
  

Online ISSN: 2345-6957 

 

Journal of Crops Improvement 
 

 
Homepage: https://jci.ut.ac.ir/ 

 
 

University of Tehran Press 

 

Evaluation of the Effects of Zinc and Manganese Sulfate on the 
Improvement of Physiological Characteristics and Yield of Rapeseed 

Genotypes under Late-Season Drought Stress 
 

Ghorban Khodabin
1 

 | ZeinolabedinTahmasebi Sarvestani
2 

 |Amirhossein Shirani Rad
3  

| 

Esmaeil Bakhshandeh
4 

 | Mojdeh Sadat Khayat Moghadam
5 

 | Shahryar Kazemi
6 

 |  

Mahsa Rafati Alashti
7 

 | Ali Heidarzadeh
8  

 
1. Corresponding Author, Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University, Tehran, 

Iran. E-mail: G.khodabin@modares.ac.ir 
2. Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran. E-mail: 

tahmaseb@modares.ac.ir 
3. Seed and Plant Improvement Institute (SPII), Agricultural Research, Education and Extension Organization 

(AREEO), Karaj, Iran. E-mail: a.shiranirad@areeo.ac.ir 
4. Genetics and Agricultural Biotechnology Institute of Tabarestan and Sari Agricultural Sciences and Natural 

Resources University, Sari, Iran. E-mail: e.bakhshandeh@sanru.ac.ir 
5. Department of Agronomy, Faculty of Agriculture, Shahrood University of Technology, Shahrood, Iran. E-mail: 

moghadam.mojde@shahroodut.ac.ir 
6. Department of Agricultural Sciences, Payame Noor University, Tehran, Iran. E-mail: sh.kazemi@pnu.ac.ir 
7. Department of Agricultural Sciences, Payame Noor University, Tehran, Iran. E-mail: m.alashti@pnu.ac.ir 
8. Department of Agronomy, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran. E-mail: 

ali.heidarzadeh@modares.ac.ir 

 

Article Info ABSTRACT 

Article type: 
Research Article 
 
 
Article history:  
Received: 29 November 2021 
Received in revised form: 
27 February 2022 
Accepted: 09 March 2022 
Published online:  
17 December 2022 
 
 
Keywords:  
Chlorophyll,  
late-season drought,  
oil percentage,  
proline,  
relative water content,  
stomatal resistance 

In order to study the effects of late-season drought stress and foliar application of zinc 
sulfate (ZnSO4) and manganese sulfate (MnSO4) on physiological characteristics and 
yield of rapeseed cultivars, a factorial split-plot test has been conducted in a 
randomized complete blocks design for two cultivation years (2017-2019) in Karaj, 
Iran. The experimental treatments include two levels of irrigation (full irrigation 
(control) and withholding irrigation from flowering stage) and four levels of foliar 
application (control, ZnSO4, and MnSO4, separately, as well as their combined 
application) as factorial in the main plots, with rapeseed genotypes (Nima, Niloofar, 
and KS7) considered as subplots. Combined foliar application of zinc and manganese 
sulfate under full irrigation conditions increase the content of seed oil and soluble 
carbohydrates by 3% and 11%, respectively, compared to the control. On the other 
hand, withholding irrigation from flowering stage increases the percentage of seed oil 
and leaf proline content, compared to the control by 9% and 5.2%, respectively. 
Niloofar genotype has had the highest seed yield (5261 kg/ha) under full irrigation 
conditions, i.e. 9% and 11.8% higher than KS7 and Nima genotypes, respectively. 
Nima genotype with 3371 kg/ha has had the highest yield in the conditions of 
withholding irrigation. In general, in both irrigation treatments, simultaneous foliar 
application of zinc sulfate and manganese has had the greatest impact on the 
physiological traits of the studied genotypes, thus Niloofar genotype is recommended 
for full irrigation and Nima genotype for interrupted irrigation. 
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*�� �6 B��< �60 :��)B  N�� %@/�< � �:


%@/�< .�
� �:
 %) �6����  % 
� �6 ��� ��v� Y�� �E�� ��6 ��#f B:��) ��6�
� .�E %:<�� �U� �� �:
  B<�P


!�)���  �� ���
� *��=� ^�Q "

�2 3��:�150  � (?
��

2 *�X�< A=�
 ��) �X�< ��:�6 �� ?��
@��150 ��
@�� �� ?

 (j�)�:8 *�XJ
) A=�
 ��) j�)�:8 ��:�6%� *�
/ j6 "�
� ���
2 ��  ��0� �:�� ���)350  ��) ";��:�� ��:�6 �� ?��
@��

 ����� A=�
100  ��E�� %@e�
 �� ?��
@��150  %@e�
 �� ?��
@��%]�) B6�  �100  %@e�
 �� ?��
@��%��R B6� (

%� *�
/ Wm8 .���E ���� ^�Q %� ^�) v@� W� ".<�  %�) *�
/ 8W� B:E��( "�Y�
 %� 5/2 �� �:�J ��:�6 %�  �
>
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�Q�
��� �� %��Y
 cd)  � �E ?�q��%� )� � �
� �9=) 9��� %@�v@� W� r8 .���E n
@m
 ^�Q �� ��  ���b�

�����2 ��E�� %�+� t��d
 W��
�2 %� 1�� B:�� )�
b %:�8 (*�
/ �<�� � "�
� ���� �����2 !�)��� *����u  

%����� ��
>� ^�Q �� tZ� %C)
  %��� �� ���X:)� ��  ���:)� TDR%J
J) ��6 T��8 ���:)� �� �� tZ� 100 

B:��) ��:
 ^�Q �� �Z�] �i�� %:�8 � �� �Z�] �6� v@:m
 �6 *�� B���
�2 ���] ���� �E (?�q�� �E .�� N�� 

�!�)� �����2 �� ��Z�  �����2 O
�� B��
� *�
/ �<�� %� 50 �/�� ��
>� O��] ) ���X:)��� N�� W6�78 �� %b
  %� 

N��  %���<�o %��Y
 �� ^�Q )FC� ( %d+� B���
78 j��� )PWP( %� \� �  24 � 10 �/��  ��
�50 �/�� ��
>� 

O��]  ���X:)�B��
� �
� %� ���:)� TDR ��� 17�/�� BZqe �� "��� ��� (�� ^�Q %�@m  �E )Khodabin et al., 

2021�( jqe T2 B<�P
 �� �6 �����2 �� ���X:)� �� g���� )1 (� )2 (%=)�,
 .�E 

 %d���1                                   (                    MAD = FC – θ/FC – PWP   

MAD  �� ^�Q B:�
>� ��q
 %�@m  �w���e �%��� %C)
  cd)FC  �PWP %� ��
>� \� �   �e �� ^�Q BZqe

 � j��� B���
78 %d+� � %��Y
 ��<�oθ ������ BZqe ��
>� ��
:,
 ����  g)
  ��ETDR B
   .�E��  

 %d���2(                                                 Vd = MAD × ASW × Rz × 10               ASW = FC – PWP           

   ��) %d���2 �(ASW  T2O��] !�:)� )O��] ���X:)� �(Rz ) %��� %C)
  tZ�100 B:��) ) �:
Allen et al., 

1998((  ��� �10 B:��)) O��=  ���V B@�
 %� �:
 .�)� (�:
  N��C  �#b	�:�� � %J
J �� T2 ���+
  �
:�� %� Y#q
 ��6

 ���X:)��E �����2 Ad] � O
�� �����2 g���E �� B<�P
 T2 ���+
 O� .%� \� �  5300  �2600  �� ��:�6 �� \C�
�:


 � 	�� 	�)4200  �2000 .�
� ?�� 	�) �� ��:�6 �� \C�
�:
 

  

U�
V 2 .M>R��*� 2�L
:� � ������
 ]�� "O� 	�V	B ���4
Q  � ^�# �HB 30- 0 � 60- 30 ����� ���  � U>� "R2  
�  

)96-98(      

%�
Z� tZ� ������  

)cm( 

W����   

�p�=E� O  

��6�� �:�J�^�Q B��  

)dS.m-1(  

BJ2 N���  

)%(  

 �X�<O��] T0b  

)mg/kg(  

 j�)�:8O��] T0b  

)mg/kg(  

 N62O��] T0b  

)mg/kg(  

O� ";��:��  

)%(  

0-30  2/7  91/1  64/0  1/16  278  73/4  06/0  

30-60  4/7  01/1  64/0  2/13  164  94/4  04/0  

%�
Z� tZ� ������  

)cm(  

  Y���
O��] T0b  

)mg/kg(  

  ���O��] T0b   

)mg/kg(  

  r
O��] T0b   

)mg/kg(  

!�  

)%(  

�@�)  

)%(  

NE  

)%(  

 �<��  

^�Q  

0-30  75/2  5/0  6/0  24  36  40  B

J  

30-60  01/3  76/0  7/0  27  38  38  B

J  

  

 *�<2 	�:��%� ��7� ����X��  ?
Z) �� ���X:)� �� B


 %:E ) 250 B@�
 �:�J �� *�
:Z�� � (��:�6 )150 B@�
  �� �:�J

(��:�6 %�  *�
/B=���  	
@,
 .�<�� *�
/ BE�8 *�XJ
) Y���
 � *�XJ
) �� ��� %@e�
 �� *��� �� 4��Q  j:��))

 ������BBCH ��  ���ZE32(  �14) �C� ���Khodabin et al., 2021�( %� )�%@� j)  1�8	�
) B:)� GT-PS-

12L Y#q
 %� 	��� ���)� ?�q�� (B>��m
  "
�)��=�J�� ���� .�Ej) 1�8 �
�0
� j) "Ym
 �� T2 ����+
  1�8

� �m�
 "2 	
> %� B:<��
 � %:m����
 j) E�8B �EB> �<��
 . j) ��� ��� �� ��E  cd) � �E T�s 1�8

j) E�8B %� �)� � �
2 �� ���X:)� ��  ��:�6 �� 	
@,
 h�P
 ���+
 ���) \)�� )1000  (��:�6 �� �:�J%� �)� ���� .�
2 

��6��Z�  �6�E Y�� "�Z6 jqe T2 g)
  j) 1�8r8 � �� "
�)��=�J�� ���:)� j)  1�8�� %b
  %� �e��
 N�
� � r8 

�� %=)�,
 "�Y�
 	
@,
 ���

���� �� ��� S�� �6 T2 BE�8 �E. 

�#b ������ ���� N�J��8 � T2 B=�� ��
:,
 �O�<��@� ����
 9�;
J
�Y�< *�X/ �� ���) 11 %) �c=/ S�� "�
b 
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� %C)
  %:<�� �� �i�� WE
8 B6��� �� %) v��� B���
 �6 *�� �E���� �E�/�� . ��
:,
 B=�� T2 S�� �� %d��� 

��� %=)�,
 ) �ERodriguez et al., 2002.(  

%d��� 3  (                             RWC = (FW– DW) / (TW- DW) ×100  

%� ��  �"2RWC ��
:,
 B=�� T2 �S��FW  "�� �  �S��TW  "�� !�
2 S�� ��E�DW  .�)� S�� 9�Q "�� 

������ ���� �U@R O�<��@� �� ���:)� ) �:

:<��:��)�Varian Cary WinUV 6000i �Australia( ?�q�� T0b � 	
@,
 �� 

	
> 4

 �6� 645 � 663 �:

��� ����] �E .3��:�  \�e��B@�
 ?�� �� ?��  �  "��%=)�,
 � %���� ) �EArnon, 1949.( 

���+
 S�� N�J��8 N�b�
Q %@e�
 �� Y��  � B6�15  ���+
 ������2 Ad] 	�Z�� �� r8 ���1/0  �� ?�����
 �   "�� (S��) B6���

���P� � v@:m
 Oe��
 ?�q�� �� r8 � �E �����  �� N�J��8 ���+
	
>  4

520 �:

��� �� ���:)� �:

:<��:��)� ������ ���� 

) �EBates et al., 1973� (  \�e��	

����
 �� ?��  �  "��"��� .�E j6 �� N��f ) �:
��8DELTA-T DEVICES �

Cambridge�#b �( ������ ���� �
��+
 %���� �� �� %@e�
 N�b�
Q  B6����X:)� .�E   

%� B:e��
 9�;
J
�Y�< B���)� %@e�
 �� �%��� ���@Z� N��C  �#b ������8/4  B���
�2 *�� �6 �� A��
�:
�� v� 

%��� ��
Pm
 N��=Z� �� ���X:)� �� r�) .�E�C� .�E ��b  % 
� �� �6 �� �
#] �� "�E ��8 �h.R �6 �� ��� 9� �� ��� 

h.R �6 %�
Z� ������ �E � "��  �  �0� "2  �6������ ���� � %� *�
 48 ���) �� "�2 �� ��
� 70 %b�� B:��) ���� ���] 

���� �E �  "�� 9�Q %�  �)��
2 .%� N�� t��> "�Y�
 ��
>� �0� �6 �� ��� 9� ��� %=)�,
 �E .N�� ���� �  "��)� 

�0� %� 12 �/�� %
��� �<�� .B��
� %� ��
>� �0� %� 12 �/�� ���)� ���@Z� �0� %=)�,
 �E. �/�� N��C  �#b NR�� 

 �%����� �6 ��Z�  3�8 ?�� %���  �� r8 � N��
 9�Q "���   "�2 ��72 %� %b��  *�
48 %�
Z� ����) � ���E T��)2 �6

�� ���X:)� �� r�) ���:)� NMR )mq20 �Bruker �Germany������ NR�� �/�� (.�E ����  

�� ���8" r8 �� ����Z>" �� �X
��s* �2B���
"

�2 � h���
Z@� h
���Z)� �#b 	�
�� "�
� ���� ��6 �6  	�)

W��
�2 �E ?�q�� � �C� �� ��q�? �2

" ����@  � ��=V* N�Z6 
� "����r��� ���� ��6 W��
�2 ��6 �� ��X:)�� �� ?�� ��Y<� 

���
2 SAS  %m��)4/9( Yq %� r������ \��
 ���E .���� %���+
 �� N�����
 cd) 3�8 �/��  *��V� O��+:
 �� %��� 

1�� B6� ���X:)� �E.  

  

38'� � 9��:! .  

3 .1 &���3� .1!;�� $�  

�:��3 Yq �% \��
 ���� �6 "��� ��� %� 	
@,
 ������2 ���) *��V� � �/�� 3�8 cd) �� 	�) ���) �V�  �� [� 
�; � BE�8
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��+
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@,
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��+
 N��   [� 
�; %� ��KS7  ��34/26 

B:��) �� %���V t@C  �:
  	��b) �E�� W��Y<� �/�� 3�8 �6�E %� �=�� %� �<��6%���� �
��+
 .(  �����2 Ad] g���E �� ��

[� 
�; %Z6 �� W�� O
�� �����2 g���E %� �=�� �6  B��Q W�  g���E �� W��Y<� N�� ��
� � %� �@� %:�� "�E %���� �6 

B
  �
��+
 W��Y<� y��� �Y@� ?�]�� �� B��Q W�  .�E��%���� �B
 � ) �
EKhayat Moghadam et al., 2021a �� � (

%:��  "�E%���� �6  �:��� %� B)�:)� W6�� %q�CO
2 B
 ���� Y:�)
:< W6�� %� �q�
 O�<�Y
 �� ) �
EHeidari, 2015.(  
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V3U>6O� a0�� 8
Lb? c
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	�) 1 *36/103 **48/87  **29/511  **48/2 **81/357 ns43/12 **9266905 

(���� ) 	�) 4 43/4 42/9  91/4  02/0 07/89 82/5 7/593329 

�����2 1 *21/1502 **49/1962  **62/1243  **35/14 **69/5226 **51/476 **7/112927868 

 	�)× �����2 1 **23/37 **66/26 **40/60 **69/0 **23/165 ns23/7 **4/2672399 

	
@,
 BE�8 3 **34/15 **78/29  **46/31  **22/0 **07/190 **95/54 **2/3167935 

 	�)× 	
@,
 BE�8  3 ns52/0  ns52/0  ns83/0  ns0006/0 ns85/9 ns19/0 ns7/31972 

	
@,
 BE�8× �����2  3 **26/8  **20 **25/7 ns008/0 ns86/32 **27/17 ns6/30596 

 	�)× 	
@,
 BE�8× �����2  3 ns534/1 ns64/0 ns67/1 ns0008/0 ns20/1 ns36/0 ns8/33416 

 	�)× �����2 × 	
@,
 (���� ) BE�8 28 57/2  30/6  20/1  02/0 87/12 14/2 315940 

[� 
�;  2 **75/11  **46/45  **57/39  **32/0 *17/23 ns39/4 **1/3039813 

 	�)×[� 
�;  2 ns98/0 ns54/0  ns32/3  ns005/0 ns22/2 ns17/0 ns4/1661 

�����2× [� 
�;  2 *37/6 **44/97 **25/21 **11/0 *81/25 ns87/3 **4/2241286 

 	�)× �����2× [� 
�;  2 ns55/3  ns84/1  **14/8  *05/0 ns48/8 ns01/0 ns2/69065 

	
@,
  BE�8× [� 
�;  6 ns84/10 ns54/1  ns22/0  ns001/0 ns44/4 ns06/0 ns9/17760 

 	�)× 	
@,
  BE�8× [� 
�;  6 ns36/2 ns07/0 ns06/0 ns0001/0 ns95/3 ns04/0 ns21203 

�����2× 	
@,
 BE�8× [� 
�;  6  ns20/2 ns27/3 ns85/0 ns002/0 ns14/2 ns03/0 ns9/5351 

 	�)× �����2× 	
@,
  BE�8×[� 
�;  6  ns19/1 ns09/1 ns03/2 ns004/0 ns05/3 ns37/0 ns6/19593 

�dQ  64 2 56/4  16/1  015/0 98/6 83/1 8/136792 

(%) *����u  \��s   35/6 95/6  06/5  98/8 08/3 27/3 20/9 

 *f  **�  ns  8� ?�?�a %���  	�B  � gZ� U����	 c%E � 
h 
M � � ,
# %���  	�B.   
  

 U�
V4 ��C���� 8�
�-� .iH�� Q%0 B ���4 8��Y��× U>6O� ��E *�KM �� �� ��� >�N�?>�G  � � 	L60 B�H  

�����2 	
@,
 BE�8 
N�J��8  

)μmolg-1 FW(  
%���� �
��+
 ��  

)S/cm(  
 *����6
���S�� 	
@,
  

)mg.g.FW( 

 NR�� �/��  
)%( 

�����2 O
�� 

�6�E ab  45/0±81/11  a  89/0±29/20  b  53/0±13/25  b  27/0±61/42  

ZnSO4 c  36/0±84/10  a  51/0±66/19  a  75/0±74/27  ab 34/0±07/43  

MnSO4 a  47/0±30/12  b  51/0±45/18  b  54/0±28/26  ab  31/0±47/43  

ZnSO4+ MnSO4 b  36/0±29/11  b  42/0±83/17  a  76/0±87/28  a 37/0±95/43  

 LSD 4/0  01/1 34/1 89/0  

Ad] �����2 �� �C� %� B6�@� %@e�
 

�6�E b  67/0±92/16  a  66/0±72/25  a  47/0±41/34  b  27/0±67/37  

ZnSO4 c  7/0±93/15  a  58/0±52/25 a  52/0±34/34  b  32/0±33/38  

MnSO4 a  76/0±03/19  a  91/0±65/25  a  5/0±06/34  a  28/0±03/41  

ZnSO4+ MnSO4 b 81/0±87/17  a  73/0±17/25  a  74/0±74/34  a  31/0±52/41  

 LSD 94/0 72/0 66/1 81/0  
 � �H �>�� � B	�� �H f"��# ��C���� �
�H 80 B	 	� k��� 8��&� f
%��H  l��	 ���>��4 LSD  � gZ� U����	 c%E 
M � *��K? �%�� B 	� 
� 	
�. 
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 U�
V5.  ��C���� 8�
�-�iH�� Q%0 8��Y�� U��× *�KM �� B ���4� ��� >�N�?>�G  � � 	L60 B�H  

	�) �����2 
%���� �
��+
 ��  

)S/cm( 

T2 B=�� ��
:,
 S��  

)%(  

S�� 	
@,
 *����6
���  

)mg.g.FW( 

%��� ���@Z�  

)kg/ha(  

	�� 	�) 
�����2 O
�� b 44/0±39/19  a 65/0±22/91  b 57/0±35/27 a 5/95±5/4784 

Ad] �����2 �� �C� %� B6�@� %@e�
 a 85/0±87/26 b 77/0±03/77 a 34/0±60/35  b 1/85±91/2740  

 LSD 03/4  17/9 3/1 24/321  

?�� 	�) 
�����2 O
�� b 56/0±72/18 a 56/0±23/92  b 45/0±4/66/26  a 4/92±4/5019 
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 � �H �>�� � B	�� �H f"��# ��C���� �
�H 80 B	 	� k��� 8��&� f
%��H  l��	 ���>��4 LSD  � gZ� U����	 c%E 
M � *��K? �%�� B 	� 
� 	
�. 
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Niloofar b 31/0±5/18 a  64/0±16/93 a  55/0±11/29 a 95±57/5261 

KS7 ab 34/0±21/19 b 77/0±44/91 b 51/0±51/27  b 108±39/4798  

NIMA a 22/0±45/19 b 74/0±59/90 c 4/0±39/24  b 104±89/4645  

 LSD 57/0  47/1 16/1 54/218  

Ad] �����2 ��  %@e�


�C� %� B6�@� 

Niloofar b 51/0±07/25 a 03/1±85/79  a  37/0±98/33  b 136±95/3281 

KS7 a 44/0±34/26 a 08/1±04/79 a  35/0±31/34  c 119±87/2738  

NIMA b 37/0±14/25 a  12/1±15/80 a  68/0±88/34  a 114±66/3371  

 LSD 73/0 01/2 44/1 5/97  

 � �H �>�� � B	�� �H f"��# ��C���� �
�H 80 B	 	� k��� 8��&� f
%��H l��	�� �>��4 LSD  � gZ� U����	 c%E 
M � *��K? �%�� B 	� 
� 	
�. 
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�-� . iH�� ��C���� Q%0 8� 8��Y U��×B ���4× N�?>�G �� *�KM � ��� >��  � N�?>�G B�H 	L60  
	�)  �����2  [� 
�; N�J��8 )μmolg-1FW(  O� O�<��@� )mg/g.FW(  

	�� 	�)  

�����2 O
�� 

Niloofar  c  17/0±34/11 b  05/0±74/1 

KS7  b  31/0±07/13  b  02/0±59/1  

NIMA  a  27/0±98/13  a  03/0±54/1  

LSD  45/0  09/0  

Ad] �����2 �� �C� %� B6�@� %@e�
 

Niloofar  b  4/0±68/19  b  03/0±91/0  

KS7  a  6/0±17/21  a  04/0±7/0  

NIMA  b  6/0±04/19  a  03/0±96/0  

 LSD  85/0  08/0  

?�� 	�)  

�����2 O
��  
Niloofar  b  33/0±88/9  b  03/0±83/1 

KS7  a 36/0±82/10  ab  04/0±69/1  

NIMA  ab  33/0±27/10  a  04/0±73/1  

LSD  6/0  1/0  

Ad] �����2 �� �C� %� B6�@� %@e�
 

Niloofar  b  49/0±80/13  b  02/0±33/1  

KS7  a  39/0±83/16  a  03/0±17/1  

NIMA  b  42/0±08/14  a  03/0±27/1  

 LSD  91/0  06/0  

 � �H �>�� � B	�� �H f"��# ��C���� �
�H 80 B	 	� k��� 8��&� f
%��H l��	�� �>��4 LSD  � gZ� U����	 c%E 
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�.  
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)%(  ) O� O�<��@�mg/g.FW(  

�6�E c 175±3664 c  13/1±2/83  c  06/0±21/1 

ZnSO4 b  190±4040 b  32/1±4/84 b  07/0±36/1  

MnSO4 b  155±3959 b  27/1±7/86 b  06/0±37/1  

ZnSO4+ MnSO4 a  201±4352 a  11/1±4/88 a  07/0±47/1  

LSD 3/271 73/1 06/0 

 � �H �>�� ��C���� �
�H 80 B	 	� k��� 8��&� f
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�. 
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