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Table S1: Detailed information of the crop types, previous land use, perennial ecosystem and usage types of perennials are included from the reference study in this meta-analysis 
	Sl. No.
	Ref. study
	Perennial  system
	Annual system
	Perennial ecosystem
	Age of perennial (yrs)
	Usage of perennial

	
	
	Crop types
	Previous land use
	Crop types
	Previous land use
	
	
	

	1
	Acharya et al. 2019
	Switchgrass,

	Annual crop
	Corn
	Annual crop
	Farmland
	4, 5

	Biomass 

	2
	Al Souki et al. 2021
	Miscanthus
	Annual crop
	Wheat
	Annual crop
	Farmland
	2
	Forage

	3
	Arevalo et al. 2011
	Poplar
	Native Forest 
	Wheat-Barley-Canola
	Native Forest
	Farmland
	2, 9
	Plantation 

	4
	Bazrgar et al. 2020
	Poplar, Willow, Switchgrass, Miscanthus
	Annual crop
	Corn-Bean-Wheat
	Annual crop
	Farmland
	9
	Biomass 

	5
	Blanco-Canqui
	Switchgrass
	Annual crop
	Corn
	Annual crop
	Farmland
	6
	Biomass

	6
	Bolinder et al. 2010
	Grass-clover
	Grass-clover followed by annual crop
	Barley, Peas, Potato, Carrot, Winter rye
	Annual crop
	Farmland
	30, 52
	Forage

	7
	Börjessen et al. 2018
	Grass-clover
	Grass-clover followed by annual crop
	Barley, Oats, Wheat
	Annual crop
	Farmland
	35
	Forage

	8
	Byron et al. 2013
	Switchgrass, Miscanthus, Big bluestem
	Annual crop
	Corn, Sorghum, Soybean
	Annual crop
	Farmland
	5
	Biomass

	9
	Bonin et al. 2014
	Indiana grass,  Willow, Switchgrass
	Annual crop
	Corn
	Annual crop
	Farmland
	7
	Biomass

	10
	Carter et al. 2010
	Tall fescue
	Annual crop
	Wheat, Barley, Soybean
	Annual crop
	Farmland
	3, 5, 7
	Biomass

	11
	Cattaneo et al. 2014
	Miscanthus, Giant Reed
	Annual crop
	Wheat, Wheat-Corn
	Annual crop
	Farmland
	10
	Biomass

	12
	Chenglong et al. 2019
	Prairie meadow
	Annual crop
	Corn-Soybean
	Annual crop
	Farmland
	10
	Biomass

	13
	Chimento et al. 2016
	Poplar, locust, willow, giant reed, miscanthus, switchgrass
	Annual crop
	Corn
	Annual crop
	Farmland
	6
	Biomass 

	14
	Culmen et al. 2010
	Prairie meadow
	Prairie grassland
	Wheat
	Annual crop
	Grassland
	75
	Hay

	15
	Dalal et al. 2013
	Buffel pasture
	Native grassland
	Sorghum
	Native grassland
	Pasture land
	23
	Hay

	16
	Díaz-Pinés et al. 2017
	Poplar short-rotation coppice
	Annual crop
	Wheat, Barley, Oats
	Annual crop
	Farmland
	5
	Biomass

	17
	Dondini et al .2009
	Miscanthus
	Annual crop
	Annual crop
	Annual crop
	Farmland
	13
	Biomass

	18
	Dou et al. 2013
	Switchgrass, Bermudagrass, Klein grass
	Annual crop
	Wheat, Sorghum, Soybean, Cotton
	Annual crop
	Farmland
	5, 10, 20, 30
	Biomass

	19
	Dufossé et al. 2014
	Miscanthus
	Annual crop
	Wheat
	Annual crop
	Farmland
	20
	Biomass

	20
	Dupont et al. 2014
	Perennial grassland
	Perennial grassland
	Wheat
	Perennial grassland
	Farmland
	4, 5 
	Hay

	21
	Emmerling et al. 2017
	Switchgrass, Giant Knotweed, Cup plant Tall wheatgrass, Canary grass, Virginia mallow
	NA
	Corn, Triticale
	NA
	Farmland
	4
	Biomass

	22
	Fabrizzi et al. 2009
	Prairie, Native grassland
	Annual crop
	Wheat, Soybean, Corn, Oats, 
	Annual crop
	Grassland
	9, 15, 20
	NA

	23
	Felten et al. 2012
	Miscanthus
	Annual crop
	Wheat, Triticale, Ryegrass
	Annual crop
	Farmland
	2, 5, 16
	Biomass

	24
	Ferchaud et al.  2016
	Miscanthus, switchgrass, Alfalfa, Fescue
	Annual crop
	Sorghum,Triticale
	Annual crop
	Farmland
	6
	Biomass

	25
	Follet et al. 2012
	Switchgrass
	Annual crop
	Corn
	Annual crop
	Farmland
	9
	Biomass

	26
	Gauder et al. 2012
	Miscanthus, Willow
	NA
	Corn
	NA
	Farmland
	8
	Biomass

	27
	Gauder et al. 2016
	Miscanthus, Switchgrass, Willow
	NA
	Corn
	NA
	Farmland
	11
	Biomass

	28
	Hansen et al .2004
	Miscanthus
	Annual crop
	Barley
	Annual crop
	Farmland
	9, 16
	Biomass

	29
	Ibrahim et al. 2018
	Prairie meadow
	Annual crop
	Corn
	Annual crop
	Farmland
	7
	Biomass

	30
	Jung et al. 2011
	Switchgrass
	Annual crop
	Corn
	Annual crop
	Farmland
	5
	Biomass

	31
	Kahle et al. 2013
	Willow, Poplar
	Annual crop
	Barley, Ryegrass
	Annual crop
	Farmland
	17
	Biomass

	32
	Kantola et al. 2017
	Miscanthus, Switchgrass, Prairie meadow
	Annual crop
	Corn, Soybean
	Annual crop
	Farmland
	6
	Biomass

	33
	Kaye et al. 2005
	Shortgrass steppe,  Kentucky bluegrass
	Native grassland
	Wheat, Corn
	Annual crop
	Grassland
	63
	NA

	34
	Lockwellet al. 2012
	Willow
	Hay crop 
	Buckwheat
	Annual crop
	Farmland
	2
	Biomass

	35
	Martani et al. 2021
	Black locust, Willow, Miscanthus, Poplar, Switchgrass
	Annual crop
	Corn
	Annual crop
	Farmland
	11
	Biomass

	36
	McGowan et al. 2019
	Miscanthus, Switchgrass
	Annual crop
	Corn, Sorghum
	Annual crop
	Farmland
	2, 7, 10
	Biomass

	37
	Mello et al. 2014
	Sugarcane
	Annual crop
	Annual crop
	Annual crop
	Farmland
	2, 3 , 5, 7
	Biomass

	38
	Mi et al. 2014
	Miscanthus
	NA
	Wheat, Corn
	NA
	Farmland
	3=
	Biomass

	39
	Ojeda et al. 2018
	Tall fescue, Alfalfa,
	Annual crop
	Corn, Soybean, Oats
	Annual crop
	Farmland
	2
	Forage

	40
	Poeplau & Don 2014
	Miscanthus
	Annual crop
	Annual crop
	Annual crop
	Farmland
	11, 15, 17, 18, 19
	Biomass

	41
	Ruf et al. 2020
	Tall wheatgrass, Reed canary grass, Cup plant, Virginia mallow, Giant knot reed
	Annual crop
	Corn, Wheat
	Annual crop
	Farmland
	5
	Biomass

	42
	San José et al. 2003
	Brachiaria
	Native grassland
	Cowpea
	Native grassland
	Farmland
	5, 10, 15, 20, 25, 30
	Forage

	43
	Sarkar et al. 2018
	Broom grass, Setaria,  Congosignal, Napier grass,  Guinea grass, Paspalum
	NA
	Corn
	NA
	Farmland
	20
	Forage

	44
	Smith et al. 2013
	Miscanthus, Switchgrass, Prairie Meadow
	Annual crop
	Corn, Corn, Soybean
	Annual crop
	Farmland
	3
	Biomass

	45
	Thompson et al. 2016
	Switchgrass, Miscanthus
	Annual crop
	Corn, Soybean
	Annual crop
	Farmland
	3
	Biomass

	46
	Tiemann et al. 2015
	Switchgrass, Miscanthus, Prairie meadow
	Annual crop
	Corn
	Annual crop
	Farmland
	4
	Biomass

	47
	Walter et al .2015
	Poplar, Willow
	Annual crop
	Annual crop rotation
	Annual crop
	Farmland
	12-35
	Biomass

	48
	Zhang et al. 2012
	Alfalfa
	Annual crop
	Corn
	Annual crop
	Farmland
	9
	Forage

	49
	Zhang et al. 2014
	Alfalfa
	Annual crop
	Corn
	Annual crop
	Farmland
	13
	Forage

	50
	Zhu et al. 2018
	Switchgrass, Miscanthus, Prairie meadow
	Annual crop
	Corn, Soybean
	Annual crop
	Farmland
	2, 6
	Forage

	51
	Zimmermann et al. 2012
	Miscanthus
	Annual crop
	Barley
	Annual crop
	Farmland
	2
	Forage
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Table S2: Template for quality assessment

	Group
	Quality criteria
	Sub-criteria
	Is criterion applied in Meta-analysis (and to which extent)
	Score
	Description
	References
	Soil organic carbon stock change following perennialization: A meta-analysis

	Literature search and inclusion / exclusion criteria
	1. Literature search 
	Published literature extracted from
	> 4 databases
	3
	Several databases should be used for extracting published literature to reduce the risk of selection bias
	"We searched peer-reviewed articles published before June 2021 using the Web of Science (http://apps.webofknowledge.com/) and Google Scholar (https://scholar.google.com/)."
	2

	
	
	
	between 2 and 4 databases 
	2
	
	
	

	
	
	
	1 database
	1
	
	
	

	
	
	
	not reported
	0
	
	
	

	
	
	Grey literature (unpublished reports and experiments, project reports etc.) included
	yes
	1
	Grey literature maximizes comprehensiveness and reduces risk of bias. Whether conducting a grey literature research is necessary or not is dependent on the meta-analysis itself and needs to be assessed by the authors
	"The database comprised of only the peer-reviewed literature and included as many studies as possible for further analysis." 
	0

	
	
	
	no
	0
	
	
	

	
	
	Keywords/search string reported
	yes
	1
	The search string(s) used to retrieve literature from different databases should be stated
	"The following combinations of keywords were used for the search: (1) “soil organic carbon” or “carbon stock” or “soil carbon sequestration” or “soil carbon”; and (2) “annual” or “annual crop”; and (3) “perennial” or “perennial crop”."
	1

	
	
	
	no
	0
	
	
	

	
	2. Authors checked the reference lists of other existing meta-analyses and reviews for available literature
	 
	yes
	1
	Ensures the inclusion of more relevant articles, as occasionally, keyword searching in databases does not provide results for all available literature
	"We started to build our database conceptualized from a previous study on soil carbon dynamics under perennial crops (Ledo et al. 2020) where thirty-six studies were included on top of Ledo."
	1

	
	
	
	no
	0
	
	
	

	
	3. Inclusion and exclusion criteria reported
	 
	yes
	1
	Inclusion and exclusion criteria should be clearly described and decisions for exclusion of studies should be transparent
	"However, the following criteria had to be fulfilled by a study to be included in the meta-analysis: 1) soil and climatic parameters were similar for both annual and perennial cropping systems; 2) the experiment used paired-site i.e., data on perennial and annual cropping systems were included in each study; 3) studies with duration of less than 1 year were removed to exclude short term effects (Gross and Glaser 2021)."
	1

	
	
	
	no
	0
	
	
	

	
	4.  Control (C) and treatment (T) described 
	 
	yes
	1
	Inclusion of studies on the same research topic and avoiding mixing "apples and oranges"  
	"We used the change of SOC in perennial as a dependent variable and two categories of control treatment to explore the potential variability sources: 1) monoculture and 2) crop rotation systems. Monoculture systems are characterized by continuous sowing of the same crop type; crop rotation included simple crop rotation (e.g., corn-wheat) and diversified crop rotations (e.g., rapeseed-wheat-corn-barley-grass clover). Perennial systems in the present study are defined as managed agricultural lands that are planted once and harvested annually (grass has several cuts per year) or after more years (willow and poplar are typically harvested every 3-6 years)."
	1

	
	
	
	no
	0
	
	
	

	
	5. Moderators and their range or groups described
	 
	yes
	1
	Defining moderators is essential to evaluate the source of variation across studies. Their range or groups are important to indicate the limits within which moderators were studied
	"Further details of the crop types, previous land use, perennial ecosystem, and usage types of perennials could be found in supplementary documents (Table S1). To better understand the factors influencing SOC stock change, we grouped data by climate zone, soil textural class, soil pH class, perennial crop age, perennial vegetation type, and functional photosynthetic types."
	1

	
	
	
	no
	0
	
	
	

	Meta-analysis
	6. Effect size                        
	In(R) (log response ratio)
	
	2
	Easily interpretable by back-transformation of ln (R) to a percentage change from the control 
	"Natural log of response ratio (lnRR) (Hedges et al. 1999) was used to quantify the effect of perennial system on SOC."
	2

	
	
	Raw mean difference (D)
	
	1
	Not recommended for meta-analyses having a range of control levels/scales. Example: when SOC stocks are studied, initial values can have a wide range (10-100 t/ha)
	
	

	
	
	Standardized mean difference (e.g., Hedges´d)
	
	1
	Difficult to interpret; |d | = 0.2 – small effects
|d | = 0.5 – moderate effects
|d | = 0.8 – large effects
	
	

	
	
	non-standard metrics used or not calculated
	
	0
	Without the calculation of effect sizes, a synthesis does not qualify as a meta-analysis (all following quality criteria of group "Meta-analysis" account for 0)
	
	

	
	7. Standard deviation extracted
	 
	From each study
	2
	Standard deviations need to be extracted from all studies in order to calculate the weight for each study. They should not be estimated.
	"The variance of each study was calculated based on means, number of replications, and standard deviation of both perennial and annual systems."" Missing SD data (6 studies for monoculture and 3 for rotation comparison) was imputed using the R-package metagear (Lajeunesse 2016), following the “HotDeck” approach of Rubin and Schenker (1991) by imputing SD from data with means of similar scale."
	1

	
	
	
	From some studies
	1
	
	
	

	
	
	
	Not extracted
	0
	
	
	

	
	8. Studies weighted by 1/variance
	 
	For each study
	2
	Weighting of studies is only correct when done by the inverse of variance. Meta-analyses that extracted SD only for some studies but weighted by 1/variance did weigh "some studies" or "partly".
	"The meta-analysis was weighted for each study by the inverse of variance of the effect sizes." 
	2

	
	
	
	For some studies
	1
	
	
	

	
	
	
	Not weighted / reported
	0
	
	
	

	
	9. Subgroup analysis and meta-regression
	 
	yes
	1
	Categorical and/or continuous moderators should be assessed by Q-test
	"A moderator analysis (meta-regressions) was conducted to investigate the variability sources of the effect sizes linked to SOC stock change. The omnibus test of moderators (QM) was reported."
	1

	
	
	
	no
	0
	
	
	

	
	10. Model used
	Random-effect or mixed-effect model
	 
	1
	When conducting a meta-analysis in the field of agriculture, the random-effect or mixed-effect model should be chosen, as it acknowledges between-study variation
	"The multi-level meta-analytic mixed-effects models were fitted using the R-package “metafor” (Viechtbauer 2010)."
	1

	
	
	Fixed-effect model
	
	0
	
	
	

	
	
	No model reported
	
	0
	
	
	

	
	11. Software used for meta-analysis
	 
	Meta-analytical software (as MetaWin, Metafor package, etc.) or other software (as SPSS, SAS, Stata, R, etc.)
	1
	Used software should be stated; when using general statistical analysis software, correct model choice (weighted + random model) and implementation are necessary
	"All the analyses and visualization were performed with R v. 4.1.2."
	1

	
	
	
	Spreadsheet (as MS Excel) or not reported
	0
	
	
	

	
	12. Independence of effect sizes 
	 
	1-2 effect sizes per study/site extracted
	1
	Effect sizes should be independent. Golden rule: one study or site, one effect size extracted. When several combinations of treatment and control were studied, only one effect size per study/site should be extracted
	"Study site and effect size were considered random factors in the meta-analysis as several study sites contributed more than one effect size."
	1 (see note)

	
	
	
	> 2 effect sizes per study/site extracted
	0
	
	
	

	
	13. Response variables and relevant parameters for their calculation were measured
	 
	yes
	1
	Response variables need to be measured in an experiment, not estimated or modelled (e.g., pedotransfer functions only provide estimates for bulk density and therefor introduce the risk of inaccurate calculation of SOC stock contents)
	"Soil properties like pH, bulk density (BD), soil type, soil textural class, and percentage of sand, silt and clay were extracted from the literature."
	1

	
	
	
	no
	0
	
	
	

	
	14. Sensitivity analysis to test robustness of meta-analysis
	Outliers and effect size distribution
	yes
	1
	Presence of outliers should be tested and can be identified via effect size distribution in weighted histograms, box-plots, etc.
	"A sensitivity analysis was performed to test the robustness of our results. A multi-level meta-analytic mixed-effects model was fitted excluding those studies with imputed standard deviations."" In addition, we performed influential analysis on the model fit using the hat values (indicate which observations have high leverage). Studies with large influence were those with two times the average leverage (Habeck and Schultz 2015), whereas possible outliers were those studies with high standardized residuals (Figure S4)."
	1

	
	
	
	no
	0
	
	
	

	
	
	Detecting publication bias 
	yes
	1
	Magnitude of publication bias should be estimated by funnel plots, Egger's regression or Fail-safe test
	"Publication bias was assessed with Funnel plots and Egger’s Regression tests."
	1

	
	
	
	no
	0
	
	
	

	Results and database presentation
	15. Results presentation in figures and tables
	Summarized effect size and Confidence Intervals
	yes
	1
	Summarized effect size and confidence intervals should be presented in a table or figure
	"Orchard” plots, in addition to showing overall mean effects and confidence intervals from meta-analyses, also include 95% prediction intervals."
	1

	
	
	
	no
	0
	
	
	

	
	
	Moderator analysis (sub-group analysis and/or meta-regression)
	yes
	1
	Moderator (covariates) analysis should be presented in form of figures or tables
	"A moderator analysis (meta-regressions) was conducted to investigate the variability sources of the effect sizes linked to SOC stock change."
	1

	
	
	
	no
	0
	
	
	

	
	
	Forest plot 
	yes
	1
	Forest plots enable the graphical presentation of individual effect sizes of studies and the overall effect size including confidence intervals
	"All lookalike forest graphics are presented as orchard plot using “orchard” package in R (Nakagawa et al. 2021)."
	1

	
	
	
	no
	0
	
	
	

	
	16. Description of meta-data
	 
	yes
	1
	A description of meta-data (authors and year plus experimental location, treatments, etc.) in the article or appendix should to be provided as a table
	"Further details of the crop types, previous land use, perennial ecosystem, and usage types of perennials could be found in supplementary documents."" Similarly, the synthesized data after curation is provided (Supplementary data)." Meta-data and the synthesized data also published in open data repository in Mendeley."  
	1

	
	
	
	no
	0
	
	
	

	
	17. Full database including most of the following criteria for each study
	Article ID and/or first author plus year
	Available and includes most of the listed criteria; Article ID and/or first author plus year must be described; either effect size or mean, SD and sample size of T/C must be described
	2
	Each study should have a distinctive number to allow easy identification
	 "Further details of the crop types, previous land use, perennial ecosystem, and usage types of perennials could be found in supplementary documents."" Similarly, the synthesized data after curation is provided (Supplementary data)." Meta-data and the synthesized data also published in open data repository in Mendeley. " 
	2

	
	
	
	
	
	First author and year of publication should be stated
	 -
	

	
	
	Country/location
	
	
	Country and exact location of experiment
	 -
	

	
	
	Control (C)
	
	
	Measure used as control
	 -
	

	
	
	Treatment (T)
	
	
	Measure under investigation
	 -
	

	
	
	Moderators
	
	
	Possible moderators (pedo-climatic, experimental conditions, duration of experiments, land use/crops/cropping systems)
	-
	

	
	
	Means of C/T
	
	
	Means, SDs and sample sizes of treatment and control should be stated to allow replication of the meta-analysis
	-
	

	
	
	Standard deviations of C/T
	
	
	
	
	

	
	
	Sample sizes C/T
	
	
	
	
	

	
	
	Effect size
	
	
	Calculated effect sizes should be stated
	
	

	
	
	Article ID and/or first author plus year
	Available and includes the listed criteria (either effect size or mean, SD and sample size of T/C must be described)
	1
	see above in point 17
	-
	

	
	
	Means of C/T
	
	
	
	
	

	
	
	Standard deviations of C/T
	
	
	
	
	

	
	
	Sample sizes C/T
	
	
	
	
	

	
	
	Effect size
	
	
	
	
	

	
	
	 
	Not available or includes less information than score 1 
	0
	
	
	

	 
	 
 
Maximum reachable score per meta-analysis: 
	28
	

Total score
	25

	Note: several effect sizes from the same study can be included if the mixed-meta analytic model includes the nesting structure of the data (or the correlation structure). In our case, as described in the manuscript, we included study site and effect size IDs as a nested random effects as several study sites contributed more than one effect size.






Table S3. Study ID, site ID, site, country, coordinates (latitude, longitude), mean annual temperature (MAT), mean annual precipitation (MAT), elevation, and climatic zone of studies used in this meta-analysis.


	
	
	
	
	Coordinates
	
	
	
	
	

	Study ID
	Site ID
	Site
	Country
	Lat.
	Long.
	MAT
	MAP
	Elev-
ation
	Climate
	Reference

		1
	1
	Gariga di Podenzano
	Italy
	44.96
	9.68
	890
	12.2
	118
	Temperate
	Chimento et al. 2016

	2
	2
	Ihinger Hof
	Germany
	48.75
	8.92
	714
	9.1
	480
	Temperate
	Gauder et al. 2016

	3
	3
	Germany
	Germany
	53.82
	12.07
	578
	8.6
	9
	Temperate
	Kahle et al. 2013

	4
	4
	Bologna
	Italy
	44.55
	11.35
	700
	13.3
	32
	Temperate
	Cattaneo et al. 2014

	5
	5
	Orinoco
	Venezuela
	9.77
	-63.47
	1050
	26.2
	120
	Tropics
	San Jose et al. 2003

	6
	6
	Trier
	Germany
	49.81
	6.72
	761
	10.5
	125
	Temperate
	Felten et al. 2012

	7
	7
	Wexford
	Ireland
	52.34
	-6.46
	953
	10.2
	12
	Temperate
	Zimmermann et al. 2012

	8
	8
	Boisbriand
	Canada
	45.62
	-73.83
	999.6
	6.8
	25
	Temperate
	Lockwell et al. 2012

	9
	9
	Campo Florido
	Brazil
	-19.75
	-48.64
	1553
	22.5
	629
	Tropics
	Mello et al. 2014

	9
	10
	Arapora
	Brazil
	-18.48
	-49.14
	1462
	23.2
	525
	Tropics
	Mello et al. 2014

	9
	11
	Goiatuba
	Brazil
	-18.01
	-49.37
	1585
	22.3
	792
	Tropics
	Mello et al. 2014

	10
	12
	Abbachhof
	Germany
	49.08
	12.15
	650
	8
	360
	Temperate
	Walter et al .2015

	10
	13
	Arnsfeld
	Germany
	50.58
	13.11
	860
	6.9
	610
	Temperate
	Walter et al .2015

	10
	14
	Bad Birnbach
	Germany
	48.42
	13.15
	930
	8.9
	370
	Temperate
	Walter et al .2015

	10
	15
	Dornburg
	Germany
	51
	11.67
	595
	8.1
	260
	Temperate
	Walter et al .2015

	10
	16
	Forchheim
	Germany
	48.97
	8.33
	742
	10.1
	117
	Temperate
	Walter et al .2015

	10
	17
	Hann Münden
	Germany
	51.48
	9.6
	700
	8.6
	115
	Temperate
	Walter et al .2015

	10
	18
	Germany
	Germany
	48.28
	8.43
	800
	6.8
	600
	Temperate
	Walter et al .2015

	10
	19
	Hart
	Germany
	47.93
	12.55
	1155
	8.8
	545
	Temperate
	Walter et al .2015

	10
	20
	Langenwetzendorf
	Germany
	50.68
	12.1
	600
	7.4
	380
	Temperate
	Walter et al .2015

	10
	21
	Neuhof
	Germany
	48.77
	10.8
	800
	8.2
	510
	Temperate
	Walter et al .2015

	10
	22
	Pumpernudel
	Germany
	48.23
	12.12
	990
	8.1
	540
	Temperate
	Walter et al .2015

	10
	23
	Potsdam
	Germany
	52.43
	13
	560
	9.2
	43
	Temperate
	Walter et al .2015

	10
	24
	Salzungen
	Germany
	50.8
	10.23
	586
	8.1
	290
	Temperate
	Walter et al .2015

	10
	25
	Skäßchen
	Germany
	51.35
	13.57
	575
	8.5
	120
	Temperate
	Walter et al .2015

	10
	26
	Schwarzenau
	Germany
	49.75
	10.22
	570
	9.8
	200
	Temperate
	Walter et al .2015

	10
	27
	Thammenhain
	Germany
	51.43
	12.85
	575
	8.5
	130
	Temperate
	Walter et al .2015

	10
	28
	Wöllershof
	Germnay
	49.75
	12.18
	710
	8.1
	430
	Temperate
	Walter et al .2015

	11
	29
	Sigmaringen
	Germnay
	49.01
	9.24
	790
	7.2
	630
	Temperate
	Dıaz-Pines et al. 2017

	12
	30
	Manhattan
	United States
	39.18
	-96.58
	891
	12.6
	317
	Temperate
	McGowan et al. 2019

	13
	31
	Balcarce
	Argentina
	-37.5
	-58.3
	789
	14.1
	130
	Subtropics
	Ojeda et al. 2018

	14
	32
	North central Iowa
	United States
	41.92
	93.75
	40
	9.1
	1022
	Temperate
	Chenglong Ye et al. 2019

	15
	33
	Urbana
	United States
	40.06
	-88.19
	1042
	11.1
	220
	Temperate
	Zhu et al. 2018

	16
	34
	Meghalaya
	India
	25.69
	91.92
	2352
	19.3
	980
	Tropics
	Sarkar et al. 2018

	17
	35
	Armstrong Research Farm
	United States
	41.31
	-95.17
	939
	9.3
	389
	Temperate
	Blanco-Canqui et al. 2020

	18
	36
	Gaolan county
	China
	36.22
	103.78
	263
	8.4
	1780
	Subtropics
	Zhang et al. 2014

	19
	37
	Qingyang
	China
	35.71
	107.64
	500
	7
	1415
	Subtropics
	Mi et al. 2014

	20
	38
	Chomutov
	Czechia
	50.47
	13.39
	525
	7.6
	393
	Temperate
	AL Souki et al. 2021

	21
	39
	Armstrong Research Farm
	United States
	41.31
	-95.17
	939
	9.3
	389
	Temperate
	Acharya et al. 2019

	21
	40
	Beaver Crossing
	United States
	40.72
	-97.21
	722
	10.5
	464
	Temperate
	Acharya et al. 2019

	22
	41
	Linaria
	Canada
	54.2
	-114.13
	463
	1.9
	622
	Temperate
	Arevalo et al. 2011

	23
	42
	Gaolan county
	China
	36.22
	103.78
	263
	8.4
	1780
	Subtropics
	Zhang et al. 2012

	24
	43
	Altrich
	Germany
	49.97
	6.91
	710
	8.9
	170
	Temperate
	Emmerling et al. 2017

	24
	44
	Klosterkumbd
	Germany
	50.01
	7.54
	664
	7.8
	365
	Temperate
	Emmerling et al. 2017

	24
	45
	Speyer
	Germany
	49.31
	8.44
	583
	10
	99
	Temperate
	Emmerling et al. 2017

	25
	46
	Western
	United States
	39.85
	-83.68
	950
	10.2
	330
	Temperate
	Jung et al. 2011

	26
	47
	College station
	United States
	31
	-96.51
	950
	19.4
	132
	Subtropics
	Dou et al. 2013

	26
	48
	Dallas
	United States
	33
	-97
	921
	18.6
	168
	Subtropics
	Dou et al. 2013

	26
	49
	Stephenville
	United States
	32.22
	-89.2
	1482
	17.2
	147
	Subtropics
	Dou et al. 2013

	27
	50
	Urbana
	United States
	40.07
	-88.19
	1051
	10.9
	223
	Temperate
	Kantola et al. 2017

	28
	51
	Illinois Energy Farm
	United States
	40.07
	-88.19
	1051
	11
	220
	Temperate
	Smith et al. 2013

	29
	52
	Trier
	Germany
	49.75
	6.68
	710
	8.9
	170
	Temperate
	Ruf et al. 2020

	30
	53
	Ithaca
	United States
	41.15
	-96.4
	792
	5.3
	346
	Temperate
	Follet et al. 2012

	31
	54
	Estrees-Mon
	France
	49.87
	3.01
	673
	10.6
	82
	Temperate
	Ferchaud et al. 2016

	32
	55
	Ohio Agricultural Research
	United States
	39.85
	-83.75
	1057
	10.9
	332
	Temperate
	Catherine et al. 2014

	33
	56
	Manhattan
	United States
	39.18
	-96.58
	838
	12.6
	317
	Temperate
	Byron et al. 2013

	34
	57
	Ihinger Hof
	Germany
	48.75
	8.92
	691
	8.3
	480
	Temperate
	Gauder et al. 2012

	35
	58
	Grignon
	France
	48.85
	1.97
	557
	11.5
	109
	Temperate
	Dufosse et al. 2014

	36
	59
	Queensland
	Australia
	-24.81
	149.8
	720
	21.2
	151
	Subtropics
	Dalal et al. 2013

	37
	60
	Delfzijl
	Netherlands
	53.3
	6.94
	760
	8
	-3
	Temperate
	Poeplau et al. 2014

	37
	61
	Friemar
	Germany
	50.98
	10.78
	550
	7.3
	283
	Temperate
	Poeplau et al. 2014

	37
	62
	Jyndevad
	Denmark
	54.9
	9.13
	859
	7.9
	13
	Temperate
	Poeplau et al. 2014

	37
	63
	Tanikon
	Switzerland
	47.48
	8.91
	1185
	8.4
	541
	Temperate
	Poeplau et al. 2014

	37
	64
	Trier
	Germany
	49.82
	6.72
	707
	9
	125
	Temperate
	Poeplau et al. 2014

	37
	65
	Weinfelden
	Switzerland
	47.57
	9.13
	860
	9
	435
	Temperate
	Poeplau et al. 2014

	38
	66
	Lönnstorp
	Sweden
	55.67
	13.1
	569
	7.7
	11
	Temperate
	Börjesson et al. 2018

	38
	67
	Lanna
	Sweden
	58.35
	13.13
	558
	6.1
	74
	Temperate
	Börjesson  et al. 2018

	39
	68
	Elora
	Canada
	43.64
	-80.41
	926
	6.2
	368
	Temperate
	Thompson et al. 2016

	40
	69
	Harrington Research Farm
	United States
	46.33
	-63.17
	1077
	5.9
	62
	Temperate
	Carter et al. 2010

	41
	70
	Fort Collins
	United States
	40.6
	-105.1
	385
	8.9
	1556.5
	Subtropics
	Kaye et al. 2005

	42
	71
	Niles
	United States
	39
	-97.64
	749
	12.6
	400
	Temperate
	DuPont et al. 2014

	43
	72
	North Central Kansas
	United States
	38.29
	-97.28
	730
	13.2
	447
	Temperate
	Culman et al. 2010

	44
	73
	Offer
	Sweden
	63.14
	17.75
	567
	3.4
	30
	Temperate
	Bolinder et al. 2010

	44
	74
	Ås
	Sweden
	62.25
	14.57
	490
	3.6
	300
	Temperate
	Bolinder et al. 2010

	44
	75
	Röbäcksdalen
	Sweden
	63.82
	20.24
	566
	2.7
	7
	Temperate
	Bolinder et al. 2010

	45
	76
	Wisconsin
	United States
	43.34
	-89.52
	833
	7.4
	290
	Temperate
	Tiemann et al 2015

	45
	77
	Michigan
	United States
	42.44
	-85.57
	810
	9.7
	267
	Temperate
	Tiemann et al 2015

	46
	78
	Gariga di Podenzano
	Italy
	44.98
	9.68
	890
	12.2
	118
	Temperate
	Martani et 2021

	47
	79
	Guelph
	Canada
	43.54
	-80.21
	904
	6.7
	337
	Temperate
	Bazrgar et al. 2020

	48
	80
	Cruz Alta
	Brazil
	-28.6
	-53.67
	1727
	19.2
	422
	Subtropics
	Fabrizzi et al 2009

	48
	81
	Entre Rios
	Argentina
	-31.84
	-60.53
	995
	18.5
	78
	Subtropics
	Fabrizzi et al 2009

	48
	82
	Kansas
	United States
	39.22
	-96.6
	800
	11.4
	330
	Temperate
	Fabrizzi et al 2009

	49
	83
	Boone County
	United States
	41.92
	-93.75
	853
	9.1
	314
	Temperate
	Ibrahim et al 2018

	50
	84
	Carlow
	Ireland
	52.85
	-6.9
	830
	9.3
	50
	Temperate
	Dondini et al. 2009

	51
	85
	Hornum
	Denmark
	56.83
	9.43
	706
	7.4
	30
	Temperate
	Hansen et al 2004
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Figure S1. PRISMA flow diagram showing different phases of systematic reviews and meta-analyses (Page et al. 2021)
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Funnel plots showing the publication bias using the effect sizes (lnRR) of SOC stock changes between perennial and annual monoculture systems against (a) sample size (intercept = 0.184 [0.116 to 0.252], 𝑝 < 0.001; slope = -0.004 [-0.01 to 0.001], 𝑝 = 0.123) and (b) standard error as moderators (intercept = 0.172 [0.0107 to 0.236], 𝑝 < 0.001; slope = -0.502 [-1.228 to 0.223], 𝑝 = 0.173). Individual effect sizes are scaled by precision (i.e., inverse of the standard error) with transparent grey circles.
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Funnel plots showing the publication bias using the effect sizes (lnRR) of SOC stock changes between perennial and annual crop rotation systems against (a) sample size (intercept = 0.213 [0.127 to 0.298], 𝑝 < 0.001; slope = -0.0005 [-0.005 to 0.004], 𝑝 = 0.049) and (b) standard error as moderators (intercept = 0.260 [0.175 to 0.346], 𝑝 < 0.001; slope = -1.403 [-0.080 to -2.727], 𝑝 = 0.038). Individual effect sizes are scaled by precision (i.e., inverse of the standard error) with transparent grey circles. 
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Influential analysis on the model fit of perennial crops compared against (a) monoculture and (b) crop rotation using the bubble plot of standardized residual versus hat values (indicate which points have high leverage). The dashed vertical reference lines are drawn at twice the average leverage. Individual effect sizes are scaled by precision (i.e., inverse of the standard error) with transparent grey circles. 
 [image: C:\Users\au657377\OneDrive - Aarhus Universitet\Papers working_2021\Meta study_2022\Meta Draft_2022\Revised version_September 2022\Agronomy_Sustainable development\Graphs\Sensitivity analysis.tif]

Sensitivity analysis for the meta-analytic model excluding the studies with imputed standard deviations to the effect of perennialization on soil organic carbon stock change compared against (a) monoculture and (b) crop rotation. Meta-analytic model showing mean estimates with dark colored circles, 95% confidence interval with thick whisker, 95% prediction interval with thin whisker, and individual effect sizes scaled by their precision (i.e., inverse of the standard error) with light colored circles.  indicates the number of effect sizes. The dashed vertical line shows null log response ratio.
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Fig.S2  Perennial vs monoculture
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Fig. S3 Perennial vs crop rotation
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Fig. S4  Perennial vs monoculture
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Fig. S5 Perennial vs monoculture
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