, oR =$&� >/,� �D�, 

!0�� C�W0� .-
 zs+ C� 
R 20 ��&�!�&D oR !aM� 

C"�L, .-
 3,!� =<,-8,3!&* 3�2-&+, >��J �
$&+,!�&� 


��F	2 �� H�,!J pH� >	; �&+,!�&
$ r+$� 

-&�4��-&2 T0-+ (NaOH) 1/0 )���!8 )4 :!* �� 

(!�&D �� 
��< 
-&+� pH =���; C� �-; 2/8� :��x8, 

.-�
 ]�+,!� �,-M� -&�4��-&2 T0-+ ��"!�� �,-M� 

-&+, �$O$� �� =���; =$&� C� 6�$U ��&�:!* -&+, 

�� 100 :!* =���; =$&� 
�&� -0�!* )Ayala-Zavala 

et al., 2007.( �&
,F� �+,&-C�0 >��J !�&� 6$� �78!" 

`�� !� )$�!" !0< C\+��� :-0�!*    

.TA = ��×� ×	 ×

� � × 100 

TA: �,-M� 3�2-&+, �DR �$O$� �� =���; =$&� 

6$� �78!" 

S: �,-M� NaOH N!�� =-
 )ml(                                              

N: C�&D��!8 NaOH )1/0 ()��!8  

F: �$�4�" NaOH �0 `0!L )��!8 )1(   

C: �,-M� =���; =$&� )10 ml(   

E: �4,
G,� -&+, .0!�&+ )064/0( 

  

�
:'� �
�� !��; $��<� (TSS)  

3,!� =<,-8,3!&* 
,F&� �,$� -��O )$��� �� �,!J 
�,� 

-B^ =!aJ <, =���; =$&� 6$�  �78!"3�� !��$�4,!"� 

��+� )-� ATAGO :�x8, -
 � �-; CA$�!� <, 3�� 
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$�+ Q�-� H�,!J .-0�!* >\J <, w�!
 ���4 

!��$�4,!"� =!\&D�4 =-
 � �&B[	2 z% <, !2 ��� 

�H�,!J !��$�4,!"� �� oR !aM� C��
 =-
 � 3,!� 

H�,!J3�2 3-E� .V/ .-0�!*  

  

="% &�'�  

3,!� SxB+ TEA =$&� <, X�� Voca et al. )2009( 

=��5�+, -
 C� 3�$A C4 H\�8 �,$� -��O )$��� C� 

C�0-&+, >��J 
$&+,!�&� C� 
,$B; �P0 <, {/�
3�2 

TEA �$_B� .-0�!*  

  

��/�>'��'. ,-  

Q,!W�+, =���; C� �$_B� =<,-8,3!&* 3$��� 

�&8�&+$�8R >4 C� �0, 6�$U :�x8, :-
 .0 :!* <, 

C8$	8 ��$% =-
 �� 10 ��&� !�&D )$8��� 85 -U�� 

3-&+, 3�� ) .0 ��&� !�&D HCl (�&�b c$�W� � 

C� 6-� .0 CM&J� zP��� .-
 zs+ C8$	8�2 C� 

6-� 24 H;�+ �� 3��� ���, 3�,-?78 � zs+ C� 

6-� 15 CM&J� �� ��� 10000 k$&50!�8�+ .-8-
 

zs+ H	�J �0�� C8$	8�2 C� ��,�R C�
,�!� � �� 

CD$D3�2 o���,� �� 3��� 20- CO�� �,!7&�8�+ 

3�,-?78 -8-
 (Hassanpour & Alizadeh, 2016). 

,!�3 =<,-8,*&!3 +$�8R&8�&� >4 <, X�� NI�/, 

oKO �� pH �23 ���W� =��5�+, -
 )Cheng & 

Breen, 1991(. 3,!� H�,!J �&8�&+$�8R >4 <, �� )$A 

Q$� 520 � 700 !��$8�8 =��5�+, .-
 3,!� �0, �$_B� 

,-��, =�7�+� !��$�"�!�Ps+, �� !"�� 1 =!\&D�4 �-
 

zs+ 500 !�&D�!P&� <, =���; �� 5/2 ��&�!�&D !"�� 1 

�� �PD�" c$�W� =�!4 � �� !2 �� )$A Q$� H�,!J 

.-
 z% <, �0, C� !� =�7�+� �� !"�� 2 =!\&D�4 =-
 � 

500 !�&D�!4�� <, =���;�2 �� 5/2 ��&�!�&D !"�� 2 

c$�W� -0�!* � -B8�� C� !� >\J H�,!J .-
  

3�2!"�� =��5�+, =-
 �� �&&E� 
,F&� 

�&8�&+$�8R >4 C� 6�$U !0< C&?� :-8-
 3,!� C&?� 

!"��1 )pH=1( <, �� )$��� C0�% =��5�+, .-0�!* 

)$��� �D, 3��  -0,!�4 T&+��% 2/0 �G$� � 

)$��� o 3��  -&+, .0�-0!�4 2/0 �G$� .�$� 

3,!� C&?� !"�� 1 ,-��, )$��� �D, � o C� �$A 

C8�*,-O C&?� � zs+ 50 ��&�!�&D <, )$��� �D, 

�� 97 ��&�!�&D <, )$��� o c$�W� =-
 � C� Tx  

�0�?8 200 ��&�!�&D =-8�+� .-
 �� H0�?8 pH 

)$��� �� ��-  1 T&_B� ��.��!*  

3,!� C&?� !"�� �� 5/4pH= ,< �� )$��� C0�% 

=��5�+, �-
 )$��� Q 3��  -&+, .&�+, 2/0 �G$� 

� )$��� � 3��  6��+, T0-+ 2/0 �G$� H+, C4 

3,!� C&?� !"�� 2� ,-��, )$��� Q � � C� �$A C8�*,-O 

C&?� -8-
 � zs+ 5/30 ��&� !�&D <, )$��� Q �� 

5/19 ��&�!�&D <, )$��� � c$�W� -
 � z% <, 
R 

C� Tx  �0�?8 100 ��&�!�&D =-8�+� .-
 �,-M� 

�&8�&+$�8R !� ]�+, )$�!"3�2 !0< C\+��� :-0�!*  

 C8$	8 oKO =(A) 

(A520 pH1-A700 pH1)-(A520 pH4.5-A700 pH4.5) 
  

=(mg/100g) �&8�&+$�8R >4  
(A/26900

a
)(10

3
)(449.2

b
)(20

c
) 

103 
= `0!L >0-\�  

a= `0!L �
$��/ �0-&8�&+ 3 -0,<$4$�* 

b= 
<� �D$PD$� �0-&8�&+ 3 -0,F4$�*  

c =CO�� @&J� 3<�+  

  

����/'. ?  


,F&� �0���&� ~ =���; =$&� !� ]�+, S2�4 d8� 

2�6 3� �!�4 >B" >B"�-B0, (DCPIP) r+$� 

.&��$P+R -&+, =<,-8, 3!&* -
 )Bor et al., 

2006.( �� �0, X�� 1 :!* <, H"�� =$&� �� 3 

��&�!�&D .0!5�"��� -&+, )1 -U�� (c$�W� .-
 

z% <, H
K* T&8 �H;�+ c$�W� �$" �� 3��� 4 

CO�� �,!7&�8�+ � 6000 ��� �� CM&J� C� 6-� 15 

CM&J� k$&50!�8�+ -
 .<, )$��� �0�� 100 

!�&D�!P&� C�
,�!� � C� 
R �,-M� 5/2 ��&�!�&D 

DCPIP C"�L, .-
 
,F&� oKO C8$	8 �2 �� )$A 

Q$� 520 !��$8�8 � �� 4 �,!P� =-8,$/ .-
 C8$	8 

.B�� 3,�,� 6�\&4!� �$" C� FO =���; =$&� �$�. <, 

.&��$P+R -&+, T2 C� 
,$B; -2�
 =��5�+, .-
 

�,-M� ��$P+R&. +,&- C� 6�$U �&��:!* 

��$P+R&. +,&- �� 100 �&��D&!� =���; �&=$ �&
� 

�!*0-.   
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:'@��> 3���> &�
���  

S0��<R �� `D�J j!A I��4 �"���� �� ��?^   

�,!P� :�x8, .-
 zs+ =�,��2 C� C�&+� :!8�,F", 

SAS  F&D�8R =-
 � C� �$_B� C�0�M� �&78�&� 

�2��	&� <, 
$�<R -B^ CB�,�3, �P8,� =��5�+, .-
 

�&B[	2 �2�,�$	8 �� =��5�+, <, :!8�,F",  Excel 

T+� .-0�!*  

  

?��0! � @
�  

�0��8 H+-� =-�R <, )�-O Fx�0C �,�0z8� =�,��2 


�V8 �,� C4 {/�
�23 >P
 �&�=$ w�5��, �C�$� 

�!P�	; �>4 TEA �&�=$ +,&-0C� >��J �&+,!�&
$ � 

��5+ H"�� �=$&� +$�8R&8�&� >4 � �0���&� ~ 

�BE� �,� �D� 6�5U )$A � |!; �=$&� !aJ �CJ$A 

|!; �C�$� �,-E� �v!� �,$� -��O )$��� � 

�&B[	2 pH oR =$&� 6��5� �BE�3�,� ,� 
�V8 

-8�,-8 )�-O) 3�2 1 � 2.(  

&�'�  �� � $�%  

 )�-O) z8�0�,� C0Fx� )�-O ]�+,!�2 ��	&� �(

 6,!', =$&� |!; � )$A H5U 3�� .&���$�*-&+,

�BE�
R �,-M� ��, .�,-8 
�V8 ,� 3�,� -2�
 C� H\�8 ,� �2

 ��	&� 
�2�&* �� =$&� )$A 
,F&� �0!�V&� .�,� S0,F",

.&���$�*-&+, �� =-
  200 ��&� �D�  �� !�&D !� :!*

 .&���$�*-&+, ��	&� �� =$&� |!; 
,F&� �0!�V&� C4

300 ��&� )�-O) -
 =-2�V� !�&D !� :!*3 �� .(

CED�a�C	D� >5�" 3�� ,� -&+,$B&�R !&'(� C4 3, 3,

 =$&� )$A � |!; C4 -B�"!* Cx&�8 �-8�$� =�!4 �+�!�

"!78 �,!J -&+,$B&�R ��	&� !&'(� H��) HHaghighi & 

Mozaffarian, 2015.(  �� �!70� �V2�1% �� �&B[	2

 ,� =$&� |!; � )$A CB&�R -&+, �
�% )$��� CPB0,

 �0, ��, ��,� S0,F", �78!" CO$* =�&* �� -2�
 C� H\�8

 CED�a� �0��8 C4 ��$\8 �,� �BE� 3���R !_8 <, 6��5�

) H
,� HM��a� 6�ED�a� �0, �� F&8 !L� Juanmardi  

& Sattar, 2014.(  

  
)�-O 2 .�0��8 C0Fx� z8�0�,� !', -&+, .&���$�* !�  �/!�6�5U �	4 6$�  �78!"TJ� 
$&\DR. 

Table 2. Results of variance analysis effect of glutamic acid on some quantitative traits of strawberry cultivar Albion. 

Source of variation df 
Mean of squares 

Fruit length Fruit width Fruit shape Crow diametr Plant height Plant width 
Glutamic acid 2 20.874ns 7.078ns

 
2.33* 88.964ns

 
7.068** 40.098ns

 

Error 9 5.984 8.617 0.694 70.213 0.758 11.706 
C.V (%) - 7.126 7.211 24.39 15.29 6.81 9.677 

ns ��* ** C� `&�!� 6��5� �$\8 �BE��,� �  6��5��BE��,� �� ua+ )�	� , 5 � 1 -U��.          
 ns, *, **: Non-significantly difference and significantly difference at 5 and 1% of probability level, respectively.         

 
)�-O 3 .�0��8 C0Fx� z8�0�,�  !',-&+, .&���$�* !� 6�5U �	4 � �5&4 6$�  �78!"TJ� 
$&\DR 

Table 3. Results of variance analysis effect of glutamic acid on some quantitative and qualitative traits of strawberry 
cultivar Albion. 

Source of  
variation 

df 

Mean of squares    

N
u
m

b
er

 o
f 

le
av

es
 

T
o
ta

l 
y
ie

ld
 

F
ru

it
 f

la
v
o
r 

T
S

S
 

T
A

 

p
H

 

F
ir

m
n
es

s 

V
it

am
in

 C
 

A
n
th

o
cy

an
in

 

Glutamic acid 2 12.33ns 4815.93* 8.231* 3.27ns 0.047** 0.0064ns 0.01** 73.197** 309.048**    
Error 9 15.805 984.72 1.205 1.125 0.004 0.0024 19.113 0.0008 5.745 
C.V (%) - 13.43 28.03 16.69 15.909 6.5 1.449 9.856 4.26 15.993 

ns `&�!� C� ** �* ��BE� 6��5� �$\8�BE� 6��5� � �,� )�	� , ua+ �� �,�5  �1 -U��.          
ns, *, **: Non-significantly difference and significantly difference at 5 and 1% of probability level, respectively. 

  
)�-O 4 .C�0�M� �&78�&� !', -&+, .&���$�* !�  �/!�6�5U �	4 =$&� 6$�  �78!"TJ� 
$&\DR.  

Table 4. Mean comparison effect of glutamic acid on some quantitative traits of strawberry fruit of Albion cultivar. 
Fruit  
shape 

Crown diameter 
(mm) 

Number of  
leaves 

Plant width  
(cm) 

Plant height 
(cm) 

Fruit width 
(mm) 

Fruit length 
(mm) 

Glutamic acid 
(mg/l) 

2.75b
  

50.03a
  

27.75a
  

31.75b
  

11.20b 33.38a 40.88a 0 
3.25ab

 
54.89a

 
31.25a

 
37.68a

 
13.37a 32.66ab 41.94a 200 

4.25a
  

59.43a
  

29.75a
  

36.62ab
  

13.84a 36.93b 39.27a 300 

�� !2 
$�+ �&78�&�3�2 3,�,� >J,-  .0 N!  Y!�V� 6��5� 3���R �BE�3�,� �� ua+ )�	� , 5 -U�� �� 
$�<R -B^ CB�,�3, �P8,� .-8�,-8   
In each column, means with similar letter (s) are not significantly different at the 5 % probability level based on Duncan. 
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0'"2� 3���4 &�'�   

H&EL� 3!2�} =$&� �� !', ��	&� -&+, .&���$�* �� 

ua+ )�	� , 5 -U�� �BE��,� �$� )�-O)2.( 

�0!�V&� ���0<�, 3,!� H&EL� 3!2�} =$&� �� 

�8�2�&* C4 -&+, .&���$�* �� H_�b 300 ��&�:!* 

!� !�&D H"�0�� =�!4 �-8�$� H\' -
 )�-O)3.( 

6�\&4!� $B&�R -&+,3  �E��B� <, �&B4$�&+ -B��2 

C4 t;�� .0!�� T&�M� �D$�+ � v�F� 
-
 )$�+ 

�2 ��-8$
 �&B[	2 �2-&+,3 CB&�R �� H/$+ <�+� 

=�&* � oKO �&i��!%�23 :<G ,!�3 >&PV� �)$�+ 

SM8 �	?� <��3 ��.-BB4 �� �Cx&�8 `\+ S0,F", 


<� � C� )�\8� 
R ��E�, =$&� ��-8$
 )Tarek & 

Hassan, 2014.( �0,!��B� �� �$\?� H&EL� 3!2�} 

=$&� �� -B8,$� SM8 C�
,� .-B
��  

  

�() A�)�% A�����
  �� � �
!"� #�� �� ����  

]�+,!� )�-O C0Fx� z8�0�,� )�-O) 2�( !&'(� ��	&� 

-&+, .&���$�* �� ua+ )�	� , 1 -U�� !� w�5��, C�$� 

�BE��,� ��$� ��, !aJ �CJ$A |!; � �,-E� v!� �� C�$� 

H\�8 C� -2�
 NI�/, �BE�3�,� 
�V8 .-8�,-8 �� 

CED�a� !L�  ��	&� -&+, �.&���$�* -
� �V0�� C�$� <, 

C�	O w�5��, � |!; �C�$� �,-E� v!� � !aJ CJ$A ,� �� 

C�0�M� �� 
�2�&* �-2�
 S0,F", �,� )�-O)  3�22 � 3.( 

�� 6�ED�a� ��\J F&8 )$����
�% -&+, .&���$�* -
� 

�V0�� ,� �� 6$�  �78!")Mondal et al., 2013; 

Talukder et al., 2018( �C4��+�*R )Jahani et al., 

2016�( .^!4 3-B2 Mazher et al., 2011)( � C8F* 

)Wahba  et al., 2015�( �$\?� .-&VW� +,&-�23 �R&CB �� 

!&'(� !� ,F",0S H���M� C� SB��23 ��&a�� ,F",0S 

H_�b "�!�4&> � �� �8&Cx S0,F", �F�B+$�" �� -
� � 

�!P�	; *&
�2� !'l�-B��2 )Bidaki et al., 2017.( 

�&B[	2 �R&$B +,&-� C^ C� �$A C�
�\8, =-
 �� *&=� � 

C^ C� 6�$U �!���4 O��/� t;�� q	x� 8&
k�!� � �� 

�8&Cx ,F",0S -
� *&
�2� ���$
 )Liu et al., 2008(.  

  

��*�+� ,-  

!� ]�+, )�-O C0Fx� z8�0�,� )�-O)3�( �!P�	; 

>4 �� !', ��	&� -&+, .&���$�* �� ua+ )�	� , 5 

-U�� �BE��,� .�$� ]�+,!� >P
 1� �0!�V&� 

�!P�	; =$&� �� �8�2�&* C4 -&+, .&���$�* )300 

��&�:!* !� (!�&D ,� H"�0�� =�!4 �-8�$� H\' -
 � 

�0!�	4 �,-M� 
R �� ��	&� -2�
 =-2�V� .-
 S0,F", 

-
� �V0�� � �!P�	; >4 �� )$����
�% -&+, 

.&���$�* C� >&D� oKO � T�&D$���� 
k�!�&8 �� 

C�$�3�2 6$�  �78!"���-
�� C� H�; �0, C4 -&+, 

.&���$�* SM8 �	?� �� T�&D$���� 
k�!�&8 ��,� � 

=-B2� >��; �B&�R ��&O!� 3,!� SB4,�3�2 ���W� 

<,!5�8,!�$B&�R H?O c�\��, >��M�� -&+, CB&�R H+,. 

=�I; !� ,0�� -&+, .&���$�* �P	� H+, !&'(�3 �� 

=�!* 8�V",� � _B�&T �&=$ F&8 C�
,� -
�� )Mondal 

et al., 2013.( �!���4 �*!� -&+, .&���$�* 3�� 

3�2�$78, ��C8,� 
$�s��� t;�� S0,F", >&"�!�4 �>4 

ua+ v!� � �!P�	; =$&� �� C�0�M� �� -2�
 -0�!* � 

�&B[	2 H&5&4 =$&� ,� �� C�0�M� �� -2�
 �$\?� 

-&VW� )Abou-Zaid & Eissa, 2019(.  

  

="% �'&� � �
�� !��; $��<�  

!', ��	&� -&+, .&���$�* !� 
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Figure 1. Mean comparison effect of glutamic acid on the total yield of strawberry of Albion cultivar. 
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Figure 2. Mean comparison of glutamic acid on the taste of strawberry fruit of Albion cultivar. 
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Figure 3. Mean comparison effect of glutamic acid on soluble solids in strawberry cultivar Albion. 
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Figure 4. Mean comparison effect of glutamic acid on the titratable acidity (TA) of strawberry fruit of Albion 

cultivar. 
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Figure 5. Mean comparison effect of glutamic acid on the pH of strawberry fruit of Albion cultivar. 
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Figure 6. Mean comparison effect of glutamic acid on firmness of strawberry fruit of Albion cultivar. 
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Figure 7. Mean comparison effect of glutamic acid on the total anthocyanin of strawberry fruit of Albion cultivar. 
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Figure 8. Mean comparison effect of glutamic acid on the vitamin C of strawberry fruit of Albion cultivar. 
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