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Abstract 
One of the most important factors in achieving optimal yield of sugar beet root and affecting the ripening and root size 

uniformity during mechanized harvesting, germination uniformity through the use quality seeds. Of factors determining the 

quality of sugar beet seeds is the physical and chemical properties of the seeds. For this purpose, the physical and chemical 

characteristics of sugar beet seed and its relationship with germination traits was studied. This traits were evaluated on 10 sugar 

beet singles crosses obtained from three locations including Ardabil, Firuzkuh, and Karaj. This study was conducted in a 

randomized complete block design with four replications in 2014. Results showed that bulk density, true density and electrical 

conductivity are influenced by environment and genotype. Percentage of solids soluble in sugar beet pericarp (germination 

inhibitors) it was only affected by the seed production environment. Genetics and environmental conditions on the maternal 

plant during seed development and maturing were effective on germination percentage, germination velocity and mean 

germination time. But the germination uniformity of sugar beet seeds was only affected by genotype. On the other, the 

correlation between bulk density, true density, electrical conductivity, porosity and percentage of solids in pericarp solution of 

sugar beet seeds with some germination traits was significant. But, the germination uniformity had no correlation with the 

physical and chemical properties of the seed. Increased density of the seed pericarp caused a decrease of seed quality factors 

including electrical conductivity and percentage of solids solution on pericarp. Therefore, germination uniformity, which is less 

affected by the environment, can be used in breeding programs as an indicator of seed quality selection. Physical and chemical 

traits that was a significant correlation with germination traits, in the management of sugar beet seed production with the aim of 

increasing the extraction coefficient and quality of sugar beet seeds are recommended. 
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�DDF��L:F&  :DD;�"�;T� -���DDI !�JDD
� >�"DD�C$  m�"DD��
DD� 

���S�F <$ <dAd�  �������	 ��DD5�J� "DDB� >�"�DD'
� � ��DD�& 

)mesopore diameter) ��DDD� (Chomontowski and 

Podlaski, 2020 :;DDD�n��5 ��DDDOT�B� .()Podlaski, 

1990 cited in Chomontowski and Podlaski, 2020 ( 

 "�n�DD� %��DD��� �DD� �n�CO� �
� >
��5 �
�� �$ -�� E��� !�'F

 E�"DDCI a��;�"5 �� :��
C
K ��S
$"���DD�.  ��DDS
$"� >DD��

 :��
C
K <] (���� ��E�K  mF�DD� �$ %JC�� Y�A�� b� �

@* @
L :���K ��\��  ��CF -="� >
� .�F��L:F&  �
DD�

a��DD;�"5 @* x�DDMF W�"DDh �  ���� ��DDL� :U�DD�SCI &� .

:� :AC= %"
H �\
�F ���S= >�� �DD� ���� a��;�"5 �$ ��K

 X&�DDF >DD;C� �DD]� E��DD� Y��DD��"$ %��DD] �DD��SF�I:� � &

E�DDF���&�� � :F�DDO� :��
C
K ��S
$"��I�DDK�� :DDT* %.  �DD
��

 :DDT* "DD
t :��
C
DDK ���DD� %��DD��� �DD� �DD������	 �
� >
��5

 "�'
�a��;�"5 ��  "�n�DD� :DD;�"�;T� -���DDI �DD� ^S�"� �$

-�� �
�  �"�� i��� -DD���F �� .Q��JDD.� �DD�  x�DDMF W�"DDh

  a��;�"5 @*�F��L:F& :DD� m�"DD�� �DD������	 �
DD���DDK 

)Chomontowski and Podlaski, 2020( . �� ���DDDM�

�DD
�� �� �'�� �";AC= ���DDM�� %�DDI��  �DDvI�
H ��DD�� :��DDF���

:CF >

O���K.  g��G� �\
�F �;A� �� :�G���;� � !��& ����

 �vI�
H���.  �O��� Y�R �� ���O� ��.��G� >�� �DDK� Y�DDN��

 QI�$.-.�� E��� !�'F ���
��� �$ ��BF�CI ���   
?c� �� ��F* "

 ����� -K��"� !��&-.�� )Stibbe and Märläder, 2002.(  

 >
DD� i�DDS��� ���� �� E�K "'��� ��=�R� :A$ ��R ��

:DD;�J
. %�DDI"�����5  <DD~�� j"DDL  :T�DDU	 ...  %�I�
DD�

-M� <���� �� �������	�I %�DDF��L:F&  .-DD�� 9DD$ �DD�F*

 u
DD��� � :DD��"� ���DD� oDD
�� ��R �� ���� ��$
� ^����

�"DD� �DD� �"DD
H � %�"DD� %�� E"DD�� "~$��DD] %�I�DD��*". &�

�DDL�� � %��L�� %�DD��:DD;�J
. �
DD�   -DD
M
$ >�"�n�DD� �DD�

 (��� �������	 �
� �
T�� .��K >
DD
O� �DDOT�B� >DD�� &� g�I

 %�I�
DD� :��
C
DDK � :DD;�J
. %�DDI"�����5 >
DD� :U�DD�SCI

 ��M� � �������	�F��L:F&  ��F*-�� -�L �� �DD� :��DD� 

 -
M
$ "~$��] �
�-��.  

F
� 
 ���0��  

 &� E��M��� �� o
��� >��10 <U�
� �DD������	 V�"$� &

 <��DDK) :CDD��5��
� 9
�="DDF %���DD� >DD�n E� :���261  

7112  419  436  474  452  428  FC607  FC708  �

SB37 ) !�DD'.� E�"DDH �DD��5 b� ��O-Type 231 ( WDDT�� ��

X�A� �"DDDR��"DDD;� ��DDD�	 �DDD� :.��DDDN� <DDD��$ %�DDDI � �

!��DD�"�K%�DDI E�DD$&�"
.  #"DD$ � <DD
����  Y�DD� ��1393 

�"DDL� .�DDK �DDNd'�"�����DD5 :DDG"� � :DD���K��I %�DDI

<��Q���&* %�"L� %�I  �� Y��L 1 -�� E�K !�
�.  

�DDF��L ��M� :���&�� %�"��DDF��L "~$��DD]) :F& � :F&

:�G��DD�;� �DDF��L<U�
DD� "DDI &� (:F&V�"DD$ �DD� �
DD�  ��DDR

 ���	 :.��N� ����$ ��";�100  E&��DDF� �
DD� �DDF�CF &� :��DD�

 ��DDP�� �� .�K )��CK � @�d�F� 9��� E�U��� �� ����F����

�F��L E���$ -OF�C� ���� "?� m.� a��DD;�"5 �� ��L�� :F&

 �DD� �
DD� %�DD'��K E�U�DD�� <DDG�� �� �I�
�  �������	 �
�

 %��� �� !��� @*20 :�F�DD� �DDL�� ��DD�	 ��DD� �DD� ��"DDH

.�K E��� �'��K -=��  Y�DDA�� �DD� E�K ���K �I�
� s{�

>
�$��"$ ��JI ��) j�"
�Vitavax-thiram 75% WP �DD� (

 ���2  :T�3 .�F�K :F�M=�h �
F�?  !�DDK bDD'G &� sDD5

  ��&* %��. �� �I�
�100  :.�DD� 
t�$ <G�� �� �
� ��=

>
	) ���Pleated filter paper �DD� � -DD'$ (30 :DDA
� "DD�
T


t�$ s{� � %��
�* EJ
F��� @* >
	 :.�� <G�� �� ���

�SOL:�F��) :;
���5 %�I "��12*16*6� (DD.�K E��� ��"  
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Y��L 1 - ��Hl: :G"� � :C
A�� %�I"�����5�� :���K��I %�I Q���&* %�"L� <�� uA�d� oR��� 

Table1- Climatic characteristics and some meteorological parameters in different regions of the trial site  

<
���� 
Ardabil 

E�$&�"
. 
Firuzkuh 

#"$ 
Karaj 

oR���/:C
A�� %�I"�����5  
Climatic parameters/Region 

�"� b'G �C
F 
cold semi-arid  

�"� b'G �C
F 
cold semi-arid  

� j"H !������) b'G �C
F � �"� !����& � b'G (@�R"�  
semi-arid (hot, dry summers and cold, wet winters)  

 9
A��Climate  

10.4 9.7 15.9 
 ) �Fn�� ��� >
UF�
�C°(  

Mean annual temperature  

-38.5 -28.5 -20 
 ) �Fn�� ��� <���] >
UF�
�C°(  

Mean annual minimum temperature  

44 38 42 
 ) �Fn�� ���"~$��] >
UF�
�C°(  

Mean annual maximum 

temperature  

10.01 9.88 11.35 
:���.* ��=�� >
UF�
� 

Mean hours of sunshine 

250 269 243 
):H�F��� >
UF�
�:A
�"��(  

Mean rainfall(mm) 

59.19 35.32 50 
(����) ��I :S�F -��R� >
UF�
� 

Mean relative humidity of the air 

(%) 

 - 19.65 35 
(����)-��R� ��
C$ >
UF�
� 

Mean minimum humidity (%) 

 - 59.49 70 
(����)-��R� ��
'
� >
UF�
� 

Mean maximum humidity (%) 

1350 1930 1313 
("��) ���� yB� &� |�M��� 

Altitude above sea level (m) 
 

�SOL ��� �� �I14  %�DD�� �� ����DD�
��` <DDG�� �� &��20 

:�F�� �L����"� ��"H  .�F�K E��� >
T��)��CK �I�
DD�  ��

 j���	 &��F� Q��DD�&*-DD."H j�DD\.  <���DD] �DD$ :��I�
DD�

�'�� �	* ��F2 :A
�"�� ��� E�K "I��   �DDF��L �
� !���= ��

 �DDK )��CDDK E�&)ISTA, 2009.(   �DD��� �SDD���� %�"DD�

�DDF��L :�G��DD�;� � -="DD� :DD����  �DDF�CF "DDI �
DD� :DDF&

 -."'
5�F��L:F&  !�DD�& � 9
DD�"� (-=�DD�) !��& <���� ��

 %�"� j&n10  50  �90 ) ����G10  G50  �G90 ��DD� 

:F��& �$ Y�R :� �'$ �F��L:F& :DDOC\� WDD
�"� �DD� 10  

50  �90 ���� "~$��] ��G !��� oDD�"R &�  (�DD�"� :��DD�

 ���*"� :BG �DD� !�DD�& V�;O� .�K50  �DD����DDF��L:F& 

:��DD�F ) 50D/1 -="DD� !��DD�= �DD� (�DDF��L:F&1 )GR � (

 >
DD� (-=�DD� WDD�] "DD�) :F�DD�& �ADD��.10  �DD�90  �DD���

�F��L:F&  :�G��DD�;� !��DD�= �� :���F�DDF��L:F&2 )GU �� (

 ��."H "PF"I .�K  �DDK�� "DD�C$ !�DD�& ��DD� >DD�� ���DD�� �	

!�DD'F E�DD�I��DDF��L:F& -DDG���;��
DD� (!�DD�& 9DDI) "DD� �DDI

:��DDK�� -="DD� .�DDF��L:F&  :�G��DD�;� ��DDF��L:F&  &�

Y��". �SDD���� "DD�&  %�DDI�F�DDK )da Silva et al., 2019; 

1990 ,.et alford Brad(. 12  

T50 = ∑NiTi=∑Ni 
GR50=1/D50 

 =Uniformity of germination  :�G���;�)�F��L:F&(  
T90 _ T10  

T50  �DD� !�
DD�� !�DD�&50% �DDF��L:F&  Ni  �
DD� ���DDO�

)��CDDK "DDI �� E�& �DDF��L  Ti  !�DD�& >
UF�DD
��DDF��L:F& 

:��K��.  �����F��L:F&  "DDI :�G��DD�;� � -="DD�  :���F

b� ��DDC
� &��DD��F"� &� E��M�DD�� �DD� %�
DD� %�DDI Germin  &�

!��� o�"R Q��J.� :���� :����F��L:F&   !�DD�& <DD���� ��

.�DDK �S����  !�DD�& >
UF�DD
��DDF��L:F&3  &� sDD514  "DD� &��

�K �S���� "�& Y��". V��� )Ranal et al., 2009(.  

                                                             
1 Germination rate 
2 Uniformity of germination 
3 Mean Germination Time 
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MGT=∑FX/∑X 

MGT  !��& >
UF�
� =�F��L:F& (&��)  

F E��CK =)��CK &��  

X &�� "I �� E�& �F��L ���L �
� ���O� = 

:O��� :T�U	4  9DD\] �DD� �
DD� b� j"L -S�F !�CI �$

>p�DDT�� m��DD� 9DD\] :��DD\��L )�� �DD� � !*5  @* &� "DDH�)

:� @
L �
� ^��� ��K E��M����DDR�t �DD� (��K !�"DD$ ��

15-20 E&��DDDF� �DDD�� ��DDD��	 �
DDD� j"DDDH %"DDD
H �DDDK  

)Kaspas, 2006; Dursun et al., 2007(.  

:DDC\] :T�U	 >

O� %�"�6  g"DD� bDD� ��500  :DDA
�

 |�M��� �� %"�
T150:A
�"��  >�&�DD� s{DD� �DD�d�� �
��DDK 

)Kaspas 2006; Dursun et al., 2007( <DDdAd� �DD��� .

�
� )ƹ ( J
F.�K �S���� "�& �B��� &�  

ƹ =(1- Pb/Pt)100  

ƹ  ���� ��Pb  � :C\] :T�U	Pt  �DD$ :O��� :T�U	

�DDD�� "DDD� >
DDD
O� WDDDO;� "DDD�� "DDD� j"H�DDDA
$ V�DDDK   

)Dursun et al., 2007(:T�DDU	 %"DD
H E&��DDF� %�"DD� . �DDI

�SDD���� ��DDP�� �DD� .�K�� !��;� �
� -��R� ���� :����� 

 �
DD� -��R� ���� >
��� -�L &�
F ���� "B�� @* �����

.�K E��M��� "�& �B��� &� "PF ����  

Q=Wi(Mf-Mi)/(100-Mf) 

 �DDB��� >DD�� ��Wi F !&�j"H�DDA
$ �DD� �
DD� �DDF�C  Mf 

(%) �F�CF :���F -��R� �����  Mi  %��DD��� -DD��R� ���DD��

 � (%) �F�CFQ  j"H�DDA
$ �DD� E�DDK �.�DDh� @* !&�:��DDK�� 

)Dursun et al., 2007(. E&��DDF� %�"DD� -���DDI %"DD
H

  :DD;�"�;T�250 :DDA
� �� (EJ
F�DD�� @*) "DDB�� @* "DD�
T

 %�I"'�500 :A
�s{� � E�K ��d�� %"�
T  �DD� �I"DD'� �
A$

:H��DDT* &� �DD� E�F�DDK�5 :��DD
�
��T* <��. %"
H�DDAL !�DDK

 ��DD� �DD� �DD�F* <DDG�� �� �
DD� !��� ��"� &� <S� �I"'� .��K

                                                             
1 Kernnel true or true density 
2 C7H8 
3 Bulk density 

24 %�DD�� �� ����DDD��;F� �� -=�DD�20  V�
DDD�A� �DDDL��

 .��DD�"� Y��DDO� �DD� ��� ���T &� �� E�����"�4  �
DD� �DDF�CF10 

 �� >�&�DD� &� �DDO� � @�DDd�F� ��DDC
� "DDI &� :DD�"H %�I"DD'�

 �A
DD�� �� �I"'� �
A$ s{� .�K E��� ��"� "B�� @* %����

��T* <DD��.
%�DD�� �� ����DD��;F� �� � E�F�DDK�5 :��DD
�20 

 E��� !�DD��5 �� .�F�K E��� ��"� V�
�A� �L��24  -=�DD�

�DDF�CF :DD;�"�;T� -���DDI  �
DD� !�F�DD�
G�I  �DD�EC  "DD��

E&��F�DD�& �DDB��� &� �DDF�CF "I :;�"�;T� -���I .�K %"
H "

) ���"H �S����Hampton and Tekrony, 1995.(  
�
� �F�CF !&�   

(j"H)  
 =:;�"�;T� -���I  

:;�"�;T� -���I -
A���  

 "� s�C�& �";
�):�F��"��(  

  

 E�U�DDD���� >
DDD�vCI"���DDD�$".� Y�DDD� ABBEMAT 

 ���DD� �DD��� :��DD�� ��DDS? JDD�\� (!�DDCT* -$"K -G��)

 Y�A�� ���L5��;�"a �O.�K >

 DD5 -DD���F �� j�DD\F� &� s

!�DD�&*   uDDA�d� oR�DD�� �� �DDI�BG sF�DD���� :�G��DD�;�

 W$"� sF����� ��J\� Y�� V���"� %���*X�DDA� �"DDR -

 �DD�B�� �DD� �� :.��DDN� <DD��$ %�DDI !��DD� -DD��? �"DD. �DD�

<U�
DDD�V�"DDD$ ^
DDD�� � �DDDI ��JDDD.� j"DDDF &� E��M�DDD�� �DDD�  

SAS (v. 9.1) >
UF�
� ������ �)�� �DD� �ILSD  yBDD� ��

�� (�5 Y�C�]��� .�K j�\F�  

G2� 
 H��I�  

 "DD� _DD
��F` � ^
�� "?� ��� !�'F sF����� ��J\� (���F

:C\] :T�U	  � !&�  <dAd�  :O��� � 9DD\] �DDF�� ��JDDI

 Y�DDC�]� yBDD� �� �DD������	 j�`�DD�� �
DD� �DD��� bDD�

:DD�O� Y�DDA�� �DD��L ���DD� �DD��� .��DD� ��� a��DD;�"5 �
DD�

 �������	���� -��  ^
�� "
?��Q�;CI"� "?� .���  ^
DD��

:C\] :T�U	 "� _
��F` � �DD��� bDD� Y�C�]� yB� �� 

��MDD� %�� "� �  �� :DD;�"�;T� -���DDI � :DDO��� :T�DDU	

 Y�DDC�]� yBDD��DD��� (�DD5 :DD�O� Y��DDL) ��DD� ���2 "DD?� .(
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 !�DD�& >
UF�DD
�  �DD��� "DD� ^
DD�� -="DD� ��DDF��L:F&  ��

 Y�C�]� yB� ���� b�:�O� _DD
��F` "DD?� .��� ��� JDD
F "DD�

 >
UF�DD
�  -="DD�:�G��DD�;� � !�DD�& �DDF��L:F&  yBDD� ��

 Y�C�]����� b�  � �DD��� -MDD� %�� "��DDF��L:F&  ��

 Y�C�]� yB� ���� (�5:�O� "?� .��� ���^
�� × _DD
��F`

 ����"� %��  -="��F��L:F&  ��DD� ��� :�O� �������	 �
�

 Y��L)2 .( �
DD� �DD
T�� ^
DD�� >
DD� ��� :DD�O� Q�DD;CI "DD�

E&��F� "� b
�F` � �������	  E�DDK )��JDDH �DD������	 �
�

) -��Mirzaei, 2016; Donohue and Schmitt, 1998; 

Galloway, 2001 �DD$ �
DD� :����DDF* E&��DDF� �� "DD

�� .(

 <��DDK -DD�� >DD;C�  -DD�� �"DD;AC= ��JDDL� E��I� <
;'�

 j��DD� �� � (>
�L � j"{���F*) �
� -.��  a��;�"5 �� "

��

.�K�� ��F*  

Y��L 2 - $"� sF����� ��J\���M� W uA�d�  � :;�J
.�F��L:F& �� �������	 j�`��� �
� @* uA�d� oR��� :���I �  
Table 2- Results of combined analysis of variance of physical and germination traits of sugar beet seed 

monogerm in different climatic regions 

 ��O�"� >
UF�
�  
Mean squares   �L��

*%��&  

df 

��"

�� m���� 
S.O.V. 

:;�"�;T� -���I 
Electrical 

conductivity 

�
� ��JI 9\] 

1000-seed 

Volume 

�F�� ��JI !&� 

1000-seed 

weight 

<dAd� 
Seed 

porosity 

percentage 

:O��� :T�U	 

true density 

:C\] :T�U	 

Bulk density 

170630.04** 283.15** 75.525** 161.08** 72966.53** 31685.71** 2 
^
�� 

Environment 

2804.29 0.6013 0.755 3.05 1867.75 442.98 9 
�BG 

Error 

750.68 ns 2.14** 1.244** 13.58** 6939.28** 1829.95** 9 
_
��F` 

Genotype 

702.84* 0.4398 ns 0.1562 ns 2.34 ns 981.80* 225.17** 18 
 _
��F` ×^
��  

Environment * Genotype 

389.58 0.5057 0.1411 1.42 566.51 62.46 81 
�BG 

Error 

8.15 4.43 3.48 1.81 3.53 3.43  CV % 

  

Y��L ����� 2    Continued  table 2 

 ��O�"� >
UF�
�  
Mean squares  

%��&* �L�� 

df 
��"

�� m���� 

S.O.V. 

�F��L "
t %�I

Y��"F 
Abnormal 

seedling 

percentage 

 :�G���;�

�F��L:F& 

germination 

uniformity 

 !��& >
UF�
�

�F��L:F&  
Mean 

germination 

time 

�F��L -="�:F&  
Germination 

velocity 

�F��L ����:F&  

Germination% 

 ���� ����

Y�A�� ���L 

Percentage 

of solids 

soluble 

0.4504** 77.52 ns 2.699** 0.00026** 1001.13** 0.1060* 2 
^
�� 

Environment 

0.0554 303.27 0.07 0.00000864 96.31 0.0136 9 
�BG 

Error 

0.0999 ns 1313.22** 0.439** 0.000041** 158.51* 0.0059 ns 9 
_
��F` 

Genotype 

0.0578 ns 222.82 ns 0.047 ns 0.000012** 93.22 ns 0.004 ns 18 
 _
��F` ×^
��  

Environment * Genotype 

0.0754 226.49 0.056 0.0000055 72.60 0.0038 81 
�BG 

Error 

26.50 21.20 4.99 15.38 10.04 16.73  CV % 

*, ns, ** Y�C�]� yB��� ��� :�O� W
�"� ��b�  (�5 ���� :�O� "
t ����  
significant at p < 0.05  , p < 0.01  levels and non-significant, respectively. *, ** and ns:  
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�� >��"���� <
;DD'� ��JDDL� �DD$ �
DD� 9DD\] � j"L �� "

:T�U	 E��I�  -��dDDh �DD� �
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Table 3- Means comparison for physical and chemical traits of seeds of sugar beet single crosses in  

different climatic regions at p< 0.05 level using LSD Test 
 

-M�  
Traits 

 

��B�� 
Location 

:;�"�;T� -���I  

 ):�F�� "� s�C�& �";
�"��(  
Electrical conductivity 

(µmhos/cm) 

 ���L ���� ����

Y�A�� (%)  
Percentage of 

solids soluble 

(%) 

�
� ��JI 9\] 

):�F��WO;� "��(  
1000-seed 

Volume (cm3) 

 !&��F�� ��JI (j"H)  
1000-seed 

weight (gr) 

 �����F��L:F& )%(  
Germination 

percent (%) 

 !��& >
UF�
�

�F��L:F&   

(&��)  
Mean 

germination 

time (day) 
<
���� 

Ardabil 
312.93a 0.38a 15.71b 10.13b 82.38b 4.72b 

E�$&�"
. 
Firuzkuh  

229.40b 0.41a 18.88a 12.35a 81.64b 4.99a 

#"$ 

Karaj 
184.19c 0.31b 13.60c 9.83b 90.65a 4.47c 

LSD 5% 26.79 0.06 0.39 0.44 4.96 0.13 

>
UF�
� %���� %�I"
t !��&* V��� "� !���"I �� X"�'� g�"]LSD  Y�C�]� yB� ��(�5 �F��� %��� :�O� g��G� ����  

Means in each column followed by not similar letter(s) are significantly different at p< 0.05 level using LSD Test 
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Table 4- Means comparison traits  of physical, chemical and germination rate of  

sugar beet single crosses in different climatic regions 
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SC(231*261) 185.77 226.65 308.66 63.78 66.03 68.83 697.24 652.54 643.39 252.52 221.45 200.55 0.0172 0.0125 0.0136 

SC(231*7112) 172.70 235.83 296.92 64.05 66.46 67.56 750.52 672.31 685.47 269.90 225.43 222.36 0.0162 0.0128 0.0154 

SC(231*419) 205.38 231.64 307.99 64.35 66.76 68.33 687.62 636.04 614.31 245.36 211.41 193.82 0.0225 0.0129 0.0156 

SC(231*436) 188.83 236.83 323.60 65.08 66.18 69.82 723.28 631.27 664.02 252.67 213.49 200.31 0.0198 0.0124 0.0142 

SC(231*474) 187.63 230.81 314.36 65.33 67.32 68.64 734.53 679.94 637.98 254.32 222.22 200.01 0.0174 0.0124 0.015 

SC(231*452) 201.89 226.29 306.12 65.14 64.81 67.49 715.53 648.65 613.57 249.30 228.24 199.37 0.0221 0.0133 0.0175 

SC(231*428) 175.18 222.11 326.49 64.57 66.32 68.36 698.09 635.96 610.66 247.23 214.17 192.85 0.02 0.0157 0.0156 

SC(231*FC607) 173.77 211.11 286.43 63.04 66.05 67.00 726.44 667.96 631.54 268.47 226.72 208.41 0.0128 0.012 0.0126 

SC(231*FC708) 167.04 220.82 344.56 61.67 66.48 66.87 777.40 678.92 716.18 298.11 227.35 236.82 0.0122 0.0119 0.0124 

SC(231* SB37) 183.75 251.89 314.19 61.15 64.09 65.31 729.25 642.27 644.48 283.15 230.69 223.47 0.0183 0.0123 0.017 

>
UF�
� 184.19 229.40 312.93 63.82 66.05 67.82 723.99 654.59 646.16 262.10 222.12 207.80 0.0179 0.0128 0.0149 

LSD 5% 27.82 1.68 33.54 11.14 0.0033 
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2012; Luzuriaga et al., 2006(   �DDF��
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)Luzuriaga et al., 2006 ( "
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Table 5- Means comparison for germination traits of single crosses sugar beet seeds in  

different climatic regions 
 

Single crosse 
V�"$ <U�
� 

�F�� ��JI !&� (j"H)  
1000-seed weight 

(gr) 

�
� ��JI 9\]   

):�F��WO;� "��(  
1000-seed 

Volume (cm3) 

�F��L:F& (����) 

Germination 

percent (percent) 

 :�G���;��F��L:F& 

(-=��)  
Germination 

uniformity (hour) 

 !��& >
UF�
��F��L:F& 

)&��(  
Mean germination 

time (day) 
SC(231*261) 10.86bc 16.41ab 86.49abc 72.15abc 4.744b 

SC(231*7112) 10.94b 15.66cd 89.38ab 74.41ab 4.683bcd 

SC(231*419) 10.46e 16.28ab 82.41cd 72.17abc 4.538cd 

SC(231*436) 10.59cde 15.88bcd 83.51bcd 77.41ab 4.780bc 

SC(231*474) 10.45e 15.36d 83.46bcd 68.08bc 4.698bcd 

SC(231*452) 10.97b 16.73a 79.33d 80.87a 4.539cd 

SC(231*428) 10.59cde 16.44ab 84.22bcd 81.68a 4.514d 

SC(231*FC607) 10.54de 15.68cd 91.84a 60.23c 5.003a 

SC(231*FC708) 11.51a 16.01bc 82.53bcd 47.11d 5.093a 

SC(231* SB37) 10.81bcd 16.20abc 85.71abcd 75.77a 4.744b 

LSD 5% 0.31 0.58 6.92 12.23 0.19 

>
UF�
� g�"] %���� %�I"
t !��&* V��� "� !���"I �� X"�'�LSD ��  Y�C�]� yB� (�5 %��� :�O� g��G� ������F��  

Means in each column followed by not similar letter(s) are significantly different at p< 0.05 level using LSD Test  
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� %�I �������	  
Table 6- Correlation coefficients among physical and chemical characteristics with germination traits of 

seeds of sugar beet single crosses  
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 �F��L ��M�F&:   

 :��
C
K � :;�J
. 
Traits of germination, 

physical, chemical  

-0.55** -0.20 ns -0.54** -0.78** -0.68** -0.21 ns -0.21 ns 0.32 ns 0.65** 
:C\] :T�U	 

Bulk density 

-0.65** -0.28 ns -0.52** -0.65** -0.70** -0.30 ns -0.22 ns 0.26 ns 0.67** 
:O��� :T�U	 

True density 

0.33 ns 0.06 ns 0.45** 0.79** 0.53** 0.07 ns 0.16 ns -0.33 ns -0.53** 
<dAd� 

Seed porosity 

0.23 ns -0.06 ns 0.43* 1 0.43* 0.06 ns 0.20 ns -0.31 ns -0.48** 
:;�"�;T� -���I 

Electrical conductivity 

0.73** 0.66** 1 0.43* 0.62** -0.28 ns 0.67** -0.40* -0.61** 
Y�A�� ���L ���� ���� 

Percentage of solids soluble 

0.91** 1 0.66** -0.06 ns 0.43* -0.21 ns 0.72** -0.46** -0.38* 
�F�� ��JI 

1000-seed weight 

1 0.91** 0.73** 0.23 ns 0.64** -0.02 ns 0.66** -0.47** -0.60** 
�
� ��JI 9\] 

1000-seed Volume 

     -0.12 ns -0.24 ns 0.19 ns 1 
�F��L ����:F&  

Germination Percentage 

     0.45* -0.74** 1 0.19 ns 
�F��L -="�:F&  

Germination velocity 

     -0.55** 1 -0.74** -0.24 ns 
�F��L !��& >
UF�
�:F&  

Mean germination time 

     1 -0.55** 0.45* -0.12 ns 
�F��L :�G���;�:F&  

Germination uniformity 

  

 &� "DDU���DDMT��  �DD������	 �
DD� :DDM
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� � >�"DD�C$ .(�DDF��L:F&  �DD�

<U�
DD� V�"DD$MS FC708*OT231 �MS 428*OT231 

 �� W
�"� ��11/47  �68/81  Y��DDL) ��� i��"� -=��5 .(

DD� -="�DDF��L:F&  !�DD�& >
UF�DD
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-S~� :U��SCI )*45/0(+ :M�� � )**55/0-(  :�G��DD�;� ��
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) -�� E�K )��JH J
F "U��Yousefabadi and Rajabi, 
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DD� :DD;��JF �DDB����DDF��L:F&  �DD� E�UDD'���&* ��

�DDD=�J� �� �DDD��� ��"��DDD�� � �DDDvI�
H ��DDD�� :�G��DDD�;�   

E�DDK )��JDDH -DD�� )Stibbe and Märläder, 2002; 

Marcinek and Harper, 2013; Alipour et al., 2019 .(
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)TeKrony and Egli, 1991; Finch-Sawage and 
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