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• Meta-analyses are getting more and more popular

• Many of them have low quality!

• Soil organic carbon (SOC) prominent topic

Why is this topic important for us?

Introduction

Fig.: Number of SOC articles and agricultural meta-analyses 
published between 2000 and 2020.

Philibert et al. (2012)
Krupnik et al. (2019)

What is the problem?

• Researchers are missing expertise

• No guidelines suited to needs of agriculture or 

soil science available
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Introduction
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• Changes in soil are slower
than other physiological and biogeochemical changes; 
e.g., changes within plant tissue

• Complex system
not only pedoclimatic conditions influence soil, but also agricultural management 
practices impact variables of interest

• Measuring response variables: SOC – BD and pedotransfer
soil parameters and indicators: methods available for computation  uncertainty

Specific issues in soil and agricultural meta-
analyses

… Soil and agricultural meta-analyses have specific issues which differ from other disciplines!



Aim and Method

Adapt existing guidelines 
to construct criteria-set

for quality assessment in 
soil science & agriculture

Search available meta-
analyses on SOC -

“meta-analysis”; field 
experiments

Assess quality of 31 SOC 
meta-analyses 

Aim
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Inclusion/exclusion criteria
Field or lab

Quantitative quality criteria-set
+ examples for SOC meta-analysis

Literature search

Treatment and control
No-till vs. conventional on SOC

Moderators
pH, clay content, climatic zone 

Meta-analysis

Effect size

Standard deviation 
extracted

Weighting: 1/variance
account for study precision!

Presentation

Results

Database
for each included study:
mean/SD/N of T and C
SOC effect size
moderators

+ Scoring system …. max. 28

Results
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Fig.: Scores of 31 analyzed SOC meta-analyses over time (between 2005-2020)

Room for improvement in SOC meta-analyses

Results
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Max. score 28



Results

Fig.: Scores of 31 SOC meta-analyses displayed as scores per group

Full circle: Meta-analysis weighted each study; empty circle: meta-analysis weighted some studies 7

Biggest issues

• Literature search 
reporting

• Standard metrics for 
effect size calculation

• SD extraction
• Weighting by 1/variance
• Non-independence
• Moderator analysis

• Database availability

(max. score: 9)
(13)

(6)



Results

Robust meta-analyses on …

 but rather low scores!
 Could be improvement

Only 1 excellent meta-analysis 
on…
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Poor meta-analyses

 Need new meta-analyses! 
© Zechmeister-Boltenstern

Semi-robust meta-analyses on…

 Need improvement! 
Hood-Nowotny et al. (2018)

Management practices?



Take home messages

Take home messages

• Meta-analysis – follows strict criteria!

• Specific issues in soil and agriculture

• Number of meta-analyses rising - Many do not reach sufficient quality

• Main issues: reporting, effect size, SD extraction, weighting, non-independence, moderators, database

• New or improved meta-analyses are needed on biochar, organic, fertilization, diversification, combined, etc. 

• Critically review existing meta-analysis – policy making

• Engage in trainings, use guidelines

• When conducting:

✔Supervised by expert

✔Use available guidelines

✔Tools available that assist SD extraction or SOC calculation from single layers (Acutis et al. 2022, Tadiello et al. 2022)
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Thank you 
for your 

attention!

Correspondence: Julia.fohrafellner@boku.ac.at
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Book:
• Koricheva, J., Gurevitch, J., Mengersen, K. (Eds.), Handbook of Meta-Analysis in Ecology and Evolution. Princton University 

Press, Princeton

Good meta-analysis:
• Haddaway, N.R., Hedlund, K., Jackson, L.E., Kätterer, T., Lugato, E., Thomsen, I.K., Jørgensen, H.B., Isberg, P.E., 2017. How

does tillage intensity affect soil organic carbon? A systematic review, Environmental Evidence. BioMed Central. 
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Free online trainings:
• https://www.coursera.org/learn/systematic-review
• About systematic reviews, which incorporate meta-analysis: https://systematicreviewmethods.github.io/

Guideline:
• Collaboration for Environmental Evidence. 2018. Guidelines and Standards for Evidence synthesis in Environmental 

Management. Version 5.0 (AS Pullin, GK Frampton, B Livoreil & G Petrokofsky, Eds) 
www.environmentalevidence.org/information-for-authors.
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Example of the relationship between the SOC levels in control and effect sizes measured as response ratio or raw mean difference

for three studies. Response ratio indicates increasing effect size with decreasing control level. Raw mean difference indicates equal effect 

sizes for all experiments and does not consider variation in control levels. Triangles indicate an increase or decrease of values; rectangle 

indicates constant values.
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