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Table1. Physical and chemical properties of the soil used. 

 	J+����� q�f 
Soil properties   

  

zJ 

Gypsum   
13.5 meq 100g-1  

 F�Sand 
30%  

N  �Y��A:
 
0.03% 

Zn ��� 
0.72 mg kg-1 

	O��AO)� ;���� 

Electrical conductivity 
0.9 dS m-1 

Silt  ;�:B  

42% 

P  �!7�  
6.2 mg kg-1 

Mn >�C�� 
4.1 mg kg-1 

pH 
7.7 

/� 

Clay 
28% 

K  D:B�A,  

120 mg kg-1 

Fe F�N 

8.44 mg kg-1 

 
 

 q�f ;��� 

Soil texture 
	B� ��) 

Clay loam 

Cu  M�  

0.54 mg kg-1 
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	�:� d���� @� �# �@� ��J �� ��JPora ) ����O�� �25 .�� �.�!AB� ��@ |�� �� (  
[chl a] = 12.25 E663.6 - 2.55 E646.6                                                                               
[chl b] = 20.31 E646.6 - 4.91 E663.6                                                                            
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� � ×�.�����
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�
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   ��CAB. dB�# ��:� ;��� 	A!B	A!B��B )osk-2-10755, Japan�@��
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�N F:C
�:� � �� �.�!AB� ^��>J 	A!B ����� �� ���� )23.(  
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� � ��:J

 ����) �� ��:� MO��� 67S �����O# �� .(�� �.�!AB� ��:� b� ���5� @�  

   ��>:� ��:B��A:# @� �.�!AB� �� ��:� ;��� �. 6)� �:B�5 	�:� .�B �� ��:� rN �A:)4/0 �"�. �� ��:B� �# 	,�� ����� m� 

1/8 �@��
� � ��:J��:A
�� 	�:� 67S ��b��A:B ��J �. �:B�100 	�:�) �� ^��>J ��:� rN �A:)11.( 

   ��@ ?���� @� ��B��A:# H��E �A��:B� ��>:�.��.�J ��B� �   
C= ��N × V × E�/D� × 100                                                                                    
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� (.�� ��:J 2��8�� F��� 100 	�:� b� �� ����� ��:� ;��� ��J

	�:���# �A:) �:B� b:AB����<6  ��. �. MyB � FC�� �"�.15600  ���. �. �4  ���./�:7�B  9�� ��10  �*:E.

 .�� Y�:!��A
�B200  D��B 9�!7� ���� �� 	��� u�!� ���5� @� �A:)��O:�2/0 ) �\��4/7pH b:AB����< ��# 2�>:
��. rN 2( �:B�
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    M, @� c�����N �.�.��2  � M
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�:� �� /�B� ���@NLSD  �. T4B ?��AS� ��,  �"�.dB�# ��
 ��>�� 

Statistix ���
� ��.  

23� � 4��5'  
  ���.�>C���, �� �N =�O���� � ?�@��#����<�, @� �.�!AB�	�P� ��X �� �� >A�B�A� ��>:� D:7�< ?���) .�. =��>�� ���.2 .(
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���  =�O���� @� H"�S
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 ��>:� F:��A��C   ���>�� .����< �����.�>C���, � ?�@��#����<�, =��>�� .���� 6�� �. D:7�<	�P� =��>�� F�� �< .�< ��:, ��.

 ��>:� F��A�< .�-
 F:��A��C  ���:# �.90 	�:����.�>C���, ���� ?�@��#����<�, �A:) �� ��J F��A-:� � D:7�< F:��A��C  �.

 ���:#150 	�:����.�>C���, �A:) �� ��J�� ����-� ?�@��#����<�, �.�!AB� ���� D:7�< ) ?���3.(    

  

?��� 2-  ����V� ) ?�@��#����<�, H��*A�PBZ���.�>C���, � () D:7�<Pro-Ca(  	f�� ���	J+����� 9�# 	O�Y�)��>:� 	C
��

/���, DE�. 
 Table 2. Interaction effects of paclobutrazole and calcium prohexadione on some physiological traits of 
strawberry cv. Paros.  

�:���#���< 
Carotenoid 

 1-g mg(
F.W)  

H:����< H< 

Chlorophyll 
 1-g mg(

F.W)  

.�O���  
Yield 

 plantg (
)1-month 

 �@�

 b-f

��:J  
Plant 
dry 

weight 
(g) 

.�O��� 

 �>A�B�A�
Photosynthetic 

efficiency 
)1-mmol µmol(  

}�P# 

 Transpiration
)1-s2-m mmol(  

>A�B�A� 
Photosynthesis 

)1-s2-mµmol ( 
PBZ Pro-

Ca  

e0.46  f1.67 d15.81  a5.25  d2.76  b2.01 e5.52  0  0  
abc0.58  ab2.75 ab24.95  ab4.63  bcd4.10  b1.96 bc7.92  60 0  
abc0.58 bcd2.48 ab24.57  b4.20  bc4.38  b1.76 bc7.67  90  0  
a0.64 bc2.61 cd18.32  b3.98  bcd4.01  ab2.07 bc7.56  120  0  

ab0.62 a3.02 abc21.71  b3.98  cd3.41  a2.47 b8.46 0  100  
a0.63  ab2.74 ab24.74  b4.12  a6.09  c1.29 bc7.55  60  100  

cd0.53 cde2.31  a25.52  b3.93  ab5.38  b1.88 a9.56 90  100  
ab0.62 e2.13 ab24.69  d2.22  ab5.35  c1.15 de6.13 120  100  
cd0.53 de2.26 bc20.62 d2.19  bcd3.92  b1.85  cd6.98 0  150  
cd0.55 de2.24 cd17.43 bc3.71  cd3.78  ab2.04 bc7.72 60  150  

bcd0.57 cde2.35 cd18.05  d1.87  cd3.23  b1.84 e5.90 90  150  
de0.51 e2.15  bc20.89 cd2.74  d2.91  ab2.08 de6.08  120  150  

In each column, the averages that have the same letter are not significantly different from the LSD test at the 5% 

probability level. 

F:C
�:� ��AB �� �. ���@N /�B� �� ��A7� q�A-� u�S ����. �< 	���LSD  ?��AS� T4B �.5 	�P� 9��!# �"�..�
���
 ���. 

 

 ��  /�B�A
:����� 2=���@N F��  �
�J��� .����< ?�@��#����<�,�� ���.�>C���, D:7�< �D�F:�K  ���>�� .����<�N ��>:� ��

 � ��:J Hf�. �� �A-:� ��
 .�!
 2	-��� ��� =��< ��:A
 =��>�� F�� �< .�. =��>�� �� >A�B�A�;���
� -:�	� H:����< �A ����

)7 .(  

  	� >A�B�A� =��>�� �
��#��H:). ��< �V� ����<�
��C
� =��>�� �. ���
@�� ;���� 2�>A�B�A� ��� �O7:��� D�>
N ;:)�P� 2��

) ���� ���AO)� ?�*A
� ;:��� �3 ��� ^��>J .( ;B�H:����< ��>:� ��A�@ �. ?�@��#����<�, @� �.�!AB� �<  ��>:� ��:A
 �. �

) ;B� �.�. =��>�� �� >A�B�A�19 .(��:A
��� , � ?�@��#����<�, @� �.�!AB� �< .�. ��-
 �g�S =��+,���.�>C����>:� D:7�< �

 �. �� }�P#f��	  @� �.�!AB� ������:#���.�>C���, � ?�@��#����<�,D:7�< �. =��<����<��< .. ��;f�B  ��:J �. �� F:)��:�

 �:)�# � =��<b�>��7�� �:B� 	� =��>�� �� �-�� �.���. )36 .(b�>��7�� �:B� Q�� ���A7� 6�B � H*A�� �� �
@�� ��� ��

	� .�� ��>:� �	� =��< �� }�P#) ��.5.(  

  ��:A
��� ��;B. ����< ��< @� �.�!AB� �< .�. ��-
 ���N .��.�J ��:J b-f �@� =��< n��� ��� ���	B������  	��E

 xE�# n��� D:7�< ���.�>C���, @� �.�!AB� �< .�. ��-
;f�B  b-f �@� =��< ��:A
 �. � 	-��� ��� =��< 2F:)��:�

 ��:J �.9�#�B�����< DE� 	C
��1 ) ��30 �� �< (��:A
���  �g�S =��+, �. ��.;B� �7��  �� t��4���:A
��� ��;B.  ���N

 .�O�����@ ��< �:VW# ����<	-��� ��� .;��� =��>�� �� ��:7� 	�P� ��X �� �� .�O��� � >A�B�A� ��>:� .��@ =��< ���.
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	���< @� �.�!AB� .��. ����< ��� ��< �� 	-���	� ?�A���< 	� 	-��@ � 	-��� ��� F:� ?.�P# 6��� � 6��� �< �
��

��:� �"�. =��>�� ��:A
 �. � 9���:����< =��>��	� ����) .��33.(  

 
?��� 3- ����V� ) ?�@��#����<�, H��*A�PBZ���.�>C���, � () D:7�<Pro-Ca 	f�� ��� (	J+�����  	!:< ��:�9�# 	C
��

DE� /���,. 
 Table 3. Interaction effects of paclobutrazole and calcium prohexadione on some qualitative traits of strawberry 

fruit cv. Paros. 

 F:��A��C 

Vitamin C (mg 
100g fresh 

weight)  

 H��E  �A��:B�

��:B��A:# 

Titratable 
acidity  

(%)  

�.�����  ����

 ?�� �
Soluble 

solids (ºBrix)   

��:� ;��� 	A!B 
Fruit firmness  

)2-g cm(  

F:
�:B�A
N 

Anthocyanin  
(mg 100ml 

juice) 

PBZ Pro-Ca  

ab34.37 a2.05 ab7.40  d0.45 f0.04 0  0  
ab36.54 bcd1.89 ab6.95 d0.46  bcd0.12 60 0  
b33.94 abc1.92  ab6.75 abcd0.50  abc0.13 90  0  
ab36.08 ab2.03 ab7.15 d0.46  def0.07 120  0  
ab38.05 cd1.79 ab6.90 a0.54  a0.17 0  100  
a40.27  ab2.04  ab7.45 abc0.53 ab0.16 60  100  

ab38.01 cd1.84 a8.00 d0.48 ef0.06 90  100  
ab35.89 de1.73 ab7.15 bcd0.49 def0.07 120  100  
a40.45 cd1.83 b5.62 a0.54 ef0.05 0  150  
a40.36 cde1.76 b5.35 bcd0.49 ef0.06 60  150  
a40.40 e1.61 ab6.90 bcd0.49 ef0.05 90  150  

ab34.92 cde1.77 a7.80 ab0.53 cde0.09 120  150  
F:C
�:� ��AB �� �. ���@N /�B� �� ��A7� q�A-� u�S ����. �< 	���LSD  ?��AS� T4B �.5 	�P� 9��!# �"�.�
���
 ���.. 

In each column, the averages that have the same letters are not significantly different from the LSD test at the 5% 
probability level. 

  

  =��>�� H:����< ���*� �. 	� �
��#��H:).  � Q�� T4B =��<;���
�  2T4B �S�� �. H:����< �A-:�;f�B  �A-:�

H:����< 6��w# @� ��:J��� 2F:�:<�A��B �  ��;f�B 	� H:����< �A-:� /�B� �� .����	B������  @� �.�!AB� 2�A�]J

���.�>C���,) ;B� ��� 	�0J � 6:B �. H:����< ��>:� =��>�� n��� D:7�<31���.�>C���, .����< .( =��< n��� D:7�<

9�# �. T4B �S�� �. H:����< ��>:� =��>�� ��:A
 �. � Q�� T4B) �� 	C
��30��#����<�, .( =��>�� n��� ?�@;f�B 

 	�"� H � ��K � ;B� ��� 9��<�� �-�� �. F:�:<�A��B;7�@;f�B =��>�� 2;B� �-�� �. F:�:<�A��B T4B F:�:<�A��B 

�� D7:)���A� b�� # H:����< ) ;B� ����� ��:J H:����< ��>:� =��>�� ��:A
 �. �32 .(��:A
���g�S =��+, �  �< .�. ��-


����<��< @� �.�!AB�9�# �. �� �. /���, DE� 	C
���A-:� 	�P� ��X �� �� �:R��#���< ��>:� .����	� =��>�� ���. .���.

=��+,��� .�. ��-
 �A�]J��
� 	� �< ;B� ��� 	C
�� ���J �. �:R��#���< =��>�� n��� ?�@��#����<�, @� �.�!AB� �< �
��#

��H:). ) ���� �:R��#���< ��:A
 �. � ;B0,���< �@��
� 2F:�:<�A��B ��>:� �. =��>��36 .(  

   �� ���# ����:A
��� ����<��< F�� �g�S =��+, @� H"�S	� ��9�# �. �� F:
�:B�A
N ��>:� ��
��# /���, DE� 	C
��

��< F�� cE�� �. .���. =��>�� ����<
 .�!
 	-��� ��� =��< �� �� ��>:� � ��:� �
� .��1� n��� � =��>�� �� ��:J Hf�. �� ��

	� F:
�:B�A
N���.�>C���, .�
���f�� ��� =��< �� D:7�<D�>
N ��� ?�P� n��� ��
 p�!
 =��>�� � �� ���� @�:
 .��� ���

H:�� ���� @� F:
�:B�A
N H:O-# �:R�
�0� � @�A<\�J 2@�:) �:
��N F:
\N3 �A<\�J	� @��!7
��# H�@ � ��:� �
� ��:A
 �. � .��

	� .��1� F:
�:B�A
N) ����37 .(D�F:�K ���.�>C���, @� �.�!AB�) �� F:
�:B�A
N =��>�� n��� ��C
� �. D:7�<2 �< ( ���A


/���, DE� ��� �� �g�S =��+, 9�#	C
�� �A��� ���7�� F:-:, ��� ;B� .  

   H���� @� ��:� ;��� 	A!B���.�>C���, .;B� ��:� ;��.�� @� M, ��� �� �V��9�# �. 	A!B =��>�� n��� D:7�< 	C
��

 2�� /���, DE�D�F:�K ���.�>C���, � ?�@��#����<�, =�O���� .���� 	f�� �. �< .�. =��>�� �� ;��� 	A!B ��>:� D:7�<
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Effect of Paclobutrazole and Calcium Prohexadione on Some physiological 

traits and fruit qualitative factors of Strawberry (Fragaria × ananassa Duch. 

Cv. Paros) 
 

A. Danaei Far, M. Gholami*, M. Mobli and B. Baninasab11 

  

In order to reduce vegetative growth and increase the quality of strawberry fruits a research was 
carried out using paclobutrazole and calcium prohexadione on cultivar Paros. In this study calcium 
prohexadione at three concentrations (0, 100 and 150 mg L-1) and paclobutrazole at four 
concentrations (0, 60, 90 and 120 mg L-1) in two stages (four and seven weeks after planting) were 
sprayed. The results showed that the effects of paclobutrazole, calcium-prohexadione, and their 
interaction significantly increased the photosynthesis rate, chlorophyll content, leaf carotenoids, 
yield, and fruit anthocyanins. The effect of paclobutrazole at 5% probability level and calcium 
prohexadione at 1% probability level increased significant in the photosynthetic efficiency. 
Calcium prohexadione and its interaction with paclobutrazole at 1% probability level increased 
significant in the firmness of the fruit tissue and significantly decreased in the titratable acidity. 
Soluble solids were not affected by these retardants. Using from calcium prohexadione alone at 
5% probability level increased significantly in the vitamin C. Generally, the physiological 
characteristics of the plant were increased by the use of both growth retardants, while the 
qualitative factors were more affected by calcium prohexadione. 
Keywords: Anthocyanin, Organic Acid, Photosynthesis, Spray, Vitamin C. 
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