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Supplementary Table S1. Researches and traits used in the current meta-analysis 

Row 
Experimental 

condtions 
Reference 

GY† PH NPP NGP Na K Ch.a Ch.b Car 

M† S† M S M S M S M S M S M S M S M 

1 Pot Mirdar Mansuri et al., 2014 1 1 1 1 1 1 1 1          

2 Field Saeidzadeh et al., 2016 2                 

3 Pot 
Saeidzadeh & Taghizadeh, 

2019 
  2 2 2 2 2 2 1 1 1 1      

4 Pot Biabani et al., 2012     3 3 3 3 2 2 2 2      

5 Field 
Sadradini & Salahshour 

Dalivand, 2012 
3                 

6 Pot 
Majidi-Mehr & Amiri-

Fahliani, 2021 
4 2                

7 Pot Rezaei et al., 2012 5 3   4 4            

8 Pot Amiri et al., 2019 6 4                

9 Pot 
Salahshour Dalivand et al., 

2014 
7                 

10 Field Mortezaiinezhad et al., 2016   3  5  4           

11 Pot Bhusan et al., 2016 8                 

12 Hydroponic Shankar et al., 2021         3 3 3 3      

13 
Petri 

(Yoshida) 
Forough et al., 2021         4  4       

14 Field Rafaliarivony et al., 2022 9  4  6             

14 Pot Rafaliarivony et al., 2022 10 5 5 3              

15 Pot 
Mohammadi-Nejad et al., 

2010 
11      5           

16 Pot Zeng et al., 2022  6                

17 Pot Channa et al., 2019     7 5   5 4 5 4      

17 Pot Channa et al., 2019         6 5 6 5      

18 Pot Zhang et al., 2022 12 7   8 6 6 4 7 6 7 6      

19 Pot Irakoze et al., 2020     9    8  8  3  3  2 

20 Field 
Ghadirnezhad Shiade et al., 

2020 
            1 1 1 1 1 
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21 Hogland Habibollahi et al., 2012             2  2   

22 Pot Fallah et al., 2012 13 8   10 7            

23 Pot Afkhami Ghadi, et al., 2021 14 9                

24 Pot Anshori et al., 2022 15    11             

25 Hydroponic Kamrava et al., 2021         9 7 9 7 4 2 4 2  

26 Hydroponic Musavizadeh et al., 2018                9 3 

27 Field Ali et al., 2004 16            5  5   

28 
Murashige 

and Skoog 
Taratima et al., 2022             6 3 6 3  

29 Pot Moradi & Ismail, 2007         10 8        

30 Pot Nasrudin et al., 2022     12  7      7  7   

31 Pot Shakeela et al., 2016         11 9 10 8 8 4 8 4 4 

32 Pot Sonone et al., 2023             9 5 9 5  

32 Pot Sonone et al., 2023             10 6 10 6  

33 Pot 
Djanaguiraman & 

Ramadass, 2004 
            11  11   

33 Pot 
Djanaguiraman and 

Ramadass, 2004 
            12  12   

33 Pot 
Djanaguiraman and 

Ramadass, 2004 
            13  13   

33 Pot 
Djanaguiraman and 

Ramadass, 2004 
            14  14   

34 Pot Saedipour, 2015         12  11  15  15   

35 Pot KIBRIA et al., 2017   6 4 13 8       16 7 16 7  

36 Pot 
Chandramohanan et al., 

2014 
            17  17   

37 
Murashige 

and Skoog 
Taratima et al., 2023             18 8 18 8  

38 In vitro Siringam et al., 2012             19  19   
† The traits and salinity abbreviations are: GY, grain yield; PH, plant height; NPP, number of panicles per plant; NGP, number of filled grains per panicle; Na, sodium; K, potassium; Chl.a, 

chlorophyll a; Chl.b, chlorophyll b, Car, carotenoid; S, sever salinity stress; M, mild salinity stress. 
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Supplementary Table S2. Heterogeneity of the results based on the different indices  

Trait Salinity stress 
Heterogeneity  Tau-squared 

Q-value df (Q) P-value I-squared  Tau squared Standard error Variance Tau 

Grain yield 
Mild 50.63 15.00 0.00 70.37  1.61 0.94 0.89 1.27 

Severe 9.61 8.00 0.29 16.78  0.13 0.40 0.16 0.36 

Plant height 
Mild 9.379 5.000 0.095 46.690  0.906 1.241 1.541 0.952 

Severe 12.16 3 0.0069 75.32  2.95 3.57 12.78 1.72 

No. of panicles per plant 
Mild 24.90 12 0.015 51.81  0.64 0.51 0.26 0.80 

Severe 13.22 7 0.067 47.05  0.54 0.62 0.38 0.73 

No. of filled grains per 

panicle 

Mild 20.29 6 0.002 70.43  1.40 1.29 1.65 1.18 

Severe 25.61 3 0.000 88.29  18.73 21.12 446.20 4.33 

Na (%) 
Mild 53.49 11 0.0000018 79.44  2.90 1.96 3.84 1.70 

Severe 36.03 8 0.0000174 77.79  2.76 2.19 4.80 1.66 

K (%) 
Mild 54.51 10 0.00000004 81.65  3.19 2.23 4.96 1.79 

Severe 37.37 7 0.000004 81.27  2.91 2.30 5.29 1.70 

Chlorophyll a 
Mild 87.60 18 0.00 79.45  2.92 1.34 1.80 1.71 

Severe 57.03 7 0.00 87.73  6.11 4.61 21.26 2.47 

Chlorophyll b 
Mild 68.78 18 0.00 73.83  2.27 1.09 1.18 1.51 

Severe 83.16 8 0.00 90.38  12.84 9.94 98.78 3.58 

Carotenoid Mild 10.16 3 0.017 70.46  1.40 1.67 2.77 1.18 
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Supplementary Table S3.  Descriptive statistics related to meta-analysis and significance of effect size in two conditions of severe and mild salinity stress in each of fixed and 

random models 

Traits Salinity stress Model 
Number of 

studies 

Point 

estimate 

Standard 

error 
Variance Lower limit Upper limit Z-value P-value 

Grain yield 

Mild 
Fixed 16.00 -1.25 0.20 0.04 -1.64 -0.85 -6.19 0.00 

Random  16.00 -1.74 0.41 0.17 -2.55 -0.94 -4.25 0.00 

Severe 
Fixed 9.00 -1.67 0.26 0.07 -2.18 -1.15 -6.37 0.00 

Random  9.00 -1.77 0.30 0.09 -2.35 -1.18 -5.93 0.00 

Plant height 

Mild 
Fixed 6.00 -1.68 0.41 0.17 -2.49 -0.88 -4.11 0.00004 

Random  6.00 -1.89 0.57 0.33 -3.02 -0.76 -3.29 0.00100 

Severe 
Fixed 4 -1.63 0.46 0.21 -2.53 -0.73 -3.57 0.00036 

Random  4 -2.47 1.05 1.10 -4.52 -0.42 -2.36 0.01843 

No. of panicles per 

plant 

Mild 
Fixed 13 -0.99 0.21 0.04 -1.40 -0.57 -4.66 0.000003 

Random  13 -1.16 0.31 0.10 -1.78 -0.55 -3.71 0.000205 

Severe 
Fixed 8 -1.16 0.27 0.07 -1.69 -0.63 -4.27 0.000019 

Random  8 -1.33 0.38 0.15 -2.08 -0.58 -3.48 0.000506 

No. of filled grains 

per panicle 

Mild 
Fixed 7 -0.97 0.27 0.07 -1.50 -0.43 -3.5434 0.00039 

Random  7 -1.65 0.56 0.32 -2.75 -0.54 -2.9299 0.00339 

Severe 
Fixed 4 -1.44 0.42 0.17 -2.25 -0.62 -3.43 0.0006 

Random  4 -5.84 2.41 5.82 -10.56 -1.11 -2.42 0.0156 

Na 

Mild 
Fixed 12 0.996 0.23 0.057 0.53 1.46 4.17 0.0005 

Random  12 2.07 0.64 0.41 0.82 3.33 3.24 0.001 

Severe 
Fixed 9 1.37 0.28 0.08 0.82 1.91 4.908113 0.000001 

Random  9 2.28 0.72 0.51 0.88 3.69 3.187536 0.001435 

K 

Mild 
Fixed 11 -0.62 0.24 0.06 -1.10 -0.15 -2.564945 0.0103 

Random  11 -2.15 0.68 0.47 -3.49 -0.81 -3.144785 0.0017 

Severe 
Fixed 8 -0.65 0.27 0.07 -1.18 -0.12 -2.39 0.017 

Random  8 -1.76 0.74 0.55 -3.21 -0.32 -2.39 0.017 

Chlorophyll a 

Mild 
Fixed 19 -0.94 0.20 0.04 -1.33 -0.56 -4.776 0.000002 

Random  19 -1.57 0.46 0.21 -2.47 -0.68 -3.436 0.000591 

Severe 
Fixed 8 -0.45 0.31 0.10 -1.06 0.16 -1.44 0.15 

Random  8 -2.50 1.05 1.11 -4.57 -0.44 -2.37 0.02 

Chlorophyll b 

Mild 
Fixed 19 -1.45 0.20 0.04 -1.86 -1.05 -7.11 0.00 

Random  19 -1.72 0.41 0.17 -2.53 -0.91 -4.18 0.00 

Severe 
Fixed 9 -0.37 0.36 0.13 -1.08 0.34 -1.01 0.31 

Random  9 -2.64 1.41 1.99 -5.40 0.13 -1.87 0.06 

Carotenoid Mild 
Fixed 4 0.50 0.38 0.14 -0.24 1.23 1.32 0.19 

Random  4 0.78 0.71 0.51 -0.61 2.18 1.10 0.27 
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Supplementary Figure S1. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for grain yield under mild salinity stress conditions 
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Supplementary Figure S2. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for number of panicles per plant under mild salinity 

stress conditions 
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Supplementary Figure S3. Accumulation plot (a), funnel plot (b), Hedges effect size (c), standard error, weight and statistics of each study for number of filled grains per 

panicle under mild salinity stress conditions 
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Supplementary Figure S4. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for grain yield under severe salinity stress conditions 
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Supplementary Figure S5. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for number of panicles per plant under severe salinity 

stress conditions 
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Supplementary Figure S6. Accumulation plot (a), funnel plot (b), Hedges effect size (c), standard error, weight and statistics of each study for number of filled grains per 

panicles under severe salinity stress conditions 
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Supplementary Figure S7. Accumulation plot (a), funnel plot (b), Hedges effect size (c), standard error, weight and statistics of each study for plant height under mild salinity 

stress conditions 
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Supplementary Figure S8. Accumulation plot (a), funnel plot (b), Hedges effect size (c), standard error, weight and statistics of each study for plant height under severe 

salinity stress condition 
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Supplementary Figure S9. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for Na content under mild salinity stress conditions 
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Supplementary Figure S10. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for K content under mild salinity stress condition 
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Supplementary Figure S11. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for Na content under severe salinity stress conditions 
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Supplementary Figure S12. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for K content under mild salinity stress conditions 
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Supplementary Figure S13. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for chlorophyll a under mild salinity stress 

conditions 
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Supplementary Figure S14. Accumulation diagram, Hedges effect size, standard error, weight and statistics of each study for Chlorophyll b under mild salinity stress 

conditions 

 

 



 ��� ����	��
 ��	 
����� �� ����� ���������
 ����  !�� �
                                                                                                                  	 ��"� /$�� %���� /&'
��"( %��
 /�)* ��+�+�1403 

 

    
    

  

  
��� 0����	 15 - L��O!� ��
��! )a M(0��S ��
��! )bM( ) �N' ��� %G�1!�c%��;E � PG� M
��1!�67� ��?B M( ��' :>��?; �'	��I ��1+; ���� ���� 1�1� ��	 J���� �
 1�Z��  

Supplementary Figure S15. Accumulation plot (a), funnel plot (b), Hedges effect size (c), standard error, weight and statistics of each study for carotenoid under severe 

salinity stress conditions 
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Supplementary Figure S16. Accumulation plot (a), funnel plot (b), Hedges effect size (c), standard error, weight and statistics of each study for chlorophyll a under severe 

salinity stress conditions  
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Supplementary Figure S17. Accumulation plot (a), funnel plot (b), Hedges effect size (c), standard error, weight and statistics of each study for chlorophyll b under severe 

salinity stress conditions 
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Supplementary Figure S18. Schematic view of regulatory mechanisms of Na+ transport in plants under salinity 

stress (Zhang et al., 2018). Different signaling pathways regulate the expression of ion homeostasis-related 

genes: high-affinity K⁺ transporter (HKT1) plays a key role in maintaining Na⁺ homeostasis and mediating Na⁺-

specific transport or Na⁺-K⁺ transport. Salt overly sensitive 1 (SOS1) plasma membrane Na⁺/H⁺ antiporter 

exports intracellular Na⁺ to the extracellular space. Sodium/proton exchangers (NHX1) in the tonoplast can 

exchange Na⁺ for protons, resulting in the removal of ions from the cytosol into the vacuole or extracellular 

space, which thereby minimizes cytotoxicity. While balancing the Na⁺ in the cytoplasm, both of these Na⁺/H⁺ 

antiporters, i.e., SOS1 and NHX1, convert H⁺ in the extracellular and vacuolar spaces to the cytoplasm, and 

excess H⁺ in the cytoplasm is transported to the extracellular space via the consumption of energy (ATP is 

converted to ADP + Pi). 
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