
Cereal Research 
Vol. 15, No. 4, Winter 2026 (403-424) 

doi: 10.22124/CR.2025.31687.1880 
pISSN: 2252-0163     eISSN: 2538-6115 

 

REVIEW PAPER                                                                                                       OPEN  ACCESS 

 
Physiological and molecular mechanisms of salinity tolerance in cereals:  

I. Fundamentals and methods 

 
Ahmad Majidimehr1*, Reza Amiri-Fahliani2, Bahram Heidari3 and Gholamhassan Ranjbar4 

 
1. Research Assistant Professor, National Salinity Research Center, Agricultural Research, Education and 

Extension Organization (AREEO), Yazd, Iran (*
 Corresponding author: a.majidimehr@areeo.ac.ir) 

2. Associate Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Yasuj University, 
Yasuj, Iran 

3. Professor, Department of Plant Production and Genetics, Faculty of Agriculture, Shiraz University, Shiraz, 
Iran 

4. Research Associate Professor, National Salinity Research Center, Agricultural Research, Education and 
Extension Organization, Yazd, Iran 

 

Comprehensive abstract  

Introductio 

 Cereals such as wheat, rice, and maize, rank among the most important agricultural products on a 
global scale. As fundamental components of the human diet, these crops play a decisive role in ensuring 
food security for the world's population. The production of these crops particularly in arid and semi-arid 
regions faces numerous challenges, with abiotic stresses such as drought, salinity, heat, and cold capable 
of significantly reducing their yields. Among these factors, salinity stress is recognized as a major 
constraint on crop production. The key question is: how are cereals able to perceive environmental cues 
and activate their defense pathways through intricate regulatory networks to cope with such stress? The 
aim of the present study is to provide a comprehensive and up-to-date overview of recent advances in 
understanding the physiological and molecular mechanisms of salt tolerance in crop plants, with a 
special focus on cereals. 

Research findings  
 In most plants, including cereals, salinity stress typically occurs in two distinct phases: first, osmotic 

stress, followed by ionic toxicity, leading to secondary stresses such as oxidative stress and nutritional 
imbalances. From a physiological perspective, plants cope with salinity stress by employing effective 
systems that regulate ion uptake and distribution, maintain osmotic balance, and accumulate protective 
compounds. At the biochemical level, the activation of antioxidant systems and the production of 
compatible solutes such as proline are key strategies for mitigating the oxidative stress induced by 
salinity. At the molecular level, complex networks of transcription factors and functional genes 
including NHX1, HKT1, SOS, and P5CS are responsible for coordinating the stress response. Key 
signaling pathways, such as the MAPK cascade and the SOS pathway, play a central role in transducing 
stress signals and activating defense responses. The identification of QTLs associated with salt tolerance 
and effective candidate genes has advanced our understanding of the genetic basis of salt tolerance in 
plants. Given that salt tolerance is a complex quantitative trait controlled by multiple genes, its molecular 
processes are coordinated through extensive regulatory networks comprising transcription factors and 
functional genes. The MAPK and SOS pathways have been extensively studied in cereals, and our 
understanding of salt tolerance is grounded in research specifically focused on these plants. For instance, 
the SOS1, SOS2, and SOS3 genes in rice enhance salt tolerance by facilitating sodium ion efflux from 
cells and preventing ionic toxicity. Furthermore, the accumulation of osmolytic compounds (including 
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proline) and the activation of antioxidant systems play a crucial role in maintaining cellular integrity in 
plants under salinity stress. 

Conclusion 
Given the polygenic and complex nature of salt tolerance, conducting genetic studies to identify 

QTLs and effective genes is critically important. Furthermore, integrating physiological, genetic, and 
molecular mechanisms into breeding programs, along with leveraging genomic approaches, appears 
essential for developing new salt-tolerant and stable-yielding cereal varieties. 
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Table 1. Osmotic adjustment mechanisms in crop plants under salinity stress 

Crop 
Osmotic adjustment 

mechanism 
Salt 

tolerance 
Key findings Reference 

Rice (Oryza 

sativa) 
Accumulation of 

proline and potassium 
ions in leaves and roots 

Low to 
moderate 

Salt-tolerant cultivars exhibit 
better ion transport and higher 

proline accumulation 

Nguyen et al., 
2021 

Wheat (Triticum 

aestivum) 
Sodium exclusion and 

proline accumulation in 
leaves 

Moderate Salt stress significantly 
reduces yield, but osmotic 
adjustment improves water 

uptake 

Saddiq et al., 
2021 

Barley (Hordeum 

vulgare) 
Accumulation of 

proline and potassium 
ions in vacuoles 

High Barley shows excellent salt 
tolerance due to effective 

osmotic adjustment and Na+ 
ion compartmentalization 

Nefissi Ouertani 
et al., 2021 

Maize (Zea 

mays) 
Proline accumulation 

and stomatal closure to 
reduce water loss 

Low to 
moderate 

Maize has limited osmotic 
adjustment capacity, reducing 

its salt stress tolerance 

Pingle et al., 
2022 
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Table 2. Some functional genes for salt tolerance in crop plants 

Gene name Function Mechanism of salt tolerance 
Example 
species 

Recent references 

NHX1 Vacuolar Na⁺/H⁺ 
antiporter 

Sequestration of Na⁺ into 
vacuoles for cytoplasmic 

detoxification 

Rice, Wheat Tomita et al., 2021 

HKT1 High-affinity K⁺/Na⁺ 
transporter 

Controls Na⁺ exclusion and 
root-to-shoot transport 

Rice, Wheat, 
Maize 

Singh et al., 2021 

SOS1 Plasma membrane 
Na⁺/H⁺ antiporter 

Na⁺ efflux to prevent cellular 
toxicity 

Arabidopsis Xie et al., 2022 

SOS2 Protein kinase Activates SOS1 via 
phosphorylation in response 

to salt stress 

Arabidopsis Yin et al., 2020 

SOS3 Calcium sensor (CBL 
family) 

Senses Ca²⁺ signals, activates 
SOS2 

Arabidopsis Villalta et al., 2021 

P5CS Enzyme for proline 
biosynthesis 

Osmolyte accumulation to 
maintain osmotic balance 

Rice Jumpa et al., 2023 

BADH Enzyme for glycine 
betaine synthesis 

Osmoprotectant synthesis 
enhancing stress tolerance 

Wheat, Maize Zhao et al., 2021 

DREB1A/DREB2A Transcription factors Regulate expression of stress-
responsive genes 

Wheat, Rice Amirbakhtiar et al., 
2021 

LEA proteins Protective proteins Stabilize proteins/membranes 
under stress 

Wheat, Barley Bhardwaj et al., 
2013 

HVA1 LEA group 3 protein Enhances tolerance to 
dehydration and salt stress 

Barley, Rice Singh et al., 2024b 
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Figure 1. Ionic stress signaling pathways to maintain ion homeostasis and adaptation of plants to salinity stress 
(Yang & Guo, 2018) 
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Table 3. Genes responding to mitogen-activated protein kinase (MAPK) under salinity stress 
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Upregulated MAPK 
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Downstream targets or 

TFs 
Functional result Reference 

Rice MAPK cascade via 
SERF1 

ROS-responsive genes Early adaptation to salt stress Schmidt et 

al., 2013 

Wheat TaMAPK4, TaMAPK14, 
TaMAPK17, 
TaMAPKK3 

WRKY, MYB, ERF 
TFs; NHX1, HKT1, 

CAT, SOD 

Ion homeostasis, ROS 
detoxification, and stress 

signaling 

Amirbakhtiar 
et al., 2021 

Barley HvMPK3, HvMPK6 ABF/AREB TFs, 
P5CS 

Enhanced osmotic adjustment 
and ABA-mediated stress 

tolerance 

., et al Křenek
2015 

Maize ZmMPK5, ZmMPK17, 
ZmMKK1 

ZmWRKY33, 
ZmDREB2A, 

ZmSOD4, ZmP5CS1 

Improved ROS scavenging, 
root architecture, and salinity 

resilience 

., et al He
2025 

 
� �
 #HG�� WC�X �
-OQTL I A.� �� #FH� ��' E� ��

��� ����	�F�#� �R�
 #>�$	 ��� #��	�." �'�C �� �-..�

,-".-'
 8 �^�� EV�:
I�V ��� #��	�." �� �� :

QTL��� EC ���" EC WdF!� �C ]4��� �- $� ,-�� 8	�

 J�
 #$F9 ��C��� ��
 �8	
QTLE��'�C �� ��EC ��� ��
�'

EC �#�� :EC m�f�'
 �� ,��
) �2'��' <F�MAS ��.� �(

EC J�
 �C .8	
 E�^�2' �
�X - �Q� 
 #C����
 ���� W��� ��U

)�b�� � 8^�� � �L9#:��
 B�@�
 ��3�
 �< ��'= ��� ���

 <V�� g��4+' �
�k
 �C #�b ���:��	QTLE��'�C �� �� ���

#� E� 8	
 ,-" I�
�^ #b67
 
 �-����� ��4HC EC -'
��

174  



�- p�          �
��3F� 
 �H�                                                          /�6@ ��� �!���F" /I���'�� ,�
 ,�B��HV/ ���+�� 1404 

'�� ,- \ � ��R7 567
 8X� <F� ���" EC WdF!� -.

 #'���"�.) -Mirdar Mansuri et al., 2020 #S�C .(

��
�� �.� ]�
�" 8!� B-.: �C ]4��� ��O>�[� �� �
�:

,��� ��
�: ���" E� -'
19 QTL B
���
�� �
� ���

1A �3A 
 7A ,-" #��	�." ���
-b � A' #��R7 �C E� -'


8+�� 
 #�
�� �fC <�S ��
 �E��� )�U �� W� ,���

 ���" ]�
�"150 #$ �K�� �NaCl  J�
 .-.�+� ]4���

QTL ��C 
 -"� �
�C ,� : #��'
�� J  O� �� #FH� ��' ��

] !� ��#� �R�
 ��" ���#� 
 -..�EC -.'
�� `
-�
 �
�.9

E��'�C �� ,��>�C #3 �'= EC WdF!� ��
�^
 �
�C #b67
 ���

) -'� : �
�X ,��R�	
 ���� B-.: �� ���"Ren et al., 

2018(. EO>�[� ���
 E�  �
�90  ~ ��'= �9��� - c�$���

 |�Fp� �� �-" B�p'
 ,��HC B-.:38 ,�2��G  �C ]4��� #'=

�G Wb
�� ��R7E'
 #��	�." #��
� -"� 
 #'�" E� -

s	�� I A.� �� ,���+: #3 �'= ��' 8 F�
 
 E >

 ���

#� ���' 
� �.� ]�
�" 8!� ,� : -"�) -��Czyczyło- 

Mysza et al., 2014 .(J .\F�,
� ���� #� R$� W $!�
�^ 

)Integrated meta-analysis approach( � '  EC �p.�

 W��" E� -" ���" EC WdF!� �C ]4��� �= J�-.V #��	�."

IH� �
 #S�C�= J���,�
�'�S 
 �� #'= ���.-'��C   

&;���)(�D ,?.  

 E$FG �
 ����"�.�IH� ���  #�+��� @E� 8	
 �C 

�	���� �� )6�S
 
 � �
- +�
 �.� ��p�
 �#'�� ���

 �� 
 #��
� 
 #��
� -"� �#>�$	 I+ >�C��� �� )6�S


 #9
�� ���� : ��3$F9 8��H' �6@ �6FG �
EC 
� �-"

#� �
�X � kQ� 8!� .-����
��,���+: ��� �
 �C ,��R�	


�
� �
��� 8+��8+�� 
 #>�3>�� #	�." 8HG ��
�.^

��� ^ ������
��	 J  4� #>�3>�� 
 #�� F "� C �<�=�>

 ���O>�[� J�
 .8	
 ,-" B�p'
 ���� : �� ���" EC WF!�

T F9 Z�� �
 ������
��	 WF!� ��� EC Ec
�
 ���"�� ,�

 567
 �
�C 
� B�K ��A' ��.4� 
IX����  I�
�^ WF!��

,��
�.-'
 WdF!� ��" EC�  ��6@ ���< � 8R7 \ ,-  


#'=-.V � W��O� �
 E� 8	
��� E$+$	 
4�
��# ���
��	��� 

^ ��=�>���< C "� F �#� >�3>�� 
#  �$�f� 5�[	 ��

'����	# : ,� "�'# �#��"
 .�J : ��.� ,�  �C 
��<  �>�V

�F	
 �.� W��" E'�:
�� >

 E EC 
 �.� �� )�4'��'�# 
 

+�
 �
- � � EG
��#���	�^�� s	�� . 8�� � : ,� .�4�#  �C

	�	
 J�� ��HV#�  W��"-����8 ���	�F�� �'�#  �C

��!��8 -	 Y^��I 	��� qRb 
 I �U �
�T WX�'��� 

LLf�# A') � HKT  
SOS-O� �(�W �F	
�  YFp� �C

>�F	
 8��� >
�� -.'��) ��:��	 J�'� |�^� �(#+�
 '
-# 


�C� �.S#��	� E'�:��� +�
 )�O^ �� )ROSTC�[� 
 ( 

�^���- ^ ��=�>��< A.� -.'�� I "�Lf� 
 - e  YC�.�

8	
. >�3>�� r[	 ��#� 
�J ��^���-. E34" ]	����� 

� \ ,-
�  �
W�
�9 �'
��+#� +� ���� 	 �.2)#�� 

$� -�  ���C� -.'��)MAPK +� 
 � SOS�= 
 (��� 

������� � t.��F�#-'�" �C . ��G
��� 8 '=-.V# 
�J 

�	�." �8R7#� QTL�= 
 ����� -'���
-�  �� Z�� ��kn�

�'= M�	
 �
 
� 3#  WF!� EC��"� F9 T��  .8	
 E�S�	


�C�.C��J �	� C�#  ECIX���� �� ��3$F9 �C 
 WF!�����
- 

R$� B�$�+� T .C �'
� ��� ^ ��O>�[� �
 W7�b ��=�>��< 


 #�� F "� C �C ,
�F� �3�
��  Y��G
�
 h3��  �CJ^��
� 

�'�J EC�
�'�  #>�3>��� A' EC �.��: <F�'��'�2 �

�:��. ��'=#� 	-.H�# >�C��� < 
 
��
��  B�'=) �C��C��� 

	 I�+��#�  ��VCRISPR-Cas9 ( �� 8	
EC ��U

`-�-.�� �	�." ��3�
#�� A.� 
 )���'
 I �=��� $� -� 

��" EC WF!� �� �kn��  I�
�^�"�
 .�J 
����3 �<EV��� 

EC �
�.9�< ,
���� 	�	
# �	 EO	�� ���Y X� 
 T IX���� 

��" EC WF!���  WF9 �6@ ��#�-.� b ��' 
 ��#  ��

F�� J .�
 8 
P@#� 
�" ���] l�  �
� $X
 F#  ���+: 


��" �
�^
�
�� Z�S
 ����R  -�
�S���.  

A1�E� 
�T	  

� - ��� ��:-.+��'# �� m� @ �� T �!� J�
 E� -..�

#� E� #>�� �� ���p� ]C

� E'�:EC -'
��� ���� �
�.9 Y^�.

�C.8	
 ,-" B�p'
 ���" � 4O� ,��>  

(U� �
 V�N* M0�W�  

#� B69
 ��:-.+��' E>��� J�
 ���2' �� E� -..�

EC��^� ��	 �#C�
 8X�	 E$FG �
 ��' �6S
 �
 W��� ��U ��

WOG ,�
��� 
 ����'
 ,��� �
� � �E'�:
��J .\F� .-'
  J�


E>��� W7�b <� ��� �� 
 ,��C W 7
 #��� �!� C ��.�E ��U

 
 ��V #���F� �� E���' � � �� 
 #'�C� � � EC W���

� �� �� ����'
 �
�C � ' #�
-X
 � � 
 8	
 ,-�' ���.� � 

.8^�: -�
�f' 
 E�^�2' ���7 #���F� �� E���'  

&'��� ��U��* 
��B*  

EC E>��� J�
 ��V �C ��:-.+��' ��C #	��	� ���7

��!� �
 ,��R�	
 ���b E $� 
 ,��� 8�^
��)
-G �
 ���

W3"#� �
P:

 �"�' EC 
� ,� @ 
 �����L� ���.-..�  
 

184  



������
��	 �6@ �� ���" EC WF!�: 1- �
� 
 #'�4�      ��                 /I���'�� ,�
� /�6@ ��� �!�  ,��F"B��HV/ ���+�� 1404 

References 
Afzal, M., Hindawi, S. E. S., Alghamdi, S. S., Migdadi, H. H., Khan, M. A., Hasnain, M. U., Arslan, M., 

Rahman, M. H., & Sohaib, M. (2023). Potential breeding strategies for improving salt tolerance in 
crop plants. Journal of Plant Growth Regulation, 42, 3365-3387. doi: 10.1007/s00344-022-10797-w. 

Ahanger, M. A., Tomar, N. S., Tittal, M., Argal, S., & Agarwal, R. (2017). Plant growth under water/salt 
stress: ROS production, antioxidants and significance of added potassium under such conditions. 
Physiology & Molecular Biology of Plants, 23(4), 731-744. doi: 10.1007/s12298-017-0462-7. 

Alkharabsheh, H. M., Seleiman, M. F., Hewedy, O. A., Battaglia, M. L., Jalal, R. S., Alhammad, B. A., 
Schillaci, C., Ali, N., & Al-Doss, A. (2021). Field crop responses and management strategies to 
mitigate soil salinity in modern agriculture: A review. Agronomy, 11(11), 2299. doi: 
10.3390/agronomy11112299. 

Amirbakhtiar, N., Ismaili, A., Ghaffari, M. R., Mirdar Mansuri, R., Sanjari, S., & Shobbar, Z. S. (2021). 
Transcriptome analysis of bread wheat leaves in response to salt stress. PLoS One, 16(7), e0254189. 
doi: 10.1371/journal.pone.0254189. 

Basu, S., Kumar, A., Benazir, I., & Kumar, G. (2021). Reassessing the role of ion homeostasis for 
improving salinity tolerance in crop plants. Physiologia Plantarum, 171(4), 502-519. doi: 
10.1111/ppl.13112. 

Batool, N., Shahzad, A., Ilyas, N., & Noor, T. (2014). Plants and salt stress. International Journal of 

Agriculture & Crop Sciences, 7(9), 582.  
Bhardwaj, R., Sharma, I., Kanwar, M., Sharma, R., Handa, N., Kaur, H., Kapoor, D., & Poonam. 

M. (2013). LEA proteins in salt stress tolerance. In: Ahmad, P., Azooz, M. M., & Prasad, M. N. V. 
(Eds.). Salt Stress in Plants. Springer, New York, NY. doi: 10.1007/978-1-4614-6108-15. 

Boughalleb, F., Abdellaoui, R., Mahmoudi, M., & Bakhshandeh, E. (2020). Changes in phenolic profile, 
soluble sugar, proline, and antioxidant enzyme activities of Polygonum equisetiforme in response to 
salinity. Turkish Journal of Botany, 44(1), 25-35. doi: 10.3906/bot-1908-2. 

Carden, D. E., Walker, D. J., Flowers, T. J., & Miller, A. J. (2003). Single-cell measurements of the 
contributions of cytosolic Na+ and K+ to salt tolerance. Plant Physiology, 131(2), 676-683. doi: 
10.1104/pp.011445. 

Chen, J., Zhang, L., Liu, Y., Shen, X., Guo, Y., Ma, X., Zhang, X., Li, X., Cheng, T., Wen, H., Qiao, L., 
& Chang, Z. (2024). RNA-seq-based WGCNA and association analysis reveal the key regulatory 
module and genes responding to salt stress in wheat roots. Plants, 13(2), 274. doi: 
10.3390/plants13020274. 

Choudhary, S., Wani, K. I., Naeem, M., Khan, M. M. A., & Aftab, T. (2023). Cellular responses, osmotic 
adjustments, and role of osmolytes in providing salt stress resilience in higher plants: Polyamines 
and nitric oxide crosstalk. Journal of Plant Growth Regulation, 42(2), 539-553. doi: 10.1007/s00344-
022-10584-7. 

Dourado, P. R. M., de Souza, E. R., Santos, M. A. D., Lins, C. M. T., Monteiro, D. R., Paulino, M. K. 
S. S., & Schaffer, B. (2022). Stomatal regulation and osmotic adjustment in sorghum in response to 
salinity. Agriculture, 12(5), 658. doi: 10.3390/agriculture12050658. 

Duarte-Delgado, D., Vogt, I., Dadshani, S., Léon, J., & Ballvora, A. (2024). Expression interplay of 
genes coding for calcium-binding proteins and transcription factors during the osmotic phase 
provides insights on salt stress response mechanisms in bread wheat. Plant Molecular Biology, 
114(6), 119. doi: 10.1007/s11103-024-01523-z. 

Dweh, T. J., Kayastha, S., Mahapatra, M., & Sahoo, J. P. (2023). Understanding the transcription factor 
mediated regulatory mechanism towards abiotic stress response in cereal crops. Agro Environmental 

Sustainability, 1(3), 265-273. doi: 10.59983/s2023010308. 
El Mahi, H., Pérez-Hormaeche, J., DeLuca, A., Villalta, I., Espartero, J., Gámez-Arjona, F., Fernández, 

J. L., Bundó, M., Mendoza, I., Mieulet, D., Lalanne, E., Lee, S. Y., Yun, D. J., Guiderdoni, E., 
Aguilar, M., Leidi, E. O., Pardo, J. M., & Quintero, F. J. (2019). A critical role of sodium flux via 
the plasma membrane Na+/H+ exchanger SOS1 in the salt tolerance of rice. Plant Physiology, 180(2), 
1046-1065. doi: 10.1104/pp.19.00324.  

El-Egami, H. M., Hegab, R. H., Montaser, H., El-Hawary, M. M., & Hasanuzzaman, M. (2024). Impact 
of potassium-solubilizing microorganisms with potassium sources on the growth, physiology, and 
productivity of wheat crop under salt-affected soil conditions. Agronomy, 14(3), 423. doi: 
10.3390/agronomy14030423. 

194  



�- p�          �
��3F� 
 �H�                                                          /�6@ ��� �!���F" /I���'�� ,�
 ,�B��HV/ ���+�� 1404 

Fan, Y., Shabala, S., Ma, Y., Xu, R., & Zhou, M. (2015). Using QTL mapping to investigate the 
relationships between abiotic stress tolerance (drought and salinity) and agronomic and physiological 
traits. BMC Genomics, 16, 1-11. doi: 10.1186/s12864-015-1243-8. 

Gaddam, S. P., Katragadda, S., Nelagundarashi, L., & Vindla, S. (2024). An insight into variability and 
association among yield and its components under alkalinity and inland salinity stress in rice (Oryza 

sativa L.). International System for Agricultural Science & Technology, 61(1), 11-18. 
Gholampour, A., Nabizadeh, R., Hassanvand, M. S., Taghipour, H., Nazmara, S., & Mahvi, A. H. (2015). 

Characterization of saline dust emission resulted from Urmia Lake drying. Journal of Environmental 

Health Science & Engineering, 13(1), 82. doi: 10.1186/s40201-015-0238-3. 
Gupta, B., & Huang, B. (2014). Mechanism of salinity tolerance in plants: Physiological, biochemical, 

and molecular characterization. International Journal of Genomics, 2014(1), 701596. doi: 
10.1155/2014/701596. 

Hazbir, N. A. M., Jumali, S. S., Shakri, T., & Isa, N. M. (2023). Characterization and functional study 
of stress-associated protein in rice and Arabidopsis. Malaysian Applied Biology, 52(3), 73-86. doi: 
10.55230/mabjournal.v52i3.2705. 

He, X., Zhu, J., Gong, X., Zhang, D., Li, Y., Zhang, X., Li, Y., Zhang, X., Zhao, X., & Zhou, C. (2025). 
Advances in deciphering the mechanisms of salt tolerance in Maize. Plant Signaling & 

Behavior, 20(1), 2479513. doi: 10.1080/15592324.2025.2479513. 
Hemida, K. A., Ali, R. M., Ibrahim, W. M., & Sayed, M. A. (2014). Ameliorative role of some 

antioxidant compounds on physiological parameters and antioxidants responses of wheat (Triticum 

aestivum L.) seedling under salinity stress. Life Science Journal, 11(7), 324-342. 
Huang, L., Wu, D. Z., & Zhang, G. P. (2020). Advances in studies on ion transporters involved in salt 

tolerance and breeding crop cultivars with high salt tolerance. Journal of Zhejiang University-

SCIENCE B, 21(6), 426-441. doi: 10.1631/jzus.B1900510. 
Ismail, A., Takeda, S., & Nick, P. (2014). Life and death under salt stress: Same players, different timing? 

Journal of Experimental Botany, 65(12), 2963-2979. doi: 10.1093/jxb/eru159. 
Jadidi, O., Etminan, A., Azizi-Nezhad, R., Ebrahimi, A., & Pour-Aboughadareh, A. (2022). 

Physiological and molecular responses of barley genotypes to salinity stress. Genes, 13(11), 2040. 
doi: 10.3390/genes13112040. 

James, R. A., Blake, C., Byrt, C. S., & Munns, R. (2011). Major genes for Na+ exclusion, Nax1 and 
Nax2 (wheat HKT1; 4 and HKT1; 5), decrease Na+ accumulation in bread wheat leaves under saline 
and waterlogged conditions. Journal of Experimental Botany, 62(8), 2939-2947. doi: 
10.1093/jxb/err003. 

Jumpa, T., Phetcharaburanin, J., Suksawat, M., & Pattanagul, W. (2023). Physiological traits and 
metabolic profiles of contrasting rice cultivars under mild salinity stress during the seedling stage. 
Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 51(2), 13211-13211. doi: 
10.15835/nbha51213211. 

Kim, T. H., & Kim, S. M. (2023). Identification of candidate genes for salt tolerance at the seedling stage 
using integrated genome-wide association study and transcriptome analysis in rice. Plants, 12(6), 
1401. doi: 10.3390/plants12061401. 

Kodackattumannil, P., Whitley, K., Sasi, S., Lekshmi, G., Krishnan, S., Al Senaani, S., Kottackal, M., & 
Amiri, K. M. A. (2023). Novel inducible promoter DREB1G cloned from date palm exhibits high 
fold expression over AtRD29 to drought and salinity stress. Plant Cell Tissue Organ Culture, 154, 
367-380. doi: 10.1007/s11240-023-02460-3.  

Kodama A, Narita R, Yamaguchi M, Hisano H, Adachi S, Takagi H, Ookawa T, Sato K, Hirasawa 
T.  (2018). QTLs maintaining grain fertility under salt stress detected by exome QTL-seq and interval 
mapping in barley. Breeding science, 68(5), 561-570. doi: 10.1270/jsbbs.18082. 

Komaresofla, B. R., Alikhani, H. A., Etesami, H., & Khoshkholgh-Sima, N. A. (2019). Improved growth 
and salinity tolerance of the halophyte Salicornia sp. by co–inoculation with endophytic and 
rhizosphere bacteria. Applied Soil Ecology, 138, 160-170. doi: 10.1016/j.apsoil.2019.02.022. 

Křenek, P., Niks, R. E., Vels, A., Vyplelová, P., & Šamaj, J. (2015). Genome-wide analysis of the barley 
MAPK gene family and its expression patterns in relation to Puccinia hordei infection. Acta 

Physiologiae Plantarum, 37(11), 254. doi: 10.1007/s11738-015-2010-9. 
Lee, S., Jeon, D., Choi, S., Kang, Y., Seo, S., Kwon, S., Lyu, J., Ahn, J., Seo, J., & Kim, C. (2022). 

Expression profile of sorghum genes and cis-regulatory elements under salt stress conditions. Plants, 
11(7), 869. doi: 10.3390/plants11070869. 

204  



������
��	 �6@ �� ���" EC WF!�: 1- �
� 
 #'�4�      ��                 /I���'�� ,�
� /�6@ ��� �!�  ,��F"B��HV/ ���+�� 1404 

Li, H., Zhao, J., Zhang, W., He, T., Meng, D., Lu, Y., Zhou, S., Wang, X., & Zhao, H. (2025). 
Comparative transcriptome analysis of two types of rye under low-temperature stress. Current Issues 

in Molecular Biology, 47(3), 171. doi: 10.3390/cimb47030171. 
Lin, L., Wu, J., Jiang, M., & Wang, Y. (2021). Plant mitogen-activated protein kinase cascades in 

environmental stresses. International Journal of Molecular Sciences, 22(4), 1543. doi: 
10.3390/ijms22041543. 

Liu, J., Shen, L., Guo, L., Zhang, G., Gao, Z., Zhu, L., Hu, J., Dong, G., Ren, D., Zhang, Q., Li, Q., 
Zeng, D., Yan, Ch., & Qian, Q. (2023). OsSTS, a novel allele of mitogen-activated protein kinase 
kinase 4 (OsMKK4), controls grain size and salt tolerance in rice. Rice, 16(1), 47. doi: 
10.1186/s12284-023-00663-y. 

Loescher, W., Chan, Z., & Grumet, R. (2011). Options for developing salt-tolerant crops. Horticulture 

Science, 46(8), 1085-1092. doi: 10.21273/HORTSCI.46.8.1085. 
Lv, Y., Ma, J., Wei, H., Xiao, F., Wang, Y., Jahan, N., Hazman, M., Qian, Q., Shang, L., & Guo, L. 

(2022). Combining GWAS, genome-wide domestication and a transcriptomic analysis reveals the 
loci and natural alleles of salt tolerance in rice (Oryza sativa L.). Frontiers in Plant Science, 13, 
912637. doi: 10.3389/fpls.2022.912637. 

Majidimehr, A., & Amiri-Fahliani, R. (2016). Analysis of salinity effect on chlorophyll rate, florescence 
indices and grain yield of some rice cultivars. Journal of Crop Breeding, 8, 183-190. doi: 
10.29252/jcb.8.18.183. 

Majidi-Mehr, A., & Amiri-Fahliani, R. (2020). Evaluation of reaction of some rice (Oryza sativa L.) 
genotypes to salinity stress at seedling stage. Environmental Stresses in Crop Sciences, 13(4), 1293-
1306. doi: 10.22077/escs.2020.2468.1649. 

Majidimehr, A., Amiri-Fahliani, R., & Masoumiasl, A. (2014). Study of biochemical and chemical traits 
of different rice genotypes under salinity stress. Cereal Research, 4(1), 45-58. dor: 
20.1001.1.22520163.1393.4.1.4.8. 

Masrahi, A. S., Alasmari, A., Shahin, M. G., Qumsani, A. T., Oraby, H. F., & Awad-Allah, M. M. A. 
(2023). Role of arbuscular mycorrhizal fungi and phosphate solubilizing bacteria in improving yield, 
yield components, and nutrients uptake of barley under salinity soil. Agriculture, 13(3), 537. doi: 
10.3390/agriculture13030537. 

Mirdar Mansuri, R., Shobbar, Z. S., Babaeian Jelodar, N., Ghaffari, M., Mohammadi, S. M., & Daryani, 
P. (2020). Salt tolerance involved candidate genes in rice: An integrative meta-analysis approach. 
BMC Plant Biology, 20, 1-14. doi: 10.1186/s12870-020-02679-8. 

Mitchell-Olds, T. (2010). Complex trait analysis in plants. Genome Biology, 11, 1-3. doi: 10.1186/gb-
2010-11-4-113. 

Mohammadi, S., Jahanbakhsh, S., Razavi, K., Raeisi Sadati, Y., & Agamirzaoglu, M. (2025). Evaluation 
of some physiological and molecular mechanisms of wheat cultivars under salt stress. Yuzuncu Yil 

University Journal of Agricultural Sciences, 35(1), 91-106. doi: 10.29133/yyutbd.1539560. 
Mondal, S., Septiningsih, E. M., Singh, R. K., & Thomson, M. J. (2022). Mapping QTLs for reproductive 

stage salinity tolerance in rice using a cross between Hasawi and BRRI dhan28. International Journal 

of Molecular Sciences, 23(19), 11376. doi: 10.3390/ijms231911376. 
Munns, R. (2005). Genes and salt tolerance: Bringing them together. New Phytologist, 167(3), 645-663. 

doi: 10.1111/j.1469-8137.2005.01487.x. 
Munns, R., & Tester, M. (2008). Mechanisms of salinity tolerance. Annual Review of Plant Biology, 

59(1), 651-681. doi: 10.1146/annurev.arplant.59.032607.092911. 
Musavizadeh, Z., Najafi-Zarrini, H., Kazemitabar, S. K., Hashemi, S. H., Faraji, S., Barcaccia, G., & 

Heidari, P. (2021). Genome-wide analysis of potassium channel genes in rice: Expression of the 
OsAKT and OsKAT genes under salt stress. Genes, 12(5), 784. 

Mwesige, F. F. (2025). The extent and distribution of salt-affected soils in sub-Saharan Africa from 1970 
to the present: A review of the current state of knowledge. Frontiers in Soil Science, 5, 1571243. doi: 
10.3389/fsoil.2025.1571243. 

Naqi, S., Khan, A. H., Rana, R. M., Hamza, M. I., Kiedrzyński, M., Tahir, M. N., Ahmad, M., Saud, Sh., 
Hassan, Sh., & Fahad, S. (2025). Inheritance of cell membrane stability and yield components under 
drought and salinity stress in bread wheat (Triticum aestivum L.). Journal of Plant Growth 

Regulation, 44, 2849-2864. doi: 10.1007/s00344-024-11580-9. 
Nefissi Ouertani, R., Abid, G., Karmous, C., Ben Chikha, M., Boudaya, O., Mahmoudi, H., Mejri, S., 

Jansen, R., & Ghorbel, A. (2021). Evaluating the contribution of osmotic and oxidative stress 

214  



�- p�          �
��3F� 
 �H�                                                          /�6@ ��� �!���F" /I���'�� ,�
 ,�B��HV/ ���+�� 1404 

components on barley growth under salt stress. AoB Plants, 13(4), plab034. doi: 
10.1093/aobpla/plab034. 

Nguyen, H. T. T., Das Bhowmik, S., Long, H., Cheng, Y., Mundree, S., & Hoang, L. T. M. (2021). 
Rapid accumulation of proline enhances salinity tolerance in Australian wild rice, Oryza 

australiensis Domin. Plants, 10(10), 2044. doi: 10.3390/plants10102044. 
Patwa, N., Pandey, V., Gupta, O. P., Yadav, A., Meena, M. R., Ram, S., & Singh, G. (2024). Unravelling 

wheat genotypic responses: Insights into salinity stress tolerance in relation to oxidative stress, 
antioxidant mechanisms, osmolyte accumulation and grain quality parameters. BMC Plant Biology, 
24(1), 875. doi: 10.1186/s12870-024-05508-4. 

Pingle, S. N., Suryawanshi, S. T., Pawar, K. R., & Harke, S. N. (2022). The effect of salt stress on proline 
content in maize (Zea mays). Environmental Sciences Proceedings, 16(1), 64. doi: 
10.3390/environsciproc2022016064. 

Ponce, K. S., Guo, L., Leng, Y., Meng, L., & Ye, G. (2021). Advances in sensing, response and regulation 
mechanism of salt tolerance in rice. International Journal of Molecular Sciences, 22(5), 2254. doi: 
10.3390/ijms22052254. 

Rakkammal, K., Priya, A., Pandian, S., Maharajan, T., Rathinapriya, P., Satish, L., Ceasar, S. A., Sohn, 
S.I., & Ramesh, M. (2022). Conventional and omics approaches for understanding the abiotic stress 
response in cereal crops—An updated overview. Plants, 11(21), 2852. doi: 10.3390/plants11212852. 

Raza, A., Zaman, Q. U., Shabala, S., Tester, M., Munns, R., Hu, Z., & Varshney, R. K. (2025). Genomics‐

assisted breeding for designing salinity-smart future crops. Plant Biotechnology Journal, 23(8), 
3119-3151. doi: 10.1111/pbi.70104. 

Ren, Y., Xu, Y., Teng, W., Li, B., & Lin, T. (2018). QTLs for seedling traits under salinity stress in 
hexaploid wheat. Ciencia Rural, 48(03), e20170446. doi: 10.1590/0103-8478cr20170446. 

Ren, Z. H., Gao, J. P., Li, L. G., Cai, X. L., Huang, W., Chao, D. Y., Zhu, M. Z., Wang, Z. Y., Luan, S., 
& Lin, H. X. (2005). A rice quantitative trait locus for salt tolerance encodes a sodium transporter. 
Nature Genetics, 37(10), 1141-1146. doi: 10.1038/ng1643. 

Roychowdhury, R., Das, S. P., Gupta, A., Parihar, P., Chandrasekhar, K., Sarker, U., Kumar, A., 
Ramrao, D. P., & Sudhakar, C. (2023). Multi-omics pipeline and omics-integration approach to 
decipher plant’s abiotic stress tolerance responses. Genes, 14(6), 1281. doi: 10.3390/genes14061281. 

Sabah, F. U., Bano, A., Bano, A., & Mufti, R. (2025). Interactive effects of arbuscular mycorrhizal fungi 
(AMF) and plant growth promoting bacteria (PGPB) on the alleviation of salt stress in wheat. 
Pakistan Journal of Botany, 57(2), 425-432. doi: 10.30848/PJB2025-2(15). 

Saddiq, M. S., Afzal, I., Iqbal, S., Hafeez, M. B., & Raza, A. (2021). Low leaf sodium content improves 
the grain yield and physiological performance of wheat genotypes in saline-sodic soil. Pesquisa 

Agropecuária Tropical, 51, e67663. doi: 10.1590/1983-40632021v5167663. 
Schmidt, R., Mieulet, D., Hubberten, H. M., Obata, T., Hoefgen, R., Fernie, A. R., Fisahn, J., Segundo, 

B. S., Guiderdoni, E., Schippers, J. H. M., & Mueller-Roeber, B. (2013). SALT-responsive ERF1 
regulates reactive oxygen species–dependent signaling during the initial response to salt stress in 
rice, The Plant Cell, 25(6), 2115-2131. doi: 10.1105/tpc.113.113068. 

Shahbaz, M., & Ashraf, M. (2013). Improving salinity tolerance in cereals. Critical Reviews in Plant 

Sciences, 32(4), 237-249. doi: 10.1080/07352689.2013.758544. 
Shiyab, S. M., Shatnawi, M. A., Shibli, R. A., Al Smeirat, N. G., Ayad, J., & Akash, M. W. (2013). 

Growth, nutrient acquisition, and physiological responses of hydroponic grown tomato to sodium 
chloride salt induced stress. Journal of Plant Nutrition, 36(4), 665-676. doi: 
10.1080/01904167.2012.754037. 

Silva, P., & Gerós, H. (2009). Regulation by salt of vacuolar H+-ATPase and H+-pyrophosphatase 
activities and Na+/H+ exchange. Plant Signaling Behavior, 4(8), 718-726. doi: 10.4161/psb.4.8.9236. 

Singh, A. K., Pal, P., Sahoo, U. K., Sharma, L., Pandey, B., Prakash, A., Sarangi, P. K., Prus, P., Pașcalău, 
R., & Imbrea, F. (2024a). Enhancing crop resilience: The role of plant genetics, transcription factors, 
and next-generation sequencing in addressing salt stress. International Journal of Molecular 

Sciences, 25(23), 12537. doi: 10.3390/ijms252312537. 
Singh, S., Singh, U. B., Trivdi, M., Malviya, D., Sahu, P. K., Roy, M., Sharma, P. K., Singh, H. V., 

Manna, M. C., & Saxena, A. K. (2021). Restructuring the cellular responses: Connecting microbial 
intervention with ecological fitness and adaptiveness to the maize (Zea mays L.) grown in saline–
sodic soil. Frontiers in Microbiology, 11, 568325. doi: 10.3389/fmicb.2020.568325. 

Singh, S., Yadav, S. K., Arya, S. S., Jacob, S. R., Gautam, R. K., Singh, G. P., & Kaur, V. (2024b). 
Unravelling morpho‐physiological mechanism and candidate genes associated with salinity tolerance 

224  



������
��	 �6@ �� ���" EC WF!�: 1- �
� 
 #'�4�      ��                 /I���'�� ,�
� /�6@ ��� �!�  ,��F"B��HV/ ���+�� 1404 

in superior haplotypes of barley (Hordeum vulgare L.). Journal of Agronomy & Crop Science, 210(5), 
e12756. doi: 10.1111/jac.12756. 

Soltabayeva, A., Ongaltay, A., Omondi, J. O., & Srivastava, S. (2021). Morphological, physiological 
and molecular markers for salt-stressed plants. Plants, 10(2), 243. doi: 10.3390/plants10020243. 

Sukumaran, S., Lethin, J., Liu, X., Pelc, J., Zeng, P., Hassan, S., & Aronsson, H. (2023). Genome-wide 
analysis of MYB transcription factors in the wheat genome and their roles in salt stress response. 
Cells, 12(10), 1431. doi: 10.3390/cells12101431. 

Swain, R., Sahoo, S., Behera, M., & Rout, G. R. (2023). Instigating prevalent abiotic stress resilience in 
crop by exogenous application of phytohormones and nutrient. Frontiers in Plant Science, 14, 
1104874. doi: 10.3389/fpls.2023.1104874. 

Tanveer, M., & Shah, A. N. (2017). An insight into salt stress tolerance mechanisms of Chenopodium 

album. Environmental Science & Pollution Research, 24(19), 16531-16535. doi: 10.1007/s11356-
017-9337-2. 

Taybi, T., & Alyahya, N. (2025). Comparative analysis of physiological and biochemical responses to 
salt stress reveals important mechanisms of salt tolerance in wheat. International Journal of 

Molecular Sciences, 26(8), 3742. doi: 10.3390/ijms26083742. 
Tomita, M., Yamashita, M., & Omichi, A. (2021). Gene structure of three kinds of vacuolar-type Na+/H+ 

antiporters including TaNHX2 transcribed in bread wheat. Genetics & Molecular Biology, 44(1), 
e20200207. doi: 10.1590/1678-4685-GMB-2020-0207. 

Ul Hassan, M., Rasool, T., Iqbal, C., Arshad, A., Abrar, M., Abrar, M. M., Rahman, M. H., Noor, M. A., 
Sher, A., & Fahad, S. (2022). Linking plants functioning to adaptive responses under heat stress 
conditions: A mechanistic review. Journal of Plant Growth Regulation, 41(7), 2596-2613. doi: 
10.1007/s00344-021-10493-1. 

Ullah, F., Saqib, S., Khan, W., Ayaz, A., Batool, A., Wang, W. Y., & Xiong, Y. C. (2024). The 
multifaceted role of sodium nitroprusside in plants: Crosstalk with phytohormones under normal and 
stressful conditions. Plant Growth Regulation, 103(3), 453-470. doi: 10.1007/s10725-024-01128-y. 

Verslues, P. E., Agarwal, M., Katiyar‐Agarwal, S., Zhu, J., & Zhu, J. K. (2006). Methods and concepts 
in quantifying resistance to drought, salt and freezing, abiotic stresses that affect plant water status. 
The Plant Journal, 45(4), 523-539. doi: 10.1111/j.1365-313X.2005.02593.x. 

Villalta, I., García, E., Hornero-Mendez, D., Carranco, R., Tello, C., Mendoza, I., De Luca, A., Andres, 
Z., Schumacher, K., Pardo, J. M., Quintero, F. J., & Quintero, F. J. (2021). Distinct roles of N-terminal 
fatty acid acylation of the salinity-sensor protein SOS3. Frontiers in Plant Science, 12, 691124. doi: 
10.3389/fpls.2021.691124. 

Vinocur, B., & Altman, A. (2005). Recent advances in engineering plant tolerance to abiotic stress: 
Achievements and limitations. Current Opinion in Biotechnology, 16(2), 123-132. doi: 
10.1016/j.copbio.2005.02.001. 

Walche, A., Haile, W., Kiflu, A., & Tsegaye, D. (2024). Spatial analysis and mapping of intensity and 
types of agricultural salt-affected soils around Abaya and Chamo Lakes, South Ethiopia Rift Valley. 
Heliyon, 10(13). doi: 10.1016/j.heliyon.2024.e33410.  

Wang, J., Zhu, J., Zhang, Y., Fan, F., Li, W., Wang, F., Zhong, W., Wang, C., & Yang, J. (2018). 
Comparative transcriptome analysis reveals molecular response to salinity stress of salt-tolerant and 
sensitive genotypes of indica rice at seedling stage. Scientific Reports, 8(1), 2085. doi: 
10.1038/s41598-018-19984-w. 

Wang, X., Gao, B., Liu, X., Dong, X., Zhang, Z., Fan, H., Zhang, L., Wang, J., Shi, S., & Tu, P. (2016). 
Salinity stress induces the production of 2-(2-phenylethyl) chromones and regulates novel classes of 
responsive genes involved in signal transduction in Aquilaria sinensis Calli. BMC Plant Biology, 
16(1), 119. doi: 10.1186/s12870-016-0803-7. 

Wong, C. E., Li, Y., Labbe, A., Guevara, D., Nuin, P., Whitty, B., & Moffatt, B. A. (2006). Transcriptional 
profiling implicates novel interactions between abiotic stress and hormonal responses in 
Thellungiella, a close relative of Arabidopsis. Plant Physiology, 140(4), 1437-1450. doi: 
10.1104/pp.105.070508. 

Wu, G., Sun, X., Sun, Q., Kang, X., Wang, J., He, X., Liu, W., Xu, D., Dai, X., Ma, W., & Zeng, J. 
(2025). Genetic variation in wheat root transcriptome responses to salinity: A comparative study of 
tolerant and sensitive genotypes. International Journal of Molecular Sciences, 26(1), 331. doi: 
10.3390/ijms26010331. 

234  



�- p�          �
��3F� 
 �H�                                                          /�6@ ��� �!���F" /I���'�� ,�
 ,�B��HV/ ���+�� 1404 

Xie, Q., Zhou, Y., & Jiang, X. (2022). Structure, function, and regulation of the plasma membrane 
Na+/H+ antiporter salt overly sensitive 1 in plants. Frontiers in Plant Science, 13, 866265. doi: 
10.3389/fpls.2022.866265. 

Xing, Q., Zhang, S., Tao, X., Mesbah, N. M., Mao, X., Wang, H., Wiegel, J., & Zhao, B. (2024). The 
polyextremophile Natranaerobius thermophilus adopts a dual adaptive strategy to long-term salinity 
stress, simultaneously accumulating compatible solutes and K+. Applied & Environmental 

Microbiology, 90(5), e00145-24. doi: 10.1128/aem.00145-24. 
Xu, C., Tang, X., Shao, H., & Wang, H. (2016). Salinity tolerance mechanism of economic halophytes 

from physiological to molecular hierarchy for improving food quality. Current Genomics, 17(3), 207-
214. doi: 10.2174/1389202917666160202215548. 

Xu, H., Chen, H., Halford, N. G., Xu, R., He, T., Yang, B., Zhou, L., Guo, H. & Liu, C. (2025). Ion 
homeostasis and coordinated salt tolerance mechanisms in a barley (Hordeum vulgare L.) doubled 
haploid line. BMC Plant Biology, 25(1), 52. doi: 10.1186/s12870-024-06033-0. 

Xu, N., Lu, B., Wang, Y., Yu, X., Yao, N., Lin, Q., Xu, X., & Lu, B. (2023). Effects of salt stress on seed 
germination and respiratory metabolism in different Flueggea suffruticosa genotypes. PeerJ, 11, 
e15668. doi: 10.7717/peerj.15668. 

Yang, Y., & Guo, Y. (2018). Unraveling salt stress signaling in plants. Journal of Integrative Plant 

Biology, 60(9), 796-804. doi: 10.1111/jipb.12689. 
Yeo, A. R., & Flowers, T. J. (1986). Salinity resistance in rice (Oryza sativa L.) and a pyramiding 

approach to breeding varieties for saline soils. Functional Plant Biology, 13(1), 161-173. doi: 
10.1071/PP9860161. 

Yin, X., Xia, Y., Xie, Q., Cao, Y., Wang, Z., Hao, G., Song, J., Zhou, Y., & Jiang, X. (2020). The protein 
kinase complex CBL10–CIPK8–SOS1 functions in Arabidopsis to regulate salt tolerance. Journal of 

Experimental Botany, 71(6), 1801-1814. doi: 10.1093/jxb/erz549. 
Yu, J., Zhu, C., Xuan, W., An, H., Tian, Y., Wang, B., Chi, W., Chen, G., Ge, Y., Li, J., Dai, Zh., Liu, Y., 

Sun, Zh., Xu, D., Wang, C., & Wan, J. (2023). Genome-wide association studies identify 
OsWRKY53 as a key regulator of salt tolerance in rice. Nature Communications, 14(1), 3550. doi: 
10.1038/s41467-023-39167-0. 

Zhang, H., Yu, Y., Wang, S., Yang, J., Ai, X., Zhang, N., Zhao, X., Liu, X., Zhong, C., & Yu, H. (2023). 
Genome-wide characterization of phospholipase D family genes in allotetraploid peanut and its 
diploid progenitors revealed their crucial roles in growth and abiotic stress responses. Frontiers in 

Plant Science, 14, 1102200. doi: 10.3389/fpls.2023.1102200. 
Zhao, H., Zhang, Q., Zhang, M., Jin, Y. K., Jiang, Z. Z., Jiang, N., Wang, Q., Qu, J., Guan, S.Y., & Wang, 

P. W. (2021). Drought tolerance in high-generation transgenic maize inbred lines overexpressing the 
betaine aldehyde dehydrogenase gene. Cereal Research Communications, 49(2), 183-192. doi: 
10.1007/s42976-020-00093-2. 

 

244  


