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Table S2. Comparison of brown rice with white rice in terms of mineral, protein, and phytate concentrations 
Table S2. Comparison of brown rice with white rice in terms of mineral, protein, and phytate concentrations using the 95% confidence intervals (CI) of medians, the Mann-Whitney test of equality of medians (P values), and the % change in median concentrations due to conversion from brown to white rice 
	Seed mineral concentrations
	Sample sizes 
[Brown; White]
	Brown rice 
Median (95% CI)† 
	White rice
Median (95% CI)†
	P value
	% change in median conc.

	Zn (mg kg-1)
	[8018; 1475]
	25.37 (25.20 ‒ 25.54)
	17.52 (17.04 ‒ 18.00)
	<0.001
	-30.9

	Fe (mg kg-1)
	[5725; 914]
	11.72 (11.65 ‒ 11.80)
	3.60 (3.43 ‒ 3.81)
	<0.001
	-69.3

	Protein (%)
	[1352; 259]
	8.03 (7.95 ‒ 8.11)
	8.60 (8.33 ‒ 9.00)
	<0.001
	7.1

	Phytate (%)
	[568; 239]
	0.92 (0.84 ‒ 1.01)
	0.38 (0.37 ‒ 0.39)
	<0.001
	-59.3

	P (%)
	[5074; 175]
	0.35 (0.35 ‒ 0.35)
	0.13 (0.12 ‒ 0.16)
	<0.001
	-63.5

	S (%)
	[3846; 42]
	0.127 (0.127 ‒ 0.129)
	0.105 (0.097 ‒ 0.115)
	<0.001
	-17.7


† CI represents the 95% confidence interval of the median.


Table S3. Correlations between traits
[bookmark: _heading=h.gjdgxs]Table S3a. Overall estimates of Pearson correlation coefficients (and their lower and upper 95% confidence intervals) for the bivariate correlation between grain Zn uptake, grain Fe uptake, grain N uptake, grain yield, and concentrations of Zn, Fe, protein, and phytate in rice grain estimated from all studies regardless of the study type
	Correlations [s]
	Correlation coefficient (95% CI) 
	Two tailed P value
	Verdict

	Grain Zn uptake vs grain Fe uptake [853]
	0.688 (0.652 ‒ 0.723)
	0.0000
	Significantly positive

	Grain Zn uptake vs grain N uptake [672]
	0.714 (0.677 ‒ 0.751)
	0.0000
	Significantly positive

	Grain N uptake vs grain Fe uptake [204]
	0.301 (0.175 ‒ 0.427)
	0.0000
	Significantly positive

	Grain yield vs grain Zn concentration [2657]
	0.091 (0.054 ‒ 0.129)
	0.0000
	Significantly positive

	Grain yield vs grain Fe concentration [987]
	0.198 (0.137 ‒ 0.258)
	0.0000
	Significantly positive

	Grain yield vs grain protein concentration [832]
	0.002 (-0.067 ‒ 0.070)
	0.9688
	Non significant

	Grain yield vs grain phytate concentration [351]
	-0.067 (-0.171 ‒ 0.038)
	0.2131
	Non significant

	Grain Zn vs grain Fe concentration [6848]
	0.418 (0.398 ‒ 0.437)
	0.0000
	Significantly positive

	Grain Zn vs grain protein concentration [919]
	0.179 (0.116 ‒ 0.242)
	0.0000
	Significantly positive

	Grain Zn vs grain phytate concentration [827]
	-0.069 (-0.137 ‒ -0.001)
	0.0462
	Significantly negative

	Grain Fe vs grain protein concentration [535]
	0.097 (0.012 ‒ 0.181)
	0.0245
	Significantly positive

	Grain Fe vs grain phytate concentration [502]
	0.371 (0.296 ‒ 0.447)
	0.0000
	Significantly positive

	Grain protein vs grain phytate [123]
	0.268 (0.102 ‒ 0.434)
	0.0016
	Significantly positive


A correlation coefficient is deemed significantly different from zero if the 95% CIs does not encompass 0 and the two-tailed P value is <0.05. The “s” represents the total number of observations used for each bivariate correlation. 

[bookmark: _Hlk212194705]Table S3b. Random effects meta-analysis of correlations between grain yield, and concentrations of Zn, Fe, protein, and phytate in rice grain. The random effects meta-analysis was carried out using the Fisher r-to-z transformation of the correlation coefficient as the outcome measure. The amount of heterogeneity is indicated by the T2, I2, H2, and P value of Cochran’s Q statistic. The individual studies upon which this meta-analysis was based have been summarized in Table S3c. 
	
	
	Test of heterogeneity
	
	Test of publication bias

	Correlations [n] 
	Coefficient (95% CI)
	T2
	I2 (%)
	H2
	P>Q
	
	Fail-safe N
	Trim and fill

	Studies on germplasm
	
	
	
	
	
	
	
	

	Grain yield vs grain Zn [13]
	-0.041 (-0.342; 0.260)
	0.25
	92.0
	12.5
	<0.001
	
	0
	3.0

	Grain yield vs grain Fe [8]
	0.041 (-0.147; 0.229)
	0.03
	48.7
	1.9
	0.062
	
	0
	0

	Grain yield vs grain protein [3]
	0.040 (-1.53; 1.60)
	1.79
	93.7
	15.8
	<0.001
	
	0
	0

	Grain Zn vs grain Fe [34]
	0.368 (0.219; 0.616)
	0.15
	94.6
	18.6
	<0.001
	
	2721***
	6.0

	Grain Zn vs grain protein [6]
	0.415 (-0.065; 0.895)
	0.27
	78.4
	4.6
	<0.001
	
	28
	0

	Grain Zn vs grain phytate [6]
	0.291 (0.003; 0.579)
	0.09
	72.1
	3.6
	<0.001
	
	24
	0

	Grain Fe vs grain protein [6]
	0.263 (-0.165; 0.690)
	0.19
	71.4
	3.5
	0.014
	
	8
	1

	Grain Fe vs grain phytate [5]
	0.305 (-0.079; 0.689)
	0.14
	79.5
	4.9
	<0.001
	
	28
	1

	Studies on fertilization
	
	
	
	
	
	
	
	

	Grain yield vs grain Zn [67]
	0.637 (0.473; 0.801)
	0.40
	89.7
	9.7
	<0.001
	
	10460***
	12

	Grain yield vs grain Fe [23]
	0.763 (0.479; 1.046)
	0.41
	89.6
	9.6
	<0.001
	
	1617***
	0

	Grain yield vs grain protein [32]
	0.952 (0.652; 1.251)
	0.67
	92.0
	12.5
	<0.001
	
	4712***
	3

	Grain yield vs grain phytate [8]
	-0.455 (-0.873; -0.037)
	0.32
	91.6
	11.9
	<0.001
	
	100***
	0

	Grain Zn vs grain Fe [26]
	0.718 (0.430; 1.006)
	0.49
	91.4
	11.6
	<0.001
	
	1800***
	0

	Grain Zn vs grain protein [33]
	0.868 (0.652; 1.084)
	0.32
	84.1
	6.3
	<0.001
	
	4348***
	0

	Grain Zn vs grain phytate [11]
	0.066 (-0.352; 0.484)
	0.45
	94.2
	17.1
	<0.001
	
	8
	0

	Grain Fe vs grain protein [16]
	0.883 (0.569; 1.197)
	0.33
	84.4
	6.4
	<0.001
	
	998***
	0

	Grain Fe vs grain phytate [6]
	-0.374 (-1.402; 0.655)
	1.58
	96.9
	32.6
	<0.001
	
	15
	0

	Grain protein vs phytate [4]
	-0.860 (-2.15; 0.428)
	1.63
	94.3
	17.6
	<0.001
	
	38
	0


[n] represents the number of studies. Zn, Fe, protein and phytate represent concentrations in rice grain. Values in boldface represent statistically significant correlations.

Table S3c. Pearson correlation coefficients between grain yield, and concentrations of Zn, Fe, protein, and phytate in rice grain estimated for individual studies that had 10 or more means on either germplasm or fertilization 
	Study type
	Correlations
	Study (refer to Table S1 for details)
	Number of observations
	Correlation coefficient
	Lower CI
	Upper CI
	Two-tailed P value

	Germplasm
	Grain vs Zn
	Shi et al. 2020
	14
	0.616
	0.25
	0.983
	0.0010

	
	Grain vs Zn
	Gogoi et al. 2016
	15
	0.563
	0.176
	0.949
	0.0044

	
	Grain vs Zn
	Tuyogon et al. 2016
	10
	0.534
	0.004
	1.064
	0.0477

	
	Grain vs Zn
	Izhar et al. 2024
	11
	0.373
	-0.224
	0.97
	0.2225

	
	Grain vs Zn
	Sharma et al. 2015
	54
	0.265
	0.009
	0.52
	0.0418

	
	Grain vs Zn
	Goloran et al. 2019
	24
	0.032
	-0.395
	0.459
	0.8924

	
	Grain vs Zn
	Padhan et al. 2020
	204
	-0.012
	-0.15
	0.126
	0.8767

	
	Grain vs Zn
	Shivay et al. 2010
	27
	-0.144
	-0.536
	0.248
	0.4807

	
	Grain vs Zn
	Rakotondramanana et al. 2024
	231
	-0.177
	-0.303
	-0.051
	0.0058

	
	Grain vs Zn
	Naik et al. 2020
	82
	-0.192
	-0.405
	0.02
	0.0755

	
	Grain vs Zn
	El-Sobky et al. 2022
	12
	-0.279
	-0.882
	0.323
	0.3694

	
	Grain vs Zn
	Jaksomsak et al. 2021
	42
	-0.521
	-0.75
	-0.292
	0.0000

	
	Grain vs Zn
	Laenoi et al. 2018
	12
	-0.928
	-1.019
	-0.837
	0.0000

	
	Grain vs Fe
	Shi et al. 2020
	14
	0.659
	0.325
	0.993
	0.0001

	
	Grain vs Fe
	Izhar et al. 2024
	11
	0.598
	0.152
	1.043
	0.0085

	
	Grain vs Fe
	Zulfiqar et al. 2023
	14
	0.061
	-0.528
	0.65
	0.8498

	
	Grain vs Fe
	Naik et al. 2020
	82
	0.02
	-0.2
	0.241
	0.8661

	
	Grain vs Fe
	Padhan et al. 2020
	204
	-0.032
	-0.17
	0.106
	0.6606

	
	Grain vs Fe
	Laenoi et al. 2018
	12
	-0.205
	-0.831
	0.421
	0.5323

	
	Grain vs Fe
	Jaksomsak et al. 2021
	42
	-0.209
	-0.509
	0.091
	0.1729

	
	Grain vs Fe
	Baruah et al. 2006
	10
	-0.216
	-0.922
	0.49
	0.5599

	
	Grain vs protein
	El-Sobky et al. 2022
	12
	0.913
	0.805
	1.022
	0.0000

	
	Grain vs protein
	Baruah et al. 2006
	10
	-0.295
	-0.971
	0.381
	0.3999

	
	Grain vs protein
	Laenoi et al. 2018
	12
	-0.815
	-1.034
	-0.595
	0.0000

	
	Zn vs Fe
	Shi et al. 2020
	14
	0.939
	0.87
	1.009
	0.0000

	
	Zn vs Fe
	Kumar et al. 2017a
	12
	0.859
	0.687
	1.03
	0.0000

	
	Zn vs Fe
	Al-Daej 2022
	10
	0.819
	0.576
	1.063
	0.0000

	
	Zn vs Fe
	Nath et al. 2022
	10
	0.733
	0.389
	1.076
	0.0000

	
	Zn vs Fe
	Li et al. 2015
	30
	0.721
	0.539
	0.902
	0.0000

	
	Zn vs Fe
	Anandan et al. 2011
	10
	0.667
	0.257
	1.078
	0.0015

	
	Zn vs Fe
	Izhar et al. 2024
	11
	0.648
	0.246
	1.05
	0.0016

	
	Zn vs Fe
	Laenoi et al. 2018
	24
	0.611
	0.343
	0.879
	0.0000

	
	Zn vs Fe
	Maganti et al. 2019
	472
	0.587
	0.527
	0.646
	0.0000

	
	Zn vs Fe
	Suman et al. 2021
	368
	0.578
	0.509
	0.646
	0.0000

	
	Zn vs Fe
	Veni et al. 2019
	10
	0.565
	0.061
	1.069
	0.0278

	
	Zn vs Fe
	Joy et al. 2017
	54
	0.55
	0.358
	0.741
	0.0000

	
	Zn vs Fe
	Rathod et al. 2020
	16
	0.549
	0.17
	0.929
	0.0046

	
	Zn vs Fe
	Longvah et al. 2021
	41
	0.521
	0.289
	0.753
	0.0000

	
	Zn vs Fe
	Shen et al. 2023
	19
	0.42
	0.016
	0.823
	0.0414

	
	Zn vs Fe
	Madhubabu et al 2020
	155
	0.411
	0.278
	0.543
	0.0000

	
	Zn vs Fe
	Zeng et al. 2010
	12
	0.407
	-0.139
	0.952
	0.1444

	
	Zn vs Fe
	Moulick et al. 2022
	56
	0.257
	0.005
	0.508
	0.0451

	
	Zn vs Fe
	Liang et al.2007
	11
	0.223
	-0.435
	0.882
	0.5166

	
	Zn vs Fe
	Jaksomsak et al. 2021
	44
	0.218
	-0.074
	0.509
	0.1441

	
	Zn vs Fe
	Prajapat et al. 2022
	94
	0.211
	0.014
	0.407
	0.0353

	
	Zn vs Fe
	Padhan et al. 2020
	204
	0.199
	0.066
	0.332
	0.0034

	
	Zn vs Fe
	Naik et al. 2020
	82
	0.182
	-0.031
	0.395
	0.0938

	
	Zn vs Fe
	Parte et al. 2023
	174
	0.167
	0.022
	0.313
	0.0243

	
	Zn vs Fe
	Abera et al. 2021
	12
	0.116
	-0.529
	0.76
	0.7376

	
	Zn vs Fe
	Li et al. 2012
	32
	0.115
	-0.244
	0.474
	0.5409

	
	Zn vs Fe
	Sanghamitra et al. 2022
	293
	0.095
	-0.019
	0.209
	0.1027

	
	Zn vs Fe
	Raza et al. 2020
	112
	0.078
	-0.108
	0.265
	0.4197

	
	Zn vs Fe
	Pinson et al. 2015
	3416
	0.049
	0.016
	0.083
	0.0039

	
	Zn vs Fe
	Huang et al. 2016
	40
	0.044
	-0.277
	0.366
	0.7998

	
	Zn vs Fe
	Liu et al. 2017
	14
	-0.011
	-0.602
	0.579
	0.9727

	
	Zn vs Fe
	Kummsa et al. 2022
	44
	-0.184
	-0.48
	0.111
	0.2236

	
	Zn vs Fe
	Kumar et al. 2023
	67
	-0.404
	-0.609
	-0.199
	0.0001

	
	Zn vs Fe
	Gogoi et al. 2024
	30
	-0.554
	-0.815
	-0.293
	0.0000

	
	Zn vs protein
	Al-Daej 2022
	10
	0.851
	0.647
	1.055
	0.0000

	
	Zn vs protein
	Laenoi et al. 2018
	24
	0.788
	0.625
	0.95
	0.0000

	
	Zn vs protein
	Longvah et al. 2021
	41
	0.284
	-0.009
	0.576
	0.0569

	
	Zn vs protein
	Abera et al. 2021
	12
	0.2
	-0.427
	0.827
	0.5423

	
	Zn vs protein
	Nath et al. 2022
	10
	-0.201
	-0.912
	0.511
	0.5925

	
	Zn vs protein
	El-Sobky et al. 2022
	12
	-0.201
	-0.828
	0.426
	0.5416

	
	Fe vs phytate
	Joy et al. 2017
	53
	0.714
	0.578
	0.85
	0.0000

	
	Fe vs phytate
	Kumar et al. 2023
	67
	0.384
	0.175
	0.593
	0.0003

	
	Fe vs phytate
	Kumar et al. 2017a
	12
	0.07
	-0.58
	0.72
	0.8433

	
	Fe vs phytate
	Li et al. 2015
	30
	0.028
	-0.349
	0.404
	0.8949

	
	Fe vs phytate
	Liang et al.2007
	11
	-0.175
	-0.847
	0.497
	0.6226

	
	Fe vs protein
	Al-Daej 2022
	10
	0.885
	0.724
	1.046
	0.0000

	
	Fe vs protein
	Longvah et al. 2021
	41
	0.407
	0.142
	0.673
	0.0027

	
	Fe vs protein
	Laenoi et al. 2018
	24
	0.171
	-0.244
	0.586
	0.4269

	
	Fe vs protein
	Abera et al. 2021
	12
	0.008
	-0.646
	0.661
	0.9836

	
	Fe vs protein
	Nath et al. 2022
	10
	-0.168
	-0.888
	0.552
	0.6599

	
	Fe vs protein
	Baruah et al. 2006
	10
	-0.285
	-0.966
	0.396
	0.4199

	
	Zn vs phytate
	Liang et al.2007
	11
	0.721
	0.389
	1.054
	0.0000

	
	Zn vs phytate
	Joy et al. 2017
	53
	0.573
	0.386
	0.759
	0.0000

	
	Zn vs phytate
	Longvah et al. 2021
	41
	0.24
	-0.06
	0.54
	0.1162

	
	Zn vs phytate
	Kumar et al. 2017a
	12
	0.234
	-0.383
	0.852
	0.4663

	
	Zn vs phytate
	Li et al. 2015
	30
	0.043
	-0.334
	0.419
	0.8345

	
	Zn vs phytate
	Kumar et al. 2023
	67
	-0.079
	-0.322
	0.165
	0.5373

	
	Protein vs phytate
	Longvah et al. 2021
	41
	0.391
	0.121
	0.66
	0.0046

	Fertilization
	Grain vs Zn
	Bana et al. 2022
	11
	0.968
	0.924
	1.012
	0.0000

	
	Grain vs Zn
	Shivay et al. 2008a
	19
	0.954
	0.91
	0.998
	0.0000

	
	Grain vs Zn
	Vijayakumar et al. 2023
	24
	0.954
	0.915
	0.992
	0.0000

	
	Grain vs Zn
	Singh et al. 2023
	20
	0.951
	0.905
	0.996
	0.0000

	
	Grain vs Zn
	Kheyri et al. 2018
	16
	0.946
	0.889
	1.003
	0.0000

	
	Grain vs Zn
	Shivay & Prasad. 2012
	22
	0.939
	0.885
	0.992
	0.0000

	
	Grain vs Zn
	Karak et al. 2005
	14
	0.937
	0.864
	1.009
	0.0000

	
	Grain vs Zn
	Wang et al. 2023
	12
	0.93
	0.841
	1.018
	0.0000

	
	Grain vs Zn
	Mehta et al. 2023
	12
	0.896
	0.767
	1.025
	0.0000

	
	Grain vs Zn
	Srivastava et al. 2015
	12
	0.875
	0.722
	1.028
	0.0000

	
	Grain vs Zn
	Pooniya and Shivay 2013
	24
	0.867
	0.76
	0.973
	0.0000

	
	Grain vs Zn
	Mi et al. 2023
	12
	0.859
	0.689
	1.03
	0.0000

	
	Grain vs Zn
	Kumar et al. 2020
	14
	0.856
	0.697
	1.014
	0.0000

	
	Grain vs Zn
	Laik et al. 2019
	13
	0.853
	0.685
	1.022
	0.0000

	
	Grain vs Zn
	Jat et al. 2011
	14
	0.839
	0.664
	1.014
	0.0000

	
	Grain vs Zn
	Shivay et al. 2022
	10
	0.819
	0.576
	1.063
	0.0000

	
	Grain vs Zn
	Baral et al. 2023
	12
	0.811
	0.587
	1.035
	0.0000

	
	Grain vs Zn
	Chandra et al. 2023
	29
	0.803
	0.666
	0.939
	0.0000

	
	Grain vs Zn
	Fahad et al. 2015
	50
	0.767
	0.65
	0.885
	0.0000

	
	Grain vs Zn
	Hossain et al. 2008
	54
	0.767
	0.653
	0.88
	0.0000

	
	Grain vs Zn
	Srivastava et al. 2014
	12
	0.758
	0.479
	1.036
	0.0000

	
	Grain vs Zn
	Muthumanickam et al. 2022
	18
	0.751
	0.531
	0.972
	0.0000

	
	Grain vs Zn
	Ali et al. 2021
	18
	0.736
	0.504
	0.968
	0.0000

	
	Grain vs Zn
	Dass et al. 2017
	11
	0.726
	0.398
	1.054
	0.0000

	
	Grain vs Zn
	Elekhtyar et al. 2023
	24
	0.706
	0.491
	0.92
	0.0000

	
	Grain vs Zn
	Singh et al. 2016
	12
	0.684
	0.337
	1.032
	0.0001

	
	Grain vs Zn
	Fu et al. 2010
	18
	0.662
	0.378
	0.946
	0.0000

	
	Grain vs Zn
	Yogi et al. 2023
	12
	0.655
	0.283
	1.028
	0.0006

	
	Grain vs Zn
	Dheebakaran et al. 2019
	30
	0.642
	0.42
	0.864
	0.0000

	
	Grain vs Zn
	Saudy et al. 2021
	19
	0.628
	0.331
	0.925
	0.0000

	
	Grain vs Zn
	Zulfiqar et al. 2020
	28
	0.628
	0.39
	0.865
	0.0000

	
	Grain vs Zn
	Prakash et al. 2018
	12
	0.623
	0.223
	1.023
	0.0023

	
	Grain vs Zn
	Kandil et al. 2022
	40
	0.611
	0.41
	0.813
	0.0000

	
	Grain vs Zn
	Meena et al. 2018
	16
	0.554
	0.177
	0.931
	0.0040

	
	Grain vs Zn
	Shakeel et al. 2023
	16
	0.548
	0.168
	0.928
	0.0048

	
	Grain vs Zn
	Debnath et al. 2015
	12
	0.524
	0.05
	0.998
	0.0299

	
	Grain vs Zn
	Ramzani et al. 2016
	12
	0.504
	0.016
	0.991
	0.0425

	
	Grain vs Zn
	Yuan et al. 2017
	18
	0.501
	0.122
	0.88
	0.0095

	
	Grain vs Zn
	Haque et al. 2019
	14
	0.491
	0.043
	0.94
	0.0315

	
	Grain vs Zn
	Rashid et al. 2019
	24
	0.483
	0.155
	0.811
	0.0040

	
	Grain vs Zn
	Farooq et al. 2018
	20
	0.458
	0.083
	0.834
	0.0166

	
	Grain vs Zn
	Ram et al. 2016
	36
	0.436
	0.159
	0.712
	0.0021

	
	Grain vs Zn
	Tiwari et al. 1982
	24
	0.435
	0.089
	0.782
	0.0138

	
	Grain vs Zn
	Hafeez et al. 2013
	25
	0.432
	0.092
	0.772
	0.0126

	
	Grain vs Zn
	Sharma et al. 1982
	20
	0.403
	0.005
	0.801
	0.0468

	
	Grain vs Zn
	Mangueze et al. 2018
	18
	0.393
	-0.035
	0.821
	0.0713

	
	Grain vs Zn
	Shivay et al. 2008b
	16
	0.358
	-0.117
	0.832
	0.1397

	
	Grain vs Zn
	Tyagi et al. 2018
	60
	0.321
	0.088
	0.554
	0.0069

	
	Grain vs Zn
	Shah et al. 2023
	16
	0.287
	-0.212
	0.786
	0.2623

	
	Grain vs Zn
	Hazra et al. 2015
	78
	0.16
	-0.061
	0.38
	0.1564

	
	Grain vs Zn
	Marr et al. 1999
	29
	0.108
	-0.272
	0.488
	0.5901

	
	Grain vs Zn
	He et al. 2016
	28
	0.098
	-0.29
	0.487
	0.6320

	
	Grain vs Zn
	Phattarakul et al. 2012
	64
	0.085
	-0.164
	0.334
	0.5140

	
	Grain vs Zn
	Saha et al. 2015
	84
	0.084
	-0.133
	0.3
	0.4580

	
	Grain vs Zn
	Ghasal et al. 2018
	60
	0.029
	-0.23
	0.288
	0.8371

	
	Grain vs Zn
	Naeem et al. 2022
	12
	-0.126
	-0.769
	0.518
	0.7152

	
	Grain vs Zn
	Prom-u-thai et al. 2020
	81
	-0.225
	-0.436
	-0.014
	0.0361

	
	Grain vs Zn
	Srivastava et al. 2009
	12
	-0.233
	-0.851
	0.385
	0.4690

	
	Grain vs Zn
	Guo et al. 2015
	28
	-0.259
	-0.625
	0.107
	0.1660

	
	Grain vs Zn
	Vaid et al. 2020
	32
	-0.277
	-0.613
	0.059
	0.1063

	
	Grain vs Zn
	Mtengeti et al. 2016
	26
	-0.287
	-0.662
	0.088
	0.1338

	
	Grain vs Zn
	Phuphong et al. 2018
	12
	-0.293
	-0.89
	0.304
	0.3414

	
	Grain vs Zn
	Bodeerath et al. 2024
	78
	-0.383
	-0.576
	-0.19
	0.0001

	
	Grain vs Zn
	Islam et al. 2021
	16
	-0.409
	-0.861
	0.044
	0.0766

	
	Grain vs Zn
	Wei et al. 2012
	15
	-0.464
	-0.908
	-0.02
	0.0400

	
	Grain vs Zn
	Jaksomsak et al. 2017
	10
	-0.662
	-1.078
	-0.245
	0.0019

	
	Grain vs Zn
	Zhen et al. 2021
	10
	-0.785
	-1.069
	-0.501
	0.0000

	
	Grain vs Fe
	Ramzani et al. 2016
	12
	0.956
	0.899
	1.012
	0.0000

	
	Grain vs Fe
	Muthumanickam et al. 2022
	18
	0.949
	0.898
	0.999
	0.0000

	
	Grain vs Fe
	Kumar et al. 2017b
	16
	0.942
	0.88
	1.003
	0.0000

	
	Grain vs Fe
	Mehta et al. 2023
	12
	0.898
	0.772
	1.024
	0.0000

	
	Grain vs Fe
	Vijayakumar et al. 2023
	24
	0.86
	0.749
	0.971
	0.0000

	
	Grain vs Fe
	Baral et al. 2023
	12
	0.844
	0.656
	1.032
	0.0000

	
	Grain vs Fe
	Pooniya and Shivay 2013
	24
	0.841
	0.716
	0.966
	0.0000

	
	Grain vs Fe
	Rajput et al. 2024
	10
	0.837
	0.615
	1.059
	0.0000

	
	Grain vs Fe
	Zulfiqar et al. 2021
	28
	0.797
	0.654
	0.94
	0.0000

	
	Grain vs Fe
	Fan et al. 2012
	24
	0.793
	0.634
	0.952
	0.0000

	
	Grain vs Fe
	Saudy et al. 2021
	19
	0.726
	0.494
	0.958
	0.0000

	
	Grain vs Fe
	He et al. 2016 
	28
	0.698
	0.497
	0.899
	0.0000

	
	Grain vs Fe
	Yuan et al. 2017
	18
	0.687
	0.419
	0.954
	0.0000

	
	Grain vs Fe
	Dass et al. 2017
	11
	0.686
	0.318
	1.053
	0.0003

	
	Grain vs Fe
	Fu et al. 2010
	18
	0.341
	-0.106
	0.788
	0.1351

	
	Grain vs Fe
	Naeem et al. 2022
	20
	0.264
	-0.179
	0.706
	0.2452

	
	Grain vs Fe
	Marr et al. 1999
	29
	0.246
	-0.115
	0.607
	0.1829

	
	Grain vs Fe
	Kumar et al. 2020
	14
	0.231
	-0.328
	0.79
	0.4262

	
	Grain vs Fe
	Mtengeti et al. 2016
	26
	0.136
	-0.266
	0.537
	0.5184

	
	Grain vs Fe
	Prom-u-thai et al. 2020
	81
	0.126
	-0.093
	0.344
	0.2628

	
	Grain vs Fe
	Butsai et al. 2022
	24
	0.093
	-0.331
	0.517
	0.6790

	
	Grain vs Fe
	Saha et al. 2015
	84
	-0.45
	-0.624
	-0.277
	0.0000

	
	Grain vs Fe
	Wang et al. 2023
	12
	-0.519
	-0.996
	-0.042
	0.0327

	
	Grain vs protein
	Baral et al. 2023
	12
	0.983
	0.96
	1.005
	0.0000

	
	Grain vs protein
	Shivay et al. 2022
	10
	0.966
	0.917
	1.015
	0.0000

	
	Grain vs protein
	Ramzani et al. 2016
	12
	0.964
	0.918
	1.01
	0.0000

	
	Grain vs protein
	Singh et al. 2023
	20
	0.958
	0.92
	0.997
	0.0000

	
	Grain vs protein
	Kumar et al. 2017b
	16
	0.952
	0.9
	1.003
	0.0000

	
	Grain vs protein
	Gangmei and George 2017
	12
	0.949
	0.883
	1.014
	0.0000

	
	Grain vs protein
	Pal and Sasmal 2020
	16
	0.938
	0.873
	1.003
	0.0000

	
	Grain vs protein
	Mehta et al. 2023
	12
	0.936
	0.854
	1.017
	0.0000

	
	Grain vs protein
	Ali et al. 2021
	18
	0.932
	0.865
	0.998
	0.0000

	
	Grain vs protein
	Bana et al. 2022
	11
	0.911
	0.793
	1.029
	0.0000

	
	Grain vs protein
	Kheyri et al. 2018
	16
	0.911
	0.818
	1.003
	0.0000

	
	Grain vs protein
	Pooniya and Shivay 2013
	24
	0.9
	0.818
	0.981
	0.0000

	
	Grain vs protein
	Prakash et al. 2018
	12
	0.885
	0.744
	1.027
	0.0000

	
	Grain vs protein
	Meena et al. 2018
	16
	0.831
	0.662
	0.999
	0.0000

	
	Grain vs protein
	Sultana et al. 2021
	10
	0.825
	0.588
	1.062
	0.0000

	
	Grain vs protein
	Kandil et al. 2022
	40
	0.817
	0.71
	0.924
	0.0000

	
	Grain vs protein
	Saudy et al. 2021
	19
	0.805
	0.632
	0.977
	0.0000

	
	Grain vs protein
	Elekhtyar et al. 2023
	24
	0.755
	0.571
	0.939
	0.0000

	
	Grain vs protein
	Hossain et al. 2008
	54
	0.754
	0.635
	0.872
	0.0000

	
	Grain vs protein
	Zulfiqar et al. 2021
	14
	0.732
	0.458
	1.006
	0.0000

	
	Grain vs protein
	Ali et al. 2014
	50
	0.611
	0.432
	0.79
	0.0000

	
	Grain vs protein
	Rajput et al. 2024
	10
	0.611
	0.147
	1.075
	0.0099

	
	Grain vs protein
	Haque et al. 2019
	14
	0.484
	0.032
	0.937
	0.0357

	
	Grain vs protein
	Marr et al. 1999
	29
	0.41
	0.09
	0.73
	0.0120

	
	Grain vs protein
	Mi et al. 2023
	12
	0.28
	-0.323
	0.882
	0.3690

	
	Grain vs protein
	Yuan et al. 2017
	18
	0.176
	-0.315
	0.666
	0.4926

	
	Grain vs protein
	Guo et al. 2015
	28
	0.026
	-0.366
	0.417
	0.9057

	
	Grain vs protein
	Fahad et al. 2015
	50
	-0.07
	-0.354
	0.215
	0.6439

	
	Grain vs protein
	Mtengeti et al. 2016
	26
	-0.334
	-0.697
	0.029
	0.0706

	
	Grain vs protein
	Chandra et al. 2023
	29
	-0.5
	-0.788
	-0.212
	0.0007

	
	Grain vs protein
	Wang et al. 2023
	12
	-0.646
	-1.027
	-0.265
	0.0009

	
	Grain vs protein
	Jaksomsak et al. 2017
	10
	-0.737
	-1.075
	-0.399
	0.0000

	
	Grain vs phytate
	Wang et al. 2023
	12
	0.209
	-0.416
	0.834
	0.5233

	
	Grain vs phytate
	Saha et al. 2015
	84
	0.116
	-0.099
	0.331
	0.2934

	
	Grain vs phytate
	Bodeerath et al. 2024
	78
	-0.173
	-0.393
	0.046
	0.1220

	
	Grain vs phytate
	Fu et al. 2010
	18
	-0.252
	-0.726
	0.221
	0.3006

	
	Grain vs phytate
	Tyagi et al. 2018
	60
	-0.302
	-0.538
	-0.066
	0.0120

	
	Grain vs phytate
	Zulfiqar et al. 2021
	28
	-0.482
	-0.783
	-0.181
	0.0018

	
	Grain vs phytate
	Vaid et al. 2020
	32
	-0.81
	-0.935
	-0.684
	0.0000

	
	Grain vs phytate
	Ramzani et al. 2016
	12
	-0.939
	-1.016
	-0.861
	0.0000

	
	Zn vs Fe
	Baral et al. 2023
	12
	0.988
	0.973
	1.003
	0.0000

	
	Zn vs Fe
	Kumar et al. 2017
	14
	0.974
	0.945
	1.004
	0.0000

	
	Zn vs Fe
	Naik & Das 2008
	16
	0.968
	0.934
	1.002
	0.0000

	
	Zn vs Fe
	Wei et al. 2012
	15
	0.872
	0.737
	1.008
	0.0000

	
	Zn vs Fe
	Vijayakumar et al. 2023
	24
	0.823
	0.685
	0.961
	0.0000

	
	Zn vs Fe
	Dass et al. 2017
	11
	0.82
	0.594
	1.047
	0.0000

	
	Zn vs Fe
	Marr et al. 1999
	29
	0.804
	0.669
	0.94
	0.0000

	
	Zn vs Fe
	Pooniya & Shivay 2015
	16
	0.8
	0.604
	0.996
	0.0000

	
	Zn vs Fe
	Muthumanickam et al. 2022
	18
	0.763
	0.551
	0.974
	0.0000

	
	Zn vs Fe
	Mehta et al. 2023
	12
	0.713
	0.392
	1.034
	0.0000

	
	Zn vs Fe
	Pooniya and Shivay 2013
	24
	0.654
	0.409
	0.899
	0.0000

	
	Zn vs Fe
	Yuan et al. 2017
	18
	0.627
	0.319
	0.934
	0.0001

	
	Zn vs Fe
	Pooniya & Shivay 2015
	16
	0.626
	0.296
	0.957
	0.0002

	
	Zn vs Fe
	Naeem et al. 2022
	12
	0.617
	0.213
	1.022
	0.0028

	
	Zn vs Fe
	Marques et al. 2021
	60
	0.582
	0.411
	0.754
	0.0000

	
	Zn vs Fe
	Ramzani et al. 2016
	12
	0.579
	0.144
	1.013
	0.0091

	
	Zn vs Fe
	Saudy et al. 2021
	19
	0.568
	0.235
	0.9
	0.0009

	
	Zn vs Fe
	He et al. 2016 
	28
	0.479
	0.176
	0.781
	0.0020

	
	Zn vs Fe
	Reis et al. 2018
	12
	0.125
	-0.518
	0.768
	0.7157

	
	Zn vs Fe
	Fu et al. 2010
	18
	0.099
	-0.402
	0.6
	0.7121

	
	Zn vs Fe
	Saha et al. 2015
	84
	-0.016
	-0.234
	0.202
	0.8948

	
	Zn vs Fe
	Kumar et al. 2020
	14
	-0.039
	-0.629
	0.551
	0.9055

	
	Zn vs Fe
	Mtengeti et al. 2016
	26
	-0.144
	-0.544
	0.257
	0.4914

	
	Zn vs Fe
	Prom-u-thai et al. 2020
	81
	-0.158
	-0.375
	0.058
	0.1518

	
	Zn vs Fe
	Anusha et al. 2021
	52
	-0.198
	-0.467
	0.071
	0.1487

	
	Zn vs Fe
	Wang et al. 2023
	12
	-0.553
	-1.007
	-0.1
	0.0166

	
	Zn vs phytate
	Wei et al. 2012
	15
	0.872
	0.737
	1.008
	0.0000

	
	Zn vs phytate
	Bodeerath et al. 2024
	158
	0.702
	0.622
	0.782
	0.0000

	
	Zn vs phytate
	Wang et al. 2023
	24
	0.496
	0.173
	0.818
	0.0026

	
	Zn vs phytate
	Jaksomsak et al. 2018
	16
	0.311
	-0.18
	0.802
	0.2165

	
	Zn vs phytate
	Khampuang et al. 2020
	40
	0.239
	-0.065
	0.542
	0.1240

	
	Zn vs phytate
	Vaid et al. 2020
	32
	0.179
	-0.173
	0.532
	0.3232

	
	Zn vs phytate
	Fu et al. 2010
	18
	-0.029
	-0.535
	0.477
	0.9174

	
	Zn vs phytate
	Saha et al. 2015
	84
	-0.446
	-0.62
	-0.271
	0.0000

	
	Zn vs phytate
	Tyagi et al. 2018
	60
	-0.49
	-0.687
	-0.292
	0.0000

	
	Zn vs phytate
	Ramzani et al. 2016
	12
	-0.582
	-1.014
	-0.15
	0.0083

	
	Zn vs phytate
	Bughio et al. 2021
	16
	-0.81
	-0.997
	-0.624
	0.0000

	
	Zn vs protein
	Singh et al. 2023
	20
	0.995
	0.99
	1
	0.0000

	
	Zn vs protein
	Wei et al. 2012
	15
	0.907
	0.807
	1.007
	0.0000

	
	Zn vs protein
	Saudy et al. 2021
	19
	0.906
	0.817
	0.994
	0.0000

	
	Zn vs protein
	Baral et al. 2023
	12
	0.888
	0.749
	1.026
	0.0000

	
	Zn vs protein
	Kheyri et al. 2018
	16
	0.882
	0.762
	1.003
	0.0000

	
	Zn vs protein
	Bana et al. 2022
	11
	0.853
	0.663
	1.042
	0.0000

	
	Zn vs protein
	Meena et al. 2018
	16
	0.85
	0.699
	1.001
	0.0000

	
	Zn vs protein
	Pooniya & Shivay 2015
	16
	0.841
	0.683
	1
	0.0000

	
	Zn vs protein
	Ali et al. 2021
	18
	0.827
	0.666
	0.987
	0.0000

	
	Zn vs protein
	Soltani et al. 2016
	12
	0.825
	0.615
	1.034
	0.0000

	
	Zn vs protein
	Pooniya and Shivay 2013
	24
	0.811
	0.665
	0.957
	0.0000

	
	Zn vs protein
	Mehta et al. 2023
	12
	0.795
	0.555
	1.035
	0.0000

	
	Zn vs protein
	Jaksomsak et al. 2017
	10
	0.79
	0.512
	1.068
	0.0000

	
	Zn vs protein
	Shivay et al. 2022
	10
	0.772
	0.472
	1.071
	0.0000

	
	Zn vs protein
	Marr et al. 1999
	29
	0.769
	0.612
	0.926
	0.0000

	
	Zn vs protein
	Kumar et al. 2017
	15
	0.744
	0.491
	0.997
	0.0000

	
	Zn vs protein
	Guo et al. 2015
	28
	0.743
	0.567
	0.918
	0.0000

	
	Zn vs protein
	Elekhtyar et al. 2023
	24
	0.734
	0.536
	0.931
	0.0000

	
	Zn vs protein
	Yuan et al. 2017
	18
	0.727
	0.489
	0.966
	0.0000

	
	Zn vs protein
	Kandil et al. 2022
	40
	0.594
	0.385
	0.802
	0.0000

	
	Zn vs protein
	Mi et al. 2023
	12
	0.568
	0.126
	1.011
	0.0118

	
	Zn vs protein
	Mtengeti et al. 2016
	26
	0.549
	0.263
	0.834
	0.0002

	
	Zn vs protein
	Debnath et al. 2015
	12
	0.524
	0.05
	0.998
	0.0299

	
	Zn vs protein
	Ramzani et al. 2016
	12
	0.52
	0.042
	0.997
	0.0325

	
	Zn vs protein
	Hossain et al. 2008
	54
	0.482
	0.271
	0.693
	0.0000

	
	Zn vs protein
	Prakash et al. 2018
	12
	0.436
	-0.093
	0.965
	0.1058

	
	Zn vs protein
	Anago et al. 2023
	10
	0.432
	-0.17
	1.035
	0.1604

	
	Zn vs protein
	Fahad et al. 2015
	50
	0.319
	0.062
	0.576
	0.0147

	
	Zn vs protein
	Reis et al. 2018
	12
	0.29
	-0.308
	0.889
	0.3471

	
	Zn vs protein
	Haque et al. 2019
	14
	0.197
	-0.371
	0.765
	0.5068

	
	Zn vs protein
	Saleque et al. 2001
	25
	0.054
	-0.362
	0.471
	0.8103

	
	Zn vs protein
	Chandra et al. 2023
	29
	-0.218
	-0.584
	0.148
	0.2465

	
	Zn vs protein
	Wang et al. 2023
	12
	-0.481
	-0.983
	0.022
	0.0605

	
	Fe vs protein
	Ramzani et al. 2016
	12
	0.954
	0.895
	1.013
	0.0000

	
	Fe vs protein
	Wei et al. 2012
	15
	0.934
	0.861
	1.006
	0.0000

	
	Fe vs protein
	Baral et al. 2023
	12
	0.913
	0.804
	1.022
	0.0000

	
	Fe vs protein
	Kumar et al. 2017b
	16
	0.898
	0.793
	1.003
	0.0000

	
	Fe vs protein
	Mehta et al. 2023
	12
	0.866
	0.702
	1.029
	0.0000

	
	Fe vs protein
	Zulfiqar et al. 2021
	14
	0.837
	0.66
	1.014
	0.0000

	
	Fe vs protein
	Pooniya and Shivay 2013
	24
	0.811
	0.665
	0.957
	0.0000

	
	Fe vs protein
	Kumar et al. 2017
	14
	0.81
	0.606
	1.013
	0.0000

	
	Fe vs protein
	Saudy et al. 2021
	19
	0.776
	0.58
	0.971
	0.0000

	
	Fe vs protein
	Marr et al. 1999
	29
	0.568
	0.307
	0.828
	0.0000

	
	Fe vs protein
	Yuan et al. 2017
	18
	0.521
	0.152
	0.889
	0.0057

	
	Fe vs protein
	Gandebe et al. 2017a
	80
	0.49
	0.32
	0.66
	0.0000

	
	Fe vs protein
	Rajput et al. 2024
	10
	0.326
	-0.336
	0.988
	0.3394

	
	Fe vs protein
	Wang et al. 2023
	12
	0.279
	-0.323
	0.882
	0.3697

	
	Fe vs protein
	Reis et al. 2018
	12
	-0.151
	-0.789
	0.487
	0.6559

	
	Fe vs protein
	Mtengeti et al. 2016
	26
	-0.315
	-0.683
	0.054
	0.0939

	
	Fe vs phytate
	Wei et al. 2012
	15
	0.862
	0.716
	1.007
	0.0000

	
	Fe vs phytate
	Saha et al. 2015
	84
	0.201
	-0.008
	0.41
	0.0594

	
	Fe vs phytate
	Wang et al. 2023
	12
	0.023
	-0.63
	0.676
	0.9496

	
	Fe vs phytate
	Fu et al. 2010
	18
	-0.166
	-0.658
	0.326
	0.5195

	
	Fe vs phytate
	Zulfiqar et al. 2021
	28
	-0.809
	-0.944
	-0.674
	0.0000

	
	Fe vs phytate
	Ramzani et al. 2016
	12
	-0.987
	-1.004
	-0.97
	0.0000

	
	Protein vs phytate
	Wei et al. 2012
	15
	0.739
	0.483
	0.996
	0.0000

	
	Protein vs phytate
	Wang et al. 2023
	12
	-0.648
	-1.027
	-0.268
	0.0009

	
	Protein vs phytate
	Ramzani et al. 2016
	12
	-0.94
	-1.016
	-0.864
	0.0000

	
	Protein vs phytate
	Zulfiqar et al. 2021
	14
	-0.956
	-1.007
	-0.904
	0.0000





Table S4. G×E interactions and heritability
Table S4a. Estimates of the explained variation (in %) attributed to the genotype, environment and the G×E interaction effects on grain yield, grain Zn, Fe and protein concentrations
	Variable
	 
	 
	Explained
	variation (in %)
	

	
	Reference
	Country [G, E]†
	Genotype
	Environment
	G×E

	Grain yield
	Naik et al. (2020)
	India [68; 14]
	NA**
	NA**
	NA**

	
	Behera et al. (2023)
	India [21; 5]
	10.5**
	72.1**
	9.2**

	
	Das et al. (2010)
	India [11; 12]
	1.7***
	30.5**
	13.1**

	
	Nassir and Ariyo (2011)
	Nigeria [11; 4]
	28.5**
	47.6**
	24.0**

	
	Premi et al. (2023)
	India [11; 3]
	4.2*
	1.2*
	7.1*

	
	Susanto et al. (2015)
	Indonesia [21; 5]
	10.3**
	67.7**
	8.8***

	
	Zhang et al. (2019)
	China [8, 9]
	33.8**
	25.7**
	37.7**

	
	
	
	
	
	

	Grain Zn
	Naik et al. (2020)
	India [68; 14]
	**
	NS
	**

	
	Ajmera et al. (2017)
	India [37; 3]
	19.8**
	59.7**
	13.1**

	
	Behera et al. (2023)
	India [21; 5]
	27.9**
	53.0**
	11.2**

	
	Pandian et al. (2011)
	India [17; 3]
	21.9**
	0.4**
	60.8**

	
	Premi et al. (2023)
	India [11; 3]
	58.3**
	3.3*
	3.6*

	
	
	
	
	
	

	Grain Fe
	Naik et al. (2020)
	India [68; 14]
	**
	NS
	**

	
	Ajmera et al. (2017)
	India [37; 3]
	52.9**
	0.61**
	36.8**

	
	Pandian et al. (2011)
	India [17; 3]
	26.3**
	10.6**
	54.5**

	
	Premi et al. (2023)
	India [11; 3]
	4.5*
	32.2**
	0.14*


† G and E in brackets represent the number of genotypes and environments (locations or location x year in some studies); ** represents significant effect (P < 0.05) of genotype, environment or the GxE interaction
NA = estimate not available, but significance of results were reported; NS = not significant

Table S4b. Broad-sense heritability estimates (H2) of grain yield, gran Zn, Fe and protein concentrations of in rice gleaned from the literature 
	Variable
	Reference
	Country [G, E]†
	Heritability (H2)

	Grain yield
	Maurya et al. (2022)
	India [19, 2]
	0.129

	
	Rohaeni et al. (2023)
	Indonesia [35, 2]
	0.130

	
	Naik et al. (2020)
	India [68 , 12]
	0.220

	
	Naik et al. (2020)
	India [68 , 12]
	0.250

	
	Ullah et al. (2023)
	Bangladesh [5, 1]
	0.267

	
	Naik et al. (2020)
	India [68 , 12]
	0.590

	
	Naik et al. (2020)
	India [68 , 12]
	0.630

	
	Calayugan (2020)
	United States [2, 3]
	0.660

	
	Naik et al. (2020)
	India [68 , 12]
	0.720

	
	Naik et al. (2020)
	India [68 , 12]
	0.770

	
	Naik et al. (2020)
	India [68 , 12]
	0.770

	
	Calayugan (2020)
	United States [2, 3]
	0.780

	
	Gande et al. (2013)
	India [8, 2]
	0.786

	
	Gande et al. 2013 
	India [160, 1]
	0.786

	
	Sala et al. (2015)
	India [X, 2]
	0.799

	
	Naik et al. (2020)
	India [68 , 12]
	0.800

	
	Naik et al. (2020)
	India [68 , 12]
	0.800

	
	Calayugan (2020)
	United States [2, 3]
	0.830

	
	Sala et al. (2015)
	India [X, 2]
	0.865

	
	Bekele et al. 2013 
	India [6, 1]
	0.884

	
	Bekele et al. (2013)
	India [15, 2]
	0.884

	
	Naik et al. (2020)
	India [68 , 12]
	0.890

	
	Gande et al. (2013)
	India [8, 2]
	0.891

	
	Gande et al. 2013 
	India [160, 1]
	0.891

	
	Sala et al. (2015)
	India [X, 2]
	0.895

	
	Naik et al. (2020)
	India [68 , 12]
	0.900

	
	Bekele et al. 2013 
	India [6, 1]
	0.910

	
	Bekele et al. (2013)
	India [15, 2]
	0.910

	
	Sala et al. (2015)
	India [X, 2]
	0.912

	
	Naik et al. (2020)
	India [68 , 12]
	0.920

	
	Naik et al. (2020)
	India [68 , 12]
	0.940

	
	Naik et al. (2020)
	India [68 , 12]
	0.950

	Grain Zn concentration
	Maurya et al. (2022)
	India [19, 2]
	0.077

	
	Garcia-Oliveira et al. 2009 
	China [85, 1]
	0.406

	
	Garcia et al. (2009)
	China [X, 2]
	0.406

	
	Pinson et al. (2015)
	United States [10, 2]
	0.470

	
	Pinson et al. (2015)
	United States [10, 2]
	0.500

	
	Naik et al. (2020)
	India [68 , 12]
	0.510

	
	Naik et al. (2020)
	India [68 , 12]
	0.560

	
	Norton et al. 2010 
	China [?, 1]
	0.679

	
	Norton et al. (2009)
	China [3, 1]
	0.679

	
	Thongbam et al. 2012 
	India [18, 1]
	0.706

	
	Calayugan (2020)
	United States [2, 3]
	0.710

	
	Gande et al. 2013 
	India [160, 1]
	0.750

	
	Calayugan (2020)
	United States [2, 3]
	0.750

	
	Naik et al. (2020)
	India [68 , 12]
	0.750

	
	Gande et al. (2013)
	India [8, 2]
	0.750

	
	Susanto 2008 
	Indonesia [, ]
	0.764

	
	Calayugan (2020)
	United States [2, 3]
	0.780

	
	Bekele et al. 2013 
	India [6, 1]
	0.783

	
	Bekele et al. (2013)
	India [15, 2]
	0.783

	
	Naik et al. (2020)
	India [68 , 12]
	0.790

	
	Bekele et al. (2013)
	India [15, 2]
	0.806

	
	Rohaeni et al. (2023)
	Indonesia [35, 2]
	0.830

	
	Gande et al. 2013 
	India [160, 1]
	0.857

	
	Gande et al. (2013)
	India [8, 2]
	0.857

	
	Babu et al. 2012 
	India
	0.858

	
	Bekele et al. 2013 
	India [6, 1]
	0.859

	
	Naik et al. (2020)
	India [68 , 12]
	0.870

	
	Naik et al. (2020)
	India [68 , 12]
	0.870

	
	Sala et al. (2013)
	India [4-8]
	0.870

	
	Sala et al. (2015)
	India [X, 2]
	0.870

	
	Naik et al. (2020)
	India [68 , 12]
	0.880

	
	Sala et al. (2013)
	India [4-8]
	0.895

	
	Naik et al. (2020)
	India [68 , 12]
	0.900

	
	Naik et al. (2020)
	India [68 , 12]
	0.900

	
	Naik et al. (2020)
	India [68 , 12]
	0.910

	
	Naik et al. (2020)
	India [68 , 12]
	0.910

	
	Sala et al. (2013)
	India [4-8]
	0.926

	
	Naik et al. (2020)
	India [68 , 12]
	0.940

	
	Sala et al. (2013)
	India [4-8]
	0.941

	
	Sala et al. (2013)
	India [4-8]
	0.942

	
	Sala et al. (2015)
	India [X, 2]
	0.942

	
	Sala et al. (2013)
	India [4-8]
	0.958

	
	Sala et al. (2015)
	India [X, 2]
	0.958

	
	Naik et al. (2020)
	India [68 , 12]
	0.960

	
	Samak et al. 2011 
	India [1, 1]
	0.961

	
	Zhang et al. 2004 
	
	0.969

	
	Sala et al. (2013)
	India [4-8]
	0.969

	
	Sala et al. (2015)
	India [X, 2]
	0.969

	
	Sala et al. (2013)
	India [4-8]
	0.980

	
	Ullah et al. (2023)
	Bangaladesh [5, 1]
	0.984

	
	Naik et al. (2020)
	India [68 , 12]
	0.990

	
	Samak et al. 2011 
	India [1, 1]
	0.995

	Grain Fe concentration
	Maurya et al. (2022)
	India [19, 2]
	0.068

	
	Norton et al. (2009)
	China [3, 1]
	0.091

	
	Norton et al. 2010 
	China [?, 1]
	0.091

	
	Naik et al. (2020)
	India [68 , 12
	0.100

	
	Calayugan (2020)
	United States [2, 3]
	0.220

	
	Calayugan (2020)
	United States [2, 3]
	0.350

	
	Naik et al. (2020)
	India [68 , 12
	0.380

	
	Naik et al. (2020)
	India [68 , 12
	0.400

	
	Naik et al. (2020)
	India [68 , 12
	0.400

	
	Naik et al. (2020)
	India [68 , 12
	0.420

	
	Pinson et al. (2015)
	United States [10, 2]
	0.470

	
	Calayugan (2020)
	United States [2, 3]
	0.490

	
	Naik et al. (2020)
	India [68 , 12
	0.500

	
	Naik et al. (2020)
	India [68 , 12
	0.500

	
	Naik et al. (2020)
	India [68 , 12
	0.590

	
	Naik et al. (2020)
	India [68 , 12
	0.600

	
	Thongbam et al. (2012)
	India [18, 1]
	0.626

	
	Naik et al. (2020)
	India [68 , 12
	0.660

	
	Naik et al. (2020)
	India [68 , 12
	0.670

	
	Naik et al. (2020)
	India [68 , 12
	0.700

	
	Garcia et al. (2009)
	China [X, 2]
	0.728

	
	Garcia-Oliveira et al. 2009 
	China [85, 1]
	0.728

	
	Pinson et al. (2015)
	United States [10, 2]
	0.730

	
	Naik et al. (2020)
	India [68 , 12
	0.880

	
	Naik et al. (2020)
	India [68 , 12
	0.900

	
	Rohaeni et al. (2023)
	Indonesia [35, 2]
	0.910

	
	Ullah et al. (2023)
	Bangaladesh [5, 1]
	0.921

	
	Sala et al. (2013)
	India [4, 2]
	0.934

	
	Sala et al. (2015)
	India [4, 2]
	0.934

	
	Samak et al. 2011 
	India [1, 1]
	0.950

	
	Sala et al. (2013)
	India [4, 2]
	0.952

	
	Samak et al. 2011 
	India [1, 1]
	0.953

	
	Sala et al. (2013)
	India [4, 2]
	0.964

	
	Sala et al. (2013)
	India [4, 2]
	0.973

	
	Sala et al. (2015)
	India [4, 2]
	0.973

	
	Sala et al. (2013)
	India [4, 2]
	0.977

	
	Sala et al. (2013)
	India [4, 2]
	0.995

	
	Sala et al. (2015)
	India [4, 2]
	0.995

	
	Sala et al. (2013)
	India [4, 2]
	0.996

	
	Sala et al. (2013)
	India [4, 2]
	0.999

	
	Sala et al. (2015)
	India [4, 2]
	0.999

	Grain protein concentration
	Samak et al. 2011 
	India [1, 1]
	0.433

	
	Samak et al. 2011 
	India [1, 1]
	0.478

	
	Thongbam et al. (2012)
	India [18, 1]
	0.810





Table S5. Differences between ecotypes
[bookmark: _heading=h.30j0zll]Table S5. Differences between admixtures, aromatic, AUS, Indica, and Japonica rice cultivars in harvest index, grain yield, grain Zn, Fe, and protein concentrations of brown rice. The two-tailed P value based on a Kruskal–Wallis test of equality of medians is also provided.
	
	
	Median
	Lower CI
	Upper CI
	P value for equality of medians

	Harvest index
	Admixtures (106)
	43.6
	42.7
	44.1
	<0.001

	
	Aromatic (501)
	32.4
	32.0
	33.4
	

	
	AUS (45)
	46.9
	43.4
	50.8
	

	
	Indica (930)
	43.2
	42.4
	44.0
	

	
	Japonica (35)
	42.6
	34.1
	49.1
	

	
	Unknown (905)
	42.6
	42.2
	43.3
	

	
	
	
	
	
	

	Grain yield (t ha-1)
	Admixtures (111)
	6.1
	5.2
	8.0
	<0.001

	
	Aromatic (648)
	4.3
	4.1
	4.4
	

	
	AUS (59)
	3.2
	2.8
	3.6
	

	
	Indica (1185)
	3.3
	3.1
	3.4
	

	
	Japonica (155)
	8.3
	7.7
	8.8
	

	
	Unknown (2150)
	4.5
	4.4
	4.6
	

	
	
	
	
	
	

	[bookmark: _heading=h.1fob9te]Grain Zn (mg kg-1)
	Admixtures (378)
	27.2
	26.5
	27.7
	<0.001

	
	Aromatic (757)
	25.0
	24.2
	25.5
	

	
	AUS (348)
	27.7
	27.0
	28.4
	

	
	Indica (1504)
	23.9
	23.6
	24.3
	

	
	Japonica (1676)
	27.5
	27.3
	27.7
	

	
	Unknown (3583)
	24.2
	24.0
	24.6
	

	
	
	
	
	
	

	Grain Fe (mg kg-1)
	Admixtures (349)
	11.6
	11.3
	11.8
	<0.001

	
	Aromatic (357)
	12.2
	11.9
	12.6
	

	
	AUS (335)
	10.9
	10.7
	11.1
	

	
	Indica (1373)
	10.7
	10.6
	10.8
	

	
	Japonica (596)
	12.4
	12.3
	12.6
	

	
	Unknown (1814)
	12.1
	12.0
	12.3
	

	
	
	
	
	
	

	Grain protein (%)
	Admixtures (92)
	8.5
	8.3
	8.8
	<0.001

	
	Aromatic (273)
	7.9
	7.7
	8.3
	

	
	AUS (55)
	8.2
	8.1
	8.5
	

	
	Indica (189)
	8.0
	7.9
	8.3
	

	
	Japonica (266)
	8.4
	8.2
	8.6
	

	
	Unknown (510)
	7.7
	7.6
	7.9
	


Two or more medians are deemed significantly different if their 95% confidence intervals do not overlap and the Kruskal-Wallis test of equality of medians produces P <0.05




Table S6. Treatment groups used in meta-analysis 

[bookmark: _Hlk225345523]Table S6. Treatment groups, the number of studies, and total number of observations available for meta-analysis 
	Treatment code
	Description
	No. studies
	No. observations

	Znsoil
	Soil application of zinc
	93
	1013

	Znfoliar
	Foliar application of zinc
	67
	661

	Znsoil+Znfoliar
	Soil application of zinc + foliar application of zinc
	23
	358

	Manures
	Application of livestock manure or green manure
	18
	81

	LowN
	N application rates lower than the recommended rate
	16
	43

	Znseed
	Seed treatment with zinc
	13
	62

	Fesoil
	Soil application of iron
	12
	67

	Fefoliar
	Foliar application of iron
	11
	39

	HighN
	N application rates higher than the recommended
	9
	51

	Znfoliar+Fefoliar
	Foliar application of zinc + Foliar application of iron
	8
	50

	Sefoliar
	Foliar application of selenium
	7
	92

	Znsoil+Fesoil
	Soil application of zinc + soil application of iron
	6
	23

	GPR/ZnSolB
	Growth promoting rhizobacteria/Zinc solubilizing bacteria
	5
	113

	WithoutP
	Without P fertilizer application
	4
	645

	Feseed
	Seed treatment with iron
	3
	11

	Fesoil+Fefoliar
	Soil + foliar application of iron
	3
	14

	Znsoil+Fefoliar
	Soil application of zinc + foliar application of iron
	2
	21

	Noinput
	No external input applied
	31
	136

	Other*
	Application or omission of other macronutrients (e.g., P, K, S, etc.) and micronutrients (e.g., B, I, Mn, Se, etc.) 
	39
	187


* Treatments reported in fewer than 3 studies were placed under the rubric “Other”
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