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Supplemental Fig. 1. Description of the steps followed for inclusion of articles in 
the current meta-analysis. 
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	Supplemental Fig. 2. Normal quantile–quantile (Q–Q) plots of the standardized residuals from the multilevel random-effects meta-analytic models (rma.mv) for each response variable: (A) summer-crop productivity, (B) biological soil health, (C) chemical soil health, (D) physical soil health, (E) soil carbon sequestration, (F) methane (CH₄) emissions, (G) nitrous oxide (N₂O) emissions, and (H) carbon dioxide-equivalent (CO₂-eq) emissions. In each panel, points represent the ordered standardized residuals plotted against their theoretical quantiles under a normal distribution, and the red line indicates the expected 1:1 relationship. Points falling close to the line indicate that the assumption of residual normality is reasonably met; departures in the distribution tails reflect the small number of larger residuals expected given the high between-study heterogeneity.
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	Supplemental Fig. 3. Funnel plots of effect size (log response ratio, lnRR) against its standard error for each response variable: (A) summer-crop productivity, (B) biological soil health, (C) chemical soil health, (D) physical soil health, (E) soil carbon sequestration, (F) methane (CH₄) emissions, (G) nitrous oxide (N₂O) emissions, and (H) carbon dioxide-equivalent (CO₂-eq) emissions. Each point represents an individual effect size; more precise estimates (smaller standard error) appear toward the top of each plot. The vertical dashed red line marks the pooled effect, and the shaded regions denote the 90%, 95%, and 99% pseudo-confidence limits. A symmetrical, two-sided distribution of points with no systematic absence of studies in the lower corners indicates no strong evidence of publication bias or small-study effects.
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	Supplemental Fig. 4. Global distribution of observations included in the meta-analysis, shown as a choropleth map. Countries are shaded according to the number of observations retrieved from literature, with color intensity increasing from purple (few observations) to yellow (many observations) as indicated by the legend. This map highlights the geographic coverage and relative contribution of each country to the dataset.



	[bookmark: [IMAGE-Fig9_Print.jpeg]][image: ]


	Supplemental Fig. 5.  Individual study estimates of summer crop yield responses following winter oilseed rape (WOSR) compared with alternative winter land uses. Each point represents a study‑specific effect size, with point size proportional to its weight and point color indicating the summer crop species (rice, maize, soybean, cotton, tobacco, barley, sorghum, or multiple species). Horizontal bars show 95% confidence intervals, and sample sizes (n) for each study are displayed on the right. Effect sizes were calculated as the relative difference between summer crop yield after WOSR and yield after the alternative winter land use. The vertical dashed line marks zero effect; positive values indicate higher yields following WOSR, whereas negative values indicate yield reductions.
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	Supplemental Fig. 6. Study-level estimates of soil health responses following winter oilseed rape (WOSR) compared with alternative winter land uses. Each point represents a study-specific effect size, with point size indicating study weight and colors denoting the type of soil health metric assessed (biological, chemical, physical, or multiple metrics). Horizontal bars show 95% confidence intervals, and sample sizes (n) for each study are given on the right. Effect sizes were calculated as the relative difference between soil health following WOSR and soil health following the alternative winter land use. The vertical dashed line marks zero effect; positive values indicate improved soil health following WOSR, whereas negative values indicate declines.
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	Supplemental Fig. 7.  Study‑level estimates of soil carbon sequestration responses following winter oilseed rape (WOSR) compared with alternative winter land uses. Each point represents a study‑specific effect size, with point size indicating study weight and horizontal bars showing 95% confidence intervals; sample sizes (n) for each study are listed on the right. Effect sizes were calculated as the relative difference between soil C sequestration after WOSR and sequestration after the alternative winter land use. The vertical dashed line marks zero effect; positive values indicate greater C sequestration following WOSR, whereas negative values indicate reductions.
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	Supplemental Fig. 8. Study‑level estimates of greenhouse gas (GHG) emission responses following winter oilseed rape (WOSR) compared with alternative winter land uses. Each point represents a study‑specific effect size, with point size indicating study weight and horizontal bars showing 95% confidence intervals; sample sizes (n) for each study are listed on the right. Effect sizes were calculated as the relative difference between GHG emissions after WOSR and emissions after the alternative winter land use. The vertical dashed line marks zero effect; positive values indicate higher emissions following WOSR, whereas negative values indicate reductions.



SUPPLEMENTAL TABLES
Supplemental Table 1. Meta-analysis results for subsequent summer crop productivity following winter rapeseed rotation. Categories are organized by overall effect, type of preceding winter rotation, and type of winter rotation by individual summer crops. For each group, the table reports the number of observations (n), effect size as percent yield change, 95% confidence interval (CI 95), heterogeneity statistics (Qt, Qm) and their significance (P value). Positive effect sizes indicate increased summer crop yield following winter rapeseed rotation, while negative values indicate reductions. Statistical significance is denoted by asterisks (***).
	Category
	n
	Effect size (%)
	CI 95
	Qt
	P value
	Qm
	P value

	
	
	
	
	
	
	
	
	

	Overall
	
	673
	2.1
	-0.2 to 4.5
	15625
	***
	--
	--

	
	
	
	
	
	
	
	
	

	Type of winter rotation
	
	
	
	14440
	***
	585
	***

	
	Winter Cereal
	289
	3.4
	1.2 to 5.7
	
	
	
	

	
	Fallow
	201
	3.3
	1.1 to 5.6
	
	
	
	

	
	Winter Legume
	98
	0.0
	-2.2 to 2.2
	
	
	
	

	
	Winter Dicot
	35
	-0.5
	-2.8 to 1.8
	
	
	
	

	
	Other Brassica
	33
	-6.3
	-8.4 to -4.1
	
	
	
	

	
	Other Winter crop
	17
	-1.4
	-3.8 to 0.9
	
	
	
	

	
	
	
	
	
	
	
	
	

	Type of winter rotation by summer crop
	
	11754
	***
	2787
	***

	Rice
	Winter Cereal
	115
	3.3
	0.3 to 6.4
	
	
	
	

	
	Fallow
	128
	5.9
	2.8 to 9.1
	
	
	
	

	
	Winter Legume
	77
	1.4
	-1.5 to 4.5
	
	
	
	

	
	Winter Dicot
	31
	1.1
	-2 to 4.2
	
	
	
	

	
	Other Brassica
	11
	-8.2
	-11 to -5.3
	
	
	
	

	
	Other Winter crop
	17
	0.3
	-2.8 to 3.5
	
	
	
	

	
	
	
	
	
	
	
	
	

	Soybean
	Winter Cereal
	82
	2.8
	-2.2 to 8.1
	
	
	
	

	
	Fallow
	35
	-0.4
	-5.4 to 4.9
	
	
	
	

	
	Winter Legume
	9
	-1.5
	-7 to 4.4
	
	
	
	

	
	Other Brassica
	5
	2.1
	-4.2 to 8.7
	
	
	
	

	
	Other Winter crop
	4
	2.9
	-3.7 to 10
	
	
	
	

	
	
	
	
	
	
	
	
	

	Maize
	Winter Cereal
	37
	-2.1
	-6.9 to 2.9
	
	
	
	

	
	Other Brassica
	7
	-4.5
	-10.1 to 1.6
	
	
	
	

	
	Other Winter crop
	2
	1.9
	-11.5 to 17.3
	
	
	
	

	
	
	
	
	
	
	
	
	

	Cotton
	Winter Cereal
	26
	-6.8
	-18.1 to 6.2
	
	
	
	

	
	Fallow
	16
	1.6
	-11 to 15.8
	
	
	
	

	
	
	
	
	
	
	
	
	

	Sorghum
	Winter Cereal
	8
	-10.8
	-21.9 to 2
	
	
	
	

	
	Fallow
	4
	-20.0
	-30.3 to -8.2
	
	
	
	

	
	Winter Legume
	2
	14.1
	-1.7 to 32.4
	
	
	
	

	
	Other Brassica
	6
	-6.9
	-18.8 to 6.7
	
	
	
	

	
	
	
	
	
	
	
	
	

	Sunflower
	Winter Cereal
	4
	37.7
	28.5 to 47.6
	
	
	
	

	
	Fallow
	4
	14.0
	6.4 to 22.2
	
	
	
	

	
	
	
	
	
	
	
	
	

	Tobacco
	Fallow
	1
	39.4
	-4.3 to 103
	
	
	
	

	
	Winter Legume
	8
	-7.5
	-23.3 to 11.5
	
	
	
	

	
	
	
	
	
	
	
	
	

	Amaranth
	Winter Cereal
	4
	27.9
	19.4 to 37.1
	
	
	
	

	
	Fallow
	4
	-8.8
	-14.9 to -2.3
	
	
	
	

	
	
	
	
	
	
	
	
	

	Barley
	Winter Cereal
	2
	2.3
	-15.2 to 23.5
	
	
	
	

	
	Fallow
	2
	9.8
	-9.1 to 32.8
	
	
	
	

	
	
	
	
	
	
	
	
	

	Buckwheat
	Winter Cereal
	4
	31.2
	22.4 to 40.6
	
	
	
	

	
	Fallow
	4
	9.1
	1.8 to 16.9
	
	
	
	

	
	
	
	
	
	
	
	
	

	Mungbean
	Winter Cereal
	4
	-14.4
	-25.7 to -1.4
	
	
	
	

	
	Other Brassica
	4
	-5.9
	-18.3 to 8.3
	
	
	
	

	
	
	
	
	
	
	
	
	

	Pearl Millet
	Winter Cereal
	3
	187.8
	167 to 209
	
	
	
	

	
	Fallow
	3
	1.2
	-5.9 to 8.9
	
	
	
	



Supplemental Table 2. Meta-analysis results for soil health responses following winter rapeseed rotation. Categories are organized by biological, chemical, and physical soil health metrics, with subgroup analyses by type of preceding winter rotation and nutrient. For each group, the table reports the number of observations (n), effect size as percent change, 95% confidence interval (CI 95), heterogeneity statistics (Qt, Qm) and their significance (P value). Positive effect sizes indicate improvements in soil health following winter rapeseed rotation, while negative values indicate reductions. Statistical significance is denoted by asterisks (***).
	Category
	n
	Effect size (%)
	CI 95
	Qt
	P value
	Qm
	P value

	 
	 
	 
	 
	 
	 
	 
	 
	 

	BIOLOGICAL SOIL HEALTH
	 
	 
	 
	 
	 
	 
	 

	Overall
	 
	145
	8.2
	1.6 to 17.3
	56835
	***
	--
	--

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Type of winter rotation
	 
	 
	34251
	***
	17353
	***

	 
	Fallow
	59
	9.5
	2.3 to 17.1
	 
	 
	 
	 

	 
	Winter Cereal
	52
	7.8
	0.7 to 15.3
	 
	 
	 
	 

	 
	Winter Legume
	30
	8.8
	1.7 to 16.4
	 
	 
	 
	 

	 
	Winter dicot
	2
	-1.0
	-26 to 32.5
	 
	 
	 
	 

	 
	Other winter crop
	2
	7.9
	0.8 to 15.4
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	CHEMICAL SOIL HEALTH
	 
	 
	 
	 
	 
	 
	 

	Overall
	
	274
	5.5
	2 to 9
	152286
	***
	--
	--

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Type of winter rotation by nutrient
	 
	 
	150288
	***
	167
	***

	Nitrogen
	Fallow
	56
	8.9
	3.7 to 14.4
	 
	 
	 
	 

	 
	Winter Cereal
	108
	4.4
	-0.7 to 9.7
	 
	 
	 
	 

	 
	Winter Legume
	18
	1.8
	-3.3 to 7.2
	 
	 
	 
	 

	 
	Other winter crop
	4
	1.8
	-3.7 to 7.5
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Phosphorus
	Fallow
	49
	8.2
	3 to 13.7
	 
	 
	 
	 

	 
	Winter Cereal
	35
	1.4
	-3.6 to 6.6
	 
	 
	 
	 

	 
	Winter Legume
	4
	24.8
	10.3 to 41.1
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	PHYSICAL SOIL HEALTH
	 
	 
	 
	 
	 
	 
	 

	Overall
	 
	34
	7.8
	5.9 to 9.7
	564
	***
	--
	--

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Type of winter rotation 
	 
	 
	559
	***
	5
	***

	 
	Fallow
	8
	10.6
	7.4 to 13.9
	 
	 
	 
	 

	 
	Winter Cereal
	26
	6.2
	3.9 to 8.6
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 



Supplemental Table 3. Meta-analysis results for soil carbon sequestration following winter rapeseed rotation. Categories are organized by overall effect and by type of preceding winter rotation. For each group, the table reports the number of observations (n), effect size as percent change, 95% confidence interval (CI 95), heterogeneity statistics (Qt, Qm) and their significance (P value). Positive effect sizes indicate increased soil-carbon sequestration following winter rapeseed rotation, while negative values indicate reductions. Statistical significance is denoted by asterisks (***).
	Category
	n
	Effect size (%)
	CI 95
	Qt
	P value
	Qm
	P value

	
	
	
	
	
	

	 SOIL CARBON SEQUESTRATION  
	 
	 
	 
	 
	 

	Overall
	156
	7.6
	3.1 to 12.3
	1712
	***
	--
	--

	 
	 
	 
	 
	 
	 
	 
	 

	Type of winter rotation
	 
	 
	1317
	***
	93
	***

	Winter Cereal
	66
	6.5
	1.8 to 11.4
	 
	 
	 
	 

	Fallow
	54
	10.2
	5.4 to 15.2
	 
	 
	 
	 

	Winter Legume
	28
	5.4
	0.6 to 10.4
	 
	 
	 
	 

	Winter Dicot
	4
	0.5
	-18.4 to 23.7
	 
	 
	 
	 

	Other Winter crop
	4
	1.5
	-3.2 to 6.4
	 
	 
	 
	 



Supplemental Table 4. Meta-analysis results for greenhouse gas (GHG) emissions following winter rapeseed rotation. For each group, the table reports the number of observations (n), effect size as percent change, 95% confidence interval (CI 95), heterogeneity statistics (Qt, Qm) and their significance (P value). Negative effect sizes indicate reductions in GHG emissions following winter rapeseed rotation, while positive values indicate increases. Statistical significance is denoted by asterisks (***).
	Category
	n
	Effect size (%)
	CI 95
	Qt
	P value
	Qm
	P value

	 
	
	
	
	
	
	
	
	

	METHANE EMISSIONS
	
	
	
	
	
	

	Overall
	
	55
	-17.3
	-32.7 to 1.6
	6686
	***
	--
	--

	 
	
	
	
	
	
	
	
	

	Type of winter rotation
	
	
	
	3347
	***
	3629
	***

	 
	Fallow
	16
	-25.1
	-39.5 to -7.3
	
	
	
	

	 
	Winter Cereal
	14
	-29.9
	-43.4 to -13.2
	
	
	
	

	 
	Winter Legume
	16
	-3
	-21.7 to 20.2
	
	
	
	

	 
	Winter dicot
	4
	75.2
	38 to 122.3
	
	
	
	

	 
	Other Brassicas
	4
	63.8
	32.1 to 103
	
	
	
	

	 
	Other winter crop
	1
	2.7
	NA
	
	
	
	

	 
	
	
	
	
	
	
	
	

	NITROUS OXIDE EMISSIONS
	
	
	
	
	
	

	Overall
	
	68
	51.5
	21.9 to 88.3
	14831
	***
	--
	--

	 
	
	
	
	
	
	
	
	

	Type of winter rotation
	
	
	
	9924
	***
	5898
	***

	
	Fallow
	16
	158.5
	107.3 to 222.3
	
	
	
	

	 
	Winter Cereal
	27
	22.1
	-1.1 to 50.3
	
	
	
	

	 
	Winter Legume
	16
	105.4
	64.7 to 156.2
	
	
	
	

	 
	Winter dicot
	4
	-49.5
	-59.6 to -36.7
	
	
	
	

	 
	Other Brassicas
	4
	40
	12.2 to 74.6
	
	
	
	

	 
	Other winter crop
	1
	-45.4
	NA
	
	
	
	

	 
	
	
	
	
	
	
	
	

	CARBON DIOXIDE EQUIVALENTS
	
	
	
	
	
	

	Overall
	
	60
	0.9
	-16.8 to 22.4
	7263
	***
	--
	--

	 
	
	
	
	
	
	
	
	

	Type of winter rotation
	
	
	
	1983
	***
	5426
	***

	
	Fallow
	17
	7.1
	-14.6 to 34.3
	
	
	
	

	 
	Winter Cereal
	16
	-30.2
	-44.5 to -12.3
	
	
	
	

	 
	Winter Legume
	18
	28.6
	2.6 to 61.3
	
	
	
	

	 
	Winter dicot
	4
	124.1
	77 to 183.6
	
	
	
	

	 
	Other Brassicas
	4
	75.7
	40 to 120.3
	
	
	
	

	 
	Other winter crop
	1
	-6.9
	NA
	
	
	
	



Supplemental reference list. Complete bibliography of all primary studies included in the meta-analysis. These references provided the data used to evaluate the effects of winter oilseed rape (Brassica napus) on subsequent crop productivity, soil health, soil carbon sequestration, and greenhouse gas emissions.
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