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Abstract
Scholars have proposed agroecology as a promising method for promoting sustainable and socially just agricultural production 
systems. However, the extent to which agroecological practices will generate the yields required to ensure sufficient food globally 
remains unclear. This notion is particularly true in the context of Africa, where agricultural productivity is low but levels of hunger 
and malnutrition are high. To address this knowledge gap, this article undertakes a systematic review of empirical studies to assess 
the overall status of agroecology-related research in Africa. Using descriptive and meta-analytical methods, we evaluate empiri-
cal evidence on the effect of agroecological practices on land and labour productivity. Our analysis of 501 peer-reviewed articles 
reveals that the body of agroecology-related literature in Africa has been growing in the past 10 years from approximately 10 to 
more than 70 studies per annum before and after 2014, respectively, with a strong focus on East Africa, particularly Kenya. The 
majority of the reviewed studies relate to but do not mention agroecology in the title or abstract. Thus, solely relying on studies 
that use the term may introduce bias and overlook valuable research contributions to the field. The meta-analysis could identify 
39 agronomic studies with 392 observations in which agroecological practices were compared to monocrop systems (defined 
as plots where similar plants grow alongside each other simultaneously and sequentially from one season to the next) with or 
without inputs as the control groups. The meta-analysis indicates that agroecological practices are associated with a positive 
and significant difference in land productivity, compared to that for monocrop systems especially so when monocrops are grown 
without inputs. However, the size and direction of yield differs by practice, crop, climatic factor, soil property and type of control.

Keywords Systematic review · Meta-analysis · Agroecology · Agricultural practices · Agroecological practices · Africa · 
Land productivity · Labour productivity · Fertilisers · Soil nitrogen · Soil carbon · Soil phosphorus · Soil fertility · Soil 
water

1 Introduction

The functioning of the current global food system generates 
multi-faceted and escalating environmental and health issues. 
The increasing incidence of disasters caused or exacerbated 
by the climate crisis is adversely affecting food production 
(Mbow et al., 2019; UNDRR, 2019). As a result, the global 
food system fails to produce sufficient amounts of healthy, 
nutritious and affordable food (FAO et al., 2020; Mannar 
et  al., 2020) to combat hunger and malnutrition and, 
thereby, achieve ‘Zero Hunger’ as highlighted in Sustainable 
Development Goal (SDG) 2 (Hodson et al., 2023). Thus, a 
sustainable food system approach is required to address these 
multi-faceted problems (von Braun et al., 2021). To protect 
nature and biodiversity, an urgent need emerges to adopt 
sustainable production methods that generate high yields in 

 * Miriam E. Romero Antonio 
 mromeroa@uni-bonn.de

 Amy Faye 
 afaye@uni-bonn.de

 Bibiana Betancur-Corredor 
 bbetancu@uni-bonn.de

 Heike Baumüller 
 hbaumueller@uni-bonn.de

 Joachim von Braun 
 jvonbraun@uni-bonn.de

1 Division of Economic and Technological Change, Center 
for Development Research (ZEF), University of Bonn, 
Genscherallee 3, D-53113 Bonn, Germany

2 Division of Ecology and Natural Resources Management, 
Center for Development Research (ZEF), University of Bonn, 
Genscherallee 3, D-53113 Bonn, Germany

http://crossmark.crossref.org/dialog/?doi=10.1007/s12571-024-01504-6&domain=pdf
http://orcid.org/0000-0002-8285-8603
http://orcid.org/0000-0002-8739-0157
http://orcid.org/0000-0003-1942-4527
http://orcid.org/0000-0003-3340-9235
http://orcid.org/0000-0001-6571-4838


208 M. E. Romero Antonio et al.

small areas of land without compromising the environment 
(Giller et al., 2021a, b; Pretty & Bharucha, 2014).

Agroecology is considered an approach to sustainable 
agricultural production that applies ecological principles 
to agriculture while promoting socially just systems and 
empowering diverse actors across food value chains (Alt-
ieri, 1995; Altieri & Nicholls, 2005; High Level Panel of 
Experts on Food Security and Nutrition [HLPE], 2019; Nig-
gli et al., 2023). Other related approaches, such as organic 
(Lockeretz, 2007; Reganold & Wachter, 2016), climate-
smart (FAO, 2010; Lipper et al., 2014), conservation (Hobbs 
et al., 2008) and regenerative (Lal, 2020) agriculture or sus-
tainable intensification (Pretty, 1997; Garnett et al., 2013; 
Pretty et al., 2011), are also centred on certain aspects of 
sustainability (see Table S1 in the supplementary material 
for details on the characteristics of these approaches). How-
ever, they differ from agroecology in terms of dependence 
on ecological processes and external inputs, overall system 
design and focus on specific outcomes (Manshanden et al., 
2023; Snapp et al., 2021; Wezel et al., 2015). Agroecology 
takes a holistic approach that encompasses the ecological, 
social, cultural and economic dimensions of food systems 
with a strong emphasis on the intensification of knowledge 
and the embrace of the entire global food system (Ewert 
et al., 2023; Wezel et al., 2015).

In Africa, a number of scholars strongly advocate for 
the adoption of agroecology as a means of increasing pro-
ductivity, conserving natural resources on which agricul-
ture depends and ensuring social justice and the economic 
viability of farming (Altieri & Nicholls, 2005; AFSA, 2016; 
Bjornlund et al., 2020; IPES-Food, 2020; Mdee et al., 2019; 
Mousseau, 2015; Peano et al., 2020; Viability Project Team, 
2023). Thus far, however, this advocacy has been primarily 
based on isolated case studies, which does not enable the 
establishment of causality and limits the generalisation of 
findings to other contexts. Indeed, a few findings may lead 
scholars and practitioners to question the viability of agro-
ecology (e.g. conservation agriculture, see Corbeels et al., 
2014; Giller et al., 2009; or ecological intensification, see 
Ritzema et al., 2017; Tittonell & Giller, 2013). For instance, 
Corbeels et al. (2014) analysed conservation agriculture 
and illustrated that its positive impact on yields and farm 
income occurs over time and is not always consistent across 
the fields of farmers. Therefore, an intertemporal trade-off 
is made between potential future benefits and the immedi-
ate needs of farmers, which may lead to the non- or dis-
adoption of conservation agriculture practices. Mugwanya 
(2019) even suggested that it may constitute a poverty trap 
for African farmers. Therefore, evidence on the impact of 
agroecological practices on production and poverty in Africa 
is inconclusive and limited. The few systematic reviews 
available include a few African countries or regions, employ 
a pre-selected list of agroecological practices and mainly 

focus on the role of agroecological practices in the miti-
gation and adaptation of climate change (D’Annolfo et al., 
2017; Debray et al., 2019; Dittmer et al., 2023; Leippert 
et al., 2020; Snapp et al., 2021).

The current body of research fails to offer a sufficient 
basis for concluding whether or not and how agroecological 
practices contribute to a holistically sustainable production 
and productivity in African food systems. To address this 
knowledge gap, the current article first assesses the volume 
and focus of the literature on agroecological practices in 
Africa. We then analyse their effects on land and labour pro-
ductivity using descriptive and meta-analytical methods. The 
research focuses on yields per hectare to assess land pro-
ductivity and returns to labour and net benefits to evaluate 
labour productivity.

The study contributes to the existing literature in the fol-
lowing ways. It is the first to conduct a systematic review of 
the literature on agroecological practices in Africa. Contrary 
to other reviews, it takes a broad approach for defining agro-
ecological practices by focusing on the first six principles 
of agroecology (as defined by the HLPE, 2019; Table 1) as 
the main search criteria instead of exclusively relying on 
the term agroecology or a pre-defined list of agroecological 
practices. Thereby, this approach provides a more compre-
hensive and representative sample of available empirical 
evidence than those used in other reviews. Moreover, this 
study is the first to focus on land and labour productivity 
as important outcomes of the adoption of agroecological 
practices. Finally, the study is the first to use formal, robust 
meta-analytical methods for assessing the effects of land pro-
ductivity as a result of agroecological practices.

2  Definition and research questions

The literature has identified different components of agro-
ecology (CIDSE, 2018; FAO, 2018; Nicholls et al., 2017). 
Based on these definitions, the HLPE put forward 13 prin-
ciples that encompass not only the management of the agri-
cultural and ecological aspects of agri-food systems but also 
socioeconomic, cultural and political principles with a wide 
scope (HLPE, 2019; Wezel et al., 2020). Principles one to 
six specifically target the improvement of resource efficiency 
and the increase of resilience, that is, recycling (biomass 
or local renewable resources), input reduction, soil health1, 
animal health, biodiversity and synergy (enhancement of 
beneficial biological interactions). The remaining principles 

1  Of these principles, “soil health” is the least well defined for prac-
tical analyses. To guide our categorization of practice as contributing 
to soil health, we considered its definition and properties in Büne-
mann et  al. (2018), Doran and Zeiss (2000), Karlen et  al. (1997), 
Pankhurst et al. (1997) and Sainju et al. (2022) (as elaborated in Sec-
tion 7).
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cover issues related to economic diversification and social 
equity (Table 1).

This article does not intend to evaluate agroecology in 
general and, therefore, does not put forward a conceptual 
or operational definition of the concept. Instead, it focuses 
on the effect of agroecological practices on land and labour 
productivity at the plot level.2 Conceptually, it defines agro-
ecological practices following that of Wezel et al. (2009) as 
“practices or techniques that contribute to a more environ-
mentally friendly, ecological, organic or alternative agricul-
ture” (p. 511). A set of practices with global consensus that 
can be referred to as agroecological to guide our empirical 
analysis does not exist. Wezel et al. (2014) and Nicholls et al. 
(2017) have put forward the most comprehensive reviews of 
agroecological practices to which we relate (Table 2).

Thus, instead of relying on a pre-defined list, we 
operationalise our conceptual definition by defining 

agroecological practices as a set of agricultural practices that 
meet a minimum of two out of the first six principles identi-
fied by the HLPE (2019; Table 1). We restrict the analysis 
to the first six principles, because they apply to the field 
level (as defined by the HLPE, 2019)3 and are most likely 
to influence land and labour productivity, because they are 
directly applied to the production level. Examples of pos-
sible linkages between the six AE principles and land and 
labour productivity are provided in Table S2 in the supple-
mentary material.

We consider two or more principles, because the exist-
ing body of research focuses on a number of these prin-
ciples instead of directly and explicitly addressing all six 
principles.

We pose the following research questions:

1. What is the current state in terms of the volume and 
focus of research on agroecological practices in Africa?

2. What evidence exists regarding the effects of agro-
ecological practices on land and labour productivity in 
Africa?

Table 1  Principles of agroecology as identified by the high level panel of experts on Food Security and Nutrition (HLPE)

Source: HLPE (2019)

1. Recycling. Preferentially use local renewable resources and close (as far as possible) resource cycles of nutrients and biomass.
2. Input reduction. Reduce or eliminate dependency on purchased inputs and increase self-sufficiency
3. Soil health. Secure and enhance soil health and functioning for improved plant growth particularly by managing organic matter and enhanc-

ing soil biological activity.
4. Animal health. Ensure animal health and welfare.
5. Biodiversity. Maintain and enhance diversity of species, functional diversity and genetic resources and, thereby, maintain overall agroeco-

system biodiversity in time and space at field, farm and landscape scales.
6. Synergy. Enhance positive ecological interaction, synergy, integration and complementarity among the elements of agroecosystems (ani-

mals, crops, trees, soil and water).
7. Economic diversification. Diversify on-farm incomes by ensuring that small-scale farmers have greater financial independence and value 

addition opportunities while enabling them to respond to demand from consumers.
8. Co-creation of knowledge. Enhance co-creation and horizontal sharing of knowledge, including local and scientific innovation, especially 

through farmer-to-farmer exchange.
9. Social values and diets. Build food systems based on the culture, identity, tradition, social and gender equity of local communities that pro-

vide healthy, diversified, seasonally and culturally appropriate diets.
10. Fairness. Support dignified and robust livelihoods for all actors engaged in food systems, especially small-scale food producers, based on 

fair trade, fair employment and fair treatment of intellectual property rights.
11. Connectivity. Ensure proximity and confidence between producers and consumers through the promotion of fair and short distribution 

networks and by re-embedding food systems into local economies.
12. Land and natural resource governance. Strengthen institutional arrangements to improve, including the recognition and support of family 

farmers, smallholders and peasant food producers as sustainable managers of natural and genetic resources.
13. Participation. Encourage social organisation and greater participation in decision-making by food producers and consumers to support 

decentralised governance and local adaptive management of agricultural and food systems.

2 In the literature that we surveyed, the terms plot and field are fre-
quently used to describe the considered scale of agronomic experi-
ments. Field-level experiments are typically conducted in on-farm 
fields or in research stations (Gomez & Gomez, 1984). In on-farm 
agronomic experiments, fields are chosen within farms selected for 
the purpose of the experiment. The fields of farmers are then subdi-
vided into plots (the smallest experimental unit) and categorised as 
treatment and control plots (Gomez & Gomez, 1984; Petersen, 1994). 
In the current study, agroecological practices are applied to treatment 
plots, while control plots are monocrop plots. Therefore, the term plot 
is suitable to indicate the scale of our analysis.

3  Only one of the first six principles of the HLPE (i.e. input reduc-
tion) has not been categorized as applying to the field level. However, 
inputs are applied on the field, and changes in input use will pose 
implications for land and labour productivity at the field level; thus, 
the principle was included in the definition.
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Table 2  Agroecological practices and their contribution to ecological principles

Adapted from Nicholls et al. (2017) and Wezel et al. (2014). In Wezel et al. (2014) there are other practices related to tillage

AE practice Definition Principles that AE practices contribute

Recycling Input reduction Soil health Animal health Biodiversity Synergy

Cultivar choice Use of resistant crops to biotic 
and abiotic stresses (and 
mixing them) or crops with 
selected traits that enhance 
rhizosphere activities (e.g., 
mycorrhiza, plant growth-
promoting rhizobacteria).

X X

Split fertilisation Fertiliser application (chemi-
cal and organic) with several 
operations

X X

Biofertiliser Application of living micro-
organisms to seed, plant 
surfaces, or soil

X X

Organic fertilisation Application of exclusively 
organic or mixed with inor-
ganic fertilisation

X X X X X

Drip irrigation Use of drip irrigation (without 
or in combination with 
cover crops or mulch).

X X X

Natural pesticides/ Botanical 
pesticides

Pesticides derived from plants 
or plant extracts

X X

Biological pest control Control of weeds, pests, and 
diseases based on introduc-
tion of natural enemies, 
pheromones

X X X

Crop choice and rotations Integration of different crops 
in rotations (including cover 
crops)

X X X X

Intercropping and relay inter-
cropping

Intercropping: Coexistence 
of two or more crops on the 
same field at the same time. 
Relay intercropping: Under-
sowing of relay crops in 
already existing crops (e.g., 
undersowing of legumes in 
cereals)

X X X X X

Agroforestry with timber, 
fruit or nut treesfruit or nut 
trees

Alley intercropping with 
crops and rows of woody 
vegetation. Scattered fruit 
trees in meadows.

X X X X X X

Allelopathic plants Integration of allelopathic 
plants in crop rotation 
(including as intercrops or 
cover crop). Trap crops or 
push-pull strategies.

X X X X X

Animal integration Animal production that 
integrates fodder shrubs 
planted at higher densi-
ties, intercropped with 
improved, highly-productive 
pastures and timber trees 
all combined in a system 
that can be directly grazed 
by livestock enhances total 
productivity without need of 
external inputs.

X X X X X
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This article solely focuses on agronomic experiments. 
To examine land productivity, we compare the performance 
of agroecological practices with monocrop systems with 
or without chemical inputs (e.g. fertilisers, herbicides or 
other pesticides). For the purpose of this article, we define 
a monocrop system as a cropping system where “similar 
plants grow alongside each other simultaneously and 
sequentially from one season to the next” (Azam-Ali, 2003, 
p. 978).4 The outcome of interest is expressed in yields 
(kg) per hectare. We assess average yield changes across 
studies, which are disaggregated by tested agroecological 
practices, crop, type of control (i.e. monocrop systems 
with and without inputs), climatic conditions and soil 
characteristics. The study is guided by the practices listed 
in Table 2. However, we excluded tillage, because which 
tillage practice can be classified as agroecological in the 
context of Africa is unclear (Corbeels et al., 2020; Pittelkow 
et al., 2015). Therefore, the choice of control–treatment pairs 
is limited to those with the same tillage options. Data are 
aggregated from all identified practices and meta-analysis 
(Borenstein et al., 2021) is employed to provide estimates 
of effect sizes. A meta-analysis examines the sources of 
heterogeneity of a given variable across experiments. 
As such, a formal statistical meta-analysis can detect 
meaningful effects, which may be overlooked in individual 
studies or experiments, due to its statistical power (Stanley 
et al., 2008; Doucouliagos, 2016). Effect size in the context 
of meta-analysis measures the strength or magnitude and 
direction (positive or negative) of a relationship or difference 
between groups (agroecological treatment versus control), 
which enable readers to understand the practical significance 
of the results across studies.

3  Materials and methods

3.1  Literature search

We conducted a comprehensive literature search of peer-
reviewed articles related to agroecological practices 
in Africa following the Preferred Reporting Items for 
Systematic Reviews and Meta-analysis framework (Page 
et al., 2021). The study focused only on peer-reviewed 
publications to assess robust scientific evidence. The 
keywords employed correspond to the selected six 
ecological principles. We deliberately opted not to use the 
term ‘agroecology’ as a search term to enable the inclusion 
of a comprehensive selection of the current research 
on agroecological practices in Africa. The search also 

combined keywords for agricultural sector and geographical 
coverage by region within Africa (see Fig. 1 and Table S3 
in the supplementary material for further details). One 
librarian verified and searched for the list of keywords 
across four reference databases, namely, AgEcon, PubMed, 
Web of Science and EconLit. To account for earlier studies 
on agroecology, we did not impose any time limit for the 
search. Further details on search criteria, screening process 
and data extraction are provided in Section  S3 in the 
supplementary material.

3.2  Data analysis

Meta-analysis was conducted using the log response ratio 
as the measure of effect size ( LRR = ln(xi∕xc) ), where 
xi is the crop yield in the treatment and xc is the yield of 
the control. A positive effect size ( LRR > 0 ) indicates 
increased crop yield as a result of treatment, whereas 
a negative effect size ( LRR < 0 ) denotes reduced 
crop yield. We estimate the percentage difference as 
percent difference = (eLRR − 1) × 100  (Rosenberg et  al., 
2013). The estimation of heterogeneity (i.e. �2 ) was 
conducted using restricted maximum likelihood estimation 
(Viechtbauer, 2005). Alongside the estimation of � 2 , the 
study also reported the Q-test for heterogeneity (Cochran, 
1954) and the I2 statistic (Higgins & Thompson, 2002). 
To determine any detected heterogeneity ( 𝜏2 > 0 ), a 
prediction interval for the true outcomes was provided 
(Riley et  al., 2011). We also assessed the presence of 
outliers and influential studies within the model using 
studentised residuals and Cook’s distances (Viechtbauer, 
2010). Studies with studentised residuals exceeding the 
100 ∗ (1 − 0.05∕(2 × k)) th percentile of a standard normal 
distribution were identified as potential outliers (we 
employed Bonferroni’s correction with two-sided � = 0.05 
for k observations in the meta-analysis). Additionally, 
studies with Cook’s distances that exceed the median plus 
six times the interquartile range of Cook’s distances were 
deemed influential. To examine funnel plot asymmetry, the 
study employed the rank correlation (Begg & Mazumdar, 
1994) and regression (Sterne & Egger, 2005) tests in which 
the standard error of the observed outcomes serve as a 
predictor. Analysis was conducted using R (version 4.1.2; 
R Core Team, 2019) and the metafor package (version 3.0.2) 
(Viechtbauer, 2010).

Studies with missing standard deviations were included in 
the meta-analysis, because their systematic exclusion could 
be a source of bias (Burgess et al., 2013). For this reason, 
the study used a multiple imputation approach to estimate 
the missing standard deviations for studies that reported only 
mean values and number of replicates for experimental and 
control groups but did not report measures of precision. The 
missing standard deviations were imputed using multiple 

4  We acknowledge that this control group differs from that tradition-
ally used in the African context, which frequently include crop rota-
tion or intercropping (Dixon et al., 2000; Ruthenberg, 1980).
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imputation by chain equations using the R package mice 
(Buuren & Groothuis-Oudshoorn, 2011). The estimated vari-
ances of the effect size are pooled estimates of 100 imputed 
datasets using the pool function of the mice package, which 
combines the estimates from repeated complete data analyses 
by applying the combination rules of Rubin (2004).

The majority of studies reported multiple outcomes (i.e. 
multiple growth seasons, different treatment conditions, 
use of common controls or measurements for different 
within-site locations or different crops). To avoid the need 
for aggregation at the study level, the study considered the 
non-independence of data following Pustejovsky and Tip-
ton (2022), who combined the dependence structures that 
emerge from a multi-level data structure (i.e. observations 
within studies) and correlated effect sizes within studies 
using the clubSandwich (Pustejovsky & Tipton, 2017) and 
metafor (Viechtbauer, 2010) packages in R.

Additionally, the study performed mixed-effect meta-
regressions, including observation and study identifier as 
random effects, to estimate the coefficients of the fixed-
effect moderators of the effect size (i.e. soil physicochemical 
properties, climatic conditions and crop). Soil texture was 
grouped into classes as reported in the studies or calculated 
from the particle size distribution using an online soil texture 
calculator5. Climate zones were determined based on the 
Köppen classification system (Kottek et al., 2006), which 
uses five major climate categories with further subdivisions 
according to seasonal distribution, amount of rainfall and 
temperature regime.

4  Results

4.1  Current state of research on agroecological 
practices in Africa

The selection criteria yielded 501 publications that 
address agroecological practices according to the defini-
tion of the study. The number of publications that focus on 

agroecological practices in Africa has increased since 2015 
(Fig. 2). This result may align with the increasing interest in 
the subject prompted by the First and Second International 
Symposium on Agroecology by the FAO in 2014 and 2018, 
respectively. The majority of this body of literature focuses 
on East Africa, especially Kenya (Fig. 3).With the excep-
tion of South Africa, the extensive literature on Southern 
Africa (Botswana, Eswatini, Lesotho and Namibia) was 
lacking. For West Africa, the majority of publications focus 
on Nigeria and Burkina Faso with a small number in Cam-
eroon, Niger, Mali and Senegal. Similarly, we noted a lim-
ited research on agroecological practices in North Africa.

Figure 4 illustrates the first six agroecological principles 
of the HLPE examined in the publications. The majority 
investigate impact on soil health (87%) followed by input 
reduction (67%) and biodiversity (64%), but few address 
issues related to animal health (4%).

Figure  5 displays the frequency of the number of 
principles per publication. When using the definition 
established for agroecological practices as a threshold, we 
immediately observed a trend towards the examination of 
multiple principles. This result also justifies the inclusion 
of a minimum of two principles in the definition. A key 
finding in the present work is that nearly 86% of peer-
reviewed publications extracted from the literature corpus 
do not use the term agroecology in the titles or abstracts, yet 
they address agroecological principles. This finding implies 
that the body of research on agroecological practices extends 
far beyond the obvious solely based on studies that explicitly 
refer to agroecology in their titles. Alternatively, it suggests 
that the research community has loosely defined and/or not 
yet widely integrated agroecology as a concept into the 
African context (Bellwood-Howard & Ripoll, 2020; Wezel 
et al., 2015).

Fig. 1  Illustration of the search strategy

5  Available at https:// www. nrcs. usda. gov/ resou rces/ educa tion- and- 
teach ing- mater ials/ soil- textu re- calcu lator.

https://www.nrcs.usda.gov/resources/education-and-teaching-materials/soil-texture-calculator
https://www.nrcs.usda.gov/resources/education-and-teaching-materials/soil-texture-calculator
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4.2  Existing research on the effects 
of agroecological practices on land productivity 
in Africa

We reviewed a total of 94 publications to examine the effect 
of agroecological practices on land productivity, which 
provide quantitative data on yield. Out of them, 39 were 

eligible for further analysis according to the established 
criteria. This selection led to the inclusion of agronomic 
experiments conducted in different settings on farms and 
research stations across 15 countries (see also Section 4 in 
the supplementary material). Out of these agronomic experi-
ments, 79% were conducted over a relatively short period 
(up to 3 years), 19% were established with a duration of 

Fig. 2  Number of publications 
on agroecological practices, 
as in our definition, per year 
between 1990 and 2021 
(n = 501)

Fig. 3  Distribution of pub-
lications by country of 
study from 1990 to 2021 
(n = 501). Note: Map generated 
with Datawrapper
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four years and 2% only over the course of 8 years. Given the 
lack of long-term experiments6 in the sample, conducting an 
analysis of the long-term effects of agroecological practices 
was impossible.

Out of the 39 publications, 392 observations were iden-
tified in which agroecological practices were compared to 
monocrop systems with or without inputs as the control 
groups (see reference to data repository in the data avail-
ability statement). Thus, the sample includes a wide range 
of practices and crops across diverse climate zones and soil 
types. The most frequently considered crop was maize fol-
lowed by soybean. Crop rotation and intercropping were the 
most frequently tested agroecological practices (Fig. S2 in 
the supplementary material).

In this section, we specifically focus on studies that tested 
agroecological practices in on-farm plots, which are more 
accurate in addressing the growing conditions faced by farm-
ers, while studies in research stations may lead to overesti-
mations (Tittonell & Giller, 2013; Gomez & Gomez, 1984). 
Within this subset of 14 studies conducted on farms, 139 
experiments compare agroecological practices to monocrop 
systems with inputs and 61 experiments compare agroeco-
logical practices to monocrop systems without inputs. Fur-
ther details on the selected studies can be found in Section 5 
in the supplementary material.

Broadly speaking, the findings from the 14 studies sug-
gest that agroecological practices are associated with yield 
increase compared with control (monocrop systems with 
or without inputs), although not in all cases. However, the 
extent and direction of yield changes may vary according 

to crop type, contextual factor (e.g. soil characteristics and 
climatic conditions) and the nature of the control (i.e. with or 
without inputs).This section summarizes the findings of the 
reviewed studies to provide a general overview of possible 
impact pathways without going into the statistical details of 
the analyses which are assessed in the meta-analysis in the 
following section.

Crop rotation The studies find mixed results on the effects 
of cereal–legume rotation on land productivity. In Kenya, 
Ojiem et al. (2014) assess the effect of rotating maize with 
green manure legumes (velvet bean, crotalaria and jackbean) 
or grain legumes (common bean, soybean, groundnut, lima 
bean, local landrace and lablab) in different agroecological 
zones and varying levels of soil fertility within these zones7. 
Ojiem et al. (2014) find that growing maize after harvesting 
green manure legumes led to an increase of maize yields by 
54% compared with maize monocrop systems with inputs. 
The authors attribute this yield increase to higher nitrogen 
(N) soil content generated by green manure legumes. After 
harvesting a grain legume, maize cultivation led to yields 
that were generally equivalent to or slightly higher than 
those achieved in maize monocrop systems with inputs. 
The results of Ojiem et al. (2014) further suggest that leg-
ume–maize rotations exhibited limited yield response within 
the time frame considered in locations with low rainfall and 
poor soil fertility. In contrast, Franke et al. (2010) observe 
that maize yields increased when rotated with grain legumes 
compared with a monocrop system with inputs in Nigeria. 
The largest yield increase occurs in the maize–groundnut 

Fig. 4  Principles covered by the 
studies (n = 501). Note: Each 
bar corresponds to the 
frequency with which each 
principle is covered in the peer-
reviewed publications

7  The scientific names of the plants indicated in this article are spec-
ified in the publicly available dataset to this study (see  reference to 
data repository in the data availability statement).

6  Long-term experiments commonly run for 20 years or more (Ras-
mussen et al., 1998).
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rotation (an increase of up to 280%). Similarly, Kaizzi et al. 
(2007) observed higher sorghum yields (an increase of 80%) 
when rotating sorghum with the grain legume cowpea com-
pared with growing sorghum in a no-input monocrop system 
in Uganda.

Intercropping Two studies find that maize yields were 
lower in legume intercropping systems compared with 
maize monocrop systems with inputs (i.e. Kebede et al., 
2018; Kermah et al., 2017). In Ethiopia, Kebede et al., 
2018 show that intercropping maize with common bean 
or with desmodium (including or excluding napier grass) 
exerts no effect on maize yields but generates other ben-
efits accrued from companion crops. Kermah et al. (2017) 
observe lower yields for both crops when intercropping 
maize with legumes. However, the fact that the land 
equivalent ratio (i.e. the relative land area required for 
as sole crops to produce the same yield as intercropping; 
Willey, 1979) is higher in locations with low soil of nitro-
gen (N) and phosphate (P) content suggests that intercrop-
ping may offer greater advantages in less fertile soils. 
Contrary to this finding, Franke et al. (2010) show that 
maize–cowpea (relay) intercropping in Nigeria produce 
higher maize yields compared with a monocrop system 
with inputs; the largest increase (147%) was observed in 
soil with low P content. Similarly, in millet production, 
Debenport et al. (2015) demonstrate that intercropping 
millet with woody shrubs exhibits a notable yield increase 
compared with that of a monocrop system with inputs. 
The authors speculate that the increase may be associ-
ated with the enhanced presence of bacterial and fungal 
communities in the root zone of the millet, which leads 
to higher yields.

Fallow Limited evidence on the impact of fallow implies 
that an improved fallow helps increase rice production in 
low-input systems. Improved fallow involves planting uncul-
tivated land with specific crops or trees that help improve 
soil fertility (Ajayi et al., 2003). In a study conducted in 
Ghana, Langyintuo and Dogbe (2005) demonstrate that rice 
production increases by 10% in a no-input monocrop system 
when natural fallow was replaced with an improved fallow 
of a leguminous species, but exhibited no significant change 
compared with that of a monocrop system with inputs. Nev-
ertheless, according to this study, beyond a certain time 
threshold (2–3 years) of the practice, further yield increase 
may require other sources of fertiliser.

Organic fertiliser Four studies illustrate that using only 
organic fertiliser (e.g. compost, manure or fermented 
organic matter) is linked to increased yields compared with 
those of no-input monoculture systems (Ayaga et al., 2006; 
Kaizzi et al., 2007; Mbau et al., 2015; Ngwira et al., 2013). 
Mbau et al. (2015) underscore that the application of dif-
ferent types of compost (e.g. Tithonia diversifolia trim-
mings, maize stover, bagasse, filtermud,8 sugarcane straw 
and cow manure) can double maize yields in Kaizzi et al. 
(2007) report that the application of a very large amount of 
2.5 t  ha−1 of manure in Uganda increases sorghum yields 
by up to 46% compared with those of a no-input mono-
crop system. By combining 30 kg  ha−1 of N fertiliser with 
manure, an additional increase of 36% in sorghum yields 
can be achieved. Similarly, Ngwira et al. (2013) find that the 
sole application of bokash leads to doubled maize yields in 

Fig. 5  Frequency of principles 
per publications that explicitly 
indicated to study agroecology 
in the title or abstract or not 
(n = 501)

8  Filtermud is a by-product of the sugarcane milling and sugar refin-
ing processes.



216 M. E. Romero Antonio et al.

Malawi or a threefold increase when combining bokash with 
46 kg  ha−1 of N compared with a no-input monocrop system. 
Along the same line, Ayaga et al. (2006) in Kenya observe 
increased maize yields when combining N with manure, but 
that the additional application of P to this combination can 
double yields. In this study, yields varied across sites accord-
ing to P content in the soil. For example, an additional P 
input can lead to an increase of 143% in soils with a limited 
availability of P (2.1 mg P kg − 1 soil) compared with an 
increase of 36% in locations where the availability of P is 
higher (7.5 mg P kg − 1 soil); meanwhile, the increase was 
49 and 7%, respectively, without P application.

Rhizobium inoculation Two studies indicate that the appli-
cation of P and N fertilisers combined with rhizobium inocu-
lation leads to a twofold increase in common bean yield and 
a 50% increase in chickpea yield compared with those of 
no-input monocrop systems (Chekanai et al., 2018; Wolde-
meskel et al., 2018). In Zimbabwe, Chekanai et al. (2018) 
report that the yield increase was higher in non-degraded 
soils compared with those in degraded (acidic) soil.

Soil and water conservation practices According to Kiboi 
et al. (2017) and Kebenei et al. (2021), these practices are 
seemingly promising in increasing yields, particularly in 
dry areas and degraded soils. Kiboi et al. (2017) find that 
in the semi-arid conditions of Kenya, tied ridging exerts a 
stronger effect on the level of maize yield (77% increase) 
compared with those of a monocrop system. Meanwhile, 
under sub-humid agroecological conditions, mulching per-
forms better on yields (37% increase). Similarly, Kebenei 
et al. (2021) show that the use of zaï pits9 is associated with 
increases in sorghum yield with or without mineral fertilis-
ers. Cultivation involving zaï pits exhibits higher levels of 
soil pH, electrical conductivity, organic carbon (C), soil P 
and N compared with those of conventional treatments. The 
zaï pit system enables the retention of nutrients, prevention 
of their loss through runoff, promotion of soil moisture and, 
thus, enhancement of soil fertility, which is similar to other 
water conservation practices (e.g. tied ridging, mulching and 
ripe lines).

4.3  Labour productivity in small‑holder farming

Labour is a critical component of agroecological practices 
in general and of agriculture systems in Africa in particu-
lar (Pretty & Bharucha, 2014). However, the availability of 

data on labour productivity in agroecological practices is 
limited. Out of the five selected publications, three address 
maize (Franke et al., 2010 in Nigeria; Ojiem et al., 2014 in 
Kenya; Kermah et al., 2017 in Ghana), while the other two 
address cassava (Makinde et al., 2019) and rice (Langyintuo 
& Dogbe, 2005). Thus, the current review focuses on studies 
that highlighted maize to enable a comparison across stud-
ies. The three studies were conducted in on-farm settings 
and established in varying soil fertility conditions. Only one 
study estimates a return on labour (USD per day; Ojiem 
et al., 2014)10, while the two other studies provided profit-
ability analyses11, and given the scarcity of data, we refrain 
from pointing toward any conclusive evidence.

Maize‑legume rotation Ojiem et al. (2014) find that the 
labour requirements for land cultivation are comparable 
among crops in Kenya (50–54 days  ha−1 on average). Grain 
legumes require weeding three times versus twice for green 
manure legumes, but additional days are required for bio-
mass cutting and soil incorporation (43–48 days per t  ha−1 
of biomass). Harvesting grain legumes require nearly twice 
the time required for harvesting maize per hectare, with soy-
bean and groundnut requiring the most time (22–26 days 
compared with 9 days for maize). If one accounts for post-
harvest activities for threshing and shelling, groundnut is 
found to be the most labour-intensive legume crop. In Nige-
ria, Franke et al. (2010) observe that maize–legume rotation 
required more hours of labour compared with the cultivation 
of maize alone due to the additional time spent on sowing.12

In Ghana, Kermah et al. (2017) conclude that returns 
on labour are lower on average than the usual daily wage 
(1.30 USD day) in agroecological zones with low rainfall 
(1,200 mm per year) and particularly in soil with poor fertil-
ity (0.7–1.2 and 0.6–1.3 USD per day for grain legumes and 
green manure legumes, respectively). Agroecological zones 
with moderate rainfall (1,600 mm year) exhibited the highest 
return on labour (1.9–2.6 USD day for grain legumes and 
1.6–1.8 USD day for green manure legumes). Nevertheless, 
the economic analysis by Kermah et al. (2017) demonstrates 

12  While other changes in labour demand could also be observed 
between the treatments and control, they relate to the design of the 
treatment, notably the application of synthetic and/or organic ferti-
liser in the treatment. See Franke et al. (2010) for details.

10  Ojiem et al. (2014) estimate labour requirements through observa-
tions in the trials and by cross-validating farmers’ estimates of labour 
requirements in their own fields with participating and neighbouring 
farmers. Labour was valued at USD 1.30 per day (assuming eight 
working hours per day).
11  Franke et al. (2010) assessed labour demand by interviewing par-
ticipating farmers fortnightly on time spent on field activities related 
to the trials. Costs were calculated using records of wages of selected 
states. Kermah et al. (2017) based the labour cost for each activity on 
the local daily wage per person to perform the activity.9  In this method, small pits are dug to trap wind-blown sediment and 

capture water from surface runoff. A small amount of organic mat-
ter is added to each pit. The technique has traditionally been used in 
western Sahel to restore degraded drylands and increase soil fertility 
(Fatondji et al., 2009).
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that rotation with grain legumes is more profitable in high-
rainfall and high-soil fertility zones. Franke et al. (2010) 
observe similar results in Nigeria. While intercropping soy-
bean and groundnut with maize require considerably more 
labour, the practice is more profitable than amonocrop sys-
tem due to the prices for grain and stover.

Maize–legume intercropping Kermah et al. (2017) show 
that labour days for sowing, fertiliser application, and 
weeding are 18% higher for intercrops compared with those 
of monocrops in Ghana. The extra time required for these 
activities in a within-row intercrop consistently results in 
higher overall costs compared with those of a monocrop or 
to a distinct row intercrop pattern. Nevertheless, the increase 
in grain yield due to intercropping leads to larger net benefits 
compared with single maize or legume crops.

5  Meta‑analysis of agroecological practices 
and land productivity

We conduct a hierarchical correlated random-effect meta-
analysis to statistically test the relative effect of agroeco-
logical practices, as previously defined, on land produc-
tivity. The final dataset includes 392 observations from 
39 studies (the list of studies can be found in Section S5 
of the supplementary material). The agroecological prac-
tices selected from these studies are compared with those 
of monocrop systems with or without chemical input 
application.

The results indicate that agroecological practices are 
associated with a positive and significant (LRR = 0.33, 
p-value: 0.0011) difference in land productivity compared 
with that for monoculture systems (with or without input 
application). The average log response ratio from the ran-
dom-effect model is 0.2985 (95% CI: 0.2295 to 0.3674).

On average, agroecological practices had 39% higher 
yields compared with monocrop systems (without or with 
inputs) in the respective systems. Based on the Q-test 
for heterogeneity, other factors may modulate the results 
 (QE (391) = 25207, p < 0.0001, τ2 = 0.4316,  I2 = 98.9%). 
Section 5.1 to 5.5 discuss the additional factors that may 
explain the heterogeneity which include the type of control 
group (Fig. 6), the type of agroecological practice (Fig. 7), 
crop considered (Fig. 8), climatic zones (Fig. 9) and soil 
properties (3, Fig. 10). Not all studies provided the same 
information for all covariates; thus, standard errors and 
resulting confidence intervals are typically greater in the 
sub-analyses, which leads to non-significant estimates of 
the mean effect size for each level of the considered covar-
iate in a few cases. The main objective of the consideration 
of these additional factors is to document significant yield 
differences (positive or negative) that may be exerted by 
the categorical covariates on land productivity based on 
data reported by primary studies.

We conduct a sensitivity analysis and a publication 
bias test (see Section S5 in the supplementary material) to 
assess the robustness of the results. The rank correlation 
test indicate a funnel plot asymmetry (p < 0.0001) whereas 
the regression test does not display significant asymmetry 
(p = 0.25). Therefore, these test results suggest the absence 
of publication bias in the findings.

5.1  Yield changes disaggregated by type of control

The results indicate that agroecological practices show sig-
nificantly higher yields (61%, p = 0.0006) than those of no-
input monocrop systems. In contrast, when compared with 
monocrop systems with inputs, agroecological practices 
show a relatively smaller increase of 26% (p = 0.046, Fig. 6). 
Substantial residual heterogeneity is observed (QE = 1.2E7, 
p < 0.001), which implies that factors apart from random 

Fig. 6  Effects of agroecological practices on crop yield by control group. Note: Forest plot shows the mean effect. 95% confidence intervals in 
blankets and sample sizes are enclosed in parentheses
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chance contribute to the variability. The omnibus test for 
moderators (Hedges & Pigott, 2004) points to significant dif-
ferences between the two control types: monocrop systems 
with and without inputs (Fig. 6, QM = 12.63, p = 0.002).

5.2  Yield changes disaggregated by type of control 
and agroecological practices

We find mixed results for the effect of agroecological 
practices in comparison with control groups (Fig. 7). If a 
monocrop system with inputs is the control group, then the 

simultaneous application of organic and mineral fertilisers 
in the treatment group show in a significant positive effect 
(p = 0.0004, Fig. 7), which is associated with a substantial 
crop yield increase of 79%. Eight studies across five coun-
tries in Africa, which is a fair representation of different 
agroecosystems, consider this practice (the application of 
organic and mineral fertilisers). In experiments that report 
on the volume of organic fertilisers, 2.6 t  ha−1 of manure 
and 4 t  ha−1 of compost were applied on average in com-
bination with mineral fertiliser and on average 4.5 t  ha−1 
of manure alone. In contrast, the combination of improved 

Fig. 7  Agroecological practices tested in the selected studies compared with monocrop systems with inputs (a) and no-input monocrop systems 
(b). Note: Forest plot shows the mean effect. 95% confidence intervals in blankets and sample sizes are enclosed in parentheses
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fallow without fertiliser application significantly reduces 
yields (p = 0.012).

We examine a wide range of agroecological practices 
and find positive and significant effects (from p < 0.0001 
to p < 0.05) on yields in studies that used a no-input mono-
crop system as a control group (Fig. 7). The differences in 

yields after the application of organic fertiliser in combi-
nation with mineral fertiliser or alone are especially large 
(152%, p = 8e–09; and 86%, p = 4e–05 increase, respec-
tively) compared with those of no-input monocrop sys-
tems. Eight studies assess various types of organic fertilis-
ers (manure, compost or biochar) with a focus on maize 

Fig. 8  Crops tested in the selected studies compared with monocrop systems with inputs (a) and no-input monocrop systems (b). Note: Forest 
plot shows the mean effect. 95% confidence intervals in blankets and sample sizes are enclosed in parentheses
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production. On average, these experiments span two years. 
The studies reporting amounts applied of only manure, 
compost or biochar applications are 6, 20 and 7.5 t  ha−1, 
respectively, on average. The combined application of 
organic and mineral fertiliser is on average 2.5, 11 and 
0.75 t  ha−1 of manure, compost and biochar, respectively, 
in these studies.

Significant (p = 0.0122) and positive effects on crop 
yields were achieved through rhizobium inoculation with 
a mineral fertiliser (an increase of 123%; Chekanai et al., 
2018; Wolde-Meskel et al., 2018). Improved fallow using 
mucuna legumes also exhibited a positive and significant 

effect (p = 0.0014; Kaizzi et al., 2007). However, these prac-
tices were only tested in single studies.

5.3  Yield changes disaggregated by type of control 
and crop

Maize is the most frequently tested crop, while others focus 
on common bean, cowpea, groundnut, millet, sorghum and 
soybean (Fig. 8). Agroecological practices exert a positive 
and significant effect on maize yields (an increase of 80%; 
p = 0.0062) only if the control group is a no-input mono-
crop system. For all other crops reported in the studies, the 

Fig. 9  Climatic zones in the selected studies that compared between monocrop systems with inputs (a) and without input (b). Note: Forest plot 
shows the mean effect. 95% confidence intervals in blankets and sample sizes are in parentheses
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estimated confidence intervals of the effect sizes are broader 
and non-significant. Agroecological practices are associated 
with a large and statistically significant (p = 0.0468) yield 
increase (249%) in common bean yields. However, this nearly 
2.5-fold yield increase is observed in a single study in Zimba-
bwe (Chekanai et al., 2018), in this case, rhizobium inoculation 
and mineral fertiliser application.

5.4  Yield variation disaggregated by type of control 
and climatic zones

The effects of agroecological practices on crop yields sig-
nificantly differ 

(

QM = 19.47, p = 0.002
)

 among climatic 
zones when compared with monocrop systems with inputs 
(Fig. 9a). Positive effects on yields are observed in stud-
ies conducted in equatorial rainforest zones (Af: 41% yield 
increase, p = 0.031), tropical zones with dry winter (Aw: 
50% yield increase, p = 0.0014) and temperate zones without 
dry season and warm summers (Cfb: 49% yield increase, 
p = 0.0135). Negative effects on yield are observed in 

temperate zones with dry winters and hot summers (Cwa: 
100% yield decrease, p = 0.023).

Compared with yields observed in no-input monocrop 
systems, agroecological practices perform well across the 
majority of climatic zones on average (Fig. 9b). The largest 
positive effect on yield is observed in two studies conducted 
in temperate zones without dry season and warm summers 
(Cfb: 337% increase, p = 2e − 05). Positive effects on yield 
are also observed in studies conducted in tropical zones with 
dry winter (Aw: 49% yield increase, p = 0,0164) and warm 
temperate zones with dry winters and hot summers (Csa: 
90% yield increase, p = 0.024). In contrast to monocrop sys-
tems with inputs, positive effects are observed in temperate 
zones with dry winters and hot summers (Cwa: 75% yield 
increase, p = 0.016).

5.5  Yield variation disaggregated by type of control 
and soil properties

We observe no significant differences regarding the 
effects on crop yields according to the soil textures 

Fig. 10  Soil textures (USDA classification) reported in the studies that compared to monocrop systems with (a) and without (b) chemical input 
application. Note: Forest plot shows the mean effect. 95% confidence intervals in blankets and sample sizes are enclosed in parentheses
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(

QM = 2.99, p = 0.393
)

 reported in the body of stud-
ies (Fig. 10). However, the effect differs by type of con-
trol. Although the effects are statistically nonsignificant 
(p = 0.098) in studies that used monocrop systems with 
inputs as a control group, agroecological practices used in 
clay (p = 0.0407) and sandy soils (p = 0.0133) are associated 
with a positive and significant effect on yields when com-
pared with those of no-input monocrop systems.

Similarly, soils with high pH and high N content are 
associated with a positive and significant (p = 0.004) effect 
of agroecological practices only if compared to no-input 
monocrop systems. Specifically, the effects of agroecologi-
cal practices on crop yields are positively and significantly 
correlated with soil pH (p = 0.007, Table 3), showing a 
15% increase per unit of soil pH (p = 0.01). A significant 
correlation is also found with N content (p = 0.01), with a 
45% increase per gram of N per kilogram of soil in studies 
that use a no-input monocrop system as the control group 
(Table 3). Furthermore, a significantly positive relation-
ship is observed between mean annual precipitation and the 
effects of agroecological treatments on crop yields (0.05% 
yield increase per mm of annual rainfall; p = 0.0004) in stud-
ies that involve monocrop systems without inputs as control. 
In contrast, the relationships among soil pH, nitrogen and 
organic C and P with treatment effects are statistically non-
significant (p > 0.3) for experiments in which the control is 
a monocrop system with inputs.

6  Discussion

This study is the first comprehensive endeavour to assess 
the relationship between agroecological practices with 
land and labour productivity in Africa. Through a system-
atic literature review, it examined the status of research on 
agroecological practices in Africa. Moreover, it focused 
on a sub-sample of studies conducted in on-farm settings 
to analyse the effect of agroecological practices on land 
and labour productivity. It then analysed the relationship 
between agroecological practices and yield variation using 
meta-analytical methods based on agronomic studies con-
ducted on farms and research stations. In contrast to other 
studies, our search strategy excluded the term agroecology 
in detecting the relevant literature. Instead, we developed a 
detailed search strategy to identify any relevant literature 
that assesses agroecological practices, even if such practices 
are not explicitly mentioned as involving agroecology.

This strategy yielded 501 references. Analysis of these 
studies illustrates that the literature related to agroecologi-
cal practices in Africa is growing but is anchored in a few 
countries, notably Kenya. We believe that a key result of this 
work is that the body of research on agroecological practices 

Ta
bl

e 
3 

 S
oi

l p
ro

pe
rti

es
 b

y 
ty

pe
 o

f c
on

tro
l

C
on

tro
l

Si
te

 c
on

di
tio

n 
M

od
el

 re
su

lts
Re

si
du

al
 h

et
er

og
en

ei
ty

C
oe

ffi
ci

en
t e

sti
m

at
e

%
 c

ha
ng

e
St

d.
 e

rr
or

Sa
m

pl
e 

si
ze

p-
va

lu
e

τ2
Q

E
p-

va
lu

e
Q

M
p-

va
lu

e

M
on

oc
ro

p 
sy

ste
m

 +
 in

pu
ts

M
ea

n 
an

nu
al

 p
re

ci
pi

ta
tio

n
−

6.
30

10
=

5
−

0.
01

6.
20

E 
−

 05
25

8
0.

31
5

0.
46

3
15

,2
57

<
 0.

00
01

0.
13

7
0.

71
1

N
0.

01
5

1.
51

0.
29

9
0.

96
1.

83
59

3.
6

<
 0.

00
01

0.
00

3
0.

95
8

O
rg

an
ic

 C
0.

01
5

1.
51

0.
03

3
7

0.
66

2.
8

32
1.

44
<

 0.
00

01
0.

21
7

0.
64

1
M

on
oc

ro
p 

sy
ste

m
 +

 no
 in

pu
t

M
ea

n 
an

nu
al

 p
re

ci
pi

ta
tio

n
4.

70
E 

−
 04

0.
05

0.
00

01
13

4
0.

00
04

0.
47

3
12

,6
22

<
 0.

00
01

13
.2

2
0.

00
01

pH
0.

14
15

.0
3

0.
05

30
0.

00
7

0.
41

7
24

4.
04

<
 0.

00
01

8.
72

0.
00

3
N

0.
38

46
.2

3
0.

12
2

30
0.

00
4

0.
43

8
25

7.
65

<
 0.

00
01

9.
72

0.
00

2
O

rg
an

ic
 C

0.
02

5
2.

53
0.

01
1

29
0.

06
0.

69
17

2.
9

<
 0.

00
01

5.
2

0.
02

2
P

0.
01

2
1.

21
0.

00
9

26
0.

16
5

0.
72

2
17

0.
02

<
 0.

00
01

2.
06

0.
15

1



223Productivity effects of agroecological practices in Africa

extends beyond studies that explicitly indicate agroecology 
in their titles or abstracts. In fact, the majority of the selected 
articles did not mention agroecology, which indicates that 
solely relying on studies that use that term may be biased, 
which overlooks valuable research contributions in the field.

In summary, the body of studies retrieved implied that 
agroecological practices exert a positive and significant 
(p-value = 0.0011) effect on land productivity compared 
with monocrop systems, including on-farm settings. How-
ever, relative yield increases vary if they are disaggregated 
according to agroecological practice, crop, type of control, 
climatic factor or soil type. However, separately consider-
ing the selected studies and the empirical evidence they 
represent for each of the abovementioned factors may be 
extremely limited to draw final conclusions; thus, our results 
indicate possible interactions between them.

Agroecological practices seemingly exert a significant 
positive effect on increasing yields compared with monocrop 
systems without chemical inputs. Among the agroecological 
practices tested, organic fertilisers mainly consistently dem-
onstrated yield gains compared with those of monocrop sys-
tems with or without inputs. The current results also indicate 
that these yield gains could be greatly enhanced by combin-
ing organic with mineral fertilisers even at small quantities. 
The effects of other practices, such as crop rotation, inter-
cropping and fallow, are mixed with variability among the 
types of crops grown and the nature of crop, among other 
factors. We also find limited diversity among the tested crops 
with an emphasis on cereals and a few legumes and a notable 
absence of vegetables and of other key staples produced in 
Africa, such as yams, plantain, sweet potato or Irish potato 
(FAO, 2024). These omissions constitute a major gap in the 
ongoing research in Africa. Moreover, except for one agro-
nomic study (Kebede et al., 2018), none has assessed the 
impact of pest management practices. This aspect represents 
an important research gap, particularly in the African con-
text, in which poor plant health is prevalent and significantly 
contributes to large reductions in yield (Acuña et al., 2023; 
Savary et al., 2019).

The current study demonstrates that the effect of agro-
ecological practices on land productivity is not uniform 
across soil types and climatic zones. The importance of soil 
properties in influencing the results is a common thread in 
the selected studies. Yet, we were unable to establish the 
specific relationship between soil properties and yields due 
to the scarcity of soil data across the studies. This point 
constitutes another serious gap in the ongoing research in 
Africa. Evidence also implies that intercropping with leg-
umes may be particularly suitable for soil with poor condi-
tions to increase maize yields. However, a few species of 
legumes appear more suitable in achieving this than others. 
Evidence on the role of climatic factors is particularly lim-
ited. While they are expected to play a role, the direction 

and scale of impact remain unclear. Studies that assessed the 
effects of agroecological practices on labour productivity are 
few. The available studies indicate that agroecological prac-
tices frequently involve more labour. For instance, the case 
is true for weeding, organic fertiliser application and cut-
ting/incorporating biomass into soil. However, despite high 
labour costs, the profits reported by the studies were higher 
than those of monocrop systems under certain conditions. 
Higher profits were reported if the practice resulted in higher 
grain yields or when higher prices could be generated from 
legumes grown as part of intercropping or crop rotation. 
This finding illustrates that changes in labour requirements 
and associated costs should be jointly assessed. The gains 
from adopting agroecological practices which may offset 
the additional costs: adoption studies should consider this 
other research gap. The adoption of practice-adapted farm 
mechanisation may further reduce such additional labour 
requirements, which increases labour productivity in the 
implementation of agroecological practices (Dahlin & Rusi-
namhodzi, 2019; Daum et al., 2021).

Bearing in mind the limited availability of empirical evi-
dence, the present study suggests that agroecological prac-
tices could offer opportunities for increasing land productiv-
ity in maize production in Africa where access to chemical 
inputs remains a significant challenge (AGRA, 2023) and 
agro-ecological practices may offer viable alternatives. 
Indeed, African farming systems have long been character-
ised by agroecology-related practices, even if the term was 
not used, such as intercropping, integrated crop-livestock 
systems and organic fertiliser (Dixon et al., 2000; Ruthen-
berg, 1980). Evidence indicates that yields could increase 
due to the adoption of agroecological practices compared 
with monocrop systems, especially if combined with even 
only small amounts of mineral fertilisers. Notably, however, 
the amounts of organic fertiliser applied in experiments are 
considerably higher than those considered currently feasible 
in the African context. Thus, obtaining yield gains from the 
increased application of organic fertilisers should be inter-
preted with caution and, in any case, would pose serious 
implications for labour and transport demands.

Given the large and growing labour force in rural Africa 
(AGRA, 2023), additional labour requirements may not nec-
essarily be a significant constraint with the assumption that 
sufficient profit can be generated through the adoption of 
agroecological practices, which would cover additional labour 
costs. A large available agricultural workforce alone is insuf-
ficient guarantee for the success of the adoption (Leonardo 
et al., 2015). Thus, incentivising people to work in farming 
and enhance the skills of farmers are seemingly critical to the 
successful implementation of agroecological practices. Such 
success could depend on additional components such as the 
promotion of the practice-specific mechanisation and digi-
talisation of agriculture to attract the youth back to farming.
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7  Limitations and areas for future research

This work has its limitations. First, the small number of the 
selected studies may restrict the general value of the current 
findings. A limited number of studies also prevented the 
further disaggregation of data to shed more light on factors 
that may influence the impact of agroecological practices on 
land and labour productivity.

The limited number of studies also did not enable a 
detailed examination of the interactions between factors on 
the outcomes of agroecological practices. For instance, a 
few studies did not provide yield data on a yearly or sea-
sonal basis. Therefore, we needed to use average mean yields 
across years, which prevented the consideration of seasonal 
variations in crop performance. In addition, although we 
carefully assessed the quality of experimental set-ups to 
ensure that agroecological practices (i.e. treatment group) 
were well-implemented, a possible bias remains, which may 
emerge from the use of comparison (control) groups which 
over- or under-represent the African reality. As a result of 
these shortcomings (derived from data available from the 
literature), we were unable to disaggregate and compare 
actual and potential yields13, that is, those under scenarios 
of optimal management of (1) water, (2) nutrients and (3) 
weeds, pathogens and animal pests. Future research should 
consider these factors in their experimental set-ups to ena-
ble a comparison of results across studies. In particular, the 
role of climatic factors and soil properties14 remains under-
researched. Importantly, these studies will need to take into 
account changing agronomic conditions that may result from 
the changing climate in the coming decades.

Another limitation is related to the inability to observe 
the influence of different levels of application of mineral 
fertilisers. Analysis could not disaggregate the data on the 
basis of specific amounts of N or P due to the small sample 

size. Given the potential variability in the rates of fertiliser 
application across studies, assessing the impact of different 
levels of the application of chemical fertilisers together with 
agroecological practices on crop yields would be valuable 
to future research.

Other reviews suggest that higher yields can be achieved 
by combining several agroecological practices (Beillouin 
et al., 2019; MacLaren et al., 2022; Pittelkow et al., 2015; 
Sapkota et al., 2021). However, we were unable to assess 
the effects of combinations of agroecological practices 
due to the limited scope of such practices in the examined 
literature. Thus, additional research on testing combinations 
of agroecological practices is required.

Studies on the impacts of agroecological practices on 
labour productivity constitute a major research gap from 
the perspective of the present study. Future research 
should not only focus on changes in labour requirements 
but also assess the conditions under which changes in 
labour would be offset by additional profits and the role 
of off-farm labour (Giller et al., 2021). In addition, the 
role of innovations in the reduction of higher labour needs 
in agroecological practices and associated costs should 
be investigated further, ideally as cost–benefit analyses 
that comprehensively cover the entire operation of a farm. 
Particular attention should be paid to impacts on women 
who comprise an important proportion of the labour force 
in African agriculture.

The time dimension of the current experiments in 
Africa represents yet another limitation. The majority of 
the selected studies were short-term and typically spanned 
only 2 to 3 years. Despite being a meaningful duration, 
it overlooks the vagaries of climate, pathogens, pests 
and weed infestation. Agroecological practices typically 
require longer-term evaluation to observe substantial 
effects, because the manifestation of changes in soil 
fertility, biodiversity, pathogens, animal pests and weeds 
and, generally, ecosystem functioning, may take more 
than three years (Rasmussen et al., 1998). Therefore, the 
relatively short duration of the experiments, which were 
typically financially and project-limited similar to others 
today, may limit the ability of the study to capture the full 
effects of agroecological practices. Long-term experiments 
that is, experiments that exceed 20 years in duration, are 
necessary for investigating the complex causal effects of 
agroecological practices.

13  Potential yield refers to “the maximum yield that could be reached 
by a crop in given environments” (Evans & Fischer, 1999, p. 1545). 
Actual yield reflects “the current state of soils and climate, average 
skills of the farmers, and their average use of technology” (Sadras 
et al. 2015, p. 6).
14  Note that soil properties can be considered as potential soil health 
indicators (Sainju et al., 2022). In the literature that we surveyed, the 
term “soil health” mentioned by the HLPE was not necessarily used. 
Instead, the terms “soil fertility”, “soil carbon”, “soil nitrogen”, “soil 
phosphorus” etc., were mainly employed. We interpreted them as 
contributing to the HLPE’s “soil health” principle. However, future 
research on this principle should be conscious of its diverse mean-
ings. Drawing on Karlen et al. (1997), Doran and Zeiss (2000) define 
soil health as “the capacity of soil to function as a vital living sys-
tem, within ecosystem and land-use boundaries, to sustain plant and 
animal productivity, maintain or enhance water and air quality, and 
promote plant and animal health” (p3). These authors, along with oth-
ers (e.g. Bünemann et al., 2018), use interchangeably soil health and 

soil quality. However, Pankhurst et al. (1997) argue that although the 
two concepts overlap, soil quality focuses more on the soil’s capac-
ity to meet human needs such as growing a crop, whilst soil health 
focuses more on the soil’s continued capacity to sustain plant growth 
and maintain its functions. Therefore, when the concept of soil health 
is explicitly used, it requires a concrete definition.

Footnote 14 (continued)
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