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ARTICLE INFO ABSTRACT
Keywords: Soil organic carbon (SOC) sequestration is increasingly recognized as a key lever for mitigating greenhouse gas
Soil organic carbon emissions. However, knowledge about SOC dynamics under various land management practices remains limited

Long-term experiments

Diachron in the Global South. Long-term experiments (LTEs), combined with a diachronic soil sampling approach, i.e.,
iachronic

X . based on repeated measurements over time, offer robust insights into how land use and management practices
Agricultural practices . ca e 4. . . . . . .
Carbon sequestration affect SOC sequestration and provide indispensable observations for reliable model calibration. This systematic
Global south review compiles 155 peer-reviewed diachronic studies conducted in the Global South, excluding China, corre-

sponding to 174 LTEs lasting at least 5 years. Most LTEs are conducted on cropland (92%), while agroforestry,
forest, and savannah are underrepresented. The most frequently studied practices are mineral fertilization (52%),
mixed mineral and organic fertilization (37%) and tillage management (30%). The effects of these practices on
SOC dynamics show trends similar to those observed in the Global North, i.e., positive effects of both mineral and
organic fertilization and conservation tillage. However, these findings may be biased by limited geographical,
pedoclimatic, and agricultural practices representativeness. Arid soils and dry climates are underrepresented in
favor of subhumid and humid areas. India and Brazil alone account for two-thirds of LTEs studies, despite their
contrasting farming systems, smallholder agriculture in India versus large-scale mechanized systems in Brazil.
This hides the variability of farming systems in the Global South. In many African and Southeast Asian countries,
mineral fertilizer rates applied in LTEs exceed national averages by 100 to 1000%, while low-input traditional
systems, such as agroforestry or slash-and-burn are absent. These imbalances reflect a funding and publication
dynamic that favors agricultural systems and practices that are already well documented. These biases also
present major blind spots for SOC modeling and limit the applicability of current knowledge to diverse farming
systems in the Global South. It is therefore essential to intensify and diversify LTEs research to better reflect local
practices and underrepresented pedoclimatic conditions.
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1. Introduction

Soil organic carbon (SOC) sequestration has potential to offset a
small but significant part of global anthropogenic greenhouse gas (GHG)
emissions (Jiménez and Lal, 2006; Friedlingstein et al., 2023). The
global SOC pool is more than three times larger than the atmospheric
carbon pool (Lal, 2018), therefore even a small increase in SOC can
significantly reduce atmospheric CO2 concentrations, making it a key
component of global climate change mitigation efforts (Don et al.,
2024). SOC sequestration refers to the process of transferring CO5
from the atmosphere into the soil, through plant photosynthesis and
subsequent plant residues and other organic solids input to the soils
which are stored or retained in the soil as organic matter (Olson et al.,
2014; Don et al., 2024). By contrast, SOC loss refers to a situation in
which CO; release through soil respiration and erosion exceeds the
carbon inputs from plants and manure. On a global scale, land use
change is one of the main drivers of SOC balance (Wiesmeier et al., 2019;
Ramesh et al., 2019). Sanderman et al. (2017), estimated that the con-
version of natural ecosystems to croplands between 1960 and 2019
resulted in a net loss of SOC of approximately 116 Gt in the top two
meters of the soil. In contrast, afforestation of croplands can partially
restore these stocks (Laganiere et al., 2010; Fonkeng et al., 2024), while
best management practices for anthropized terrestrial ecosystems can
also promote SOC sequestration (Minasny et al., 2017; Beillouin et al.,
2023).

In addition to its role in climate change mitigation, SOC sequestra-
tion offers multiple co-benefits, including soil fertility enhancement,
land restoration and food security, in accordance with the United Na-
tions Sustainable Development Goals (Smith et al., 2021). These
numerous ecosystem services provided by SOC are essential for human
well-being, ecosystem balance, and biodiversity (Nielsen et al., 2011).
Lal (2007) proposed six management strategies to enhance SOC storage:
(1) minimal soil disturbance, (2) keeping a permanent vegetation cover,
(3) intensifying nutrient recycling mechanisms, (4) establishing a posi-
tive nutrient balance, (5) enhancing biodiversity and (6) reducing water
and nutrient losses. These management strategies are essential for
turning soils into carbon sinks, but they are also highly generic. The
success or failure of their actual application depends on several factors,
including land cover, land use, land use history, management practices,
topography, climate, and soil condition, which influence SOC dynamics
(Luo et al., 2017; Liu et al., 2014; Poeplau et al., 2011).

To evaluate SOC dynamics and the role of its multiple drivers, ex-
periments and observations over several years are essential as it takes
years before any significant change in bulk SOC can be detected (Smith,
2004). These long-term monitoring approaches are time-intensive,
costly and difficult to maintain. An alternative approach is space-for-
time analysis, which assumes that the land use history of the plots is
known: with a reference plot representing the SOC stocks in their initial
state before treatment or land use change, and a plot that underwent
treatment or land use change several years ago and has not undergone
any changes since. For example, SOC stocks in grasslands can be
compared to those in croplands within the same geographical area and
same management history. This spatial difference is then used as a proxy
for the temporal evolution of SOC stocks following land use conversion
(Li et al., 2023). However, this approach can introduce significant bias
and blind spots, as it necessarily misses the temporal dynamics of annual
changes in SOC, which are generally small compared to spatial differ-
ence with the reference SOC stocks, while other confounding factors
may further influence the assessments (Baker et al., 2007; Rumpel et al.,
2018; Korschens et al., 2013; Le Noé et al., 2023; Costa Junior et al.,
2013; Rakotovao et al., 2020). Assessing the evolution of SOC stocks
over time is thus important to correctly estimate the potential of addi-
tional SOC storage in soils and evaluate management practices in terms
of both SOC stock increase and sequestration potential (Bruni et al.,
2021). To that end, long-term experiments (LTEs) and soil monitoring
networks are essential, as they provide a fundamental empirical basis for
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identifying the controlling factors governing SOC dynamics, and help
improve the accuracy of soil biogeochemical models (Campbell and
Paustian, 2015; Le Noé et al., 2023; Garsia et al., 2023). Moreover,
given the limited number of LTEs, modeling offers an opportunity to
assess SOC stocks and their future trends at a much broader scale than
field data alone would allow. The uncertainties of SOC dynamics can be
reduced as new datasets emerge that can be used to initialize, validate
and better constrain SOC models while refining the understanding of the
various drivers of SOC dynamics, which can also be incorporated in
model equations (Beillouin et al., 2022).

On a global scale, hundreds of long-term experiments have been
conducted to assess the impact of various drivers on SOC stocks (Xu
et al., 2019; Beillouin et al., 2023). However, long-term field studies
relating to southern countries, excluding China, remain underrepre-
sented in these global studies (Beillouin et al., 2022; Xu et al., 2019;
Abbas et al., 2020; Garsia et al., 2023), despite the significant role of
SOC in these regions in sustaining the terrestrial carbon sink and soil
health (Friedlingstein et al., 2023). For example, tropical forests alone
account for 20-25% of soil and vegetation carbon stocks worldwide
(Dixon et al., 1994; Bonan, 2008; Poorter et al., 2015). Biogeochemical
carbon models have been mostly developed in temperate regions, and
remain largely unvalidated in the Global South, largely due to a lack of
LTEs data (Garsia et al., 2023; Le Noeé et al., 2023). Recent modeling
studies using LTEs from sub-Saharan Africa reveal that soil organic
matter decomposition and nitrogen dynamics are for instance not well
represented, leading to important uncertainties in modeling SOC dy-
namics, even more in sandy soil (Couédel et al., 2024, 2026). These
authors suggest that having a larger diversity of LTEs from different
pedoclimatic contexts in the tropics, together with a few key measured
soil and plant parameters will largely improve modeling of SOC dy-
namics with soil-crop models in the region. Moreover, soil management
practices are deeply shaped by socio-economic contexts and land tenure
systems, which vary significantly not only between the so-called
industrialized North and the newly or weakly industrialized South but
also within these broad global categories themselves (Ouédraogo and
Sorgho Millogo, 2007). Indeed, soil management in any given region
is shaped by multiple interacting factors, including biophysical charac-
teristics (soil properties, climate, and topography), socioeconomic
drivers (agricultural practices, urbanization, and economic status), and
political influences (land-use policies and governance structures)
(Lamidi and Oyewusi, 2024; Oyewusi and Lamidi, 2024). The under-
representation of the Global South in SOC research is further exacer-
bated by a lack of local data, appropriate technologies, and financial
resources needed for effective SOC stock monitoring and evaluation of
sequestration strategies (Paustian et al., 2016; Minasny et al., 2017).
These limitations hamper the identification of optimal soil management
practices that can improve carbon sequestration, strengthen agricultural
resilience, and support biodiversity in diverse pedoclimatic and socio-
economic contexts.

To overcome these challenges and specify the most critical research
gaps, a comprehensive assessment of existing long-term field experi-
ments measuring SOC stocks using a diachronic approach in the Global
South is needed, considering the diversity and specificity of land use and
management systems, as well as the diversity of pedoclimatic contexts
(Feller and Beare, 1997; Lal, 2010). Such an assessment is key to iden-
tifying gaps in SOC stock monitoring, highlighting the most studied
biophysical drivers and agricultural practices, and refining research
priorities to better account for regional specificities.

In this context, the present research conducts an in-depth review
focused on countries in the Global South, excluding China due to its
distinct socio-economic and scientific context, characterized by research
capacities and levels of investment that differ substantially from those of
most other Global South countries, in order to ensure greater coherence
and comparability among the studies analyzed. By doing so, this study
aims to answer three fundamental and critical questions: (i) Which long-
term SOC monitoring data are available in the Global South? (ii) What
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are the effects of different management practices on SOC sequestration
across the diverse contexts of the Global South? (iii) Are retrieved
studies representative of the diversity of pedoclimatic contexts and
cropping systems of the Global South?

2. Materials and methods
2.1. Literature search and study selection

We conducted a systematic review based on a structured literature
search to identify all peer-reviewed articles published in English, and in
some cases in Portuguese, reporting measurement data for SOC,
expressed either as concentration (g C kg’1 soil) or stock (t C ha'l), on at
least two separate dates taken at least 5 years apart. The search was done
on March 11, 2024, through the academic database “Web of Science
Core Collection”. The following search string, including selected key-
words, was used within the fields titles and abstracts: ((“country 1” OR
“Country 2” OR “country 3” OR ... OR “country n” OR “South Africa” OR
“East Africa“ OR “West Africa” OR “Sub-saharan” OR “Sahel” OR
“Central Africa” OR “Latin America” OR “South America” OR “Central
America” OR “South Asia” OR “Southeast Asia” OR “Global South”) AND
(“Carbon” OR “SOC”) AND (“Soil”) AND (“Field” OR “Experiment” OR
“Observ*” OR “Measur*” OR “Analys*”) AND (“Temp*” OR “Evolu*” OR
“Long” OR “Time*” OR “Change*”). The complete list of Global South
countries considered in the research equation is: Afghanistan, Algeria,
Angola, Argentina, Bangladesh, Belize, Benin, Bhutan, Bolivia,
Botswana, Brazil, Burkina Faso, Burundi, Cambodia, Cameroon, Cape
Verde, Central African Republic, Chad, Chile, Colombia, Comoros,
Congo (Brazzaville), Congo (Democratic Republic), Costa Rica, Cuba,
Djibouti, Dominican Republic, East Timor (Timor-Leste), Ecuador,
Egypt, El Salvador, Equatorial Guinea, Eritrea, Eswatini, Ethiopia, Fiji,
Gabon, Gambia, Ghana, Guatemala, Guinea, Guinea-Bissau, Guyana,
Haiti, Honduras, India, Indonesia, Iran, Iraq, Ivory Coast (Cote d’Ivoire),
Jamaica, Jordan, Kazakhstan, Kenya, Kiribati, Kyrgyzstan, Laos,
Lebanon, Lesotho, Liberia, Madagascar, Malawi, Malaysia, Maldives,
Mali, Mauritania, Mexico, Micronesia, Mongolia, Morocco,
Mozambique, Myanmar, Namibia, Nepal, Nicaragua, Niger, Nigeria,
Pakistan, Palestine, Panama, Papua New Guinea, Paraguay, Peru,
Philippines, Rwanda, Samoa, Sao Tomé and Principe, Senegal, Sierra
Leone, Solomon Islands, Somalia, South Africa, South Sudan, Sri Lanka,
Sudan, Suriname, Syria, Tajikistan, Tanzania, Thailand, Timor-Leste,
Togo, Tonga, Trinidad and Tobago, Tunisia, Turkmenistan, Tuvaluy,
Uganda, Uruguay, Uzbekistan, Vanuatu, Venezuela, Vietnam, Yemen,
Zambia, Zimbabwe. No restrictions were applied to the date of publi-
cation, and all climatic zones were considered.

The initial literature search identified 3641 unique articles (Fig. 1).
The first screening consisted in reading the abstracts of the articles and
selecting potential articles based on the following keywords and ex-
pressions: “soil carbon”, “SOC”, “carbon”, “SOC stocks”, “long-term”,
“experiment”, “changes”, “decades”, “pluriannual”. This preliminary
screening identified 452 articles. The retrieved articles were then
examined for the following selection criteria to build the database: (i)
The study must involve long-term field experimentation of at least 5
years apart; (ii) The stock or concentration of SOC at the start of the
experiment (initial state) and at the end of the period examined (final
state) must be available (diachronic approach). In the case where only
soil organic matter (SOM) concentration was presented, SOC concen-
tration was calculated using a coefficient of 0.58 (Pan et al., 2004); (iii)
Exclusion of articles with SOC data estimated by remote sensing or
modeling method or articles based on space-for-time studies (synchronic
approach). According to these criteria, a total of 155 studies from 174
LTEs sites were included (Fig. 2), providing 1362 pairs of observations
(initial and final) of SOC content and/or SOC stock. Data from the fig-
ures were extracted using the WebPlotDigitizer digitizing software
(Burda et al., 2017; Kpemoua et al., 2022) to convert the data points into
numerical values.
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Keywords: “carbon”, “SOC”,
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Duplicate record removed

Studies without at least the
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“carbon”, “SOC stocks”, “long-
term”, “experiment”, “changes”,
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l (n=297)

Full studies included
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(n =155)

[Included ][ Screening ][ Identification of studies ]

Fig. 1. Diagram describing the protocol used to search, identify and select

publications in the present meta-analysis. “n” represents the total number
of studies.

2.2. Database construction

All data from the 155 publications were compiled into an Excel file
available in a data repository (Kpemoua et al., 2025). For each study
site, we collected information on location, land use (forest, grassland,
cropland, fallow, agroforestry, crop-livestock), soil tillage management
(conventional tillage, minimum tillage, permanent beds or no-tillage),
crop management (mineral fertilization rate, organic fertilization type
and rate, mix of organic and mineral fertilization type and rate, crop
rotation, crop diversification, etc.), climate (temperate, tropical, Medi-
terranean, mean temperature and precipitation when available), soil
physicochemical characteristics (clay, silt, sand, pH, bulk density, soil
type, N, C/N ratio and CaCOs3). The percentage of clay, silt and sand was
used to determine soil texture classes based on the textural triangle. Soil
texture classes were then grouped into three categories: coarse texture
(sand and loamy sand), medium texture (loam, silty loam and clay loam)
and fine texture (sandy clay loam, silty clay loam, clay loam, clay), ac-
cording to the soil survey manual of the USDA (Canarini et al., 2017).
Data on crop yields, carbon inputs via aboveground plant biomass or
exogenous organic inputs were also collected each time this information
was available. In situations where plant biomass inputs are expressed as
dry matter, we use the calculation factor of 0.45 (Bolinder et al., 2007)
to convert into tons of carbon. The exogenous organic matter inputs
were also expressed in tons of carbon. In case several publications re-
ported data from the same LTE but with different durations, the study
presenting the longest duration was kept. If several publications re-
ported exactly the same data, the first publication was kept. In studies
where only SOC concentrations were reported, these were converted to
SOC stock using bulk density measurements or estimates:

SOC stock (t C ha™") = SOCcontent(g C kg " ) *Bulk density (g cm )
*Depth (¢cm)*0.1
@

The coarse fraction (>2 mm) was not accounted for, as this infor-
mation was not consistently reported across studies; however, this lim-
itation is expected to have a limited effect given that the analysis focuses
on relative changes in SOC stocks rather than absolute values.

Soil bulk density (BD) estimates are critical for calculations of SOC
stock, but many studies did not measure it. We established an empirical
relationship between soil BD and SOC content based on available data
from our database, as SOC was the most consistently reported soil
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Fig. 2. Global distribution of the sites included in this meta-analysis. The points represent the geographical location of the sites based on the longitudes and latitudes

collected in the studies.

property across studies, whereas texture-related variables required for
alternative pedotransfer functions were frequently missing, making this
SOC-based approach the most robust and consistent option for the pre-
sent dataset (Fig. S2). The data used covered textural and even soil type
variability within the entire database. The line is fitted to the function:

BD =1.524 -0.0132*SOC 2)

(n = 254, R? = 0.41, p < 0.05), and can be used to estimate bulk
density of soils for which direct measurements have not been performed.
This linear function is suitable to calculate missing soil bulk density as
reported by previous studies (Manrique and Jones, 1991; Bernoux et al.,
1998; Kobal et al., 2015; Sevastas et al., 2018). A total of 391 bulk
density data points were estimated using this linear function, including
284 complete pairs of bulk density values and 107 additional estimates
corresponding to either initial or final bulk density values only. The
majority of SOC stocks were reported based on an equivalent volume
method (90% of data), which multiplied the SOC concentration by bulk
density at a fixed depth using Eq.1.

To quantify the annual SOC change rate at each site, we used the
following equation:

_ S0Cma — SOCuia
T

SOCinitial and SOCgna refer to the initial and final SOC stock of a
given field experiment, and T is the duration of the field experiment
(years). Differences in annualized SOC change rate (ASOC rate) between
control (unfertilized and conventional tillage) and alternative practices
(mineral fertilization, organic fertilization, organic+mineral fertiliza-
tion, minimum tillage, no tillage and permanent beds) were calculated
to assess the effect of the various practices tested compared to a refer-
ence situation:

SOC accrual rate (t C ha™? yr ) 3)

(Socﬁnalpractice - socinitial,pmctice)

- (socﬁnal,Control - socinitial,control)

SOGinitial,practice aNd SOCfinal practice Tefer to the initial and final SOC
stocks for fields with different alternative practices (mineral fertiliza-
tion, organic fertilization, organic+mineral fertilization, minimum
tillage, permanent beds, no-tillage). SOCinital,control a0d SOCfinal,control
represent the initial and final SOC stock under control practices (un-
fertilized and conventional tillage), and T is the duration of a study
(years). Only paired comparisons were considered, whereby each
management practice was systematically compared to its corresponding
control within the same experimental site. This approach was applied
consistently across all studies, including multi-factorial experimental
designs, ensuring that ASOC rates reflect alternative practices effects
relative to site-specific controls and avoiding unpaired comparisons
between different sites or studies. ASOC rate calculates SOC change
relative to SOC stock with control practice as the baseline scenario. If
SOC accrual rate is negative, there is a decrease of SOC stock in “final”
compared to “initial” state. If ASOC rate is negative, there is a decrease
of SOC stock in “practice” compared to “control”, indicating in the latter
case emissions of CO; to the atmosphere and in the former that practices
are less favorable than control to sequester carbon.

For ASOC rate, soil depth adjustment is necessary because it directly
affects the absolute amount of SOC change. Among the 1362 paired
observations (initial and final), most studies reported SOC stock for the
0-15 (n = 529 paired observations), 0-20 (n = 409 paired observations),
or 0-30 cm (n = 162 paired observations) depth increments. To facilitate
comparison and analysis, we harmonized SOC stocks into several depth
intervals (0-15, 0-20 and 0-30 cm). Soil profiles with similar depth
ranges were grouped and recalculated to common depth intervals using
proportional depth adjustment: profiles sampled at 0-10 cm (88 ob-
servations) and 0-12 cm (6 observations) were adjusted to 0-15 cm;

ASOC rate (t Cha™' yr?) = T

4
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profiles of 0-17.5 cm (16 observations), 0-18 cm (4 observations), 0-23
cm (20 observations), and 0-25 cm (7 observations) were harmonized to
0-20 cm; and deeper profiles (0-40 cm: 38 observations; 0-50 cm: 8
observations; 0-60 cm: 22 observations; 0-100 cm: 51 observations)
were harmonized to 0-30 cm. As we have no data for the intermediate
layers (eg., 10-20 cm, 15-20 cm or 20-30 cm), especially for situations
where reduced tillage or no-tillage is used, we have considered a
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homogeneous vertical distribution as a pragmatic approximation to
adjust SOC stocks across comparable depth intervals. Overall, 260 data
pairs were adjusted from the entire database, only 45 of them being
either no- or reduced tillage.
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2.3. Contextual and comparative data analysis

The spatial repartition of the observations collected in this study was
evaluated according to two key pedoclimatic variables: soil types, based
on the USDA classification which was the most found in the studies, and
climatic zones, following the Koppen-Geiger system (Gibson et al.,
2021). For each major region studied, Africa, Latin America and Asia,
soil and climate maps were extracted from regional atlases of soil type
and climate obtained from the European soil data centre (https://esdac.
jrc.ec.europa.eu/). The maps were processed and segmented using
ImageJ software to quantify the surface area represented by each soil
and climate class in the regions concerned.

In addition, context-specific agricultural indicators have been
extracted from the FAOSTAT database (https://www.fao.
org/faostat/en/#home), focusing on the 2010 and 2020 census data.
These include average farm size, the top five most cultivated crops per
country (covering over 70% of the total cultivated area in most coun-
tries) and average fertilizer application rates, based on the most recent
national agricultural censuses carried out under the auspices of the FAO.
More specifically, data on average national doses of nitrogen (N),
phosphorus (P) and potassium (K) per hectare per farm were used to
calculate the percentage of fertilizer applied in long-term experiments
compared to the average amount applied by farmers in each country.
These pedoclimatic and agricultural variables are essential to assess the
extent to which existing LTEs represent the real diversity of farming
systems and environmental conditions in southern countries, and to
identifying gaps or imbalances in the geographical and biophysical
coverage of these experiments relative to real world contexts.

2.4. Statistical analysis

To assess the differences in ASOC rate among management practices,
region, countries, soil profiles or textural class, we performed a non-
parametric Kruskal-Wallis test, which is a rank-based alternative to
ANOVA suitable for non-normally distributed data. If the Kruskal-Wallis
test indicated significant differences (p < 0.05), we performed a Dunn
post-hoc test with Bonferroni correction to identify which modality
significantly differed from each other. All analyses and graphical rep-
resentations were performed with the R software (R Core Team, 2020),
tidyverse packages for data manipulation (Wickham et al., 2019), ggplot2
(Wickham, 2016), and ggmap packages for data visualization. The world
map was taken from a map database in R using packages (“ggplot2”,
“rnaturalearth”, “rnaturalearthdata” and “ggspatial”).

3. Results
3.1. Description of long-term experiments in the global south

The data reported by the long-term experiments (LTEs) database
come from only 23 southern countries out of the 116 countries included
in the publication search. The main contribution comes from India (76
studies, 49%), followed by Brazil (27 studies, 17%), Argentina (10
studies, 6%), and Kenya (8 studies, 5%). The duration of experiments
ranges up to 109 years, with an average of 15 + 10 years. Overall, 71
studies had experiments lasting 5-10 years, 55 studies spanned 11-20
years, 23 studies covered 21-30 years, 9 studies lasted 31-40 years, 4
studies extended 41-50 years, and only one study, located in India,
exceeded 50 years (Fig. 3e). We find that all the studies were published
after 1990 (Fig. S1). This result highlights the significant delay in
research on SOC sequestration across countries in the Global South,
where such studies remain limited and relatively recent. However, this
pattern may be partly influenced by methodological constraints of the
literature review, as some older studies published in French or other
languages may not have been captured.

Regarding land cover, we found that 142 studies focused on crop-
land, compared with 11 studies on permanent grassland, 6 studies on
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temporary grassland, 6 studies on plantations and 5 studies on fallow
land. Only one study evaluates crop-fallow rotation, barren land and
crop-livestock. A very limited number of studies reports LTEs on forest
ecosystems (3 studies), agroforestry (3 studies), and savannah (1 study)
ecosystems (Fig. 3c). Our literature research also enabled us to identify
the practices and cropping systems tested in the Global South. Overall,
81 studies involved mineral fertilization experiments, compared with 57
studies investigating both mineral and organic fertilization experiments,
and 47 studies focused on experiments relating to the effect of tillage
management, often combining plant cover or crop residues. Only 8
studies report organic fertilization experiments, where the effect of an
organic amendment was compared with a situation in which no organic
input was used (farmyard manure > green manure > crop residues >
composts > slurry > others). Likewise, very few studies (6 studies)
addressed the effect of removing or burning crop residues (Fig. 3f). A
wide range of cropping systems can be identified, notably monocropping
(52/155 studies), crop diversification including intercropping (7/155
studies) and crop rotation (96/155 studies). In the subset concerning
crop diversification (i.e., intercropping and crop rotation), we recorded
63 studies with cereals-legumes rotations, 46 studies with cereals rota-
tion and 4 studies with legumes rotation. Monocropping with maize (17
studies) and rice (17 studies) are also the most widespread monocrop-
ping systems reported in this study database. Excluding unfertilized
control fields, mineral fertilization inputs ranged from 15 kg N ha! in
Benin to 412 kg N ha™! in Mexico, while phosphorus inputs varied from
15 kg P ha! in Benin to 140 kg P ha™ in Chile, and potassium inputs from
15 kg K ha'! in Benin to 151 kg K ha™ in Brazil. Nitrogen inputs were
generally higher than phosphorus and potassium inputs (Fig. S8a, b, c).

3.2. Effect of fertilization management on SOC in south LTEs

Our study reveals that fertilization, whether mineral, organic, or
mixed, consistently promotes SOC sequestration compared to unfertil-
ized controls across all regions (Fig. 4 and Fig. 6a). Unfertilized plots
generally show carbon losses (-0.03 & 0.04 t C ha! yr'!), particularly
pronounced in Africa (-0.53 £ 0.13tC ha'l yr'l) and Asia (-0.03 +0.02 t
C ha! yrl). In contrast, a modest carbon gain is observed in Latin
America (0.15 + 0.07 t C ha! yr'l) (Fig. S3), likely attributable to the
more frequent cultivation of leguminous crops, especially soybean in
Brazil (Fig. S7b). Mineral fertilization alone contributes to an average
SOC gain of 0.12 + 0.01 t C ha! yr'}, while organic fertilization leads to
a higher sequestration rate of 0.47 + 0.08 t C ha yr!'. The mixed
application of organic and mineral sources achieves an intermediate but
still significant rate of 0.35 + 0.02 t Cha™! yr'l. Statistically, fertilization
practices exert a significant effect on SOC accumulation (p < 0.05), with
the hierarchy: Organic > Organic + Mineral > Mineral > Unfertilized. In
Asian LTEs, mineral fertilization yields the highest additional SOC rate
(0.15+0.01tC ha'l yr'l), while LTEs in Africa and Latin America show
more modest gains (0.03 + 0.03 and 0.09 + 0.05 t C ha yr'l, respec-
tively). Organic fertilization shows strong and consistent benefits across
all regions, particularly in Africa (0.59 + 0.08 t C ha'l yr'l) and Asia
(0.45 + 0.10 t C ha™' yr'l). Similar patterns are observed for mixed
fertilization (see Fig. S3).

When analyzing soil texture as a modulating factor, no clear linear
relationship emerges between SOC sequestration rates and clay, silt, or
sand content. A slight trend suggests higher gains in coarse-textured
soils under mineral or mixed fertilization (Fig. S3). To further eluci-
date the mechanisms underlying SOC changes, we analyzed the rela-
tionship between carbon inputs and SOC sequestration rate (Fig. S5).
Our results show a significant positive correlation between ASOC
sequestration rate and AC input in the 0-20 cm (R = 0.16; p < 0.001)
and 0-30 cm (R% = 0.38; p < 0.001) soil layers. However, no significant
correlation was observed in the 0-15 cm layer (R2 = 0.02; p > 0.05).
Residual analysis indicates that multiple complex interactions are at
play, as no systematic pattern was detected.
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Fig. 4. SOC accrual rate of the control group without mineral fertilization (Unfertilized) and the ASOC rate (see eq. 2) which represent the effect of the fertilization
treatment compared to the control treatment: Mineral fertilization, Organic fertilization or Organic+Mineral fertilization under different studies. Mean =+ standard
error. If SOC accrual rate is negative, there is a decrease of C-stock in “final” compared to “initial” state, indicating emissions of CO, to the atmosphere. If ASOC rate
> 0, this indicates a positive effect of alternative practice on SOC sequestration.

3.3. Effect of tillage management on SOC in south LTEs

Tillage management plays a decisive role in SOC dynamics. We
observed that conventional tillage (CT) on average leads to a net SOC
loss (-0.12 & 0.05 t C ha™ yr'l), while alternative tillage practices
consistently lead to SOC gains: minimum tillage (MT) yields 0.35 +
0.05 t C ha! yr'l, no-tillage (NT) 0.43 + 0.04 t C ha! yr', and perma-
nent beds (PB) 0.53 + 0.07 t C ha™! yr'l. These trends are statistically
significant (Fig. 5 and Fig. 6b; p < 0.05). The effectiveness of tillage
alternatives also varies geographically. The CT results in a strong SOC

loss in the LTEs in Africa (-0.54 + 0.11 t Cha™! yr'l) and a modest carbon
loss in Latin America (-0.07 + 0.07 t C ha! yr'!), while Asian LTEs un-
expectedly show a slight gain (0.13 =+ 0.05 t C ha yr'}), possibly due to
interactions with local cropping systems or input levels (see Fig. S4). In
contrast, alternative tillage practices yield consistent benefits in all re-
gions. LTEs in Latin America exhibit particularly high SOC sequestration
rates (MT: 0.31 + 0.09; NT: 0.48 + 0.05 t C ha’! yr'}), followed by LTEs
in Africa and Asia. As with fertilization, soil texture does not show a
significant linear relationship with SOC responses to tillage. While some
coarse-textured soils appear more responsive under MT or NT, the effect
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Fig. 5. SOC accrual rate of the control tillage (Conventional Tillage) and the ASOC rate which represent the tillage management effect: Minimum Tillage, No Tillage
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Fig. 6. (a) Mean effect of mineral, organic, organic +Mineral fertilization and (b) Mean effect of tillage practices on carbon sequestration rate (AC SOC rate) for all
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remains context-dependent.
4. Discussion

4.1. Are research and management practices in the south different to the
north? Insights from LTEs

This study identified 174 LTEs sites, from 155 publications, which
had analyzed the effects of management practices or land use on SOC
dynamics using a diachronic approach. This number remains very
limited when compared with Northern countries, particularly in Europe,
where a long-standing tradition of long-term field experiments has
resulted in a substantially larger and more diverse body of LTEs dedi-
cated to soil carbon research. A recent inventory documented more than
616 long-term experiments (exceeding 20 years) conducted across 30
European countries, reflecting a structured and sustained research effort
(Donmez et al., 2022; Grosse et al., 2021; BonaResDatabase: https://too
Is.bonares.de/Itfe/). A more recent study identified 240 long-term
diachronic experiments in Europe, lasting at least five years, of which
only 91 LTEs (38%) provided data enabling the monitoring the evolu-
tion of SOC over time (Blanchy et al., 2024). Our study, by comparison,
identified only 174 diachronic LTEs in the whole Global South,
excluding China, with an average duration of approximately 15 years.
This disparity is largely attributable to the substantial financial and
human resources required to establish and maintain LTEs. In the Global
North, such resources are often secured through strong public policies
that support continuous, fundamental research carried out by univer-
sities, research institutions, or long-term experimental networks
(Johnston and Poulton, 2018). Conversely, in many regions of the
Global South, research investments are primarily allocated to short-term
projects targeting urgent socio-economic issues such as food security
and climate change adaptation (Tittonell and Giller, 2013; Vanlauwe
et al., 2015). This difference in funding priorities partly explains the
relative scarcity of LTEs. Nevertheless, alternative experimental ap-
proaches have emerged to respond to these constraints, in particular the
synchronic approaches and chronosequences, although these can
sometimes introduce considerable uncertainty (Rakotovao et al., 2020).

The predominance of LTEs on cropland is similar in southern and
northern countries. Our study shows that 92% of the reviewed studies
focus on LTEs established in cropland. This pattern is consistent with
observations from Europe, where 82% of the 616 LTEs identified across
30 European countries are conducted in cropland (Donmez et al., 2022;
Grosse et al., 2021). This concentration reflects a research priority given
to field crop systems, often to the detriment of other land uses such as
grasslands (11% of LTEs), and more marginally, forests, agroforestry
systems and fallow land, which together account for only 7% of LTEs.
Yet, these systems play a central role in the functioning of ecosystems
and carbon storage in many regions of the South and North. The most
frequently studied management strategies in northern countries showed
a clear over-representation of tillage-related practices (54% of LTEs),
compared to those focusing on fertilization (22% of LTEs) (Donmez
et al., 2022), whereas in our study, mineral fertilization emerged as
the dominant management practice (Fig. 3f). This disparity can be
explained by the fact that in the South, LTEs are mainly geared towards
immediate improvements in soil fertility and increased agricultural
productivity. Conversely, research objectives in northern countries are
geared towards long-term environmental sustainability, with growing
interest in carbon sequestration, soil biodiversity preservation and
greenhouse gas emission reduction (Smith et al., 2008; Sanderman et al.,
2017). The adoption of no-tillage practices in the North is primarily
driven by the need to mitigate soil erosion (Lahmar, 2010). In contrast,
in many southern countries, the availability of labor enables manual
weeding, thereby reducing the reliance on mechanized practices such as
tillage. In this context, fertilization emerges as a more central manage-
ment lever than tillage, reflecting priorities that differ from those
observed in temperate regions. Although there are marked differences in
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research priorities and management strategies, the effects of the most
common management practices on SOC sequestration are often com-
parable between North and South countries.

Mineral fertilization contributes to an average SOC gain of 0.12 +
0.01 t C hal yr, while organic fertilization leads to a higher SOC
sequestration rate of 0.47 + 0.08 t C ha! yr'! and the mixed application
of organic and mineral sources achieves an intermediate rate of 0.35 +
0.02 t Cha! yr'l. Similar findings were reported by Pathak et al. (2011)
at the national scale in India, where the mixed application of inorganic
nutrients (NPK) and farmyard manure (FYM) sequestered SOC at a rate
0f 0.33 t Cha! yr'!, compared t0 0.16 t C ha™! yr'! with NPK alone. Many
studies have certified that organic fertilization promotes SOC accumu-
lation, but the results vary greatly. The global meta-analysis of Han et al.
(2016), showed that SOC content increased by 36.2% with manure plus
mineral fertilizer and 15.4% with mineral fertilizer alone. A synthesis
study by Luo et al. (2018) found that the amount of SOC in organically
amended soils was 38% higher than in mineral-fertilized soils. Our re-
sults are consistent with the previously cited studies and reinforce the
broad consensus that organic fertilization is particularly effective in
increasing SOC stocks (Maillard and Angers, 2014; Fujisaki et al., 2018;
Jiang et al., 2018; Bai et al., 2023). Significant regional disparities have
been observed. In the present study, LTEs in Asia reported the highest
increases in SOC following mineral fertilization, with an average
sequestration rate of 0.15 + 0.01 t C ha-! yr-!. This result is partly
explained by the high representation of studies conducted in India,
where the doses of mineral fertilizer applied are generally higher than in
other regions of the South. In comparison, the effects reported in Africa
(0.03 + 0.03 t C ha-! yr-!) and Latin America (0.09 + 0.05 t C ha-! yr-!)
are much more modest. Furthermore, there is ongoing debate about the
concept that soils with initially low SOC content have higher SOC
sequestration potential (Rowe et al., 2016; Bai et al., 2023; Slessarev
et al., 2023). In our database, initial SOC stocks in Asia were lower
than those measured in Africa and Latin America, which could also
explain their greater capacity to accumulate carbon, particularly when
organic residue inputs increase with crops under mineral fertilization
(see Fig. S10; Fig. S11). However, this study did not reveal any signifi-
cant linear relationships between SOC sequestration rates and soil
properties (clay, silt, sand, pH) or climate variables (mean annual
temperature and rainfall). This finding aligns with previous research in
tropical croplands (Fujisaki et al., 2018). However, categorizing soils by
textural classes revealed a trend of greater SOC gains in coarse-textured
soils under mineral or mixed fertilization (Fig. S3), consistent with Bai
et al. (2023), who observed the highest relative SOC increases in
coarse soils when manure was applied. While coarse-textured soils
exhibit higher short-term SOC increases due to faster incorporation of
organic amendments, their lower capacity for long-term stabilization
raises questions about the persistence of this carbon. Moreover, most
LTEs included in this study span less than two decades (88% of studies),
suggesting that the observed effects primarily reflect short- to
medium-term dynamics. Previous studies have shown that organic
matter first accumulates in the coarse particulate organic matter fraction
(Peltre, 2010; Paetsch et al., 2016), with significant stabilization in the
fine (clay + silt) fraction occurring only after about 20 years, driven by
biological processes (Kpemoua et al., 2024). However, it is important to
note that these findings are based on a geographically unbalanced
dataset, with a predominance of LTEs from just a few countries, notably
India and Brazil. This concentration may limit the generalization of our
results across the broader range of pedoclimatic, and land use contexts
found in the Global South. Further studies are therefore needed to
determine to what extent long-term organic inputs lead to a net increase
in SOC stocks in coarse-textured soils in the long run, particularly in the
Global South.

The results of our study confirm that higher carbon inputs generally
lead to greater SOC stocks in 0-20 and 0-30 cm (Fig. S5). This finding is
widely documented in the literature on SOC dynamics in croplands
following changes in management practices (de Moraes Sa et al., 2015;
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Hok et al., 2015; Maillard and Angers, 2014; Virto et al., 2012; Fujisaki
et al., 2018). Across our dataset, carbon inputs were the strongest pre-
dictor of SOC accumulation rates, supporting the findings of Virto et al.
(2012), who investigated the impact of no-tillage on carbon dynamics.
Moreover, this effect partly depends on soil depth. The residual analysis
did not reveal any significant influence of the pedoclimatic variables
reported in the studies (e.g., pH, texture, altitude, temperature, pre-
cipitation), suggesting that SOC dynamics may be driven by complex
interactions between management practices and other unaccounted
factors not explored in this study, particularly in the 0-15 cm soil layer.
In line with previous research at the global scales or in temperate regions
of the Global North, these results underline the central role of organic
carbon inputs, whether from exogenous organic matter, crop residues,
or cover crops in enhancing long-term SOC sequestration (Maillard and
Angers, 2014).

This study confirmed that tillage management also plays a decisive
role in SOC dynamics in the Global South. We observed that the CT is
associated with a net SOC loss, while alternative tillage practices
consistently lead to SOC gains: CT < MT < NT < PB. These trends are
statistically significant (Fig. 6b; p < 0.05) and align with findings from
global-scale studies (Freibauer et al., 2004; Haddaway et al., 2017). For
instance, Haddaway et al. (2017) estimated long-term SOC gains of
approximately 0.46 t C ha! yr'! under NT, while Tang and Nan (2013),
reported similar values for no-tillage with residue retention in China.
The effectiveness of tillage alternatives also varies geographically. CT is
associated with substantial losses of SOC in LTEs conducted in Africa
(-0.54+0.11tC ha’! yr'l) and more moderate losses in Latin America
(-0.07 + 0.07 t C ha! yr'), whereas LTEs from Asia unexpectedly
exhibit a slight SOC gain (0.13 + 0.05 t C ha! yr'!). This contrast likely
reflects differences in cropping systems. Crop rotation systems dominate
in Asia (75% of the dataset), mainly consisting of cereal-cereal and
cereal-legume sequences. Latin America also shows a high proportion of
crop rotations (70%), but with greater variability in management in-

Geoderma Regional 46 (2026) e01101

accounting for 67% of the dataset. In addition, rice-based systems
represent a substantial share of the Asian dataset (45%) and are typically
associated with residue incorporation and specific soil conditions that
favor SOC accumulation. Higher nitrogen fertilization rates under CT in
Asia (158 kg N ha'! on average), compared with Latin America (108 kg
N ha'l) and Africa (55 kg N ha'l), may further reinforce this pattern. In
addition, alternative tillage practices yield consistent benefits in all re-
gions. The enhanced SOC losses observed under CT systems may arise
from the mechanical disruption of soil aggregates, which exposes pre-
viously protected organic matter to microbial decomposition (Jastrow
et al., 1996; Six et al., 2000). This disturbance stimulates microbial ac-
tivity, thereby accelerating the oxidation and mineralization of SOC (Six
et al., 1999; Loke et al., 2012; Swanepoel et al., 2016). Apart from these
results, an important methodological limitation needs to be highlighted
when comparing SOC stocks at equivalent volumes: a decrease in tillage
intensity is frequently accompanied by an increase in bulk density,
which can lead to an overestimation of SOC stock. This potential bias is a
confounding factor that needs to be considered when interpreting the
results of meta-analyses. Several studies have also pointed out the ex-
istence of confounding factors in tillage research, namely the system-
atically higher carbon inputs in conservative agricultural systems with
low or NT compared to CT systems (Virto et al., 2012; Autret et al.,
2016). As with fertilization, soil texture does not show a significant
linear relationship with SOC responses to tillage. While some coarse-
textured soils appear more responsive under MT or NT, the effect re-
mains context-dependent. In addition to the impact of management
practices on carbon stocks, the LTEs identified in this study highlight a
marked geographical concentration and significant pedoclimatic biases
in the data collected.

4.2. Pedoclimatic bias of LTEs in the global south

The distribution of LTEs across the Global South revealed significant

tensity. In contrast, monocropping is more prevalent in Africa, mismatches between the pedoclimatic diversity of each region and the
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BSh: Hot semi-arid
BSk: Cold semi-arid

Temperate Climates (C)

Csa: Hot-summer Mediterranean
Cwa: Humid subtropical

Cwhb: Subtropical highland

Cfa: Humid subtropical

Tropical Climates (A)
Af: Tropical rainforest
Am: Tropical monsoon
Aw: Tropical savanna

Continental Climates (D)

Dsa: Continental, hot summer, dry winter
Dsb: Continental, warm summer, dry winter
Dwa: Continental, hot summer, dry winter
Dwec: Continental, cool summer, dry winter
Dfa: Continental, hot summer, wet all year
Dfc: Subarctic, cool summer, wet all year

Polar and Alpine Climates (E)
ET: Tundra

Fig. 7. Comparative distribution of soil types (USDA classification; Fig. 7 d,e,f) and climate (Koppen-Geiger classification; Fig. 7 a,b,c) in long-term experiments vs.
regional atlas data (obtained from the European Soil Data Centre: https://esdac.jrc.ec.europa.eu/) across the Global South. Hatched bars refer to LTEs sites dis-
tribution, and unhatched bars show the distribution of all soils and climate for the respective regions.
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conditions covered by LTEs (Fig. 7; Fig. S9). In Latin America, LTEs are
mostly located in areas dominated by Oxisols, Mollisols, and Ultisols
under humid tropical (Af) and subhumid (Aw, Cwa, Cfa, Cfb) climates.
While the climatic coverage aligns relatively well with regional pedo-
climatic maps, the soil types are biased: Mollisols and Ultisols are
overrepresented, whereas Entisols are underrepresented and Inceptisols
are entirely absent. In Asia, LTEs are predominantly situated in areas
with Inceptisols, Alfisols, and Vertisols under semi-arid (BSh), tropical
subhumid (Aw, Cwa, Cfa), and humid (Af) climates. This reflects a clear
overrepresentation of semi-arid (BSh) and tropical subhumid (Cwa)
climates. While Entisols are the most widespread soils in Southeast Asia,
they are underrepresented in LTEs, in contrast to the overrepresentation
of Inceptisols, Alfisols, and Vertisols. These discrepancies likely reflect
the strong influence of India in the LTEs dataset, leading to a limited
representation of Southeast Asia full pedoclimatic diversity.

In Africa, LTEs are mainly located in areas with Oxisols and Alfisols
under tropical subhumid (Aw), humid (Af), and semi-arid (BSh, BSk)
climates. This distribution results in a limited representation of hot arid
climates (BWh), which cover large parts of the continent (e.g., the
Sahara and Namib deserts as well as parts of the Sahel). However, these
regions are generally not suitable for agricultural activities, except in
specific contexts such as irrigated agriculture or oases, and their un-
derrepresentation should therefore be interpreted in light of their
limited contribution to rainfed agricultural production systems. Simi-
larly, Entisols and Inceptisols, which are widespread across African
landscapes, remain underrepresented, while Oxisols and Alfisols domi-
nate the LTEs dataset. Notably, no LTEs were found on Aridisols, despite
these soils are characteristic of arid and semi-arid regions. Overall, these
patterns indicate that LTEs data do not fully capture the pedoclimatic
variability of African agricultural context.

Similar bias also exists in the North and is not the exclusivity of the
South. For instance, in Germany, LTEs show a significant bias in favor of
dry climatic zones (CWBg), particularly around regions historically
invested in agronomic research such as Berlin or the Bad Lauchstadt-
Halle-Seehausen axis (Grosse et al., 2020). In addition, most LTEs sites in
their study are located on medium to high quality soils, with low quality
or poorly developed soils being largely under-represented. Although this
uneven distribution partly reflects the history of research infrastructures
in Germany, it limits the representativeness of the results obtained from
these systems for all temperate agricultural systems. These pedoclimatic
biases, observed in both North and South, highlight a structural imbal-
ance in long-term experimental schemes worldwide. The recurrent
under-representation of certain pedoclimatic contexts, notably arid
zones and poor or degraded soils, compromises the generalisability of
the knowledge produced and weakens the robustness of the SOC dy-
namics models based on these data. This makes it imperative to
reimagine the spatial planning of future LTEs, incorporating better
coverage of soil and climate gradients, in order to enhance their repre-
sentativeness and relevance in meeting the global challenges of
ecosystem sustainability and climate change mitigation.

4.3. Geographical bias and mismatch between agricultural practices tested
in LTEs and local practices in the global south

The results of this study highlighted the predominance of some
countries, particularly India and Brazil, which together account for 66%
of the studies on LTEs and 71% of the total dataset (Fig. 2, Fig. 3a, b).
Only a limited number of countries in the Global South (23 out of 116)
have invested in research infrastructures and established LTEs sites,
enabling the assessment of SOC stock changes through a diachronic
approach. While India and Brazil offer a wide range of climatic and
pedological conditions, their agricultural structures differ sharply and
strongly shape the design and focus of LTEs. According to FAO data
(FAOSTAT, 2025), in India, more than 75% of the cropped land is
cultivated on farms under 5 ha, whereas in Brazil, 65% of cropped area
occurred on farms ranging from 100 to over 2500 ha (Fig. S6). Such
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differences influence not only land-use management practices but also
the types of treatments assessed in experiments. In India, the predomi-
nance of smallholder family farming is associated with a strong reliance
on mineral fertilization in LTEs, with 68% of studies focusing on this
practice. The nitrogen fertilizer application rates observed in these ex-
periments are on average 44% higher than national per-farm averages
reported by the FAO database (FAOSTAT, 2025). In contrast, tillage
practices are less frequently represented in the LTEs in India, which
likely reflects the predominance of smallholder family farming systems,
where limited mechanization restricts the diversity and intensity of
tillage practices, unlike in countries such as Brazil, where farming sys-
tems are larger in scale and more intensive. Given that the incorporation
of residues is generally linked to tillage operations, this practice could
also be indirectly limited. Conversely, in most African countries, the
fertilizer application rates recorded in LTEs exceed national averages
reported by the FAO by 100 to 1000% (Fig. 8).

This discrepancy clearly reflects a mismatch between locally prac-
ticed agriculture and the management strategies tested in experimental
settings. Indeed, research projects conducted in Africa often replicate
soil management models derived from very different agricultural con-
texts, such as those of India or Brazil, or the northern countries. These
discrepancies are marked across most of the countries including in the
present work, with exceptions in India, Bangladesh, Brazil and Uruguay,
where experimental fertilizer doses are more comparable to actual
practices. This divergence is most likely explained by strong economic
constraints limiting access to inputs. In Africa, the cost of fertilizers is
generally two to six times higher than in regions such as Europe, North
America or Asia, which severely limits their accessibility to smallholders
(Sanchez, 2002). Conversely, experimental plots usually benefit from
secured resources and are designed to meet crop nutrient demands
under optimal fertilization. Falconnier et al. (2023) showed that mineral
and organic fertilizer resources and use are very limited in sub-Saharan
Africa, especially in subhumid and semi-arid regions. In humid regions,
slash-and-burn cultivation systems have been widely used as the pri-
mary method for managing soil fertility and weed control (Serrani et al.,
2022). Similarly, in certain Southeast Asia such as Cambodia and Viet-
nam, agricultural systems are shaped by intercropping systems, use of
slash-and-burn systems, and rice-based systems, which differ substan-
tially from the large-scale soybean or intensive rice and cereal produc-
tion systems dominant in Brazil and India (Carriere et al., 2019).

Regarding Brazilian LTEs, they are more focused on tillage man-
agement (60% of studies) and less on fertilization, reflecting its large-
scale mechanized agricultural model and soybean-oriented cultivation,
a nitrogen fixing legume. By contrast, in most of the countries included
in the present review, the average farm size, according to the FAO data,
remains below 10 or even 5 ha (Fig. S6), while tillage is one of the most
investigated practices (Fig. 3f). As farm size often determines the
requirement and capacity to implement tillage, it is very likely that
tillage, as an agricultural practice, is over-represented in studies in the
Global South compared to their actual implementation in real-world
farms (Prestele et al., 2018). These biases partly stem from the current
research funding landscape: to secure competitive grants, researchers
typically build on an abundant existing literature, which is largely
dominated by studies conducted in a few well-documented emerging
countries (e.g., India, Brazil) or in the North. Investigating under-
studied agricultural systems is inherently more uncertain and there-
fore riskier. Furthermore, funding calls are frequently oriented towards
“innovative” practices, reinforcing the tendency to prioritize certain
management strategies over others that may be more representative of
local farming realities but remain scientifically underexplored. Finally,
we identified in this study five key crops most frequently studied in
LTEs: maize, rice, wheat, soybeans, and beans (Fig. S7b). This result
aligns with FAO (FAOSTAT, 2025) data on the five most widely culti-
vated crops in each country, which also lists maize, soybeans, rice,
wheat, and beans as dominant crops (Fig. S7a), suggesting a strong
alignment between research focus and agricultural importance.
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Fig. 8. The percentage of fertilizer applied in long-term experiments relative to the average amount per farmer in the individual countries, based on FAOSTAT data.

In summary, while India and Brazil span a wide range of climatic and
pedological conditions, their environmental diversity does not
adequately compensate for their limited socio-agronomic representa-
tiveness relative to the broader Global South. The experimental designs
in both countries appear to mirror national agricultural systems and
policy orientations, even if the causal link might not be direct. Indeed,
both countries have followed distinct agricultural development paths
shaped by major policy shifts, such as the Green Revolution in mostly
smallholder farms in India (Pingali, 2012) and the large-scale intensi-
fication of commodity crop production in Brazil (Sparovek et al., 2019).
These trajectories have led to highly mechanized agricultural systems
integrated into global export markets in Brazil, and to subsistence-
oriented but highly input-intensive- systems in India. In contrast, large
areas of the Global South particularly in sub-Saharan Africa and
southeast Asia are still dominated by low-inputs and low-mechanization
subsistence-oriented, smallholder agriculture. These systems typically
rely on agroforestry, legume crops, fallows and shifting cultivation
(slash-and-burn) to maintain soil fertility (Van Vliet et al., 2012; Mertz
et al., 2009). Despite supporting the livelihoods and food security of
approximately 500 million people worldwide (FAO, 2017), the slash-
and-burn agricultural models are completely absent from the LTEs
datasets analyzed in this study. This lack of representation constitutes a
major limitation not only for modeling SOC dynamics, but more broadly
for soil sciences and related disciplines, as it excludes many widespread
and environmentally vulnerable agricultural systems across large parts
of the Global South (Metcalfe et al., 2025).

4.4. Limits of the study

Although we have constructed a database of diachronic LTEs at the
scale of the Global South, this study still has some limitations. Firstly,
our study did not incorporate land use history into the analysis, which
can significantly affect SOC stabilization processes and therefore SOC
stocks in managed landscapes (Sanderman et al., 2017). Another limi-
tation concerns the bibliographic research strategy. We deliberately
chose to use only the Web of Science database, as it is widely used by the
scientific community and covers a broad range of disciplines. This
choice aimed to ensure the scientific quality and reliability of selected
publications. However, this choice may have led to the exclusion of
relevant studies indexed in other databases. In addition, we restricted
our review to open-access publications and those accessible through
institutional subscriptions (e.g., Sorbonne University/AgroParisTech),
primarily written in English and, to a lesser extent, in Portuguese,
particularly for studies conducted in Brazil. This approach may have
resulted in an underrepresentation of studies published in French,
especially from non-anglophone African countries, where research
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outputs are often disseminated in local or regional journals that are not
systematically indexed in major international databases. Furthermore,
some relevant articles could not be included due to access restrictions,
despite our efforts to contact the corresponding authors, most of whom
did not respond. The limited accessibility of such publications therefore
constitutes a potential source of bias in our dataset. Moreover, our
search equation may have been too restrictive, and some relevant
studies were not initially retrieved. To mitigate this limitation, addi-
tional articles were identified through backward citation tracking from
studies retrieved via Web of Science and were included when they met
the selection criteria. We also acknowledge that since we did our liter-
ature search, several other diachronic studies in LTEs have been pub-
lished (Leng et al., 2024; Couédel et al., 2026), and further work should
consider using a dynamic or living review approach to keep the database
up-to-date.

Another important limitation relates to the heterogeneity of methods
used to determine SOC content across studies (e.g., dry combustion,
Walkley-Black method). These methodological discrepancies may
introduce uncertainty in SOC stock estimates. The lack of standardized
reporting on soil sampling depth also represents a major barrier to data
harmonization. For studies reporting SOC stocks at depths greater than
30 cm (e.g., 0-40, 0-50, 0-60, or 0-100 cm), data were aggregated into a
0-30 cm category. While this introduces some uncertainty, most SOC
changes occur in the topsoil, and this approximation is expected to have
a limited impact on ASOC estimates, particularly for relative compari-
sons between treatments. The adjustment of ASOC rates to standardized
soil depths was performed using a proportional redistribution of SOC
within the sampled soil profile when intermediate depth data were
unavailable. This assumption does not reflect the actual vertical strati-
fication of SOC, which generally decreases with depth, and may there-
fore introduce additional uncertainty, particularly when extrapolating
from deeper profiles (e.g., 0-100 cm) to shallower ones (e.g., 0-30 cm).
However, this source of uncertainty is expected to have a limited impact
on our results, as confirmed by the sensitivity analysis (see Fig. S12),
which does not indicate any significant effect of data harmonization on
the main findings and conclusions of the study.

Another key limitation of this study concerns the estimation of BD for
a subset of LTEs. Many LTEs reported SOC concentrations without cor-
responding BD measurements, requiring BD to be estimated for
approximately one third of the dataset using an empirical linear rela-
tionship based on SOC content (Fig. S1). This relationship shows a
relatively low explanatory power (R = 0.41), which can introduce
uncertainty into the resulting SOC stock estimates. Although the dataset
used to derive this relationship included soils under different land uses,
their representativeness across the wide range of soil types, management
practices, and spatial scales covered in this synthesis remains limited.
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Consequently, the use of estimated BD values may affect the accuracy of
absolute carbon stock estimates and should be considered when inter-
preting cross-site comparisons. Calculating SOC stocks based on fixed-
depth measurements rather than equivalent soil mass (ESM) can intro-
duce an additional source of error. Indeed, several studies have shown
that this methodological difference can lead to discrepancies of up to 6%
in carbon stock estimates (Xu et al., 2019). Fixed-depth measurements
do not account for changes in soil volume over time, a bias that may be
particularly pronounced in long-term experiments, especially when
tillage practices or organic input are involved.

Finally, the pedoclimatic data from our study were compared with
those of the JRC atlas, which includes non-arable areas due to soil or
climatic constraints. Therefore, the gap observed between this study
data and the atlas should be considered with caution. For example,
although sandy soils and arid climates are widespread in Africa, they are
underrepresented in studies because many of these soils correspond to
deserts unsuitable for agriculture.

5. Conclusion

This study provides an overview of 155 studies investigating SOC
dynamics using a diachronic approach in the Global South, excluding
China, highlighting both the value and limitations of LTEs in these re-
gions. Our results show that the positive effects of fertilization and
conservation tillage practices on SOC stocks follow the same trends as
those observed in other meta-analyses and in the Global North, mainly
through increased carbon inputs linked to higher yields or the mainte-
nance of cover crops. However, this synthesis reveals significant biases
and gaps. LTEs are heavily concentrated in India and Brazil, countries
with more developed research infrastructures, leading to an over-
representation of agricultural models specific to these countries. Many
widely practiced agricultural systems in the Global South, such as
intercropping or slash-and-burn agriculture, are scarcely studied, as are
non-agricultural land uses (forests, savannah pastures). Furthermore,
the pedoclimatic distribution of LTEs does not fully represent the di-
versity of climatic and soil zones present in these regions, limiting the
representativeness of results at the regional scale and constitute major
blind spots for the calibration and validation of SOC dynamic models, as
well as for understanding the real impacts of local practices. It is
therefore essential to intensify and diversify research efforts by estab-
lishing LTEs that better reflect the agricultural practices implemented by
local populations and cover underrepresented pedoclimatic contexts.
This study has assembled an unprecedented data set that could also
serve as a valuable resource for modellers aiming to improve SOC pro-
jections in the Global South.

CRediT authorship contribution statement

Tchodjowie P.I. Kpemoua: Writing — review & editing, Writing —
original draft, Visualization, Methodology, Investigation, Formal anal-
ysis, Data curation, Conceptualization. Issiakou A. Houssoukpevi:
Writing — review & editing, Investigation. Kenji Fujisaki: Writing —
review & editing, Investigation. Antoine Versini: Writing — review &
editing, Investigation. Rémi Cardinael: Writing — review & editing.
Pierre Barré: Writing — review & editing, Investigation. Tiphaine
Chevallier: Writing — review & editing, Investigation. Julia Le Noé:
Writing — review & editing, Methodology, Investigation, Funding
acquisition, Conceptualization.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

13

Geoderma Regional 46 (2026) e01101
Acknowledgments

This work is part of project MOBIDYC, which funded T.P.I. Kpemoua
post-doctoral position, and received government funding managed by
the French Agence Nationale de la Recherche, reference ANR-23-ERCB-
0006-01. This work is also part of project ALAMOD of the exploratory
research program FairCarboN and received government funding
managed by the Agence Nationale de la Recherche under the France
2030 program, reference ANR-22-PEXF-0002. Many thanks to Issifou
Amadou for his help in segmenting the Atlas maps using ImageJ
software.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.geodrs.2026.e01101.

Data availability

Research Link Provided
Dataverse A database of long-term experiments on soil organic
carbon dynamics in the Global South (Original data)

References

Abbas, F., Hammad, H.M., Ishaq, W., Farooque, A.A., Bakhat, H.F., Zia, Z., Fahad, S.,
Farhad, W., Cerda, A., 2020. A review of soil carbon dynamics resulting from
agricultural practices. J. Environ. Manag. 268, 110319. https://doi.org/10.1016/j.
jenvman.2020.110319.

Autret, B., Mary, B., Chenu, C., Balabane, M., Girardin, C., Bertrand, M., Grandeau, G.,
Beaudoin, N., 2016. Alternative arable cropping systems: a key to increase soil
organic carbon storage? Results from a 16 year field experiment. Agric. Ecosyst.
Environ. 232, 150-164. https://doi.org/10.1016/j.agee.2016.07.008.

Bai, X., Tang, J., Wang, W., Ma, J., Shi, J., Ren, W., 2023. Organic amendment effects on
cropland soil organic carbon and its implications: a global synthesis. CATENA 231,
107343. https://doi.org/10.1016/j.catena.2023.107343.

Baker, J.M., Ochsner, T.E., Venterea, R.T., Griffis, T.J., 2007. Tillage and soil carbon
sequestration—what do we really know? Agric. Ecosyst. Environ. 118, 1-5. https://
doi.org/10.1016/j.agee.2006.05.014.

Beillouin, D., Demenois, J., Cardinael, R., Berre, D., Corbeels, M., Fallot, A., Boyer, A.,
Feder, F., 2022. A global database of land management, land-use change and climate
change effects on soil organic carbon. Sci. Data 9, 228. https://doi.org/10.1038/
s41597-022-01318-1.

Beillouin, D., Corbeels, M., Demenois, J., Berre, D., Boyer, A., Fallot, A., Feder, F.,
Cardinael, R., 2023. A global meta-analysis of soil organic carbon in the
anthropocene. Nat. Commun. 14, 3700. https://doi.org/10.1038/s41467-023-
39338-z.

Bernoux, M., Cerri, C., Arrouays, D., Jolivet, C., Volkoff, B., 1998. Bulk densities of
Brazilian amazon soils related to other soil properties. Soil Sci. Soc. Am. J. 62,
743-749. https://doi.org/10.2136/ss5aj1998.03615995006200030029x%.

Blanchy, G., D’'Hose, T., Donmez, C., Hoffmann, C., Makoschitz, L., Murugan, R.,
O’Sullivan, L., Sandén, T., Spiegel, H., Svoboda, N., Zechmeister-Boltenstern, S.,
Klumpp, K., 2024. An open-source metadataset of running European mid- and long-
term agricultural field experiments. Soil Use and Management 40, e12978. https://
doi.org/10.1111/sum.12978.

Bolinder, M.A., Janzen, H.H., Gregorich, E.G., Angers, D.A., VandenBygaart, A.J., 2007.
An approach for estimating net primary productivity and annual carbon inputs to
soil for common agricultural crops in Canada. Agric. Ecosyst. Environ. 118, 29-42.
https://doi.org/10.1016/j.agee.2006.05.013.

Bonan, G.B., 2008. Forests and climate change: Forcings, feedbacks, and the climate
benefits of forests. Science 320, 1444-1449. https://doi.org/10.1126/
science.1155121.

Bruni, E., Guenet, B., Huang, Y., Clivot, H., Virto, L., Farina, R., Kétterer, T., Ciais, P.,
Martin, M., Chenu, C., 2021. Additional carbon inputs to reach a 4 per 1000
objective in europe: feasibility and projected impacts of climate change based on
century simulations of long-term arable experiments. Biogeosciences 18,
3981-4004. https://doi.org/10.5194/bg-18-3981-2021.

Burda, B.U., O’Connor, E.A., Webber, E.M., Redmond, N., Perdue, L.A., 2017. Estimating
data from figures with a web-based program: considerations for a systematic review.
Res. Synth. Methods 8, 258-262. https://doi.org/10.1002/jrsm.1232.

Campbell, E.E., Paustian, K., 2015. Current developments in soil organic matter
modeling and the expansion of model applications: a review. Environ. Res. Lett. 10,
123004. https://doi.org/10.1088/1748-9326,/10/12/123004.

Canarini, A., Kier, L.P., Dijkstra, F.A., 2017. Soil carbon loss regulated by drought
intensity and available substrate: a meta-analysis. Soil Biol. Biochem. 112, 90-99.
https://doi.org/10.1016/j.s0ilbio.2017.04.020.


https://doi.org/10.1016/j.geodrs.2026.e01101
https://doi.org/10.1016/j.geodrs.2026.e01101
https://doi.org/10.57745/81y4ig
https://doi.org/10.57745/81y4ig
https://doi.org/10.1016/j.jenvman.2020.110319
https://doi.org/10.1016/j.jenvman.2020.110319
https://doi.org/10.1016/j.agee.2016.07.008
https://doi.org/10.1016/j.catena.2023.107343
https://doi.org/10.1016/j.agee.2006.05.014
https://doi.org/10.1016/j.agee.2006.05.014
https://doi.org/10.1038/s41597-022-01318-1
https://doi.org/10.1038/s41597-022-01318-1
https://doi.org/10.1038/s41467-023-39338-z
https://doi.org/10.1038/s41467-023-39338-z
https://doi.org/10.2136/sssaj1998.03615995006200030029x
https://doi.org/10.1111/sum.12978
https://doi.org/10.1111/sum.12978
https://doi.org/10.1016/j.agee.2006.05.013
https://doi.org/10.1126/science.1155121
https://doi.org/10.1126/science.1155121
https://doi.org/10.5194/bg-18-3981-2021
https://doi.org/10.1002/jrsm.1232
https://doi.org/10.1088/1748-9326/10/12/123004
https://doi.org/10.1016/j.soilbio.2017.04.020

T.P.I. Kpemoua et al.

Carriere, S.M., Dounias, E., Michon, G., 2019. 13. L’agriculture itinérante sur brilis. In:
Michon, G., Carriére, S., Moizo, B. (Eds.), Habiter la forét tropicale au XXIe siecle.
IRD Editions, pp. 175-187. https://doi.org/10.4000/books.irdeditions.32178.

Costa Junior, C., Corbeels, M., Bernoux, M., Piccolo, M.C., Siqueira Neto, M., Feigl, B.J.,
Cerri, C.E.P., Cerri, C.C., Scopel, E., Lal, R., 2013. Assessing soil carbon storage rates
under no-tillage: comparing the synchronic and diachronic approaches. Soil Tillage
Res. 134, 207-212. https://doi.org/10.1016/j.still.2013.08.010.

Couédel, A., Falconnier, G.N., Adam, M., Cardinael, R., Boote, K., Justes, E., Smith, W.N.,
Whitbread, A.M., Affholder, F., Balkovic, J., Basso, B., Bhatia, A., Chakrabarti, B.,
Chikowo, R., Christina, M., Faye, B., Ferchaud, F., Folberth, C., Akinseye, F.M.,
Gaiser, T., Galdos, M.V., Gayler, S., Gorooei, A., Grant, B., Guibert, H.,
Hoogenboom, G., Kamali, B., Laub, M., Maureira, F., Mequanint, F., Nendel, C.,
Porter, C.H., Ripoche, D., Ruane, A.C., Rusinamhodzi, L., Sharma, S., Singh, U.,
Six, J., Srivastava, A., Vanlauwe, B., Versini, A., Vianna, M., Webber, H., Weber, T.
K., Zhang, C., Corbeels, M., 2024. Long-term soil organic carbon and crop yield
feedbacks differ between 16 soil-crop models in sub-Saharan africa. Eur. J. Agron.
155, 127109. https://doi.org/10.1016/j.eja.2024.127109.

Couédel, A., Laub, M., Ranaivomanana, R., Falconnier, G., Cardinael, R., Mucheru-
Muna, M.W., Mugendi, D., Vanlauwe, B., Six, J., Corbeels, M., 2026. Evaluating
DayCent and STICS in simulating the long-term impact of contrasting organic
resource amendments on soil organic carbon and maize yields in sub-Saharan.

F Crop. Res. 335, 110169. https://doi.org/10.1016/j.fcr.2025.110169.

De Moraes S4, J.C., Séguy, L., Tivet, F., Lal, R., Bouzinac, S., Borszowskei, P.R.,
Briedis, C., Dos Santos, J.B., Da Cruz Hartman, D., Bertoloni, C.G., Rosa, J.,
Friedrich, T., 2015. Carbon depletion by plowing and its restoration by no-till
cropping systems in oxisols of subtropical and tropical agro-ecoregions in Brazil.
Land Degrad. Dev. 26, 531-543. https://doi.org/10.1002/1dr.2218.

Dixon, R.K., Solomon, A.M., Brown, S., Houghton, R.A., Trexier, M.C., Wisniewski, J.,
1994. Carbon pools and flux of global forest ecosystems. Science 263, 185-190.
https://doi.org/10.1126/science.263.5144.185.

Don, A., Seidel, F., Leifeld, J., Katterer, T., Martin, M., Pellerin, S., Emde, D., Seitz, D.,
Chenu, C., 2024. Reply letter to Munoz et al. ‘On the importance of time in carbon
sequestration in soils and climate change mitigation’—keep carbon sequestration
terminologies consistent and functional. Glob. Chang. Biol. 30, e17230. https://doi.
org/10.1111/gcb.17230.

Donmez, C., Blanchy, G., Svoboda, N., D’'Hose, T., Hoffmann, C., Hierold, W.,

Klumpp, K., 2022. Provision of metadata of european agricultural long-term
experiments through BonaRes and EJP SOIL collaboration. Data Brief 42, 108226.
https://doi.org/10.1016/j.dib.2022.108226.

Falconnier, G.N., Cardinael, R., Corbeels, M., Baudron, F., Chivenge, P., Couédel, A.,
Ripoche, A., Afftholder, F., Naudin, K., Benaillon, E., Rusinamhodzi, L., Leroux, L.,
Vanlauwe, B., Giller, K.E., 2023. The input reduction principle of agroecology is
wrong when it comes to mineral fertilizer use in sub-Saharan Africa. Outlook Agric.
52, 311-326. https://doi.org/10.1177/00307270231199795.

FAO, 2017. The Future of Food and Agriculture — Trends and Challenges. Food and
Agriculture Organization of the United Nations, Rome. https://www.fao.org/3/i
6583e/16583e.pdf.

FAOSTAT, 2025. Food and Agriculture Organization Corporate Statistical Database. FAO
online database available at: https://www.fao.org/faostat/en/#home (last access:
January 20, 2025).

Feller, C., Beare, M.H., 1997. Physical control of soil organic matter dynamics in the
tropics. Geoderma 79, 69-116. https://doi.org/10.1016/5S0016-7061(97)00039-6.

Fonkeng, E.E., Chevallier, T., Sauvadet, M., Enock, S., Rakotondrazafy, N., Chapuis-
Lardy, L., Takoutsing, B., Tabi Fritz, O., Harmand, J.-M., 2024. Dynamics of soil
organic carbon pools following conversion of savannah to cocoa agroforestry
systems in the Centre region of Cameroon. Geoderma Reg. 36, €00758. https://doi.
org/10.1016/j.geodrs.2024.e00758.

Freibauer, A., Rounsevell, M.D.A., Smith, P., Verhagen, J., 2004. Carbon sequestration in
the agricultural soils of europe. Geoderma 122, 1-23. https://doi.org/10.1016/j.
geoderma.2004.01.021.

Friedlingstein, P., O’Sullivan, M., Jones, M.W., Andrew, R.M., Bakker, D.C.E., Hauck, J.,
Landschiitzer, P., Le Quéré, C., Luijkx, L.T., Peters, G.P., Peters, W., Pongratz, J.,
Schwingshackl, C., Sitch, S., Canadell, J.G., Ciais, P., Jackson, R.B., Alin, S.R.,
Anthoni, P., Barbero, L., Bates, N.R., Becker, M., Bellouin, N., Decharme, B., Bopp, L.,
Brasika, I.B.M., Cadule, P., Chamberlain, M.A., Chandra, N., Chau, T.-T.-T.,
Chevallier, F., Chini, L.P., Cronin, M., Dou, X., Enyo, K., Evans, W., Falk, S., Feely, R.
A., Feng, L., Ford, D.J., Gasser, T., Ghattas, J., Gkritzalis, T., Grassi, G., Gregor, L.,
Gruber, N., Giirses, O., Harris, 1., Hefner, M., Heinke, J., Houghton, R.A., Hurtt, G.C.,
Iida, Y., Ilyina, T., Jacobson, A.R., Jain, A., Jarnikov4, T., Jersild, A., Jiang, F.,
Jin, Z., Joos, F., Kato, E., Keeling, R.F., Kennedy, D., Klein Goldewijk, K., Knauer, J.,
Korsbakken, J.I., Kortzinger, A., Lan, X., Lefevre, N., Li, H,, Liu, J., Liu, Z., Ma, L.,
Marland, G., Mayot, N., McGuire, P.C., McKinley, G.A., Meyer, G., Morgan, E.J.,
Munro, D.R., Nakaoka, S.-I., Niwa, Y., O’Brien, K.M., Olsen, A., Omar, A.M., Ono, T.,
Paulsen, M., Pierrot, D., Pocock, K., Poulter, B., Powis, C.M., Rehder, G.,
Resplandy, L., Robertson, E., Rodenbeck, C., Rosan, T.M., Schwinger, J., Séférian, R.,
Smallman, T.L., Smith, S.M., Sospedra-Alfonso, R., Sun, Q., Sutton, A.J., Sweeney, C.,
Takao, S., Tans, P.P., Tian, H., Tilbrook, B., Tsujino, H., Tubiello, F., Van Der
Werf, G.R., Van Ooijen, E., Wanninkhof, R., Watanabe, M., Wimart-Rousseau, C.,
Yang, D., Yang, X., Yuan, W., Yue, X., Zaehle, S., Zeng, J., Zheng, B., 2023. Global
carbon budget 2023. Earth Syst. Sci. Data 15, 5301-5369. https://doi.org/10.5194/
essd-15-5301-2023.

Fujisaki, K., Chevallier, T., Chapuis-Lardy, L., Albrecht, A., Razafimbelo, T., Masse, D.,
Ndour, Y.B., Chotte, J.-L., 2018. Soil carbon stock changes in tropical croplands are
mainly driven by carbon inputs: a synthesis. Agric. Ecosyst. Environ. 259, 147-158.
https://doi.org/10.1016/j.agee.2017.12.008.

14

Geoderma Regional 46 (2026) e01101

Garsia, A., Moinet, A., Vazquez, C., Creamer, R.E., Moinet, G.Y.K., 2023. The challenge of
selecting an appropriate soil organic carbon simulation model: a comprehensive
global review and validation assessment. Glob. Chang. Biol. 29, 5760-5774. https://
doi.org/10.1111/gcb.16896.

Gibson, A.J., Hancock, G.R., Verdon-Kidd, D.C., Martinez, C., Wells, T., 2021. The impact
of shifting Koppen-Geiger climate zones on soil organic carbon concentrations in
Australian grasslands. Glob. Planet. Chang. 202, 103523. https://doi.org/10.1016/j.
gloplacha.2021.103523.

Grosse, M., Hierold, W., Ahlborn, M.C., Piepho, H.-P., Helming, K., 2020. Long-term field
experiments in Germany: classification and spatial representation. SOIL 6, 579-596.
https://doi.org/10.5194/s0il-6-579-2020.

Grosse, M., Ahlborn, M.C., Hierold, W., 2021. Metadata of agricultural long-term
experiments in europe exclusive of Germany. Data Brief 38, 107322. https://doi.
0rg/10.1016/j.dib.2021.107322.

Haddaway, N.R., Hedlund, K., Jackson, L.E., Katterer, T., Lugato, E., Thomsen, LK.,
Jorgensen, H.B., Isberg, P.-E., 2017. How does tillage intensity affect soil organic
carbon? A systematic review. Environ. Evid. 6, 30. https://doi.org/10.1186/513750-
017-0108-9.

Han, P., Zhang, W., Wang, G., Sun, W., Huang, Y., 2016. Changes in soil organic carbon
in croplands subjected to fertilizer management: a global meta-analysis. Sci. Rep. 6.
https://doi.org/10.1038/srep27199.

Hok, L., De Moraes Sa, J.C., Boulakia, S., Reyes, M., Leng, V., Kong, R., Tivet, F.E.,
Briedis, C., Hartman, D., Ferreira, L.A., Magno, T., Pheav, S., 2015. Short-term
conservation agriculture and biomass-C input impacts on soil ¢ dynamics in a
savanna ecosystem in Cambodia. Agric. Ecosyst. Environ. 214, 54-67. https://doi.
0rg/10.1016/j.agee.2015.08.013.

Jastrow, J.D., Miller, R.M., Boutton, T.W., 1996. Carbon dynamics of aggregate-
associated organic matter estimated by carbon-13 natural abundance. Soil Sci. Soc.
Am. J. 60, 801-807. https://doi.org/10.2136/ss52j1996.03615995006000030017x.

Jiang, G., Zhang, W., Xu, M., Kuzyakov, Y., Zhang, X., Wang, J., Di, J., Murphy, D.V.,
2018. Manure and mineral fertilizer effects on crop yield and soil carbon
sequestration: a meta-analysis and modeling across China. Glob. Biogeochem. Cycles
32, 1659-1672. https://doi.org/10.1029/2018GB005960.

Jiménez, J.J., Lal, R., 2006. Mechanisms of C sequestration in soils of Latin America. Crit.
Rev. Plant Sci. 25, 337-365. https://doi.org/10.1080/0735268060094240.

Johnston, A.E., Poulton, P.R., 2018. The importance of long-term experiments in
agriculture: their management to ensure continued crop production and soil fertility;
the rothamsted experience. Eur. J. Soil Sci. 69, 113-125. https://doi.org/10.1111/
ejss.12521.

Kobal, M., Gréman, H., Zupan, M., Levani¢, T., Simoncic, P., Kadunc, A., Hladnik, D.,
2015. Influence of soil properties on silver fir (Abies alba mill.) growth in the dinaric
mountains. For. Ecol. Manag. 337, 77-87. https://doi.org/10.1016/j.
foreco.2014.10.017.

Korschens, M., Albert, E., Armbruster, M., Barkusky, D., Baumecker, M., Behle-Schalk, L.,
Bischoff, R., Cergan, Z., Ellmer, F., Herbst, F., Hoffmann, S., Hofmann, B.,
Kismanyoky, T., Kubat, J., Kunzova, E., Lopez-Fando, C., Merbach, I., Merbach, W.,
Pardor, M.T., Rogasik, J., Rithmann, J., Spiegel, H., Schulz, E., Tajnsek, A., Toth, Z.,
Wegener, H., Zorn, W., 2013. Effect of mineral and organic fertilization on crop
yield, nitrogen uptake, carbon and nitrogen balances, as well as soil organic carbon
content and dynamics: results from 20 European long-term field experiments of the
twenty-first century. Arch. Agron. Soil Sci. 59, 1017-1040. https://doi.org/10.1080/
03650340.2012.704548.

Kpemoua, T.P.I., Barré, P., Chevallier, T., Houot, S., Chenu, C., 2022. Drivers of the
amount of organic carbon protected inside soil aggregates estimated by crushing: a
meta-analysis. Geoderma 427, 116089. https://doi.org/10.1016/j.
geoderma.2022.116089.

Kpemoua, T.P.IL, Barré, P., Houot, S., Baudin, F., Plessis, C., Chenu, C., 2024. What is the
stability of additional organic carbon stored thanks to alternative cropping systems
and organic waste product application? A multi-method evaluation. SOIL 10,
533-549. https://doi.org/10.5194/50il-10-533-2024.

Kpemoua, T.P.I., Houssoukpevi Issiakou, A., Kenji, Fujisaki, Antoine, Versini,

Pierre, Barré, Tiphaine, Chevallier, Julia, L.N., 2025. A Database of Long-term
Experiments on Soil Organic Carbon Dynamics in the Global South. https://doi.org/
10.57745/81Y4IG.

Laganiere, J., Angers, D.A., Paré, D., 2010. Carbon accumulation in agricultural soils
after afforestation: a meta-analysis. Glob. Chang. Biol. 16, 439-453. https://doi.org/
10.1111/j.1365-2486.2009.01930.x.

Lahmar, R., 2010. Adoption of conservation agriculture in europe. Land Use Policy 27,
4-10. https://doi.org/10.1016/j.1andusepol.2008.02.001.

Lal, R., 2007. Carbon management in agricultural soils. Mitig Adapt Strat Glob Change
12, 303-322. https://doi.org/10.1007/511027-006-9036-7.

Lal, R., 2010. Enhancing eco-efficiency in agro-ecosystems through soil carbon
sequestration. Crop Sci. 50. https://doi.org/10.2135/cropsci2010.01.0012.

Lal, R., 2018. Digging deeper: a holistic perspective of factors affecting soil organic
carbon sequestration in agroecosystems. Glob. Chang. Biol. 24, 3285-3301. https://
doi.org/10.1111/gcb.14054.

Lamidi, W.A., Oyewusi, T.F., 2024. Soil utilisation patterns in the global south. In:
Sustainable Soil Systems in Global South. Springer Nature Singapore, Singapore,
pp. 113-134. https://doi.org/10.1007/978-981-97-5276-8_4.

Le Noé, J., Manzoni, S., Abramoff, R., Bolscher, T., Bruni, E., Cardinael, R., Ciais, P.,
Chenu, C., Clivot, H., Derrien, D., Ferchaud, F., Garnier, P., Goll, D., Lashermes, G.,
Martin, M., Rasse, D., Rees, F., Sainte-Marie, J., Salmon, E., Schiedung, M.,
Schimel, J., Wieder, W., Abiven, S., Barré, P., Cécillon, L., Guenet, B., 2023. Soil
organic carbon models need independent time-series validation for reliable
prediction. Commun. Earth Environ. 4, 158. https://doi.org/10.1038/543247-023-
00830-5.


https://doi.org/10.4000/books.irdeditions.32178
https://doi.org/10.1016/j.still.2013.08.010
https://doi.org/10.1016/j.eja.2024.127109
https://doi.org/10.1016/j.fcr.2025.110169
https://doi.org/10.1002/ldr.2218
https://doi.org/10.1126/science.263.5144.185
https://doi.org/10.1111/gcb.17230
https://doi.org/10.1111/gcb.17230
https://doi.org/10.1016/j.dib.2022.108226
https://doi.org/10.1177/00307270231199795
https://www.fao.org/3/i6583e/i6583e.pdf
https://www.fao.org/3/i6583e/i6583e.pdf
https://www.fao.org/faostat/en/#home
https://doi.org/10.1016/S0016-7061(97)00039-6
https://doi.org/10.1016/j.geodrs.2024.e00758
https://doi.org/10.1016/j.geodrs.2024.e00758
https://doi.org/10.1016/j.geoderma.2004.01.021
https://doi.org/10.1016/j.geoderma.2004.01.021
https://doi.org/10.5194/essd-15-5301-2023
https://doi.org/10.5194/essd-15-5301-2023
https://doi.org/10.1016/j.agee.2017.12.008
https://doi.org/10.1111/gcb.16896
https://doi.org/10.1111/gcb.16896
https://doi.org/10.1016/j.gloplacha.2021.103523
https://doi.org/10.1016/j.gloplacha.2021.103523
https://doi.org/10.5194/soil-6-579-2020
https://doi.org/10.1016/j.dib.2021.107322
https://doi.org/10.1016/j.dib.2021.107322
https://doi.org/10.1186/s13750-017-0108-9
https://doi.org/10.1186/s13750-017-0108-9
https://doi.org/10.1038/srep27199
https://doi.org/10.1016/j.agee.2015.08.013
https://doi.org/10.1016/j.agee.2015.08.013
https://doi.org/10.2136/sssaj1996.03615995006000030017x
https://doi.org/10.1029/2018GB005960
https://doi.org/10.1080/0735268060094240
https://doi.org/10.1111/ejss.12521
https://doi.org/10.1111/ejss.12521
https://doi.org/10.1016/j.foreco.2014.10.017
https://doi.org/10.1016/j.foreco.2014.10.017
https://doi.org/10.1080/03650340.2012.704548
https://doi.org/10.1080/03650340.2012.704548
https://doi.org/10.1016/j.geoderma.2022.116089
https://doi.org/10.1016/j.geoderma.2022.116089
https://doi.org/10.5194/soil-10-533-2024
https://doi.org/10.57745/81Y4IG
https://doi.org/10.57745/81Y4IG
https://doi.org/10.1111/j.1365-2486.2009.01930.x
https://doi.org/10.1111/j.1365-2486.2009.01930.x
https://doi.org/10.1016/j.landusepol.2008.02.001
https://doi.org/10.1007/s11027-006-9036-7
https://doi.org/10.2135/cropsci2010.01.0012
https://doi.org/10.1111/gcb.14054
https://doi.org/10.1111/gcb.14054
https://doi.org/10.1007/978-981-97-5276-8_4
https://doi.org/10.1038/s43247-023-00830-5
https://doi.org/10.1038/s43247-023-00830-5

T.P.I. Kpemoua et al.

Leng, V., Cardinael, R., Tivet, F., Seng, V., Mark, P., Lienhard, P., Filloux, T., Six, J.,
Hok, L., Boulakia, S., Briedis, C., de Moraes Sa, J.C., Thuries, L., 2024. Diachronic
assessment of soil organic ¢ and n dynamics under long-term no-till cropping systems
in the tropical upland of Cambodia. SOIL 10, 699-725. https://doi.org/10.5194/
s0il-10-699-2024.

Li, N., Zhou, S., Margenot, A.J., 2023. From prairie to crop: spatiotemporal dynamics of
surface soil organic carbon stocks over 167 years in Illinois, U.S.a. Sci. Total Environ.
857, 159038. https://doi.org/10.1016/j.scitotenv.2022.159038.

Liu, C., Lu, M., Cui, J., Li, B., Fang, C., 2014. Effects of straw carbon input on carbon
dynamics in agricultural soils: a meta-analysis. Glob. Chang. Biol. 20, 1366-1381.
https://doi.org/10.1111/gcb.12517.

Loke, P.F., Kotzé, E., Du Preez, C.C., 2012. Changes in soil organic matter indices
following 32 years of different wheat production management practices in semi-arid
South Africa. Nutr. Cycl. Agroecosyst. 94, 97-109. https://doi.org/10.1007/s10705-
012-9529-6.

Luo, Z., Feng, W., Luo, Y., Baldock, J., Wang, E., 2017. Soil organic carbon dynamics
jointly controlled by climate, carbon inputs, soil properties and soil carbon fractions.
Glob. Chang. Biol. 23, 4430-4439. https://doi.org/10.1111/gcb.13767.

Luo, G., Li, L., Friman, V.-P., Guo, J., Guo, S., Shen, Q., Ling, N., 2018. Organic
amendments increase crop yields by improving microbe-mediated soil functioning of
agroecosystems: A meta-analysis. Soil Biology and Biochemistry 124, 105-115.
https://doi.org/10.1016/j.s0ilbio.2018.06.002.

Maillard, E., Angers, D.A., 2014. Animal manure application and soil organic carbon
stocks: a meta-analysis. Glob. Chang. Biol. 20, 666-679. https://doi.org/10.1111/
gcb.12438.

Manrique, L.A., Jones, C.A., 1991. Bulk density of soils in relation to soil physical and
chemical properties. Soil Sci. Soc. Am. J. 55, 476-481. https://doi.org/10.2136/
$552j1991.03615995005500020030x.

Mertz, O., Padoch, C., Fox, J., Cramb, R.A., Leisz, S.J., Lam, N.T., Vien, T.D., 2009.
Swidden change in southeast asia: understanding causes and consequences. Hum.
Ecol. 37, 259-264. https://doi.org/10.1007/s10745-009-9245-2.

Metcalfe, D.B., Anders, E., Axén, H., Petter Axelsson, E., Bermudez, A.E.,
Bartholomew, D.C., Butt, N., Cadillo-Quiroz, H., Chaudhary, N., Callebaut, T.,
Dahlsjo, C.A.L., Dusenge, M.E., Feeley, K.J., Wanger, T.C., Hwang, B.C., Hermans, T.
D.G., Jonsson, M., Kardol, P., Lindh, A., Virkkala, A.-M., 2025. Gaps in tropical
science from unrepresentative distribution of sampling and citation across natural
terrestrial environments. Nat. Commun. 16 (1), 11378. https://doi.org/10.1038/
s41467-025-67617-4.

Minasny, B., Malone, B.P., McBratney, A.B., Angers, D.A., Arrouays, D., Chambers, A.,
Chaplot, V., Chen, Z.-S., Cheng, K., Das, B.S., Field, D.J., Gimona, A., Hedley, C.B.,
Hong, S.Y., Mandal, B., Marchant, B.P., Martin, M., McConkey, B.G., Mulder, V.L.,
O’Rourke, S., Richer-de-Forges, A.C., Odeh, I., Padarian, J., Paustian, K., Pan, G.,
Poggio, L., Savin, 1., Stolbovoy, V., Stockmann, U., Sulaeman, Y., Tsui, C.-C.,
Végen, T.-G., Van Wesemael, B., Winowiecki, L., 2017. Soil carbon 4 per mille.
Geoderma 292, 59-86. https://doi.org/10.1016/j.geoderma.2017.01.002.

Nielsen, U.N., Ayres, E., Wall, D.H., Bardgett, R.D., 2011. Soil biodiversity and carbon
cycling: a review and synthesis of studies examining diversity—function
relationships. Eur. J. Soil Sci. 62, 105-116. https://doi.org/10.1111/j.1365-
2389.2010.01314.x.

Olson, K.R., Al-Kaisi, M.M., Lal, R., Lowery, B., 2014. Experimental consideration,
treatments, and methods in determining soil organic carbon sequestration rates. Soil
Sci. Soc. Am. J. 78, 348-360. https://doi.org/10.2136/ss5aj2013.09.0412.

Ouédraogo, S., Sorgho Millogo, M.-C., 2007. Systeme coutumier de tenure des terres et
lutte contre la désertification en milieu rural au burkina faso. Nat. Sci. Soc. 15,
127-139. https://doi.org/10.1051/nss:2007038.

Oyewusi, T.F., Lamidi, W.A., 2024. Alternative land management strategies and their
impacts on soil conservation. In: Ogwu, M.C., Izah, S.C., Dessureault-Rompré, J.,
Gasparatos, D. (Eds.), Sustainable Soil Systems in Global South. Springer Nature
Singapore, Singapore, pp. 427-449. https://doi.org/10.1007/978-981-97-5276-8_
15.

Paetsch, L., Mueller, C.W., Rumpel, C., Houot, S., Kogel-Knabner, I., 2016. Urban waste
composts enhance OC and n stocks after long-term amendment but do not alter
organic matter composition. Agric. Ecosyst. Environ. 223, 211-222. https://doi.org/
10.1016/j.agee.2016.03.008.

Pan, G, Li, L., Wu, L., Zhang, X., 2004. Storage and sequestration potential of topsoil
organic carbon in China’s paddy soils. Global Change Biology 10, 79-92. https://doi.
org/10.1111/j.1365-2486.2003.00717.x.

Pathak, H., Byjesh, K., Chakrabarti, B., Aggarwal, P.K., 2011. Potential and cost of carbon
sequestration in Indian agriculture: estimates from long-term field experiments.
Field Crop Res. 120, 102-111. https://doi.org/10.1016/j.fcr.2010.09.006.

Paustian, K., Lehmann, J., Ogle, S., Reay, D., Robertson, G.P., Smith, P., 2016. Climate-
smart soils. Nature 532, 49-57. https://doi.org/10.1038/nature17174.

Peltre, C., 2010. Potential carbon storage in soil after exogenous organic matter
applications. Soil Study. AgroParisTech, pp. 117-148. NNT, 2010AGPT0076, pastel-
00602825.

Pingali, P.L., 2012. Green revolution: impacts, limits, and the path ahead. Proc. Natl.
Acad. Sci. USA 109, 12302-12308. https://doi.org/10.1073/pnas.0912953109.

Poeplau, C., Don, A., Vesterdal, L., Leifeld, J., Van Wesemael, B., Schumacher, J.,
Gensior, A., 2011. Temporal dynamics of soil organic carbon after land-use change in
the temperate zone - carbon response functions as a model approach: SOIL ORGANIC
CARBON AND LAND-USE CHANGE. Glob. Chang. Biol. 17, 2415-2427. https://doi.
org/10.1111/j.1365-2486.2011.02408.x.

Poorter, L., Van Der Sande, M.T., Thompson, J., Arets, E.J.M.M., Alarcén, A., Alvarez-
Sanchez, J., Ascarrunz, N., Balvanera, P., Barajas-Guzman, G., Boit, A., Bongers, F.,
Carvalho, F.A., Casanoves, F., Cornejo-Tenorio, G., Costa, F.R.C., De Castilho, C.V.,
Duivenvoorden, J.F., Dutrieux, L.P., Enquist, B.J., Ferndndez-Méndez, F.,

15

Geoderma Regional 46 (2026) e01101

Finegan, B., Gormley, L.H.L., Healey, J.R., Hoosbeek, M.R., Ibarra-Manriquez, G.,
Junqueira, A.B., Levis, C., Licona, J.C., Lisboa, L.S., Magnusson, W.E., Martinez-
Ramos, M., Martinez-Yrizar, A., Martorano, L.G., Maskell, L.C., Mazzei, L., Meave, J.
A., Mora, F., Mufioz, R., Nytch, C., Pansonato, M.P., Parr, T.W., Paz, H., Pérez-
Garcia, E.A., Renteria, L.Y., Rodriguez-Velazquez, J., Rozendaal, D.M.A., Ruschel, A.
R., Sakschewski, B., Salgado-Negret, B., Schietti, J., Simoes, M., Sinclair, F.L.,
Souza, P.F., Souza, F.C., Stropp, J., Ter Steege, H., Swenson, N.G., Thonicke, K.,
Toledo, M., Uriarte, M., Van Der Hout, P., Walker, P., Zamora, N., Pena-Claros, M.,
2015. Diversity enhances carbon storage in tropical forests. Glob. Ecol. Biogeogr. 24,
1314-1328. https://doi.org/10.1111/geb.12364.

Prestele, R., Hirsch, A.L., Davin, E.L., Seneviratne, S.I., Verburg, P.H., 2018. A spatially
explicit representation of conservation agriculture for application in global change
studies. Glob. Chang. Biol. 24 (9), 4038-4053. https://doi.org/10.1111/gcb.14307.

Rakotovao, N.H., Ramifehiarivo, N., Grinand, C., Razakamanarivo, H.R., Albrecht, A.,
Razafimbelo, T.M., 2020. Effects of Agroecological Practices on Soil Organic Carbon
Sequestration Using Synchronic and Diachronic Approaches in Madagascar. https://
doi.org/10.17170/KOBRA-202005281299.

Ramesh, T., Bolan, N.S., Kirkham, M.B., Wijesekara, H., Kanchikerimath, M., Srinivasa
Rao, C., Sandeep, S., Rinklebe, J., Ok, Y.S., Choudhury, B.U., Wang, H., Tang, C.,
Wang, X., Song, Z., Freeman Ii, 0.W., 2019. Soil organic carbon dynamics: Impact of
land use changes and management practices: a review. Adv. Agron. 1-107. https://
doi.org/10.1016/bs.agron.2019.02.001. Elsevier.

Rowe, R.L., Keith, A.M., Elias, D., Dondini, M., Smith, P., Oxley, J., McNamara, N.P.,
2016. Initial soil ¢ and land-use history determine soil C sequestration under
perennial bioenergy crops. GCB Bioenergy 8, 1046-1060. https://doi.org/10.1111/
gcbb.12311.

Rumpel, C., Amiraslani, F., Koutika, L.-S., Smith, P., Whitehead, D., Wollenberg, E.,
2018. Put more carbon in soils to meet Paris climate pledges. Nature 564, 32-34.
https://doi.org/10.1038/d41586-018-07587-4.

Sanchez, P.A., 2002. Soil fertility and hunger in africa. Science 295, 2019-2020. https://
doi.org/10.1126/science.1065256.

Sanderman, J., Hengl, T., Fiske, G.J., 2017. Soil carbon debt of 12,000 years of human
land use. Proc. Natl. Acad. Sci. USA 114, 9575-9580. https://doi.org/10.1073/
pnas.1706103114.

Serrani, D., Cocco, S., Cardelli, V., D’Ottavio, P., Rafael, R.B.A., Feniasse, D.,
Vilanculos, A., Fernandez-Marcos, M.L., Giosué, C., Tittarelli, F., Corti, G., 2022. Soil
fertility in slash and burn agricultural systems in Central Mozambique. J. Environ.
Manag. 322, 116031. https://doi.org/10.1016/j.jenvman.2022.116031.

Sevastas, S., Gasparatos, D., Botsis, D., Siarkos, I., Diamantaras, K.I., Bilas, G., 2018.
Predicting bulk density using pedotransfer functions for soils in the upper
Anthemountas basin, Greece. Geoder. Region. 14, €00169. https://doi.org/10.1016/
j.geodrs.2018.e00169.

Six, J., Elliott, E.T., Paustian, K., 1999. Aggregate and soil organic matter dynamics
under conventional and no-tillage systems. Soil Sci. Soc. Am. J. 63, 1350-1358.
https://doi.org/10.2136/ss5aj1999.6351350x.

Six, J., Elliott, E.T., Paustian, K., 2000. Soil macroaggregate turnover and microaggregate
formation: a mechanism for ¢ sequestration under no-tillage agriculture. Soil Biol.
Biochem. 32, 2099-2103. https://doi.org/10.1016/50038-0717(00)00179-6.

Slessarev, E.W., Mayer, A., Kelly, C., Georgiou, K., Pett-Ridge, J., Nuccio, E.E., 2023.
Initial soil organic carbon stocks govern changes in soil carbon: reality or artifact?
Glob. Chang. Biol. 29 (5), 1239-1247. https://doi.org/10.1111/gcb.16491.

Smith, P., 2004. How long before a change in soil organic carbon can be detected? Glob.
Chang. Biol. 10, 1878-1883. https://doi.org/10.1111/j.1365-2486.2004.00854.x.

Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., McCarl, B., Ogle, S.,
O’Mara, F., Rice, C., Scholes, B., Sirotenko, O., Howden, M., McAllister, T., Pan, G.,
Romanenkov, V., Schneider, U., Towprayoon, S., Wattenbach, M., Smith, J., 2008.
Greenhouse gas mitigation in agriculture. Philos. Trans. R. Soc. B 363, 789-813.
https://doi.org/10.1098/rstb.2007.2184.

Smith, P., Keesstra, S.D., Silver, W.L., Adhya, T.K., De Deyn, G.B., Carvalheiro, L.G.,
Giltrap, D.L., Renforth, P., Cheng, K., Sarkar, B., Saco, P.M., Scow, K., Smith, J.,
Morel, J.-C., Thiele-Bruhn, S., Lal, R., McElwee, P., 2021. Soil-derived nature’s
contributions to people and their contribution to the UN sustainable development
goals. Philos. Trans. R. Soc. B 376, 20200185. https://doi.org/10.1098/
rstb.2020.0185.

Sparovek, G., Reydon, B.P., Guedes Pinto, L.F., Faria, V., De Freitas, F.L.M., Azevedo-
Ramos, C., Gardner, T., Hamamura, C., Rajao, R., Cerignoni, F., Siqueira, G.P.,
Carvalho, T., Alencar, A., Ribeiro, V., 2019. Who owns brazilian lands? Land Use
Policy 87, 104062. https://doi.org/10.1016/j.landusepol.2019.104062.

Swanepoel, C.M., Van Der Laan, M., Weepener, H.L., Du Preez, C.C., Annandale, J.G.,
2016. Review and meta-analysis of organic matter in cultivated soils in southern
africa. Nutr. Cycl. Agroecosyst. 104, 107-123. https://doi.org/10.1007/s10705-
016-9763-4.

Tang, Z., Nan, Z., 2013. The potential of cropland soil carbon sequestration in the loess
plateau, China. Mitig. Adapt. Strateg. Glob. Chang. 18, 889-902. https://doi.org/
10.1007/511027-012-9397-z.

Tittonell, P., Giller, K.E., 2013. When yield gaps are poverty traps: the paradigm of
ecological intensification in African smallholder agriculture. Field Crop Res. 143,
76-90. https://doi.org/10.1016/j.fcr.2012.10.007.

Van Vliet, N., Mertz, O., Heinimann, A., Langanke, T., Pascual, U., Schmook, B.,
Adams, C., Schmidt-Vogt, D., Messerli, P., Leisz, S., Castella, J.-C., Jgrgensen, L.,
Birch-Thomsen, T., Hett, C., Bech-Bruun, T., Ickowitz, A., Vu, K.C., Yasuyuki, K.,
Fox, J., Padoch, C., Dressler, W., Ziegler, A.D., 2012. Trends, drivers and impacts of
changes in swidden cultivation in tropical forest-agriculture frontiers: a global
assessment. Glob. Environ. Chang. 22, 418-429. https://doi.org/10.1016/j.
gloenvcha.2011.10.009.


https://doi.org/10.5194/soil-10-699-2024
https://doi.org/10.5194/soil-10-699-2024
https://doi.org/10.1016/j.scitotenv.2022.159038
https://doi.org/10.1111/gcb.12517
https://doi.org/10.1007/s10705-012-9529-6
https://doi.org/10.1007/s10705-012-9529-6
https://doi.org/10.1111/gcb.13767
https://doi.org/10.1016/j.soilbio.2018.06.002
https://doi.org/10.1111/gcb.12438
https://doi.org/10.1111/gcb.12438
https://doi.org/10.2136/sssaj1991.03615995005500020030x
https://doi.org/10.2136/sssaj1991.03615995005500020030x
https://doi.org/10.1007/s10745-009-9245-2
https://doi.org/10.1038/s41467-025-67617-4
https://doi.org/10.1038/s41467-025-67617-4
https://doi.org/10.1016/j.geoderma.2017.01.002
https://doi.org/10.1111/j.1365-2389.2010.01314.x
https://doi.org/10.1111/j.1365-2389.2010.01314.x
https://doi.org/10.2136/sssaj2013.09.0412
https://doi.org/10.1051/nss:2007038
https://doi.org/10.1007/978-981-97-5276-8_15
https://doi.org/10.1007/978-981-97-5276-8_15
https://doi.org/10.1016/j.agee.2016.03.008
https://doi.org/10.1016/j.agee.2016.03.008
https://doi.org/10.1111/j.1365-2486.2003.00717.x
https://doi.org/10.1111/j.1365-2486.2003.00717.x
https://doi.org/10.1016/j.fcr.2010.09.006
https://doi.org/10.1038/nature17174
http://refhub.elsevier.com/S2352-0094(26)00053-2/rf0345
http://refhub.elsevier.com/S2352-0094(26)00053-2/rf0345
http://refhub.elsevier.com/S2352-0094(26)00053-2/rf0345
https://doi.org/10.1073/pnas.0912953109
https://doi.org/10.1111/j.1365-2486.2011.02408.x
https://doi.org/10.1111/j.1365-2486.2011.02408.x
https://doi.org/10.1111/geb.12364
https://doi.org/10.1111/gcb.14307
https://doi.org/10.17170/KOBRA-202005281299
https://doi.org/10.17170/KOBRA-202005281299
https://doi.org/10.1016/bs.agron.2019.02.001
https://doi.org/10.1016/bs.agron.2019.02.001
https://doi.org/10.1111/gcbb.12311
https://doi.org/10.1111/gcbb.12311
https://doi.org/10.1038/d41586-018-07587-4
https://doi.org/10.1126/science.1065256
https://doi.org/10.1126/science.1065256
https://doi.org/10.1073/pnas.1706103114
https://doi.org/10.1073/pnas.1706103114
https://doi.org/10.1016/j.jenvman.2022.116031
https://doi.org/10.1016/j.geodrs.2018.e00169
https://doi.org/10.1016/j.geodrs.2018.e00169
https://doi.org/10.2136/sssaj1999.6351350x
https://doi.org/10.1016/S0038-0717(00)00179-6
https://doi.org/10.1111/gcb.16491
https://doi.org/10.1111/j.1365-2486.2004.00854.x
https://doi.org/10.1098/rstb.2007.2184
https://doi.org/10.1098/rstb.2020.0185
https://doi.org/10.1098/rstb.2020.0185
https://doi.org/10.1016/j.landusepol.2019.104062
https://doi.org/10.1007/s10705-016-9763-4
https://doi.org/10.1007/s10705-016-9763-4
https://doi.org/10.1007/s11027-012-9397-z
https://doi.org/10.1007/s11027-012-9397-z
https://doi.org/10.1016/j.fcr.2012.10.007
https://doi.org/10.1016/j.gloenvcha.2011.10.009
https://doi.org/10.1016/j.gloenvcha.2011.10.009

T.P.I. Kpemoua et al. Geoderma Regional 46 (2026) e01101

Vanlauwe, B., Descheemaeker, K., Giller, K.E., Huising, J., Merckx, R., Nziguheba, G., Bache, S., Miiller, K., Ooms, J., Robinson, D., Seidel, D., Spinu, V., Takahashi, K.,
Wendt, J., Zingore, S., 2015. Integrated soil fertility management in sub-Saharan Vaughan, D., Wilke, C., Woo, K., Yutani, H., 2019. Welcome to the Tidyverse. JOSS
africa: unravelling local adaptation. SOIL 1, 491-508. https://doi.org/10.5194/s0il- 4, 1686. https://doi.org/10.21105/j0ss.01686.

1-491-2015. Wiesmeier, M., Urbanski, L., Hobley, E., Lang, B., Von Liitzow, M., Marin-Spiotta, E., Van

Virto, 1., Barré, P., Burlot, A., Chenu, C., 2012. Carbon input differences as the main Wesemael, B., Rabot, E., LieB, M., Garcia-Franco, N., Wollschlédger, U., Vogel, H.-J.,
factor explaining the variability in soil organic C storage in no-tilled compared to Kogel-Knabner, 1., 2019. Soil organic carbon storage as a key function of soils - a
inversion tilled agrosystems. Biogeochemistry 108, 17-26. https://doi.org/10.1007/ review of drivers and indicators at various scales. Geoderma 333, 149-162. https://
$10533-011-9600-4. doi.org/10.1016/j.geoderma.2018.07.026.

Wickham, H., 2016. Data Analysis, in: Ggplot2, Use R! Springer International Publishing, Xu, H., Sieverding, H., Kwon, H., Clay, D., Stewart, C., Johnson, J.M.F., Qin, Z.,

Cham, pp. 189-201. https://doi.org/10.1007/978-3-319-24277-4 9. Karlen, D.L., Wang, M., 2019. A global meta-analysis of soil organic carbon response

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L., Francois, R., to corn Stover removal. GCB Bioenergy 11, 1215-1233. https://doi.org/10.1111/
Grolemund, G., Hayes, A., Henry, L., Hester, J., Kuhn, M., Pedersen, T., Miller, E., gcbb.12631.

16


https://doi.org/10.5194/soil-1-491-2015
https://doi.org/10.5194/soil-1-491-2015
https://doi.org/10.1007/s10533-011-9600-4
https://doi.org/10.1007/s10533-011-9600-4
https://doi.org/10.1007/978-3-319-24277-4_9
https://doi.org/10.21105/joss.01686
https://doi.org/10.1016/j.geoderma.2018.07.026
https://doi.org/10.1016/j.geoderma.2018.07.026
https://doi.org/10.1111/gcbb.12631
https://doi.org/10.1111/gcbb.12631

	A systematic and critical review of long-term diachronic experiments on soil organic carbon dynamics in the Global South
	1 Introduction
	2 Materials and methods
	2.1 Literature search and study selection
	2.2 Database construction
	2.3 Contextual and comparative data analysis
	2.4 Statistical analysis

	3 Results
	3.1 Description of long-term experiments in the global south
	3.2 Effect of fertilization management on SOC in south LTEs
	3.3 Effect of tillage management on SOC in south LTEs

	4 Discussion
	4.1 Are research and management practices in the south different to the north? Insights from LTEs
	4.2 Pedoclimatic bias of LTEs in the global south
	4.3 Geographical bias and mismatch between agricultural practices tested in LTEs and local practices in the global south
	4.4 Limits of the study

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	Data availability
	References


