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Abstract 
To evaluate the effects of different application methods of humic acid and aminochelate (Foliar application and soil application) on growth and yield 
of cucumber (Cucumis sativus. L), an experiment has been conducted under greenhouse conditions with factorial design based on randomized 
complete block with three replications during two years (2018-2019) in Tehran agricultural a natural resources research and education center. The 
humic acid factors are as three levels (untreated, soil application, and foliar spray) and aminochelate factor are as three levels (untreated, soil 
application, and foliar spraying). The effects of humic acid, the effects of aminochelate, and their intraction on yield, number of fruits per plant, fruit 
dry matter, and leaf chlorophyll index have been significant. The highest fruit yield, number of fruits per plant, fruit dry matter, and leaf chlorophyll 
index are obtained from soil application of humic acid and aminocholate, being 57.4%, 58.6%, 56.4%, and 43.8%, more than the control, respectively. 
Also, the effects of humic acid, the effects of amino chelate, and their intraction have been significant on concentration of macronutrients in leaf. The 
highest concentrations of nitrogen, phosphorus, potassium, calcium, and magnesium of the leaves are obtained from the application of humic acid and 
aminoclate in soil. Thus, the concentration of nitrogen, phosphorus, and potassium due to soil application of humic acid and aminolate increase by 
44%, 51%, and 5%8, respectively. Based on the results, in order to achieve the maximum yield of greenhouse cucumber, the combined use of humic 
acid and aminocholate as soil application is recommended. 
 
Keywords: Chlorophyll, dry matter, foliar nutrition, nitrogen, phosphorus, plant growth stimulant, potassium. 

  

  

  

  



%
�$ &'�()
* 

  

 ����24 �  ���	
2 � ���
��� 1401 

674

  

1 .�����   

&(�� )Cucumis sativus L.( 
/� IL*������ �(���� 

 � 
9��M� cD�	� �. � �.�� d�2 B A �� H�3� T(	e  �.

��# �. 6�����

����2 f�� 
�*� ��D(M�  ��% � UJ%

�� .�# )Peyvast, 2005 .(��(� �IL* T
� ��8(� �F T



����2 R7* .�& 
� �� ��J% ,�g
IL* �(9�F ���

) U*� �.�. h� 	&�Ahmadi et al., 2017.(  

��i
��]*  .����%��

�� �
�(0(# ���.�%  T
� �(9�F ����

 5�� H� ���# � C-�� 8
�IA� �� E�&  �� ���(�� �.


����2�� 
�U*� 
�#�. ��L�. )Souri & Rousta, 2011.( 

���
` 8��j$ ��  �� 
F-% ���.�% 
% U*� �.�. 6�J�

V*�	�  �	��� ���(2 

[bF �. ��.�% T
�F��k� � T
�F

)Ghonama et al., 2012,-%�	(�+ .( _�*��� �
��.�% ��

�� 
	(�+�(*� 6�(	� �. �M(*� .����% ������ 
% �	#��

����J%� 
	(�+�(*� 6�(	� �� �
��.�% lm�@� .����.  �
 �

)(��(� �	��� �9+ ����(*� �(*�5 
� ��.�% �
�O B�� 6��	1

�� C�7�
� 
% �	#��B/# �� �	
In
�O ��Q �. `
��F ���

�� ����� �. ��L4 �.�*�	#�� )Aslani, 2013.(  ,�M9�7� �.

,-%�	(�+ .����% ��� �. ��(2 �0���#� .�LN� 5�.�
� �
 � ��

)(��(�) U*� ��# ���I2 �(*�Chen et al., 2000; Datir 

et al., 2012; Ghoname et al.,2012; Marschener, 1995 .(  

*�(���� �+(
	 
% 
� 6��	1 E�H� �#� 
�&�	# ��

���# 8G� �La�� �. �IA�
8 �IA� 5�#�
8  � �� H�

8	F 
� B0HF��� H�(7� 2 f*�F(�� ����. )Shehata et 

al., 2016 .(�+(�	*�(��� %�F(,�L �@�� �����* �F��$(T 

���	#�� 
% ���� U&�* UA����� 2(��� � A���%(B 

���o� ���	#�� )Kowalczyk & Zielony, 2008 .(

3� T(	e E�H���� �#� �� 
�0O �+(�	*�(��� ���.�4 

�#� 2(�� �� ,�# �	J�� � �� �D
c �IA�
8 p[O 

�@�	1 �[\�
5 ,�LO�� �IA�
8 .�/�01 �� 3���A ����* 

)Hassan et al., 2013; Shafeek et al., 2014.( ���
` 

8��j$ �� %�Q� �� ��� ULa� .����% �+(�	*�(��� �� .�/�01 

� �IO�� .�/�01 &(�� 
����2� ,m� H� �
�* � �


����2 �� ���#�� )El-Shabasi et al., 2005.(   

 D� 
) 5
M9�7� .����% �. d�2 �. 9(�� �+(�	
� ,-%

.�% ,��@���(�+ VO�� �# �F f*��� 6�� &(�� 


����2 �� �� 72 d�2 
� 86 d�2 �GF�� 
��� .3� T(	e .��MF 

�(�� �. K������ �� 124 
� 139 .�1 �GF�� $(�� .�% � .�/�01 

�� 9/8 %(d�2�� �. K������ 
� 1/14 %(d�2�� �. K������ 

�IA�
8 
UA� )Shehata et al., 2016 .(�IA�
8 .�/�01 #��� 

�� .����% �(*��	(�+ 
� �IA�
8 p[O �(6^��� � �IA�
8 

A���%(B 5!�� �IA�
8 I�	* T(�F��$ �� � 3
I�+ ��� 2(��� 

�����..�2 )Mahmoud et al., 2013 .(  

�(��()*�(� �(I 
� 6��	1
%�F )(LD V(M� 9+� 

��Q 
% U*� ��# 
�&�	#� 50  �F90  .��� �@�.

��2��(� )�) �#��Clapp et al., 1993� .��� .((��( )

�$(���0� LD(M� 
� 
% �	����.���2 ��D�� ��� ��( T

��# ��	%��$ .���3N� 
�F� ���+ T(^�9�
� )(��()*�( �� �

�HF B��# ���� ,�.�O��

���O )���  �#� � �[�

)Young & Chen, 1997(5 �HF
 K0gF )U�
��.�F  �.

2(6��� )Zachariakis, 2001(5 �HF
� K0gF )(� � 6^��

�HF
�[\ �@�	1 p[O )�
 ��M�� )Zachariakis, 

2001� (�� .�#��(��)(*�(��01 8�� ���  .��� ��

�(��)( LD(M� �� �#��%p+ s�� �. �� B��# 
�2
 � I

p+ � U*� U*�.3� T(	e �� B��#(��� ���2 ����� 

#(0(��
 %���%�(	( 5��	A 5B%����(� � B(���%�( B

�� F� 
 �� 
�A�%T����� 9+(F�])( 
F����+ �)( �� .�#��

�(��()*�( �
%�F )(�$ V(�0� LD(M�  �. 
% U*���( 
g

*�$(2�� 9+ .���� $ 5E�&(9 5U(	n(\ � T( ��
�  .�O�

�� +
� 
% ���IA� UNO ����F

� �� H� 8 
�A�2 ��%

) .�#Nardi et al., 2002(. �(��)(*�(
��2 �. � ��� 

2 �����(���  U*� �.�4%
 9�MA( UPM-ATPase �
 
J



�+"�,$ -.�'/ 0�� ��� 1*�2$ �/���3 '�$('4 '&56 � $7'893(: /� �;< � ��� =6
� �/>*	? � @A*B /��:? 5CB�; D'�� �E�2*< �5 

�5�;�� ��,*&/!(& 

  

 ����24 �  ���	
2 �  ���
���1401  
675

�HF ��)
 %� p[O � �	(� �. ,���

J�IA� �� ��
 ��. 8

)Nardi et al., 2002.(  

���
` 
) 8��j$ �. h� & .����% �(��()*�(� 


�!�� ,��@�#�$ �� �IA�
8 �/�01. &(�� 
����2�� 

6�J� .�. 
% !��#�$� �(��()*�(�� � U��\ 100 

�(�� d�2 �. 9(�� VO�� �IA�
8 14 �@�.� .�/�01 

&(�� 
����2�� ��# U*� )Al-madhagi, 2020 .(

3� T(	e .����% �(��()*�(� VO�� �IA�
8 �#� � 

.�/�01 &(�� � �IA�
8 p[O �@�	1 �[\�
 �� 
�0O 

�(56^��� 5�]�A *��$(53 ��%(3 � 	�(I
3 ��# U*� )El-

Nemr et al., 2012 .(3� T(	e ���+ ULa� .����% �(��() -

*�(� �� �IA�
8 .�/�01 � �(6�I A���%(B !�� &(�� 


����2�� 
� ,�L�� *�(�� U*� )Karakurt et al., 2009 .(

�. ,�M9�7� �� *(3�� �(��$���() �(I �IA�
8 �#� 

���&�# &(�� 
����2�� � �IA�
8 U��\ �(,��� �. !�� 

�� .����% �(��()*�(�  UJ% ���� �.
� ,��@ 

���(�+.�% ����J� �# )Mora et al., 2010 .(�IA�
8 

6�� )J& 
4�* � �

J &(�� 
����2��5 �IA�
8 .��MF 

B2 �. 5
F�� � �IA�
8 p[O �@�	1 �[\�
 �(56^��� 

5�]�A *��$(53 ��%(3 � 	�(I
53 ���5 t� � T�+ �� 

.����% �(��()*�(� ���I2 ��# U*� )Rauthan & 

Schnitzer, 1981 
� 
O�F �� .(8��j$ ���  E���

d�g�� �+ 8G� .��� �. ��#(,-%�	�� � .��� �(��(/�  �.

�IA�
8 & .�/�01(�� 
����2��5  
�
�G� 
M9�7� T
� ���

���)(��(� .�
��% ����� ��� �� ,-%�	(�+ � �(*�

S&�#
����2 ��(& �#� ��� �
�[\ �@�	1 U��\ � ��

 ..�� ��(2 T
� !�� �. �� ��$  

  

2 � �
�� .����
  


����	� *���� ,���� �� � �(��()*�(� � �+(,-%�	 

& .�/�01 � �#� ��(�� 
����2�� 6�7�*�$�* 34�5 
) 

���+
8 
����2�� �. ���� %�& �
� ,�� ) ��* �.98-

1397(5  K��	� � �����J% ����+ � ,�G(GHF I%�� �.

6��NF 6��*� �M(LD �� u�
 F(��0 � 
* ���/F 
� ,��@

�%�A��
B �$ C�D V9�4 �.

 E��� ��� A.� F B��%�  
�

 .��+ �. ��O� 
�Q���(��()*�(�  6���) R7* 
* �.

.����% �(��()*�(5� .����% %�&� �(��()*�(5�  .����%

�(��()*�(� 
�!�� ,��@ #�$��+ � ((,-%�	 �(I  �.

�+ .����% 6���) R7* 
*(,-%�	%�& .����% 5� 

�+(,-%�	 .����% 5�+(,-%�	 
�!�� ,��@ #�$� (�. 

��� 
�A�2 �# .BL4  ����O�� 8��j$5 
�MF ���	�((T 

�[\ �@�	1 U��\�
 �� E�& BH� ��O�� ���+
8 
��0�-

��.��� � 
� ���+
��nJ ��*�� �# )���O 1(��� .� �.��+ -

���*  5
����2 E�&`	$ %(d�2��  �.K������ ��. .�%� 

*�$(��
� � �# 
A�o� E�& 
� 5 ��&�  v���� E�& ��

��. .�% �� .�#� �.�]�*�.��� ���+ �.
8 �(I 
��0���.��� 

IgF � �#

 #(0(��
 5�# ��� 
%
`  ���O �. 6+)2( 

.U*� ��# w�.  

  

G�6H 1��E .;J KL�;� M'K;>� � 
'	'��; N�D O�$ 5/H5� �$P7;Q  

s�
L#

� �
@

�.
  �/


�
�/

9� U

��

�
  

(d
S

.m
-1

)
 

s�
L#

� B
2 

8
	%�

�
  ��
��#

 �
a	&

 .�
��

 �
@

�.
  

�
9+ 

T�
�%

 �
@

�.
  

B�
�4 

�]
�A

 
p

[O
  

(m
g

.k
g

-1
)

  

p
[O

 B
��4

 3
(*

��$
  

(m
g

.k
g

-1
)

  

T
�+

  (m
g

.k
g

-1
)

  

I	
n	

�
  (m

g
.k

g
-1

)
  

�
��

  (m
g

.k
g

-1
)

  

���  
(m

g
.k

g
-1

)
  

36  2  5/7  19  46/0  8  280  4/4  9/9  7/0  4/0  



%
�$ &'�()
* 

  

 ����24 �  ���	
2 � ���
��� 1401 

676

G�6H 2��E .;J KL�;� 
'	'��; �(3 $5��  

 U
����/
��/9� (dS.m-1)  
U��D�   

)%(  
8	%��  
(pH)  

6^���(� B%   
)%(  

�9+ T��%   
)%(  

B% �]�A   
)%(  

B% T�+  
(mg.kg-1)  

B% I	n	�  
(mg.kg-1)  

B% ���  
(mg.kg-1)  

��B% �  
(mg.kg-1)  

12  33  8/8  3/1  4/25  59/0  7100  390  118  56  

  

���� ��O�� ���+
58 ���[� 5������ &( ��
����2�� 

34� H� �. 6�7�*�$�*(9�$ UJ% f() U30 �@�. � (

$�%�%() U70 �@�.6���2 �. (��� 
) UJ% �� � ���


���O �� �M� .�# 5������J� ��Ne �F 
* 
�Q�� �.2���   
�

�# BG�	� ��@� T(����.  �� �#� ���. ��D �. 
����2 ���.

 ���.3±25 ����* 
O�.�2.�# 3(�	F .� �+(��� 
�  ,��@

��74�s�� �� � ���� F(x .��.  ��	L� �� ���(�+ s��# 6���

 8��%50 B��4 p+ ��@�.  �� 
J
� U(9�MA 
(Q�� �.�]�*�

 )
�F�� B(����$ � ����(���F �� �.�]�*�50 - ����*  T((MF ���

) �#Faramarzpour et al., 2012 .(�..�%� 
� ,��@  .�%

�+(�� �� �
(@�F �.�% 
�����  ,�G(GHF 
�*k� f*�F ��#

) p+ � E�&Basirat et al., 2017( yIO 
% �# d�g��(,�  6+

 ���O �.)3(   .U*� ��# �.��+  

���0� ��  �� � ���H� �[\�
5 �� � 10 d�2 .�% 

v���� ,-% �@�	1 3%�� � ��Q� 7  5T�+ �@�.2 

5I	n	� �@�. 3/1  5��� �@�.4/0 ���@�.�5 1/0  �@�.

 � t�06/0  �. 6�L(9�� �@�.1000 ��(�+ p+ ��(9�5  �� �.

 .�# �.�]�*� 
�]����H�#�$� �(��()*�(� �+ �(,-%�	 

`	$ ��� �. ��D ���. �#� U]� 
�Q�� �. ��� 
MA.)2���  �

 
�@�A 
� �M� ,�MA.10 (��� 
MA. �� ����� U��\ ��I��.�. 

�# d�g�� )Shehata et al., 2016�� � .( %�&� �(��() -

*�(� �+ �(,-%�	 �(I  
�Q�� �.U]�2��� � �� 
F��(6�I 

 �� �10 �(��9(�� ���� ��Ne � s��# 
F�� �� ��� .
�n �. 

�#� ���. ��D  ��)10 ��� 
)  (���
��.� 
UA� )Shehata 

et al., 2016 3��(*) ���(�+ B��# 6���(2 �� ����Nn� .(

��74 ��1 ���	% 5(�� ��� ���
�)  �� ����L� � (��*. ,��@

���0(� � ,�A+3*) ��
� (�#�$ d�g�� ����7��H��#.  


����	� ���
��� Mo�(U [bF

�� 2(�� � 
M9�7� �(�iF 

.����% �(��()*�(� �+ �(,-%�	 �[\ �@�	1 p[O ���
5 

75 F !�� �� 5�J� �� t$ ���(����0� ����� 0g	$)(T 

2 _�� �� B��% !��(��(5 
��0���.��� ,��@ UA�2. 


��0��� �. ���+
��nJ �� p+ �7G� 
��# �# � tz* �. 

56�+ �. ��.� 54 
O�. ����* .��2 
� ,�� 48 U1�* 

)J& �# �. �
�[\ �@�	1 U��\ T((MF ���� .


��0� 
��0� 5��# )J& ���  �� tz* � p�(*+ ����� ��

��(� )9��# �.�. ��L1 ������ ���G� tz* .3/0  �� d�2

��F 
��0� ��
T  �� p�D�� 3{� �� t$ �

)
��]9�* �(*� 59�*()(�(� �(*� p+ �  U��\ 
�j(�%�

�$ �
�[\ �@�	1�� � 3% ���� �� 6+ �. �� � ���

� d�*��k T((MF p+ � E�& 
�*) �#Emami, 1996.( 

*��$ U��\(3 
��0�� ��(I �A ��n�*. �� �.�]�*� ��(3�����A 

TO) ��� ��PFP7  � U&�*(6����n� �� �]�A U��\ 5

|�� ��� �� �.�]�*�g	*�5 ��% U��\(3 	� �(I
3  ��

�����/�z0% ��� �� �.�]�*�� ������2(�� �# )Emami, 

1996.(   

�2j
� 58
���+ �D �. �#� �� fLF�� ����� ���

3� � B(A���% S&�# �	��� �2j
� T(	e �.�/�01 ���

6�� �@�. 5��(� 6�� f*��� �	��� �](% �  � ��(� )J&

������ .�/�01 �� �.�]�*� �� B(A���% S&�# .�# ��(2

A���%(B) ���Minolta  ���502 T$�^ U&�* � �F 6�� 5(

������ ���(g
. �����F �� �.�]�*� �� ��(� )J& 6�� ��(2

 T
��F �� ��(� )J& 6�� �@�. .�#50  � ��(� d�2

)J& �� �M� 6+ )J& 6�� �@�. 
L*�H�  6�+ �. 6.�%


�  ,��24  ���. �. U1�*70  
O�.����*.��2 
� U*.



�+"�,$ -.�'/ 0�� ��� 1*�2$ �/���3 '�$('4 '&56 � $7'893(: /� �;< � ��� =6
� �/>*	? � @A*B /��:? 5CB�; D'�� �E�2*< �5 

�5�;�� ��,*&/!(& 
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�.�. .��+
� ���U*. �D �� ���+
c  6���+F  �� �.�]�*� ��

d����IA�  ����+SAS )1/9( ���+ B(�HF�  
�
�G� � �#

6���+ �� �.�]�*� �� ����0(F T(n��(� 
	��.�	e ��  �. T/��.

 R7*`	$ �@�. .UA�2 ,��@  

3 .�����  

IgF

 ���
t�� V%�� �.�.��� 5.�/�01 .��MF �(�� �. 

5
F�� �@�. �.�� )J& �(�� � S&�# A���%(B !�� 

D� �. ��* ��O�� ���+
8 d�g�� �# ���O) 4 .(   

  

G�6H 3 �$�E/� .�(3� D'�� �E�2*<5�  


�]� �M�   
�� U#�% 

���H�1 )g/1000l( ���H�2 )g/1000l( 
��(� �+� �� 
F��  

)l/day( 

��#� p+ ��(�+�   
t$ �� IA�6.� .�%  

)dS/m( 

,���(�   

3(��% 

,���(�   

3(*��$ 

,���(�   

d�(���+ 

3(*��$�	�   

,�]�A 

,�]9�*   

3(*��$ 

,�]9�*   

3
I(	� 

1 500 0 0 1000 250 0 4/0 3/1 

2 500 350 0 150 250 0 6/0 4/1 

3 350 500 100 150 250 0 6/0 4/1 

4 350 500 150 150 250 0 1 65/1 

5 350 550 150 150 250 0 2/1 7/1 

6 350 600 150 150 250 0 6/1 75/1 

7 350 650 150 150 250 0 2 8/1 

8 350 700 150 150 250 0 2/2 85/1 

9 350 700 150 150 250 0 4/2 85/1 

10 350 700 150 150 250 0 6/2 85/1 

11 350 700 150 150 250 0 8/2 85/1 

17-12 350 600 150 150 0 350 4 65/1 

22-18 350 550 150 150 0 350 5 6/1 

236�
�$�F 350 500 150 150 0 350 4 55/1 

  
G�6H 4 .��E;J G�6H KL�;� �5�;RE� ��5� ��� �/>*	? $'=�( �56+� $'�( �� =��(� 6��� ���$ 4�D $'�( � SD�
 M�/*3'O T/�  

K��	� bF((,��  
O�. +.���  .�/�01 �(��  .��MF �(�� �. 
F��  �@�. �.�� )J& �(��  S&�# A���%(B !��  

��*  1  4/23 ns 196ns 29/0 ns 2/78 ns 

���/F (��*)  4  3/1 ns 8/3 ns 23/0 ns 2/3 ns 

�(��(*�/(�  2  147** 770** 4/1 ** 368** 

��* �. �(��(*�/(�  2  11/8 ns 8/1 ns 004/0 ns 7/2 ns 

�+(,-%�	  2  150** 1649** 5/4 ** 832** 

��* �. +�(,-%�	  2  12/0 ns 9/0 ns 001/0 ns 3/7 ns 

��� B��G�� �(��() *�(� � �+(,-%�	  4  61/0 * 30* 06/0 * 2/16 ** 

��� B��G�� ��* �. �(��() *�(� �. �+(,-%�	  4  001/0 ns 8/0 ns 001/0 ns 3/2 ns 

��L�#� ���+
8  32  96/0  19 015/0  8/5  

�o
V bF((,�� )%(  -  7/3  9/4  3/3  6/4  

ns � * = **�:+$ �5� �� V,&  G�	�W55  �1 6��� �:+$ X9�D5 ��6� � .�5�  
  

  

  

  



%
�$ &'�()
* 

  

 ����24 �  ���	
2 � ���
��� 1401 

678

  

  

���
` IgF

 ���
t�� �.�. V%����� ���+
8 D� �. 

��* 
% .�. 6�J� ���  �� ��*.�/�01 �(�� �. K������5 

�@�. �.�� )J& �(5�� .��MF �(�� �. 
F�� � S&�# 

A���%(B !�� �	M� ��.  .U�(���� �(��()*�(� � 

�+(,-%�	 �� .�/�01 �(�� �. K������5 �@�. �.�� 

)J& �(5�� .��MF �(�� �. 
F�� � S&�# A���%(B !�� 

�. R7* ���+� 
) �@�. 	M����. �# .��� B��G�� 

�(��()*�(�  ,-%�	(�+ � ��.�/�01 �(�� �. K������5 

�@�. �.�� )J& �(5�� .��MF �(�� �. 
F�� � S&�# 

A���%(B !��  ���O �.)5( .U*� ��# �.��+  

  
3 .1 .�����   !�����"�� ���� #$% ��!�� �
�&' ���� 

�� �'�( � )%�* +�����, -�(   

8(� �F
T .�/�01 �(�� )(��(� �%�& �� � �� �(*�

 ,-%�	(�+ �� 
�(6�I 8/31 %(d�2��  �.K������ 
� U*. 

�	M� ����+ �-�&� ����0(F �
�* �� 
% ��+ .U#�. ��.

 ��0(F T
� .�/�014/57  �@�.8(� �F  ..�� ���# ��0(F ��

)(��(� �� � C�7* 
(�% �. �� � 5���#) �(*�

!�� � �%�& 8
�IA� VO�� ,-%�	(�+ .����% 5(�#�$

 .�/�01�#  �.�� T
� �%�& �� � 
%��k� .����% �� �F

.�� T
�
� �!�� ,��@���O) U*� �.�� �#�$ 5 .(

8(� T
�F � .��MF(�� 
F�� �.  .��MF 
� I(�103  �� 5.�1

)(��(� �%�& �� �
� ,-%�	(�+ � �(*�  �� 
% ��+ U*.

�	M� ����+ �-�&� ����0(F �
�* .�. 6�J� `
��� .U#�. ��.

)(��(� �� � C�7* 
(�% �. 
% �� � 5���#) �(*�

!�� � �%�&�$ .��MF 8
�IA� VO�� ,-%�	(�+ .����% 5(�#

8(� �
���% �.�� T
� �%�& �� � 
% �# 
F�� �. ��(�  ��F

!�� ��� 
� UL�� ���O) U#�. �#�$5 ,�]@ �	��0� .(

8(� 5
F�� �. ��(� .��MF � .�/�01  T
�F�@�. �.�� )J& 

) ��(�6/4( �8(� T
�F A���% S&�#(B !�� )1/61( �� 

%�& �� �� �(��()*�(� �+ �(,-%�	 
���+ U*.  �� 
%

�	M� ����+ �-�&� ����0(F �
�* ���O) U#�. ��.5( .

 ���# ��0(F 
� UL�� ��0(F T
� �. ��(� )J& �.�� �@�.

6/58 3� ..�. 6�J� 8
�IA� �@�.  B(A���% S&�# T(	e

 5���# ��0(F 
� UL�� ��0(F T
� �. !��4/56 8(� �@�.  �F

 ���O) .��5�0� .( �� � C�7* 
(�% �. 5,�]@ �
�* �	�

)(��(�!�� � �%�& �� � 5���#) �(*� .����% 5(�#�$

 � ��(� )J& �.�� �@�. 8
�IA� VO�� ,-%�	(�+

 ��k� �.�� T
� �%�& �� � 
% �# !�� B(A���% S&�#


� �.�� T
� .����% �� �F!�� ,��@..�� �#�$  

  
G�6H 5 /-5 .O��#�$ �'$('4&5'6 $7 �'893(: $ /�'YE�'% $ �/>*	?'�( $ 4�D ���$ 6��� =Z�/$/�$ ��'=�( $ �56+�'�(  � ��(� ��

SD�
 M�/*3'O T/� 

F(��0 �(��()*�(�  F(��0 �+(�	,-%  .�/�01 �(�� )kg.m-2(  .��MF �(�� �. 
F��  �@�. �.�� )J&  S&�# A���%(B !��  

0  0  2/20 e 6/71 e 9/2 f 1/39 e 
0  !��#�$�  7/22 d 1/80 d 3/3 e 8/44 d 
0  �� � %�&�  2/26 c 8/89 c 9/3 c 5/55 b 
�� � %�&�  0  3/26 c 8/82 d 4/3 c 5/49 c 
�� � %�&�  !��#�$�  1/28 b 6/92 bc 8/3 cd 8/53 b 
�� � %�&�  �� � %�&�  8/31 a 5/103 a 6/4 a 1/61 a 
!��#�$� 0  2/23 d 1/79 d 3/3 e 0/47 cd 
!��#�$� !��#�$�  3/26 c 1/94 bc 7/3 d 5/54 b 
!��#�$� �� � %�&�  0/29 b 5/97 b 2/4 b 6/59 a 

�56?5 �� X�/W =����$ [�&5/� �($P7 �:$5�6:\ 5� =%>E5� 8���� ��$7� �:+$ �5�� �� V,& J:! 6��� ��$7�= �� ]� 6E�56E.  
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3 .2 ../�0 �"�1  
203� -�(  

���
` IgF ���O

 ���
t�� �.�.��� U��\  �@�	1

�[\�
 � B��# �� ��$(56^��� *��$ 5�]�A(53 ��%(3  �

	�(I
3 �. ���O )6( �.��+ ��# U*�.  

���
` IgF

 ���
t�� �.�. V%����� ���+
8 D� �. 

��* 
% .�. 6�J� ���  �� ��*�[\ �@�	1 U��\�
 

& !�� �. �� ��$(�� 
����2�� 	M����. (�U� .���
` 

IgF

 ���
t�� V%�� �.�.��� ���+
8 6�J� .�. 
% ��� 

�(��()*�(� � ��� �+(�	,-% � B��G�� ��� �(��()*�(�  �

�+(,-%�	 �� �[\ �@�	1 U��\�
  !�� �. �� ��$

&(�� 
����2�� 	M����. U*� ���O) 6 .(��� B��G�� 

.����% �(��()*�(� � �+(,-%�	 �� U��\ �@�	1 �[\�
 

�� ��$ �. !�� &(�� 
����2�� �. ���O )7( �.��+ 

��# U*�.  

  

G�6H 6��E ��9D .;J KL� G�6H;� �5�;RE� ��5���� @A*B 5CB /��:?�; E O$�
 X/_$/!'=�`�/� &��! =/�
M'=] 
*3'] :$ �'K;]  

K��	� bF((,��  
O�. +.���  �(6^���  �]�A  *��$(3  ��%(3  	�(I
3  

��*  1  21/0  ns 001/0  ns 14/0  ns 04/0  ns 005/0  ns 

���/F (��*)  4  04/0  ns 001/0  ns 03/0  ns 007/0  ns 001/0  ns 

B��1 �(��()*�(�  2  36/1 ** 046/0 ** 6/1 ** 51/0 ** 033/0 ** 

��* �. �(��()*�(�  2  27/0  ns 001/0  ns 01/0  ns 001/0  ns 001/0  ns 

B��1 �+(,-%�	  2  96/3 ** 022/0 ** 28/1 ** 57/0 ** 11/0 ** 

��* �. +�(�	,-%  2  64/0  ns 001/0  ns 001/0  ns 002/0  ns 001/0  ns 

��� B��G�� �(��()*�(� � �+(,-%�	  4  10/0 ** 004/0 ** 06/0 * 006/0 * 003/0 * 

��� B��G�� ��* �. �(��()*�(�. � �+(,-%�	  4  09/0  ns 001/0  ns 01/0  ns 001/0  ns 001/0  ns 

��L�#� ���+
8  1  03/0  ns 001/0  ns 02/0  ns 005/0  ns 001/0  ns 

�o
V bF((,�� )%(  -  8/7  2/5  1/5  5/5  8/4  

ns =** � *: �:+$ V,& �� �5� G�	�W5 1  �5 6��� X9�D5 �(aE ��:+$ �5�.  

  

G�6H 7� O��#�$ /-5 .'$('4&5'6 $7 �'893(:  /�@A*B /��:? 5CB�; X/_$/!  6���)�� ���$ 4�D (�� T/� D'�� �E�2*<5� 

F(��0 �(��()*�(�  F(��0 �+(�	,-%  �(6^���  �]�A  *��$(3  ��%(3  	�(I
3  

�]@  �]@  9/2 d 27/0 b 4/2 d 06/1 f 43/0 f 

�]@  !�� #�$�  0/3 d 29/0 b 4/5 d 12/1 ef 51/0 e 

�]@  �� � %�&�  9/3 b 37/0 a 0/3 b 40/1 cd 63/0 be 

�� � %�&�  �]@  5/3 c 39/0 a 1/3 b 38/1 d 53/0 e 

�� � %�&�  !�� #�$�  8/3 b 40/0 a 0/6 b 48/1 bc 59/0 d 

�� � %�&�  �� � %�&�  2/4 a 41/0 a 4/3 a 68/1 a 68/0 a 

!�� #�$� �]@  1/3 d 29/0 b 5/2 cd 10/1 ef 53/0 e 

!�� #�$� !�� #�$�  6/3 c 29/0 b 6/2 c 18/1 e 60/0 cd 

!�� #�$� �� � %�&�  1/4 a 37/0 a 0/3 b 49/1 b 66/0 ab 

�56?5 �� X�/W =����$ [�&5/� �($P7 �:$5�6:\5� =%>E5� 8���� ��$7� �:+$ �5�� �� V,& G�	�W5 5 6��� = �� ]� 6E�56E.  
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� .����% B��G�� ���(��()*�(� �+ �(-%�	,  U��\ ��

�(6^��� 	M� !��� ���O) .�� ��.6 .(��� B��G�� .����% 

�(��()*�(� � �+(,-%�	 !�� 6^���(� U��\ �� 6�J� .�. 

 
%8(� �F
T U��\ �(6^��� �. !�� &(�� 
����2� 
� �

 6�I(�2/4  �@�.�� .����%  �%�&�(��()*�(� � �+(,-%�	 


�U*. ���+ U*� 
% UL�� 
� F(��0 ���# )9/2 5(44 �@�. 

�IA�
8  U#�.���O) 7.(  �� � C�7* 
(�% �.

)(��(� !�� � �%�& �� � 5���#) �(*� .����% 5(�#�$

 ��(& !�� 6^���(� U��\ 8
�IA� VO�� ,-%�	(�+


����2��k� �.�� T
� �%�& �� � 
% �# �� .����% �� �F


� �.�� T
�!�� ,��@ ���O) .�� �#�$7.(  

�(��()*�(� � �+(�	,-% ��� 	M����.� �� U��\ 

�]�A !�� &(�� 
����2�� 5�	�#�. 
� 
��2��  
%��� B��G�� 

.����% �(��()*�(� � �+(,-%�	  U��\ ���]�A  !��

	M�� ���O) .�� ��.6 .(��� B��G�� .����% �(��()*�(� � 

�+(,-%�	 6�J� .�. 
% 8(� �F
T U��\ �]�A �. !�� 

&(�� 
����2� �)41/0 �@�. (�� .����% 3�  6����(��()-

*�(� � �+(,-%�	 E�& �. 
�U*. ��+ 
%  
� UL��

F(��0 ���# )27/0 �@�. 5(51  �@�.8(� �F  
(�% �. ..��

)(��(� �� � C�7* � �%�& �� � 5���#) �(*�

!�� U��\ 8
�IA� VO�� ,-%�	(�+ .����% 5(�#�$


����2 ��(& !�� �. �]�A ���# �. 8
�IA� T
� ��� 5

-%�	(�+ E�& �. �� � ��� ,8(� �F  ��� ��

!��  .�� �#�$���O) 7.(  


� `
��� cL�7�U*. ���+  58
���+ ����� B��G�� .����% 

�(��()*�(� � �+(,-%�	  U��\ ��*��$(3 	M� !�����. 

 ���O) .��6 .(��� B��G�� .����% �(��()*�(� � 

�+(,-%�	 6�J� .�.  
%8(� �F
T U��\ *��$(3 �. !�� 

&(�� 
����2� 6�I(� 
� �4/3  �@�.�� .����% 3�  6���

�(��()*�(� � �+(,-%�	 
�U*. ��+ 
% UL�� 
� F(��0 

���# )4/2  5(�@�.41 �@�. �IA�
8 6�J� .�. 
(�% �. .

)(��(� �� � C�7* � �%�& �� � 5���#) �(*�

!�� U��\ 8
�IA� VO�� ,-%�	(�+ .����% 5(�#�$


����2 ��(& !�� �. 3(*��$ ��#� �. 8
�IA� T
� ��� 5

 ,-%�	(�+ E�& �. �� � ���8(� �F  ��� ��

!�� .�� �#�$ ���O) 7.(  

��� B��G�� .����% �(��()*�(� � �+(,-%�	  U��\ ��

��%(3 	M� !��� ���O) .�� ��.6 .(��� B��G�� .����% 

�(��()*�(� � �+(,-%�	 6�J� .�. 
% 8(� �F
T U��\ 

��%(3 �. !�� &(�� 
����2 � �)68/1 .����% �� (�@�. 

3�  6����(��()*�(� � �+(,-%�	 
� U*. ��+ 
% UL�� 


� F(��0 ���# )06/1  5(�@�.58  �@�.8(� �F  �. ..��

)(��(� �� � C�7* 
(�% � �%�& �� � 5���#) �(*�

!�� U��\ 8
�IA� VO�� ,-%�	(�+ .����% 5(�#�$


����2 ��(& !�� �. 3(��% ���# 5 �. 8
�IA� T
� ���

 ,-%�	(�+ E�& �. �� � ���8(� �F  ��� ��

!��  .�� �#�$���O) 7.(  

��� B��G�� .����% �(��()*�(� � �+(,-%�	 �� U��\ 

	�(I
3 !�� �	M� ��. .��  ���O)6.( ��� B��G�� .����% 
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