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Abstract 
In order to evaluate the effects of planting date and plant density on phenology, seed yield, and essential oil quality of Guar, an experiment 

has been conducted during 2018-2019 and 2019-2020 growing seasons. It is a split plot layout based on a randomized complete block design 

with three replications. Different planting dates are considered as the main factor, including September 5th to February 5th as monthly. Three 
plant densities are considered as sub-factor (20, 40, and 60 plants in a square meter). The required growing degree- day (GDD) from sowing 

to physiological maturity ranges between 1802.3 and 2347.9 °d on different planting dates. The highest GDD from sowing to physiological 

maturity is observed on May 5th. The highest seed yield (3780 kg / ha) and galactomannan yield (1050 kg / ha), 100- seed weight (3.5 g), and 
oil percentage (17.9%) belong to May 5th + 40 plants per m2. by delaying planting time, 100- seed weight causes oil percentage to drop and 

the seed yield (40%), galactomannan (68%) and the oil percentage (15%) are observed in September.  Therefore, it seems that the best time 

and density for planting Alyssum is May 5th with a density of 40 plants per m2. 

 

Keywords: Galactomannan, growing degree day, oil percentage, physiological, seed yield. 
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 � ���� /� ��� *.\� A��^� &��� /� I��/ �!  
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�)�gG�� �� )�� �! D'	j �) U
�	2 �	��� )��� &�
�o[ 

& /��o[�� A/��$ &�.
��0 p�� & /��  /�����) )����� 
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2. 3. &�"'()� *+��(�,-  

 ���  /����V I�����G�Y�� ��G�� �!�o� � 1�� �g! �-�� 

�) q0 \'| ��� � �`� �� E$�� dN�� G��7 �o� ��V 

.�� |5� �� I)�)��.% E'� �� &�o� c,2 /� 	V'D � 

A�5����0 �(B� ��. c,2 ����V/  ��� � 1�� �g! 

�-�� �) I�0 ���) ��mG�) K.M 55 ��.� ���/�� (I��
� � 

�) ��)  50 V�) G���� )��� ���9 �)�) .�� |5� c,2 

;2�a I/� ��� �� �'I�( c,2 �W�� � 	V'D � A�5����0 

� ��) 0
� )Sabahelkheir et al., 2012.(  

)�*+,- c,2 ��) �!  ���� �� �)�gG�� /� N��� )1( 

�/����  �'� � W��d� .�� 

)1(                      =(��G*! �) A���+'�) c,2 )�*+,-  

)�*+,-) ��) A���+'� �) ��G*!× �2�) N	� (��)  

100  

  

2. 4. ���� /0	�  

��) �! ���7 �' � ��� �(+� ���)�\ � ��4 � /� "$� 

�� E� 80 ;��9 ��W- .�	��� |5� 25 A�� /� ��)  �! �\) 

��� �) 
" ��mG�) +���� �) 4� 1�� E� �-�� �� 

3/0 $'�G �6a I�(m! D[�� �' � .�� ��,�  �! D[�� 

;2�a |7 /�  /����V �6a �� I��/ ��/0
E �)  ��) 4 

V�) G���� )���  ���Lm� �� )Latife et al., 2008(.  

  

2. 5. 2� �3"������� �� 4�
5�  

 ��� EB	� ;� 1���'!����  �! d���+ ��,�  �! 

���� ".\ � �)�7 ��� �� ���,! �� 13 �+'� �G'$ ������ 

80 �2�) � I��) $�$  �!  #�'g
�G���GH
� � � 1�� 

10 ^'9) �) ��) rppm500 #�'g
�G��� �� .���� ��+d� 

�
�� ��V ��� � �����) )����  ��� q��� ���*� �� )�� 

� ��+d� �
�� ��V ��� � �����) )���� �%x  ��� 

q��� ���*� �� )�� � ��+d� �
�� �
�V � ��+d� 

�+W9 %�k� �� .)�� |5� "
 �+'� �G'$ /� I0 ���,! �� 1 

�+'� �G'$ ��	% 5 �2�) � 5 �+'� �G'$ "
��g$���'�� 

n'+[ � $�$ E
��/0 GH
� � qoV I0 �) ��4 b�� 

490 �G����� e��� ��mG�) �G��G%�G*5�� ���) UV-VIS 

1280 .��� ���/�� (I�G�+m�� �~��9 �� .)��  

  

2. 6. 78�) ���(5� 9:	";�/  

�'I�( ����7'D i�� � h�� Bradford (1976) 

�/����  �'� ��.  

(B�
 � +d�'; �)�) �! �� �)�gG�� /� A�� ��(%� SAS 

(SAS Institute Inc, 2011) A�B�� .�� �G�
{ ��/0
E 

� h�� (B�
 8��� � 
�� Proc mixed ��0('$ �� 

) Yang, 2010( .�^�
� �'m��'D �)�) �! �'( �� �)�gG�� /� 

I��/0 LSD �) MN� ��,Ga� "
 �2�) A�B�� .���� 

���V �! �'( �� �)�gG�� /� A�� ��(%� Excel A�B�� .��  

  

3. <!(+ 	 =53 

3. 1. �>��- @	� �A� @� BA� : C-��)� 

 !����!D�� )GDD(    

{
�G� I�.� )�) � ��� ���
� ���� �� V�) /�� ��� /� 

���� �� ���V &��/ ���� �� ;� &�!) ���� �� 

f6[ �!) � ���� �� ���'�� "
#�$�
('% �	`� ��) 

)01/0P≤( )�� ���V) 3.(  

V�) /�� /� ��� ���V �� ����  �
��� �) &��/

 ����15 �.LW
)�� E'� ���  /� ��15 �.LW
)��  � ���15 

\� ��� &)�� ���)�)�\�	`� f6G /� .����� I0 ��  ��)

V�) �%�4 /��  �!�+� �� ���� /� ���15 

�.LW
)�� �� ���  /� ��15  ��� /�� V�) ��� )�� ���)�)�\

/� ���� �� f6[ �!) � ���'�� �� ����  �
��� �)

 ����15 �.LW
)�� E'� ���  /� ��15  )�� ���)�)�\

���V)4.(  
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?�@8 3. �%@�� �8�� �%(O� � PQF ?�	EL% %&0� �8�� (�� @
� ,
�- �* �$%/8 $(�4 ,
�- �* K1 ���4 ,
�- �* RST ��� � 

,
�- �* F�1@� 3��2/�/�5 �� .�%/1 �%@'% �H$�" U/	<� �� ?�F '%�(� 97 -98 �  99-98 

1. Akaike information criterion 

 

?�@8 4. &)% +���* ,
�-��� �V7EW &0 �8�� (�� @
�  (% ,
�- �* �$%/8 �$(4 ,
�- �* �X�F ���4 ,
�- �* �@714� ,
�- �* 

�$%� �@=0 � ,
�- �* �1@F� 5�2/�/��3 �� .�%/1 �%@'% �H$�" U/	<� �� ?�F '%�(� 97-98 �  99-98  

�
��� ����  ���� �� ���V ��/ ���� �� ;� !)� ���� �� f6[ �!)  ���� �� ���'�� "
#�$�
�'% 

15 D
)���% 8/121  a 4/1623 c 2/1993 c 5/2232 ab 

15 �.LW
)��  6/114 b 2/1706 ab 2/2111 a 9/2347 a 

15 )�)�\ 1/112 b 6/1745 a 3/2075 ab 6/2219 b 

15 �'� 3/109 bc 1/1677 b 8/1898 d 3/2013 c 

15 )�)�� 1/101 c 1524d 1/1788 e 4/1915 d 

15 ��
�L�  97d 3/1425 e 6/1678 f 3/1802 e 

    

�) �
��� ���� 15 �L�
����� ('� �`� /� +a�� &���� 

E!��  ��) ��! 8W� A�- ���^G�� 8��	� v!�'��! � 

���� ��)/ i��  �! I��V ���� ��� .��� �! D'	j ���^� 

V�) /�� ��� �) �.� 15 �L�
����� �W�� � �
�� 

�
��� ����  �! �m
) �� �� �� ���� � I�.� ��	!) �-A 

 D'�]�V�) /�� ��� �) D
� ��'� �� .���� 

Clerget et al. )2007( �'I� �	G��) � A�9�� A����� 

1��g� /
)�  �� �) ��4 ���) ��� ��
.� /� 50 �� 300 

/�� I�.� �� �	!) � mG��� � ���
� ���� .)��) ��''� 

�) ���
� ���� ,�*D ��� �� �'�]� �� x�WN�� ;a��� 

��� �'�� �� ���
e d�'N�& �) �'I�( ��� ��
.� � 

�/
.� � �) �L�
� +,-*)� �'�� �'�]� .)��om� ��''� �) 

���
� ���� � ��4 ��,- �� ��''� V�) 1���a d�'e 

�� ���� ��� �'�� ��� �� .)��o� V�) &1���a 1�� I��/ 

��� �'�� � �) G�'B 1�� ���/� � E��� )���  e��� 

�'�� qoV ��� � �W�
; � �)�� .\" �� )�� �� �d� 

�'�]� ���9 �� .�!)   

  

 3. 2. :���G �HA �� �:�3 

�
��� ���� �'�]� �	`�  ��) �� )��`� \�� �) ��� 

���) ���V) 5.( E'� ��D
 )��`� \�� �) ��� �) 

�
��� �.� 15 �.LW
)�� ��� ��!�.� �� � �`� /� I0 

E'� ��D
 )��`� \�� �) ��� �) �
��� ���� 15 

)�)�\��� .)�� �) �
��� ���� �!  �`� )��`� \��  �) 

��� ���� �$�(� ���) � �� ��D
 )��`� \�� �) ��� �) 

�
��� �.� 15 ��
�L���� � ��) .��0   

  

1��''�� U��	�  
 V�)

 )�/0  

��,Ga� MN� 

 �� �������V ��/  �� ����;� !)�  �� ����[f6 �!)  "
#�$�
�'% ���'�� �� ���� 

�
��� ���� 5  **036/0 
**0075/0  **0051/0  **0645/0  

�����  2  423/0  654/0  702/0  512/0  

�
��� ����× ����� 10  365/0  711/0  987/0 222/0  

AIC
1  -  2/263 324/0  478/0  123/0 
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?�@8 5. �%@�� �8�� ��%(O � PQF ?�	EL% �%&0 �D&0 �1!����� .�%/1   

�%@'% �H$�" U/	<� �� ?�F '%�(� 97 -98 �  99-98 �� @=
�0 .  
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�
��� ����  5  **0116/0 
**0412/0  **0317/0  *0762/0  **0227/0  **0354/0  0421/0  **0429/0  **0654/0  

�����  2  2474/0 
*0321/0  2865/0 4325/0 

*0542/0  1804/0  3678/0 5917/0 3941/0 

�
��� ���� ×�����  10 2338/0 
**0222/0  4849/0 4359/0 

*0173/0 
**0056/0 

*0591/0 
**0641/0 7462/0 

AIC
1  - 367  621 1/374  8/330  3/411  5/975 7/106  6/387  2/385  

1. Akaike information criterion 

 
)��`� \�� �) ��� �) E!��7 �k�a �) �
��� 

���� ��� �'E /� 5/2 ����� ���
� ���� 15 ��
�L���� 

)�� E
�(%� )��`� \�� �! �) ��� �) �
���  �! ���� 

��� )15 ��%�D
) ���( � A�) )15 �.LW
)�� ���( ���� /� 

I��/ E'� �� ��� �!  ��� h�G�� ��� .
��� � ;'$) 

���) ��� ��Y�4 ��  �� ���� ���V) 6.(  

� ��4 ��,`� ���
� ���� 15 �.LW
)�� ��� �W�� 

� ���
� ���� 15 )�)�\��� � ;'$) )��\�� �� ���
e 

�-��� d�'N� $��' ���  ��� ��� /� ��G��  ;<% ��� 

� h�G�� ��
U �� i�� �! � G��)'B �)
�%� �'I�( 

E'� ��  /� E��� \���'�  ���,! ��� � �
D ��� 

8V�� �(%�
E $��'� �)�� ".\ �'!�� �� )��. ����	�
D 

�� V�� � D
� � �) ���
� �!  F+GH� ��. �'I�!� 

V�) 1���a � ��4 �!/��  g+GH�� �� ���  ��'I� � 

"
 +a�� ��\ �,�  �)
�%� �� �&�		 ����	�
D f6G\� 

�'D �'I�( \�� �! �) ���
� �!  H�F+G ��. �� �� I��� 

� �
D ��k�� �W�� .)�) � 1��W- )
�m& �) ���
� 

���� �!  )
A�m	!� ;W9 /� D
� � \�� �! � ��4 ;��� 

`��� 
&��� �'�� ��)�/ )��� +a�� �/
.� ��� � �) 

G�'B �'I�( \�� �! �) �
D �
��� ���� �E!� �� 
.���  

?�@8 6 .&)% +���* ,
�- ��� V7EW� &0 *�%@B �D�
 �� 4�*/0 

�%@B* RST �� 4�*/0 ;(� �$%�@� � @��� "T�� .�%/1  

�%@'% "H$�� U/	<� �� ?�F �'%�( 97 -98 �  99 -98 �� @=
�0 .  

  

Khalil et al. )2011( I�.� ��)�) � )��`� 9�� �) 

��� �! 69�� �) �
��� ���� ���) 6 �L���� � ����� 

)��`� I0 �) �
��� ���� A��Lj 16 �	g�����( )��. Dash 

et al. )2013( h��(� ��)�� � )��`� \�� �) I�!�'� 

�d� �'�]� G
��� � e'd� �	G�! � �
��� �.� ('� /� 

+,V ;���- ���� �� )��`� \�� �! I�'� ��)�,�& 

�  ��4 � �) �.�  �! )�/ A�m	! )��`� \�� � ��4 
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15 D
)���% 16 c 60a 2/3 ab 5/17 ab 

15 �.LW
)��  18a 62a 5/3 a 9/17 a 

15 )�)�\ 17b 53b 3/3 ab 1/17 b 

15 �'� 3/15 d 1/47 c 1/3 b 3/16 c 

15 )�)�� 1/10 e 44d 1/3 b 4/15 d 

15 ��
�L�  7f 3/24 e 6/2 c 3/15 e 
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3. 3. I�:�� �:�3  

��� �
��� &���� ����� � ��� ;��^G� I0 �! �� ��g��� 

��� �	`� ��) )�� ���V) 5.( E'� D
�� ��g��� ��� �) 

�
��� ���� A�) )15 �.LW
)�� (��� �� ����� 40 ��� 

�) U����G� � ��) .��0 �) �
��� ���� �!  �`� /� 

I�('� ��g��� ��� � ��4 �	`�  ��) G��� .�� �) 

���,� �����  �! &�!�'� E'� D
�� ��g��� ��� l���� 

� �
��� ����  �! �
��G�� )�� � E
�(%� ����� s-�� 

E
�(%� ��g��� ��� �! .�� ��g��� ��� �) �
��� ���� 

15 D
)���% ��� � 15 �.LW
)�� ��� �) ����� 60 ��� 

�) U����G� E'� �� /� �
�� ����� �!  )�� ���V) 7.( 

� ��� �� ��� ���
� ���� 15 �L�
����� � ;'$) 

D
� � ��� �! ���)  ���) ��
.� ����� ��  �� �	��� & 

/� ��g��� ��� I0 �! �! G��� ��� ���. �G�
{ ;2�a 

I�.� )�) � j�! �.� ��)�/ A�B�� )�� �'�� �2�% 

��� ��
.� E'� ��  G��) � �) G�'B ����g� �'�� 

E'� �� �!��\ .�� �) �'�� 1�w �'( h��(� ��� ��� 

� �� �'\]� �) ���� �) ����� �!  ���� &F+GH� 

��g��� ��� I0 E!�� 
G%� ��� )Nyakudya & 

Stroosnijder, 2014.( Balalic et al. )2017( h��(� 

��)�� � �'\]� �) ���� �(+� 8W� �'�]� ��) �� ;a��� 

��� �'�� ��� ��� � ��)  �7'
D �) A�m	! ���� �8W 

E!�� ��g��� �'�� � A�- \w'�� %��� )��� �o[�
  ��� 

�
D �'�� ��� ���& �  ��4 � ��g��� ��� /� 127 

G���� �G� �) ���
� ���� 20 I��0 ��� � 81 G���� �G� �) 

���
� ���� 20 �w0��� � �) �L�
� �) ���
� ���� 20 

 ) ��� � 35 G���� �G� E!�� 
�%�. 

  

3. 4. ���G: JK0 �� �:�3  

���V 
(B� |��
��� I�.� )�) � �
��� ���� ��� 

�	`�  ��) �� )��`� f6[ �) ��� ���) ���V) 5.( 

E'� D
�� )��`� f6[ �) ��� �) �
��� ���� 15 

�.LW
)�� ��� ��!�.� .�� f6G\� �	`� ��) D'� 

�
��� ���� 15 D
)���% ��� � 15 �.LW
)�� ��� )�V� 
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� 15 

D
)���% ��� � 15 �.LW
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�� )��`� f6[ �) &��� �) �
��� 15 

�����
�L� ��!�.� �� ���V) 6.( �� �Y�4� ��I�� 

;<% ��� �) ���
� 15D
)���% ��� � 15 �.LW
)�� ��� 

$��'� f6[ �! �(%�
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�%�. �+- �(%�
E )��`� f6[ 

�) ���
� �.� ��� �(%�
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� �+- �(%�
E ��4 ���) ��� ��
.� � �(%�
E 

$�`%'� (G	��G%  � \w'�� 8��	� �
D )��� �) A���� 
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.� � �gG���) )�B� �
D )��� �) +a�� �/
.� 

�� ����. � ���W-� �� �'\]� �) ���� ����& )��`� 

f6[ �� ��  �) �'�� ���� $��'� .�� �� �'\]� �) 

���� � ;'$) V��� I�� �� �!��)  �� �� 4� ���) 

��� ��
.� �,� �'�� ���
U 7'�� �� �	�. ����� I�� 

���) ��� s-�� E!�� qoV U.`.� 4� ;<% ��� 

��� � �) �L�
� E!�� ���^� $��'� )��� (G	��G%  �� 

� �W�)� )��).  
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D E!�� )��`� f6[ �) �a�� MN� �d� 
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(G	��G%  �W�� .)�) ;��- +2�� �(%�
E )��`� ��\ 

�) ��� �) ���
� �!  ���� A�m	!)�/ �� ����� ���� 

/� �Y�4� ��I�� �)�� ��� ��
.� � �/
.� � $��'� 

A���� �!  �/
.� E'� �� �) I0 �! .���� �! D'	j ���� 

A�m	!)�/ �� `��� ��)�/ � E'� �� MN� i�� 8V�� 

qoV E'� �� &��� �(%�
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