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Figure S1. Publication-balanced descriptive responses across the 15 principal crop-performance endpoints. Filled diamonds and solid lines show cross-publication medians and interquartile ranges (IQRs) for all descriptive publications; open diamonds and dashed lines show corresponding results within the weighted-source subset. Pale diamonds represent individual publication medians. Right-hand counts give the numbers of publications (k all | k weighted). IQRs are descriptive, not confidence intervals. The x-axis displays −50% to +100%, with off-scale values capped.
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Figure S2. Exploratory descriptive responses for 25 additional crop-performance endpoints not included in the main results table. Panels (a) and (b) contain the first 13 and remaining 12 endpoints, respectively, ordered by the number of contributing publications. Filled diamonds represent publication-balanced median percentage changes, horizontal lines indicate interquartile ranges, and pale diamonds represent publication-level endpoint medians. The right-hand counts denote publications (k) and comparisons (n). The displayed range is −50% to +100%; intervals are descriptive, not 95% confidence intervals.
[image: ]
Figure S3. Sensitivity of pooled crop-performance responses to the inclusion of reconstructed sampling variances. Diamonds show multilevel REML percentage changes and horizontal lines show 95% publication-clustered CR2 confidence intervals for the full eligible variance-bearing set and the subset with direct variance information only. Estimates are shown for harvested yield, shoot dry biomass, plant height and aboveground potassium uptake. This comparison assesses sensitivity to variance provenance and does not replace the primary analysis.
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Figure S4. Exploratory publication-level funnel visualisations for (a) harvested yield and (b) shoot dry biomass. Each point represents a publication-level median effect plotted against its median sampling standard error on the lnRR scale. The vertical dashed line represents no change relative to the control. These plots provide a visual assessment of distributional asymmetry only and are not formal tests of publication bias.
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Figure S5. Harvested-yield responses grouped by reported rock incorporation depth. Diamonds and horizontal lines represent subgroup-specific multilevel REML percentage changes and 95% publication-clustered CR2 confidence intervals; pale symbols show publication-level responses. Labels give contributing publications (s) and comparisons (n). The display is visually limited to −50% to +50%, with any off-scale responses capped at the boundary. Incorporation-depth subgroup estimates are shown only for categories supported by at least three independent publication clusters and five comparisons. The shallow incorporation category (≤5 cm; s = 2, n = 4) was excluded from subgroup estimation because of insufficient evidence. Incorporation depth was quantified for 11 publication clusters (26 comparisons), while depth information was unavailable or unquantified for the remaining 11 clusters (65 comparisons).
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Figure S6. Experimental co-measurement network of crop-performance responses. (a) Nodes represent outcome families; k denotes independent publications reporting each family. Connecting lines represent publications measuring both families in the same experiment, with line width proportional to publication counts; orange links involve harvested yield. (b) Number of independent publications measuring harvested yield alongside each outcome family. Co-measurement is not evidence of a causal mechanism.





Supplementary tables
Table S1. Publication-balanced descriptive changes for the 15 principal crop-performance endpoints.
	Endpoint
	k all | weighted
	n all | weighted
	All publications: median (IQR), %
	Weighted-source: median (IQR), %

	Harvested yield
	55 | 22
	381 | 91
	+14.8 (+7.4 to +35.0)
	+14.6 (+8.9 to +25.9)

	Shoot dry biomass
	49 | 26
	439 | 170
	+13.8 (+2.8 to +34.9)
	+10.1 (+2.7 to +25.3)

	Root dry biomass
	20 | 11
	130 | 50
	+15.7 (+0.9 to +26.9)
	+3.6 (-13.5 to +24.1)

	Total dry biomass
	9 | 5
	111 | 27
	+35.1 (+9.3 to +58.0)
	+9.3 (+3.6 to +52.5)

	Plant height
	34 | 14
	470 | 141
	+6.0 (-1.1 to +20.8)
	+4.3 (-0.4 to +20.8)

	Stem diameter
	16 | 6
	195 | 40
	+17.2 (+1.8 to +81.0)
	+53.8 (+24.7 to +74.9)

	Leaf area
	6 | 5
	46 | 22
	+5.6 (-1.0 to +10.7)
	+3.5 (-2.4 to +28.1)

	Aboveground K uptake
	34 | 9
	375 | 70
	+38.5 (+6.7 to +75.2)
	+36.2 (+29.4 to +45.1)

	Aboveground P concentration
	18 | 8
	101 | 31
	-10.7 (-17.9 to +7.7)
	-14.3 (-16.0 to +2.3)

	Aboveground K concentration
	25 | 9
	183 | 48
	+4.3 (+0.4 to +9.6)
	+5.4 (+0.4 to +18.2)

	Aboveground Mg concentration
	17 | 9
	131 | 70
	+3.9 (-4.7 to +11.6)
	+7.5 (-0.4 to +11.6)

	Aboveground Ca concentration
	14 | 8
	69 | 15
	+4.3 (+2.1 to +7.8)
	+6.7 (+4.8 to +8.2)

	Leaf K concentration
	15 | 7
	109 | 35
	+2.8 (-3.1 to +24.7)
	+24.9 (-0.7 to +32.7)

	Leaf Mg concentration
	11 | 5
	83 | 37
	+1.0 (-9.8 to +21.1)
	+5.9 (+1.7 to +38.5)

	Leaf Ca concentration
	10 | 5
	67 | 37
	+6.6 (-0.6 to +12.3)
	+6.4 (+1.0 to +13.4)


Note. All results are descriptive publication-balanced medians calculated after hierarchical aggregation within experiments and publications. The weighted-source column is a descriptive summary of publications contributing to the REML–CR2 models; it is not the inverse-variance-weighted pooled model estimate. IQR denotes the 25th–75th percentile range across publication medians. k and n denote publications and treatment–control comparisons, respectively.
Table S2. Exploratory descriptive changes for 25 additional endpoints with at least five contributing publications.
	Endpoint
	k
	n
	Median (IQR), %
	Positive publications (%)

	Aboveground phosphorus uptake
	14
	143
	+34.2 (-1.3 to +53.9)
	71

	Aboveground magnesium uptake
	10
	119
	+12.1 (+5.5 to +32.3)
	90

	Harvested-part potassium concentration
	10
	59
	+7.0 (+2.4 to +18.4)
	90

	Grain weight
	10
	39
	+6.8 (+4.9 to +14.7)
	80

	Leaf number
	9
	85
	+2.9 (-0.4 to +10.5)
	56

	Aboveground calcium uptake
	9
	69
	+21.7 (+7.2 to +108.4)
	89

	Leaf phosphorus concentration
	9
	51
	-14.3 (-22.5 to +5.8)
	44

	Leaf dry biomass
	9
	48
	+6.8 (+4.7 to +34.9)
	89

	Root length
	8
	74
	+5.2 (+1.9 to +10.5)
	88

	Leaf silicon concentration
	8
	45
	+19.8 (+14.8 to +25.2)
	88

	Aboveground silicon concentration
	8
	25
	+21.5 (+13.3 to +32.4)
	88

	Harvested-part phosphorus concentration
	8
	19
	+4.3 (+0.9 to +49.9)
	75

	Aboveground nitrogen uptake
	7
	84
	+26.6 (+16.1 to +119.9)
	86

	Aboveground manganese uptake
	7
	72
	+95.1 (-4.2 to +132.2)
	71

	Harvested-part potassium uptake
	7
	49
	+17.8 (+11.7 to +60.3)
	86

	Stem dry biomass
	7
	43
	+2.7 (-10.6 to +22.8)
	71

	Leaf nitrogen concentration
	7
	31
	+2.6 (-0.6 to +8.2)
	71

	Panicles per unit area
	7
	24
	+14.6 (+6.2 to +50.3)
	100

	Harvested-part silicon concentration
	7
	22
	+6.9 (-1.8 to +24.0)
	71

	Aboveground manganese concentration
	7
	16
	+4.2 (-29.3 to +7.2)
	57

	Chlorophyll index (SPAD)
	6
	79
	+8.4 (+2.6 to +22.7)
	100

	Aboveground sulfur uptake
	6
	65
	+39.1 (+5.7 to +158.3)
	83

	Aboveground iron uptake
	6
	64
	+77.5 (+46.5 to +136.5)
	100

	Protein (quality indicator)
	6
	59
	+5.3 (+3.9 to +9.3)
	100

	Aboveground zinc uptake
	6
	49
	+59.0 (-2.6 to +145.8)
	67


Note. Comparisons were aggregated to experiment-level medians and then publication-level medians before calculating the cross-publication median, IQR and percentage of publications with positive responses. All estimates are exploratory and unweighted. Intervals are descriptive IQRs, not confidence intervals. The full endpoint inventory and publication-level results will be made available upon publication of the peer-reviewed article in the accompanying dataset.

Table S3. Benjamini–Hochberg false-discovery-rate adjustment for the 15 principal crop-performance endpoints.
	Crop-performance endpoint
	k
	n
	CR2 p-value
	BH q-value

	Harvested yield
	22
	91
	0.005627
	0.021102

	Shoot dry biomass
	26
	170
	0.000121
	0.000909

	Root dry biomass
	11
	50
	0.418581
	0.482978

	Total dry biomass
	5
	27
	0.166014
	0.249022

	Plant height
	14
	141
	0.085253
	0.142088

	Stem diameter
	6
	40
	0.016091
	0.048272

	Leaf area
	5
	22
	0.366822
	0.458527

	Aboveground potassium uptake
	9
	70
	0.000081
	0.000909

	Aboveground phosphorus concentration
	8
	31
	0.046375
	0.115938

	Aboveground potassium concentration
	9
	48
	0.332391
	0.453260

	Aboveground magnesium concentration
	9
	70
	0.064466
	0.138141

	Aboveground calcium concentration
	8
	15
	0.004042
	0.020212

	Leaf potassium concentration
	7
	35
	0.084629
	0.142088

	Leaf magnesium concentration
	5
	37
	0.458634
	0.491393

	Leaf calcium concentration
	5
	37
	0.580056
	0.580056


Note. The 15 endpoints in main-text Table 1 were treated as a single multiple-testing family. Benjamini–Hochberg-adjusted q-values were calculated from the unrounded publication-clustered CR2/Satterthwaite p-values; q < 0.05 denotes significance after false-discovery-rate adjustment. Significant endpoints were harvested yield, shoot dry biomass, stem diameter, aboveground potassium uptake and aboveground calcium concentration. The adjustment does not change pooled estimates, 95% confidence intervals or heterogeneity variance. Endpoints are reported in the order used in Table 1.

Table S4. Leave-one-publication-out (LOPO) sensitivity of principal crop-performance outcomes.
	Endpoint
	k
	n
	LOPO effect range
	95% CI stability
	p-value stability

	Harvested yield
	22
	91
	+21.6 to +31.6%
	22/22 positive CIs
	0.003797 to 0.010538

	Shoot dry biomass
	26
	170
	+13.5 to +17.3%
	26/26 positive CIs
	5.451e-05 to 0.0003749

	Plant height
	14
	141
	+7.2 to +13.5%
	14/14 fitted; varies
	0.03926 to 0.1682

	Aboveground K uptake
	9
	70
	+32.6 to +40.2%
	8/9 positive CIs
	4.37e-05 to 0.001214

	Aboveground P concentration
	8
	31
	-14.9 to -9.1%
	8/8 fitted; varies
	0.01594 to 0.1819

	Aboveground Mg concentration
	9
	70
	+4.0 to +9.0%
	9/9 fitted; varies
	0.02304 to 0.1428


Note: LOPO = leave-one-publication-out. The effect range, CR2 confidence-interval stability and p-value range are based on successful refits only. All 22 harvested-yield publication exclusions were successfully refitted and retained positive 95% CR2 confidence intervals. For aboveground K uptake, eight of nine publication exclusions converged; the remaining refit failed to converge and is not included in the reported range. Positive CIs indicate that the lower 95% CR2 confidence bound exceeded zero in every successful refit.
Table S5. Publication- and experiment-level heterogeneity and approximate 95% prediction intervals.
	Endpoint
	k
	n
	τ² total
	τ² pub.
	τ² exp.
	95% PI

	Harvested yield
	22
	91
	0.1493
	0.0876
	0.0617
	-43.4 to +194.0%

	Shoot dry biomass
	26
	170
	0.0279
	0.0142
	0.0137
	-18.3 to +65.0%

	Root dry biomass
	11
	50
	0.0623
	0.0619
	0.0004
	-40.5 to +92.5%

	Total dry biomass
	5
	27
	0.0529
	0.0265
	0.0265
	-40.9 to +139.9%

	Plant height
	14
	141
	0.0436
	0.0382
	0.0054
	-30.4 to +77.0%

	Stem diameter
	6
	40
	0.0747
	0.0115
	0.0633
	-32.0 to +224.6%

	Leaf area
	5
	22
	0.0205
	0.0044
	0.0161
	-34.4 to +76.1%

	Aboveground K uptake
	9
	70
	0.0198
	<0.0001
	0.0198
	-4.9 to +95.8%

	Aboveground P concentration
	8
	31
	0.0339
	<0.0001
	0.0339
	-46.7 to +44.3%

	Aboveground K concentration
	9
	48
	0.1927
	0.1216
	0.0711
	-60.2 to +238.1%

	Aboveground Mg concentration
	9
	70
	0.0062
	<0.0001
	0.0062
	-12.3 to +29.7%

	Aboveground Ca concentration
	8
	15
	<0.0001
	<0.0001
	<0.0001
	+3.7 to +10.4%

	Leaf K concentration
	7
	35
	0.0835
	<0.0001
	0.0835
	-44.2 to +154.0%

	Leaf Mg concentration
	5
	37
	0.2264
	0.1132
	0.1132
	-72.0 to +408.9%

	Leaf Ca concentration
	5
	37
	0.0370
	0.0185
	0.0185
	-41.5 to +90.7%


Note: Variance components are on the lnRR scale; total τ² equals the sum of publication- and nested-experiment-level variances. Prediction intervals are approximate and were calculated on the lnRR scale using the CR2 mean standard error, the estimated total heterogeneity variance and the coefficient-specific Satterthwaite t critical value, then back-transformed to percentages. Values below 0.00005 are displayed as <0.0001. Prediction intervals quantify potential variation in new settings and are not confidence intervals for the pooled mean.
Table S6. Variance provenance, dependence structure and robustness to alternative comparison subsets.
A. Final variance-eligibility tiers.
	Precision provenance
	Comparisons
	Publications
	Experiments

	Direct variance
	1706
	46
	69

	Endpoint expansion
	140
	13
	15

	Reconstructed variance
	240
	6
	11

	Total weighted analysis
	2086
	52
	80


B. Reused control and repeated-measurement identifiers.
	Identifier
	Rows with ID
	Distinct IDs
	IDs reused
	Rows in reused IDs
	Publications

	Shared control
	2086
	114
	105
	2077
	52

	Repeated-measure identifier
	1796
	302
	199
	1693
	49


Note: Variance tiers are mutually exclusive; publication and experiment counts across tiers are not additive. An identifier appearing in multiple rows indicates potential dependence, but some rows represent different endpoints rather than independently replicated treatments. The one-per-shared-control sensitivity is reported in Part C.
C. Final-model sensitivity to variance reconstruction and shared controls.
	Endpoint
	Subset
	k
	n
	Effect (%)
	95% CI (%)
	CR2 p

	Harvested yield
	All variance-bearing
	22
	91
	+29.0
	+8.7 to +53.1
	0.005627

	Harvested yield
	Direct variance only
	18
	47
	+23.5
	+4.0 to +46.7
	0.018879

	Harvested yield
	One per shared control
	22
	34
	+31.0
	+11.1 to +54.5
	0.002734

	Shoot dry biomass
	All variance-bearing
	26
	170
	+16.1
	+8.6 to +24.2
	0.000121

	Shoot dry biomass
	Direct variance only
	25
	167
	+14.8
	+7.4 to +22.6
	0.000269

	Shoot dry biomass
	One per shared control
	26
	62
	+18.4
	+9.7 to +27.9
	0.000140

	Plant height
	All variance-bearing
	14
	141
	+11.0
	-1.6 to +25.2
	0.085253

	Plant height
	Direct variance only
	12
	109
	+11.9
	-3.0 to +29.1
	0.110529

	Plant height
	One per shared control
	14
	40
	+14.2
	-1.0 to +31.8
	0.065890

	Aboveground K uptake
	All variance-bearing
	9
	70
	+36.5
	+26.7 to +47.0
	0.000081

	Aboveground K uptake
	Direct variance only
	9
	70
	+36.5
	+26.7 to +47.0
	0.000081

	Aboveground K uptake
	One per shared control
	9
	18
	+40.5
	+27.9 to +54.4
	0.000185

	Aboveground P concentration
	All variance-bearing
	8
	31
	-12.4
	-22.9 to -0.3
	0.046375

	Aboveground P concentration
	Direct variance only
	8
	31
	-12.4
	-22.9 to -0.3
	0.046375

	Aboveground P concentration
	One per shared control
	8
	13
	-10.5
	-20.6 to +1.0
	0.064773

	Aboveground Mg concentration
	All variance-bearing
	9
	70
	+6.7
	-0.5 to +14.3
	0.064466

	Aboveground Mg concentration
	Direct variance only
	8
	19
	+4.0
	-1.7 to +10.1
	0.142781

	Aboveground Mg concentration
	One per shared control
	9
	12
	+3.2
	-1.4 to +8.1
	0.141842


Note: The one-per-shared-control analysis retains the smallest-variance contrast within each publication × experiment × control identifier. This conservative subsetting is not a substitute for a full within-study covariance model. Direct-only means excluding comparisons labelled as reconstructed variance; other eligible variance-bearing tiers remain included. The harvested-yield shared-control sensitivity and direct-only inference were obtained from the corrected final-model refits.
Table S7. Moderator data coverage and exploratory REML–CR2 meta-regression coefficients.A. Availability of candidate moderator information
	Moderator
	Comparisons
	Publications
	Experiments

	Initial soil pH
	1980
	46
	72

	Soil texture
	2086
	52
	80

	Climate zone
	2086
	52
	80

	Rock family
	2086
	52
	80

	Application rate
	1687
	38
	58

	Study system
	2086
	52
	80

	Incorporation depth
	880
	17
	21



Part A describes the availability of candidate moderator information; the counts are not tests of moderator effects. Part B reports univariable publication-clustered CR2 coefficient tests. The corrected yield-coefficient refits and the Benjamini–Hochberg adjustment across all 30 tests are reported in Part B; no coefficient retained q < 0.05. These coefficients are exploratory, not causal effects or omnibus moderator tests.
B. Exploratory univariable meta-regression coefficients.
	Endpoint
	Moderator / coefficient
	β (SE)
	df
	k/n
	CR2 p
	BH q

	Harvested yield
	Initial soil pH class — Near-neutral
	+0.3200 (0.4113)
	2.79
	18/75
	0.49710
	0.7288

	Harvested yield
	Rock family — Calcium silicate mineral
	-0.0965 (0.0965)
	5.52
	19/67
	0.35892
	0.7288

	Harvested yield
	Rock family — Mafic igneous rock
	+0.0533 (0.0201)
	1.22
	19/67
	0.19136
	0.6065

	Harvested yield
	Soil texture — Fine
	-0.5523 (0.3136)
	3.91
	22/91
	0.15468
	0.6065

	Harvested yield
	Soil texture — Medium
	-0.4583 (0.3084)
	4.62
	22/91
	0.20217
	0.6065

	Harvested yield
	Soil texture — Not reported
	-0.3065 (0.3437)
	2.45
	22/91
	0.45132
	0.7288

	Harvested yield
	Climate — Subtropical
	-0.0950 (0.1294)
	3.41
	22/91
	0.51015
	0.7288

	Harvested yield
	Climate — Temperate
	-0.1434 (0.1217)
	3.35
	22/91
	0.31564
	0.7288

	Harvested yield
	Climate — Tropical
	+0.0842 (0.2804)
	7.51
	22/91
	0.77214
	0.8343

	Harvested yield
	Study system — Field
	-0.4890 (0.3002)
	3.37
	21/90
	0.19178
	0.6065

	Harvested yield
	Application rate — per 1 t ha⁻¹
	+0.0007 (0.0005)
	1.21
	19/80
	0.33326
	0.7288

	Harvested yield
	Incorporation depth — per 1 cm
	-0.0102 (0.0183)
	5.43
	11/26
	0.59861
	0.7808

	Shoot dry biomass
	Initial soil pH class — Near-neutral
	-0.0766 (0.0948)
	3.26
	24/157
	0.47388
	0.7288

	Shoot dry biomass
	Rock family — Felsic igneous rock
	+0.0057 (0.0161)
	1.09
	20/139
	0.77864
	0.8343

	Shoot dry biomass
	Rock family — Mafic igneous rock
	-0.0016 (0.0501)
	1.14
	20/139
	0.97853
	0.9785

	Shoot dry biomass
	Soil texture — Not reported
	+0.1067 (0.0646)
	11.55
	25/152
	0.12565
	0.6065

	Shoot dry biomass
	Climate — Subtropical
	-0.0037 (0.1217)
	2.69
	26/170
	0.97762
	0.9785

	Shoot dry biomass
	Climate — Temperate
	-0.1911 (0.0539)
	6.03
	26/170
	0.01199
	0.1798

	Shoot dry biomass
	Study system — Field
	-0.0423 (0.0871)
	6.29
	26/170
	0.64384
	0.8048

	Shoot dry biomass
	Study system — Outdoor/mesocosm
	-0.2049 (0.0518)
	7.98
	26/170
	0.00421
	0.1263

	Shoot dry biomass
	Application rate — per 1 t ha⁻¹
	+0.0013 (0.0006)
	1.51
	19/118
	0.18389
	0.6065

	Shoot dry biomass
	Incorporation depth — per 1 cm
	-0.0088 (0.0023)
	2.22
	9/43
	0.05196
	0.5196

	Plant height
	Rock family — Mafic igneous rock
	-0.1909 (0.1824)
	2.62
	13/137
	0.38206
	0.7288

	Plant height
	Soil texture — Not reported
	+0.0725 (0.0987)
	3.43
	12/134
	0.50949
	0.7288

	Plant height
	Climate — Tropical
	-0.1463 (0.1350)
	3.30
	13/101
	0.35117
	0.7288

	Plant height
	Study system — Field
	-0.1690 (0.1176)
	6.07
	12/90
	0.20023
	0.6065

	Plant height
	Application rate — per 1 t ha⁻¹
	+0.0029 (0.0048)
	3.81
	11/111
	0.57848
	0.7808

	Aboveground K uptake
	Soil texture — Not reported
	+0.0403 (0.0911)
	3.16
	9/54
	0.68672
	0.8241

	Aboveground Mg concentration
	Initial soil pH class — Near-neutral
	-0.0594 (0.0616)
	3.98
	7/67
	0.38965
	0.7288

	Aboveground Mg concentration
	Application rate — per 1 t ha⁻¹
	-0.0004 (0.0009)
	2.43
	8/65
	0.71819
	0.8287


Note: β and its standard error (SE) are on the lnRR scale, not percentages. Categorical terms compare the indicated factor level with the reference level in the fitted model; continuous coefficients are per 1 t ha⁻¹ (application rate) or 1 cm (depth). df = Satterthwaite degrees of freedom. All 30 coefficient p-values were adjusted together using BH–FDR. Missingness categories should not be interpreted as biological moderators.
Table S8. Characteristics of publications contributing to the crop-performance evidence base.
	Characteristic
	Category
	Descriptive k
	Weighted k

	Experimental system

	Field
	44
	20

	
	Outdoor mesocosm or lysimeter
	12
	8

	
	Pot or controlled environment
	58
	25

	Crop group

	Cereals
	63
	32

	
	Forage and grassland
	23
	14

	
	Horticultural and perennial crops
	12
	4

	
	Legumes and oilseeds
	22
	10

	
	Other / insufficient detail
	8
	1

	
	Sugar and root crops
	1
	0

	Country 

	Brazil
	52
	18

	
	China
	6
	5

	
	Malaysia
	6
	1

	
	United Kingdom
	6
	6

	
	Australia
	4
	2

	
	Belgium
	4
	4

	
	Egypt
	3
	0

	
	United States
	3
	2

	
	Cameroon
	2
	2

	
	Denmark
	2
	2

	
	France
	2
	1

	
	Ghana
	2
	0

	Overall
	Unique publications
	113
	52


Note: Counts denote distinct publications with at least one observation in a category. A publication may occur in more than one category and counts are therefore not mutually exclusive. Categories were harmonised from the recorded crop groups and study-system descriptions; country coverage is shown for the 12 most represented countries.
Table S9. Exploratory small-study association in harvested yield and shoot dry biomass.
	Endpoint
	k
	n
	Available display
	Dependence-aware test

	Harvested yield
	22
	91
	Publication-level funnel (Fig. S4)
	β = -8.02; CR2 p = 0.360; df = 4.37

	Shoot dry biomass
	26
	170
	Publication-level funnel (Fig. S4)
	β = +0.61; CR2 p = 0.146; df = 6.26


Figure S4 provides exploratory publication-level funnel displays. The additional meta-regression used sampling standard error as a covariate of lnRR in multilevel REML models, with publication-clustered CR2 inference. Neither shoot dry biomass (p = 0.146) nor harvested yield (p = 0.360) showed a statistically detectable slope. The analysis is not a formal demonstration of publication-bias absence. Substantial heterogeneity, dependence and small effective degrees of freedom limit interpretation.
Table S10. Representativeness of variance-weighted evidence relative to the broader descriptive dataset.
	Evidence characteristic
	All descriptive (k = 113)
	Weighted (k = 52)
	Interpretation

	Country reported
	110/113 (97.3%)
	50/52 (96.2%)
	Availability, not a between-group test

	Study system reported
	113/113 (100.0%)
	52/52 (100.0%)
	Availability, not a between-group test

	Crop group reported
	113/113 (100.0%)
	52/52 (100.0%)
	Availability, not a between-group test

	Lithology reported
	113/113 (100.0%)
	52/52 (100.0%)
	Availability, not a between-group test

	Soil texture reported
	82/113 (72.6%)
	39/52 (75.0%)
	Availability, not a between-group test

	Initial soil pH reported
	99/113 (87.6%)
	46/52 (88.5%)
	Availability, not a between-group test

	Application rate reported
	77/113 (68.1%)
	38/52 (73.1%)
	Availability, not a between-group test

	Particle D50 reported
	10/113 (8.8%)
	7/52 (13.5%)
	Availability, not a between-group test

	Experimental system: Field
	44/113 (38.9%)
	20/52 (38.5%)
	Categories may overlap within publication

	Experimental system: Pot or controlled environment
	58/113 (51.3%)
	25/52 (48.1%)
	Categories may overlap within publication

	Experimental system: Outdoor mesocosm or lysimeter
	12/113 (10.6%)
	8/52 (15.4%)
	Categories may overlap within publication

	Crop group: Cereals
	63/113 (55.8%)
	32/52 (61.5%)
	Categories may overlap within publication

	Crop group: Forage and grassland
	23/113 (20.4%)
	14/52 (26.9%)
	Categories may overlap within publication

	Crop group: Legumes and oilseeds
	22/113 (19.5%)
	10/52 (19.2%)
	Categories may overlap within publication


Percentages use publications as denominators. The weighted publications are a subset of the descriptive publications; the percentages are descriptive and are not independent-group tests. Availability is defined from non-missing source metadata. Groups may overlap when publications contain several crops or experimental designs.
Table S11. Publication-balanced descriptive responses by crop identity across harvested yield, biomass and plant-growth endpoints.
	Crop identity
	k
	m
	n
	Median (%)
	IQR (Q1 to Q3, %)
	Positive publications

	HARVESTED YIELD  |  29 crop identities

	Rice
	13
	14
	37
	18.4
	+10.9 to +45.3
	12/13 (92%)

	Soybean
	10
	12
	59
	16.2
	+13.7 to +33.6
	8/10 (80%)

	Maize (grain/unspecified)
	7
	9
	51
	16.3
	+7.9 to +51.9
	7/7 (100%)

	Bread wheat
	4
	5
	13
	-5.7
	-10.8 to +2.4
	1/4 (25%)

	Italian ryegrass
	3
	7
	58
	37.4
	+27.9 to +78.8
	3/3 (100%)

	Coffee
	2
	2
	4
	39.9
	+38.2 to +41.6
	2/2 (100%)

	Common bean
	2
	2
	9
	9.4
	+6.3 to +12.6
	2/2 (100%)

	Oat (A. sativa)
	2
	2
	3
	12.5
	+11.4 to +13.6
	2/2 (100%)

	Timothy–mixed grasses pasture
	2
	2
	7
	5.7
	+3.9 to +7.6
	2/2 (100%)

	Brachiaria–kudzu mixed pasture
	1
	1
	15
	-2.5
	—
	0/1 (0%)

	Collard greens
	1
	1
	5
	1.6
	—
	1/1 (100%)

	Durum wheat
	1
	1
	1
	18.4
	—
	1/1 (100%)

	Faba bean
	1
	1
	12
	10.4
	—
	1/1 (100%)

	Maize (silage)
	1
	2
	10
	54.8
	—
	1/1 (100%)

	Marandú palisadegrass
	1
	2
	24
	86.4
	—
	1/1 (100%)

	Miscanthus
	1
	1
	3
	8.0
	—
	1/1 (100%)

	Okra
	1
	2
	8
	103.4
	—
	1/1 (100%)

	Paiaguás palisadegrass
	1
	1
	16
	46.7
	—
	1/1 (100%)

	Perennial ryegrass
	1
	1
	4
	2.1
	—
	1/1 (100%)

	Permanent mixed hay meadow
	1
	1
	3
	8.4
	—
	1/1 (100%)

	Potato
	1
	2
	4
	6.6
	—
	1/1 (100%)

	Quinoa
	1
	1
	2
	117.9
	—
	1/1 (100%)

	Radish
	1
	1
	2
	-19.2
	—
	0/1 (0%)

	Ryegrass–red clover pasture
	1
	1
	6
	-4.3
	—
	0/1 (0%)

	Signal grass (U. decumbens)
	1
	1
	1
	21.1
	—
	1/1 (100%)

	Sorghum
	1
	1
	1
	20.8
	—
	1/1 (100%)

	Sugar beet
	1
	1
	18
	33.4
	—
	1/1 (100%)

	Tomato
	1
	1
	3
	4.6
	—
	1/1 (100%)

	Watermelon
	1
	2
	4
	8.4
	—
	1/1 (100%)

	SHOOT DRY BIOMASS  |  31 crop identities

	Maize (grain/unspecified)
	20
	33
	117
	12.8
	+1.8 to +56.1
	16/20 (80%)

	Rice
	6
	8
	29
	6.5
	+3.6 to +23.3
	5/6 (83%)

	Bread wheat
	3
	4
	27
	5
	+3.8 to +25.9
	3/3 (100%)

	Common bean
	3
	6
	22
	387
	+298.6 to +510.6
	3/3 (100%)

	Soybean
	3
	6
	18
	34.2
	+31.9 to +38.0
	3/3 (100%)

	Marandú palisadegrass
	2
	4
	32
	12.3
	+12.1 to +12.4
	2/2 (100%)

	Alfalfa
	1
	1
	27
	0.6
	—
	1/1 (100%)

	Black oat
	1
	1
	4
	25.6
	—
	1/1 (100%)

	Cocoa
	1
	1
	4
	2.7
	—
	1/1 (100%)

	Gamba grass
	1
	1
	1
	2.1
	—
	1/1 (100%)

	Guinea grass
	1
	1
	3
	18.5
	—
	1/1 (100%)

	Humidicola grass
	1
	1
	1
	22
	—
	1/1 (100%)

	Leek
	1
	1
	6
	2.8
	—
	1/1 (100%)

	Maize (silage)
	1
	1
	2
	13.8
	—
	1/1 (100%)

	Maize (sweet corn)
	1
	1
	7
	33.7
	—
	1/1 (100%)

	Mustard
	1
	1
	2
	16
	—
	1/1 (100%)

	Oat (A. sativa)
	1
	1
	12
	-0.7
	—
	0/1 (0%)

	Okra
	1
	2
	16
	106.1
	—
	1/1 (100%)

	Passion fruit
	1
	2
	20
	32.9
	—
	1/1 (100%)

	Pearl millet
	1
	1
	3
	60.1
	—
	1/1 (100%)

	Perennial ryegrass
	1
	1
	25
	13.7
	—
	1/1 (100%)

	Quinoa
	1
	1
	2
	42.4
	—
	1/1 (100%)

	Red clover
	1
	1
	2
	30.8
	—
	1/1 (100%)

	Rigid ryegrass
	1
	3
	9
	30.5
	—
	1/1 (100%)

	Ruziziensis grass
	1
	1
	1
	33.8
	—
	1/1 (100%)

	Ryegrass–red clover pasture
	1
	2
	6
	34.9
	—
	1/1 (100%)

	Signal grass (U. decumbens)
	1
	1
	1
	15.6
	—
	1/1 (100%)

	Sorghum
	1
	1
	1
	2.7
	—
	1/1 (100%)

	Subterranean clover
	1
	3
	9
	77.6
	—
	1/1 (100%)

	Sugar beet
	1
	1
	18
	26.1
	—
	1/1 (100%)

	Tomato
	1
	1
	3
	13.9
	—
	1/1 (100%)

	ROOT DRY BIOMASS  |  11 crop identities

	Maize (grain/unspecified)
	8
	10
	39
	18.9
	-10.5 to +28.2
	5/8 (62%)

	Rice
	3
	4
	16
	27.3
	+18.9 to +33.1
	3/3 (100%)

	Alfalfa
	1
	1
	3
	-6.7
	—
	0/1 (0%)

	Cocoa
	1
	1
	5
	14.4
	—
	1/1 (100%)

	Jatropha
	1
	1
	8
	-29.4
	—
	0/1 (0%)

	Maize (sweet corn)
	1
	1
	7
	9.9
	—
	1/1 (100%)

	Oat (A. sativa)
	1
	1
	4
	85.2
	—
	1/1 (100%)

	Passion fruit
	1
	2
	19
	25
	—
	1/1 (100%)

	Perennial ryegrass
	1
	1
	10
	3.9
	—
	1/1 (100%)

	Sorghum
	1
	1
	1
	3.6
	—
	1/1 (100%)

	Sugar beet
	1
	1
	18
	26.8
	—
	1/1 (100%)

	TOTAL DRY BIOMASS  |  5 crop identities

	Maize (grain/unspecified)
	4
	4
	38
	19.7
	+5.6 to +39.7
	3/4 (75%)

	Soybean
	2
	4
	44
	257.4
	+137.6 to +437.7
	2/2 (100%)

	Passion fruit
	1
	2
	20
	35.1
	—
	1/1 (100%)

	Rice
	1
	1
	5
	3.6
	—
	1/1 (100%)

	Sorghum
	1
	1
	4
	52.5
	—
	1/1 (100%)

	PLANT HEIGHT  |  17 crop identities

	Maize (grain/unspecified)
	13
	23
	138
	23
	-1.2 to +65.0
	9/13 (69%)

	Common bean
	4
	7
	48
	276.9
	+90.1 to +537.7
	4/4 (100%)

	Rice
	4
	5
	16
	4.5
	+1.4 to +7.9
	3/4 (75%)

	Cocoa
	2
	2
	70
	2.7
	+1.1 to +4.3
	1/2 (50%)

	Soybean
	2
	2
	8
	-1.2
	-1.3 to -1.1
	0/2 (0%)

	Coffee
	1
	1
	12
	-8.8
	—
	0/1 (0%)

	Durum wheat
	1
	1
	1
	32.3
	—
	1/1 (100%)

	Faba bean
	1
	1
	12
	-2.8
	—
	0/1 (0%)

	Jatropha
	1
	1
	21
	2.3
	—
	1/1 (100%)

	Maize (sweet corn)
	1
	1
	77
	5.3
	—
	1/1 (100%)

	Oat (A. sativa)
	1
	1
	12
	2.8
	—
	1/1 (100%)

	Okra
	1
	2
	8
	37.1
	—
	1/1 (100%)

	Passion fruit
	1
	2
	20
	8.3
	—
	1/1 (100%)

	Quinoa
	1
	1
	2
	6.1
	—
	1/1 (100%)

	Radish
	1
	1
	6
	-18.1
	—
	0/1 (0%)

	Sorghum
	1
	1
	4
	-1.3
	—
	0/1 (0%)

	Tomato
	1
	1
	12
	12.3
	—
	1/1 (100%)

	STEM DIAMETER  |  8 crop identities

	Maize (grain/unspecified)
	8
	13
	49
	79
	+56.6 to +155.4
	7/8 (88%)

	Common bean
	3
	6
	24
	119.6
	+115.1 to +142.9
	3/3 (100%)

	Cocoa
	2
	2
	70
	0.8
	+0.0 to +1.6
	1/2 (50%)

	Coffee
	1
	1
	12
	-7.5
	—
	0/1 (0%)

	Leek
	1
	1
	17
	38.4
	—
	1/1 (100%)

	Sorghum
	1
	1
	4
	8.5
	—
	1/1 (100%)

	Soybean
	1
	1
	4
	-0.3
	—
	0/1 (0%)

	Tomato
	1
	1
	12
	11.1
	—
	1/1 (100%)

	LEAF AREA  |  5 crop identities

	Maize (grain/unspecified)
	2
	4
	10
	11.8
	+4.5 to +19.6
	1/2 (50%)

	Cocoa
	1
	1
	4
	3.5
	—
	1/1 (100%)

	Faba bean
	1
	1
	12
	11.7
	—
	1/1 (100%)

	Maize (sweet corn)
	1
	1
	14
	7.7
	—
	1/1 (100%)

	Radish
	1
	1
	6
	-19.9
	—
	0/1 (0%)


Notes. k = distinct publication clusters within a crop × endpoint; m = experiment clusters; n = curated eligible treatment–control comparisons. The median is the median of publication-level medians on the ln response-ratio scale, converted to per cent; Q1 and Q3 are publication-level quartiles, also converted to per cent. The IQR is descriptive heterogeneity, not a 95% confidence interval. IQR is shown as “—” when k = 1. “Positive publications” counts publication medians > 0. 
Table S12. Exploratory within-crop multilevel REML estimates of harvested-yield responses in maize and soybean, with publication-clustered CR2 inference.
	Crop identity
	k
	n
	Effect (%)
	95% CI (%)
	p (CR2)
	CR2 df
	τ² pub.
	τ² exp.

	Maize (grain/unspecified)
	4
	16
	66.1
	-44.0 to +392.6
	0.227
	2.83
	0.3622
	0.0182

	Soybean
	6
	29
	48.4
	-16.9 to +165.0
	0.141
	4.99
	0.2542
	0.0540


Notes: k = distinct publication clusters; n = variance-weighted eligible comparisons; effect = 100 × [exp(pooled lnRR) − 1]. The 95% confidence intervals use publication-cluster CR2 small-sample inference, and p-values are exploratory, unadjusted. τ² denotes estimated random-effects variance at the publication and experiment levels. Crop-specific degrees of freedom and publication- and experiment-level variance components are reported from the final fitted models. 
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