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Abstract 
In dry regions, root systems play a major role in controlling plant growth and yield, thanks to their importance in water absorption. In order 
to investigate the effect of irrigation regimes on root and shoot traits of sesame (Sesamum indicum L.) genotypes, a field experiment has been 
conducted in Karaj, at Seed and Plant Improvement Institute, during 2017 and 2018. A factorial experiment has been laid out in a 
completely-randomized design with four replications. This study deals with five genotypes of sesame in two irrigation regimes, including full 
and low (drought stress) irrigation treatments in terms of root and shoot-related traits. Results show that there have been significant 
differences between genotypes and irrigation regimes for root and shoot traits. In all genotypes, root length density is higher in full irrigation 
treatment as well as the upper soil layer (0 to 30 cm deep), compared to stress treatment. In addition, under drought stress conditions root 
depth increases (by 30% in average) in all genotypes. In contrast, root dry weight has decreased in Dashtestan 2 (15 %), Darab 1 (16 %), and 
Naz (22 %), and increased in Oltan (1 %), USA-ns 96 (7 %), and Sodan 94 (10 ) genotypes. On the other hand, the highest amount of shoot 
dry weight belongs to the USA-ns 96 genotype (39 g), and the lowest to Naz cultivar (22 g). Finally, results show that USA-ns 96 genotype, 
being superior in terms of root characteristics such as root depth and root length density compared to other genotypes, in addition to having 
more shoot dry weight, show the least dry weight loss under stress conditions. 
 
Keywords: Root depth, root dry weight, root length density, root to shoot ratio, shoot dry weight. 
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 %-[ '� V�'2 "�'��� �'-�� �$ @��#$�� �$�� 1 �
'�
���

90 ���'�  %-[ '� !	� �'-�� �$ 1 "���120 

���'�  �
$'*� \'  "��� �
� �(�& �2#�� ,# �:e�/�

V�'U  �1��) $�� x�/��2 .(  

�� #� �
� �(�& �2#���.� X#��  m���� ���#�'N P
��

!31ON #�
, @)��#$ �
� �K� �  2 ���*�Y� X#�L

 ):; P
��.� \'  �=f �f#1 �$ �$ �
� ��& �LO
1

)�# �'�L ���� �� ��� $�1��� 1 W�'B� "#�� 

)Fang et al., 2017(.  

_�  9��; �$ )�# ��K q�#?L  ��]�& X�K

6����7 �$ @\'  �(�& �2#�� �K� @���  � 81'*� "'3

�� c
��� \'  �'-[# Z�& � �
� @�
� %-[ P�� 1 $�K

V�'U )��&�  $�#$ $��1 m'W��# \'  )+'� 1 \'  �$':��#

(Vadez, 2014)� . �b
$ 9�'W[@  1 8'U�# ,# � �� )�1'*�

6����7�� �$ '3 9'�'Y��# ��#1#�+ 1 %-[ � ���  ��#

�
� ����� P
# '� 2 $�#$ �b��� (�
� �(�& �2#��) "#

�
� �WKc��1 �=f ,# #� $�  ,'��$��� �� "# ,# "��

�� P��4� \'  �
� �(�& �2#�� ):; "�
�N���4� .�	
'-�

!31ON �
'� ���� ����&� !	� ,#  ��K ��
4� ?�� X#�L

) )�#Lynch &Wojciechowski, 2015 2 �	Q�3 .(

!�� �
� ����� �2#�� P
�� �:; 
] �$ �[#�, X'3'�L "#

 '�60 ���'� �� �#�U \'  "��� �K� ��1$ ��& �$ @$��L

� @�'�L �� !3'2 \'  ,# 
] P
# )��&� �1'	�� ��& @��'


 ,# !�� %-[ �$ S]�-Y� �+'j# )��&� '�#60 ���'�  ���

$�#$ $��1 \'  )Khan et al., 2016 ����� @P
#��'	� .(

�
� )��&� ,# �$':��# �
'�#�� 2 �3�W�# 1 %�-[ "#


]  "#�� "$'
, )�-3# @�K'� #�#$ #� \'  %�-[ "'3

.$�#$ ���  ,# �'	��#   

  

 C�&D2��5�G) ��2� �!6? P90+� Q%R5�%# �2�"# . ��5�G +� +�# #+�#8%�657 (/TE���%�K <=�># �����	%� �� &$)9 ���  

   \'  %-[ V�'2 "�'���(cm)     \'  %-[ ���  !	�(cm)  

  0 -30  30 -60  60 -90  90 -120  120 -150  0 -30  30 -60  60 -90  90 -120  120 -150  

X'�(1#  a  756/0  a 305/0  c 043/0  0  0    a 447/0  b 279/0  b 161/0  c 008/0  0  

_
 �#�#$  c  557/0  bc 161/0  d 0  0  0    b 367/0  c 099/0  c 030/0  d 0  0  

1$ X'���K$  bc 586/0  b 198/0  c 038/0  0  0    c 274/0  bc 184/0  b 110/0  c 007/0  0  

_� ,'�  'K  b 681/0  c 085/0  d 0  0  0    b 383/0  c 109/0  c 007/0  d 0  0  

��#$�� �$��  d 421/0  a 302/0  b 235/0  0  0    d 133/0  b 306/0  a 518 /0  a 043/0  0  

�
'�
��� '+��K'�  cd 512/0  a 384/0  a 344/0  0  0    a 496/0  a 581/0  b 101/0  b 023/0  0  

 X��� �3 �$��b�'�P"'3 #�#$" VU#�f 
_ Z�f \���� 91':� 	Y��"�#$ �$ zo� �'��" M	N �;�$ ���#�� .�$#$ '3 ��b�'�P 1$ �'� '�,�
! �	��3.   
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3.2 �!�� (!) *+
 .  

6����7 ��'-� �$�) "�'��� �'-�� 1$ �3 �$ 1 '3  �$�� "'	���#

 !
#?+# '� �
� _�  X,1 (���  !	� �'-�� �$ ��#$��

 �1��) $�2 #��N !3'2 \'  %-[3� .( ,'� 8'U�# �$ T����

_� X'���K$ @ 'K2�#�#$ @1����7 @X'�(1# @ "'+��K'� 6

 V�'2 "�'��� �'-�� �$ ��#$�� �$�� 1 �
'�
���78 @62 @70 @

60 @45  144  �
]'� 
] �$ �
� V2 _�  X,1 ,# �;�$

 '� �:;30 ���'�  �$ �
$'*� P
# .)K#$ �#�U \'  "���

 ��#�� ���  !	� �
#�K67 @46 @63 @46 @43  123  �;�$

�6����7 �$ T����1��) $�� ��K$'
 "'3 �3 �$�� �$ .(

 '� \'  %-[ !
#?+# @��#$��90 ���'�  \'  zo� ,# "���

 �(1?� ��1� X� ,# {N 1 $#$ !
#?+# #� �
� _�  X,1

 �1��) �K ��3'�� �
� _�  X,13 �b
$ Z�& ,# .(

 �
� _�  X,1 >�-=� �
$�L �['� ���  !	� �'-[#

_� ,'� �U� � �#�#$ @ 'K1 X'���K$ 12 )W�� '� "'3

/� �1��) ��'
 !3'2 ke�3 �'-[# ��K $'
 �U� � �$ .(

� !	� �
#�K !3'2 T��� T����22 @15  116  "�;�$

 6����7 @X'�(1# �U� �$ V�'*� �$ .�K �
� V2 _�  X,1

 _�  X,1 >�-=� @��#$�� �$�� 1 �
'�
��� "'+��K'�

 @�K#�� ����B� ���y� '
 !	� �
#�K '� .�#�� �$ �
�

# �U� �	�'� '� ��f '
 1 @X'�(112  @)�# �+'
 !
#?+# �;�$

X� �	�'�  �1��) �K )W� �
'�
��� "'+��K'� 6����7 �$ Q

3 ,'� 8'U�# �$ �
� _�  X,1 !3'2 X#��� �
'K .(

_� �#�#$ @ 'K1 X'���K$ 12  ���  !	� �
#�K �$ #�

 _�(��'�� "'3���� �
'� � ��K��(�� P��2 p'R� # �

# k�:/� �$ ���� )�# ��K q�#?L .)��#$ m���� !	� ��

 kU��� ��� q���L @���  !	� >1�K X'�, �$ 2

�� �('f�$ @$�K �3 P��2 ��� 2  _
$?� $1�f �$ X'	Q

�� �U'� �'��� �
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 1 $1� �'2  2

'
 p'R� # �
� �K� �) ��Palta et al., 2011 .(  

X'�� M
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) $�#��Farre & Faci, 2009.(  
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 C�&D38%�657 (4+3) ��2� V�A �1� Q%R5�%# �2�"# . �� &$)9 ������%�K <=�># �����	%�  
   \'  %-[ V�'2 "�'���(cm)     \'  %-[ ���  !	�(cm)  

  0 -30  30 -60  60 -90  90 -120  120 -150  0 -150    0 -30  30 -60  60 -90  90 -120  120 -150  0 -150  

X'�(1#  a3/5  a6/2  b8/0  0  0  b7/8    a1/4  b5/2  b6/1  bc7/0  b0  b9/8  

_
 �#�#$  c4/3  c4/1  c0  0  0  d8/4    b5/2  c1  cd5/0  d0  b0  d4  

1$ X'���K$  bc4  b8/1  b6/0  0  0  c4/6    b5/2  c6/1  bc1  c3/0  b0  c4/5  

_� ,'�  'K  c6/3  c1  c0  0  0  d6/4    b4/2  c1  d2/0  d0  b0  d6/3  

��#$�� �$��  bc4  a7/2  a9/1  0  0  b6/8    b4/2  b8/2  a3  a3/1  b0  b5/9  

�
'�
��� '+��K'�  ab8/4  a3/3  a5/2  0  0  a5/10    a8/4  a1/4  b4/1  ab9/0  a6/0  a8/11  

 X��� �3 �$��b�'�P"'3 #�#$" VU#�f 
_ Z�f \���� 91':� 	Y��"�#$ �$ zo� �'��" M	N �;�$ ���#�� .�$#$ '3 ��b�'�P 1$ �'� '�,�
! �	��3.   

  

 C�&D4 �����	%� +%WX� :�� &$)9 ��%3 �206� 40&50 � ��2� �� ;-�+# Y��� (Y�T�+# Q%R5�%#) Z5�2�0� �2F$� .8%�657 � ���%�K  
���y� c�'	�  "$#,� ��$  �
� %-[  ��� _�  X,1  ��� zo�  _�  X,1 _� ���  �
#�3 8#��# � �
� X,1 )W��  

�'�  1  ** 234  ** 6/54  ** 15675  ** 254  ** 16/0 

 "�'��� �
7�(I)  1  ** 13207  ** 7/96  ** 115926  ** 2680  ** 15/0  

�'� ×"�'��� �
7�  1  ns 1/60  ** 55/6  ns 198  ns 6/12  ns 005/0  

 6����7(G) 5  ** 6823  ** 113  **70762  ** 594  ** 08/0  

�'�  ×6����7  5  * 9/77  ** 57/5  **1421  ns 04/4  ** 04/0  

"�'��� �
7� ×6����7  5  ** 505  **44/2  **3141  ns 5/15  ** 007/0  

�'� ×"�'��� �
7� ×6����7  5  ns 0/11  ns 50/0  ns 5/84  ns 72/2  ns 004/0  

��
'�,� "'o   72  0/33  25/0  9/87  2/18  002/0 

(%) 9#���y� T
�j    73/6  81/6  96/4  34/14  07/18  

ns@ * 1  :**� �	Y� ��# X1�� T�����	Y� @�#$ �'-�f# zo� �$ �#$5  11 .�;�$  

  

6����7 91':�P
# �
�� !
'�,� P
# �$ Y('o�$��� "'3 

�� #� >�j���� 2 �3$� X#�� 6����7 �'W�$ �$ 2 $�� �
'3

!	�)�$ � �$'U �('-�f# "'3 
] �$ )��&� � ��'
 "'3

%�-[ P��4� #� $�  ��� ,'�� %
�& P
# ,# 1 �$�� \'  ��

 M
'�� .�	
'-�Purushothaman et al. (2017)  X'�� ?��

�� -�� 1 V-B�� 8'U�# �$ 2 �3$ � V-B�� �
� %-[ @$�/

 @)�# �$�2 #��N !
#?+# �3'K � )W�� !	� �
#�K �$

�('f�$  %-[ !3'2 TW� t'�f �U� �$ ���  !	� 2

 V�'[ P
# 2 )�# ��K V�'2 "�'��� �
#�K � )W�� �
�

 !	� �
#�K �$ .)�# t'�f 8'U�# "#�� ��'�# ��
$1�B�

�� $��e-[�N 8'U�# �'/��# "#�� ���  #� �'/��# X#��

 1 \'  �'-[# � �
� %-[ !
#?+# )�e�'U t'�#��

�	
#�+ '� �
'*� �$ 2 $#$ 8'=�# �� ��� ��5	� "'3

	
?3 �2 �'�L "#�� "?-�#�� ������'2 '�# �� �K'�

)Strock et al., 2019� �'/��# P
# .( "#�� �O
1

6����7  ���#$ "��$1�B� "?-�# ��5	� 2 �
'3

T�'	� ) )�# ��Wasaya et al., 2018P
# '� .(  �
'� @�'f

���l�N ):; ���  !	� � V-B� 2 )K#$ ��� "#

�-� %�-[ �
� '.	� 1 )�#!�� ��(�� �['� ��#��  ��

�� '�# @$�K !	� �
#�K �$ ��RB�6����7 ,# X#�� �
'3

� ):; P
# CD;# �$ VU#�f %�-[ �
� '�  ��
 X#�	[

.$�2 �$':��# V-B� "'3�'21,'� ,#   
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3Q%R5�%# �2�"# . +W0 I��"�# ���%�K P27� �� +� 8%�657 &$)9 ��2� [	\ .�� +� Q%R5�%# ���%�K P27���� �0�0� I]0&. 2V 

^+. @+��# Y���� �)T#��0� �� _`G ���#K &��� a)  &5�0&5. ��0� .&)�� J2�#1K C�G �� Q%R5�%# ��  

 ^+b# 10 Z  ���%�K :I#�9 ���%�K40  ^+b# 10 Z  ���%�K :�E�A J)� .�����G0 I��] :�6?� &���80 I��] :�6?� &��� .�����G0  

  

3.40&� (!) *+
 .  

 �$ "�'��� �
7� V�'*�� ��# 1 ��
'�,� "'3�'-�� �e;# ��#

'�� zo� �$ ��� _�  X,1 ):; �� 6����7 _
 "�

�	Y� �;�$ �1��) $�� �#$4X'-3 .(  �'5��# 2��&

��  �$ ��� _�  X,1 )+# '� �� �-3#�+ !3'2 )+�

6����7 ��'-�� $�� �#�-3 '3"��&  ���  !	� �'-�� 2

 �$'Y� 8�L 1$ V�'2 "�'��� '� �
'*� �$24  X,1 �;�$

 1$ �3 �$ 2 $#$ X'�� M
'�� .$#$ !3'2 #� ��� _� 

 �'-�� �
'� � )W�� �
'�
��� "'+��K'� 6����7 @"�'���

6����7 ��� _�  X,1 '3!�� �� $�2 ��(�� #� "

V�K)4 .(�3 P�	Q  ��#�� ��� X,1 !3'2 �#�*� VU#�f

 '� ��#�� !3'2 ��2#�f '� ��#$�� �$�� �$ �;�$ � '�43 

 ,'� �U� �$ �;�$_�  'K  � ��� '� .�K ��3'��

����� 9':;  �
� ��K�� x/�� �$ $�K

6����7  �
� 9':; d'B( ,# 2 �
'3� �O
1  �(�& �2#��

 "'+��K'� 6����7 1 ��#$�� �$�� �	�'� ��$�� ���� �
�

 !	� ,# �K'� ��� _�  X,1 !3'2 VU#�f �
'�
���

 .)���N >�U1 � ��� � ��& 1 "7�(�+�� @�,#��# �e2

P��Y� �
� X'-� '���� �$ �'�L �
'�#�� ��		2  1 ��

�� �
#�i $#�� 8#��# �K� )[�� 1 �W�� �,#��# 1 �K'�

 )B� #� �
#�3���4� �� �#�U) �3$Costa et al., 2002 .(

������� 	�.� �
� "'3 �
#�3 8#��# ��eo� �K� ��#��

� #� ��� e-� ,# .�K'� �K#$ �'W�$  

  

3.50&� 234 .  

7� V�'*�� ��# 2 $#$ X'�� {�'
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?=� M
'�� �$ "�'��� �


�	Y� ��� zo� �� 6����7 �1��) $�� �#$4 M
'�� '� �'�� .(

 �'-�� 1$ �3 �$ ?�� ��� zo� ):; �$ @��� _�  X,1

 #� ��� zo� ��2#�f �
'�
��� "'+��K'� 6����7 "�'���

 V�K) $�2 ��(��5 !3'2 �['� ���  !	� Q�L# .(

6����7 ��'-� �$ ��� zo�'�# @�K Y('o�$��� "'3 

6����7 zo� !3'2 ,# ��1':�� "'3�;�$ ke�/� "'3
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I]0&. 2V ^+. @+��# Y���� �)T#��0� �� _`G ���#K  a) &��� &5�0&5. ��0� .&)�� J2�#1K C�G �� Q%R5�%# ��  

 ^+b# 10 Z  ���%�K :I#�9 ���%�K40  ^+b# 10 Z  ���%�K :�E�A J)� .�����G0 I��] :�6?� &���80 I��] :�6?� &��� .�����G0  
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