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Cropping systems in the North-Sudanian zone of Burkina Faso face significant 
challenges related to poor yields, declining soil fertility and harsh climatic conditions. 
Together these necessitate a shift toward more sustainable farming practices. 
Agroecology aims to enhance yields while minimizing environmental harm through 
the use of ecological functions and has been promoted by researchers and farmers’ 
organizations as a solution. However, its implementation remains limited. This 
study investigated the criteria farmers consider when implementing agroecological 
practices at the farm level and how these criteria and their implementation are 
influenced by farm characteristics. Data collection methods included the serious 
game TAKIT, together with baseline and complementary household surveys 
(108 farmers each). Farm diversity was analyzed using a statistical typology. The 
influence of farm types, farm structural variables and the village location on (1) 
whether or not agroecological practices were implemented and (2) the criteria 
considered by farmers was explored. Four distinct farm types were identified: low 
resource endowed farms relying on off-farm income, low resource endowed 
farms relying on livestock income, medium resource endowed farms relying on 
agricultural and livestock income, and high resource endowed farms with diverse 
sources of income. There were no significant differences in the implementation 
of agroecological practices across farm types. Crop rotations were the most 
frequently implemented practice (by 91% of the study farmers), while the 2-by-2 
line intercropping of sorghum-cowpea was the least implemented (9% of farmers). 
Implementation of zai pits varied significantly between villages, with farmers 
in Nagreonkoudogo more likely to use them than those in Tanvousse, due to 
differing soil characteristics. Farmers considered several criteria when deciding 
whether to implement agroecological practices, including the ability to improve 
yield and preserve soil. Constraints to their implementation included a lack of 
knowledge and their high labor requirements. These criteria did not differ across 
farm types, likely because they stem from shared environmental constraints or 
conditions. The study highlights the complexity of agroecological transitions in 
sub-Saharan Africa, and illustrates the need to adequately consider contextual 
conditions. The co-design of new practices, and the redesign of existing ones, 
should align with criteria considered by farmers.
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1 Introduction

The climatic conditions facing farm households in semi-arid West 
Africa are highly variable, including the unreliable onset and end of 
the rainy season, frequent dry spells and heavy rainfall events (Niang 
et al., 2014; Faye et al., 2018; Ollenburger et al., 2019; Huet et al., 2020). 
Weather variability is a major challenge to farming households, many 
of whom have relatively low adaptive capacity in the face of shocks 
(Sissoko et  al., 2011). In addition to weather variability, poor soil 
fertility and limited access to fertilizers leads to soil depletion over the 
long run, rendering farming in the region challenging (Giller et al., 
2011; Ripoche et al., 2015). Similar to other rural areas of Burkina Faso, 
agriculture is the main source of income for rural households in the 
North-Sudanian agroecological zone (Zampaligré and Fuchs, 2019). 
Projected climate change is expected to negatively impact agriculture 
and threaten the livelihoods of many farmers in the region 
(Zampaligré and Fuchs, 2019). Building farm household adaptive 
capacity is considered of paramount importance. To do so, farming 
approaches which benefit from ecological services such as the 
integration of legume crops in cropping systems through rotation or 
intercropping (Périnelle et al., 2021), and soil and water conservation 
(Zougmoré et al., 2014) are necessary.

Agroecology is a broad concept that encompasses both the 
application of ecological concepts and principles to the design and 
management of sustainable food systems (Gliessman, 2007) as well as 
the recognition and valuing of farmers’ traditional knowledge. 
Nicholls and Altieri (2016) enumerated the following principles: 
recycling of biomass, enhancement of functional biodiversity, 
provision of favorable soil conditions for plant growth, minimization 
of losses (nutrients, water, light), diversification of species and genetic 
resources in the agroecosystem, and enhancement of beneficial 
biological interactions and synergies. Agroecology is increasingly 
being promoted in many countries, particularly in sub-Saharan 
Africa, as a response to agriculture’s negative impacts on the 
environment and to deal with weather variability (Gliessman, 2021; 
Haggar et al., 2021). International organizations (e.g., FAO) propose 
agroecology as a new multidimensional framework, based on 10 
elements, to improve the resilience and resource use efficiency of 
farming systems (Debray et al., 2019; Lancelloti, 2019; Iyabano et al., 
2022). Agroecology is also a movement which promotes farmers’ 
autonomy and their rights to produce their own food (Altieri and 
Toledo, 2011; Anderson et al., 2022; Iyabano et al., 2023). In fact, 
ideally, agroecological practices are identified and or refined based on 
local farmers’ existing knowledge and practices (Altieri, 2002; Mier y 
Terán Giménez Cacho et  al., 2018). At farm level, agroecological 
practices include a set of farming innovations, practices, technologies 
and knowledge which aim to use ecological principles to improve 
yield while preserving the environment (Kernecker et al., 2021). In 
the North-Sudanian region of Burkina Faso, farmers’ current practices 
are characterized by very low input levels, resulting in poor 
productivity, thus suggesting a possible role for agroecological 
intensification to enhance both the productivity and sustainability of 
the farming system.

In this region, agroecological practices include crop rotations, 
traditional intercropping, row intercropping, crop-livestock 
integration, agroforestry and water and soil conservation techniques 
such as zai pits, stone bunds, and half-moon structures (Altieri and 
Toledo, 2011; Rodenburg et al., 2021). Agroecological practices reduce 
the reliance on external agrochemical inputs through enhancing 
ecological processes (Bonaudo et  al., 2014; Duru et  al., 2015). In 
Burkina Faso, studies have reported the benefits of agroecological 
practices such as traditional intercropping and rotations, crop-
livestock integration, biological control of pests and diseases and, 
organic fertilization, in restoring degraded land (Girard and Dugué, 
2009; Zorom et al., 2013; Toillier et al., 2021; Iyabano et al., 2023). 
Despite advocacy by some scientists and stakeholders for 
agroecological practices, evidence of their implementation by farmers 
remains limited (Wezel et  al., 2014; Kanjanja et  al., 2022). This 
emphasizes the need to understand what farmers consider when 
deciding whether to implement agroecological practices and adapt 
them to their farming contexts.

Many factors may explain why and how farmers implement, or do 
not implement, agroecological practices. These include their social and 
ecological context (Weltin et  al., 2017), farm characteristics, risk 
perception and preferences. Rogers (2003) mentioned attributes such 
as “relative advantage,” “compatibility” and “complexity,” which are 
concepts considered in the literature on innovation adoption. Ochola 
et  al. (2013) showed that farmers considered yield, soil fertility 
improvement, pest and disease control and, ecological adaptability 
when considering the use of agroecological practices. Farm diversity is 
also important in describing the implementation of agroecological 
practices (Fanchone et al., 2020). Also in West Africa, farms strongly 
differ and this diversity is often captured in farm typologies, which may 
vary depending on the study objective and context (Falconnier et al., 
2015; Kuivanen et al., 2016). For example, in the analysis of biomass 
management strategies in the Centre-Nord region of Burkina Faso, 
Assogba et al. (2022) described farm types based on variables related 
to resource endowment and production orientation. Berre et al. (2022) 
considered farm size and main crop (legume or cotton) to explore the 
link between farm types and crop management practices in the Haut-
Bassins region of Burkina  Faso. Furthermore, differences within 
households can be  characterized, distinguishing farmers’ diversity 
(Kuivanen et  al., 2016) from farm diversity (Signorelli, 2016). In 
addition, researcher-promoted farming practices, such as new cultivars, 
could be rejected by farmers because they do not match their preference 
in terms of taste, yield and transformability (Tumuhimbise et al., 2012). 
The consideration of farmers’ own criteria for implementing or 
rejecting agroecological practices can aid in understanding if particular 
agroecological practices are likely to be implemented or in suggesting 
how they may be adapted and made more suitable for farmers. Most 
studies that have examined factors influencing farmers’ adoption of 
agroecological practices explored the relationship between the 
implementation of agroecological practices at farm level and socio-
economic and farm structural factors via probit and tobit models 
(Anley et al., 2007; Zorom et al., 2013; Danso-Abbeam et al., 2019; 
Elisabeth and Martin, 2022). However, there are few studies considering 
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farm type diversity in explaining practice adoption (Teixeira et al., 
2018; Fanchone et al., 2020). To the best of our knowledge, no study 
has considered both farm type diversity and farmers’ criteria to explore 
the implementation of agroecological practices.

Against this background, the aim of this study is to (1) document 
the extent of agroecological practices implementation at farm level for 
two villages in North-Sudanian Burkina  Faso; (2) explore which 
criteria influence farmer decisions to implement (or not) 
agroecological practices; and (3) investigate the extent to which farm 
typologies can support the process of tailoring agroecological practices 
to farmers’ contexts. The following hypotheses have been formulated: 
(A) farmers’ criteria to implement agroecological practices are driven 
by yield and economic profit; and (B) farm-level implementation of 
agroecological practices differs significantly across farm types.

2 Research design and methodology

2.1 Study area

The study was conducted in the framework of the FAIR-Sahel 
project, which is implemented in three countries (Burkina Faso, Mali 

and Senegal). Its aim is to foster the agroecological intensification of 
the region’s cropping systems to improve farmers’ resilience. In 
Burkina  Faso, the project intervention zone includes the North-
Sudanian and South-Sudanian agroecological zones. This study 
focused on the North-Sudanian agroecological zone, particularly the 
villages of Nagreonkoudogo and Tanvousse, both in the rural 
“commune” of Nagreongo (Figure 1). Nagreongo, with a land area of 
about 500 km2 is located in the Oubritenga province of the plateau 
central region, approximately 38 km from the capital city, 
Ouagadougou. The total population of the region is estimated at 
35435 inhabitants (INSD, 2019). Nagreonkoudogo has a good and 
accessible road network, a permanent market and access to the large 
Ziga Dam. Tanvousse is not well connected to major roadways, with 
restricted access particularly during the rainy season. It also does not 
have a permanent market. In addition to the existence of previous 
contacts with a farmer organization, these villages were selected 
because of their contrasting contexts, covering the range of typical 
conditions in the “commune.” In both villages, farmers rely on crop 
production, livestock activities and off-farm activities. Sorghum is 
the main crop grown whereas maize dominates in the South-
Sudanian zone. Other important crops in the two villages include 
cowpea [Vigna unguiculata (L.) Walp.], maize (Zea mays L.), 

FIGURE 1

Location of the study area (Nagreongo) in Burkina Faso, West Africa. Black dots represent study sites.
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groundnut (Arachis hypogaea L.), rice (Oryza sativa L.), sesame 
(Sesamum indicum L.), and Bambara groundnut [Vigna subterranea 
(L.) Verdc]. Organic cotton (Gossypium herbaceum Linnaeus) is 
grown only in Tanvousse.

In both villages, most of the inhabitants are from the Mossi ethnic 
group. The area is characterized by the North-Sudanian climate with 
annual rainfall ranging between 700 mm and 900 mm (Damiba et al., 
2020). The rainy season starts in May or June, ends in September or 
October, and is characterized by high variability. Soils are generally 
poor, with high spatial variation in quality (West et al., 2008). There 
are heavier loamy soils (locally called yakka or bãnzinga) in lowland 
areas, laterites (kugri) and gravels (zîngdega) in upland fields, and 
denuded clay areas (zippelle´) which are unsuitable for cultivation 
(West et al., 2008). Farmers make use of the difference in soil types to 
adapt to the rainfall variability by selecting fields with different water 
retention capacities (Ingram et al., 2002).

In the study area, agroecological practices include crop rotations, 
traditional intercropping, row intercropping, crop-livestock 
integration, agroforestry and various water and soil conservation 
techniques such as zai pits, stone bunds, and half-moon structures. As 
in other regions of the world, rotations consist of growing crops in an 
ordered series on the same piece of land with the aim of maintaining 
soil fertility and managing pests, diseases and weeds (Tanveer et al., 
2019). The most common rotations in the area consist of alternating 
cereals and legumes (Bado and Cescas, 2006). Intercropping cereals 
and legumes refers to either a spatial pattern of alternating rows of a 
cereal and a legume (row intercropping) or alternating cereal and 
legume seeding holes (Ganeme et al., 2021). In the context of this 
study, 2-by-2 lines intercropping refers to a cereal and a legume in two 
alternating rows in the same plot. This is mainly practiced in 
Nagreongo with sorghum and cowpea. Farmers’ traditional 
intercropping practice in the region consists of seeding a cereal and a 
legume crop together in same place at the same time.The practice of 
zai pits consists of digging pits of about 20–40 cm in diameter and 
10–15 cm depth. Manure is applied in those pits (about 0.3 kg per pit) 
and seeds are planted in them (Zougmoré et al., 2014). Half-moon 
structures consist of larger pits of about 2 m in diameter and 10 to 
15 cm depth. The pits accumulate water before subsequent planting 
with or without the application of compost, plant residues and animal 
manure (Sawadogo, 2011).

Starting from the above mentioned agroecological practices, 
various options where co-designed and tested with farmers in an 
agronomic experiment. The treatments considered included sorghum 
in rotation with cowpea, sorghum in rotation with crotalaria, sorghum 
in rotation with mucuna, 2-by-2 line intercropping of sorghum and 
cowpea, traditional intercropping of sorghum and cowpea, sorghum 
in zai pits, and sorghum in half-moon structures. Each treatment was 
evaluated in a central field experiment in both villages for three 
growing seasons (2021, 2022 and 2023). The experiments were 
managed by researchers under on-farm conditions. Field technicians 
were responsible for the operations, with project farmers advising on 
and participating in all activities. Individual farmers subsequentially 
implemented and adapted one or two treatments from the central field 
in their own fields. The central field experiment aimed at evaluating 
the co-designed practices in a participatory setting following the 
DEED cycle (Describe, Explain, Explore, Design; Descheemaeker 
et al., 2019). It was designed in the form of mother-baby trials (Baafi 
et  al., 2020). In each village, 30 farmers who were interested to 

participate were included in the implementation of the various 
project activities.

2.2 Data collection

2.2.1 Participatory approach to identify 
considered criteria

A serious game, called TAKIT (Ornetsmüller et al., 2018), was 
used in this study as a means to engage farmers (Speelman et al., 2014; 
Ryschawy et al., 2022). TAKIT has previously been played in other 
studies to identify farmers’ criteria when selecting a cropping system 
(Lairez et al., 2020). Following Ornetsmüller et al. (2018) and Lairez 
et al. (2020), TAKIT was played in both villages to identify criteria that 
farmers consider in selecting new farming practices. Two sessions of 
the game were organized in each village, one for women (20 
participants) and one for men (20 participants), to allow female 
farmers to speak freely. Participating farmers were farm household 
heads selected by the first author using the typology derived from the 
baseline household survey data (see section 2.2.2) to consider farm 
diversity. Given the small number of female-headed households in the 
baseline survey, other female-headed households with similar 
characteristics (resource endowment, income orientation) were 
invited to participate.

The game was played as part of a participatory workshop in four 
steps. In the first step, an ice breaker was used to introduce the idea of 
the game to the participants. A bottle of colored water was shown to 
the participants and they were asked, “if I  want you  to drink the 
content of this bottle what would you like to know first about the 
content before accepting to drink it? You are free to ask all kind of 
questions about the content, but the response to your question should 
be yes or no.” Participants then asked questions and responses were 
provided. In the second step, the bottle of colored water was replaced 
by a picture of a new farming practice. Participants were then asked: 
“I have just invented a new farming practice and would like you to 
implement it this year in your farm. What would you like to know 
about this practice before implementing it?.” Participants were given 
a piece of paper to write their questions and were assisted by local 
technicians as most of them were illiterate. Their questions were 
recorded on a flipchart. Next, these questions were grouped by 
similarity. Participants were then asked to state the importance of the 
questions to them through scoring (from 3 = most important to 
1 = less important). Finally, a discussion with the participants aimed 
to capture the criteria behind the questions posed. As a preparation 
for this step, their questions were assigned to respective criteria by the 
researcher facilitating the game session in front of the participants 
who in turn validated the results. For example, the question, “will the 
new farming practice increase yield?” was assigned to a yield related 
criterion and the question, “will the new farming practice increase soil 
fertility?” was assigned to a soil fertility criterion (refer to 
Supplementary Tables 1, 2).

2.2.2 Baseline household survey
A baseline household survey was conducted by the FAIR-Sahel 

Project in 2021 to characterize farm households and describe 
farming practices in the village prior to the project intervention. It 
was conducted at the beginning of the rainy season (May to June 
2021). Questions referred to the previous cropping season. The 
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survey collected household and farm-level data from 252 farm 
households in six villages. Household-level data included 
socioeconomic data such as household size, income, level of 
education and resource endowment data such as land, and livestock 
ownership. Farm-level data included farm characteristics such as 
farm size, number of cultivated fields, crops grown, fertilization 
applied and crop production. In each household, the household head 
was interviewed. Enumerators were recruited and trained to conduct 
the survey in the local language.

2.2.3 Complementary household survey on 
criteria and farm-level implementation of 
agroecological practices

This study conducted a complementary survey focusing on only 
two intervention sites of the project due to time and other resource 
constraints. The survey was conducted in May 2022  in 
Nagreonkoudogo and Tanvousse with 53 and 55 participating farmers, 
respectively. Farmers were selected as a subset of the baseline 
household survey. A few participants of the baseline survey could not 
be located for the follow-up survey and were replaced. This second 
survey collected data on farm-level implementation of agroecological 
practices and the criteria considered by farmers (farm household 
heads) in implementing practices. It was assumed that farm-level 
decisions are mainly taken by the household head due to cultural 
traditions which confer them more power than other household 
members. In addition, the household head is the owner of most 
capital-intensive farming tools in the family (Tan et al., 2005). While 
most household heads were male, some female household heads were 
also included (widows and women leading the household if the man 
had migrated elsewhere). Survey participants selected the criteria they 
considered for implementing an agroecological practice in general, 
and for particular practices. Criteria were predefined and listed for 
participants to select from. The participants stated if they had 
implemented any of the selected agroecological practices or not. The 
practices included crop rotations, 2-by-2 line intercropping, 
traditional intercropping and zai pits. If a farmer stated that he or she 
had implemented a practice, they then indicated the criteria they had 
considered. If not, they stated the reasons why the practice was not 
implemented. Due to time and resource constraints, the survey 
focused on the household head, farm characteristics and 
agroecological constraints. It is important to note that further studies 
should take into account the diversity of responses among members 
in the household and the perspectives of non-household heads, to 
better capture perceptions and realities around agroecology within 
a household.

2.3 Data analysis

2.3.1 Data cleaning
The baseline household survey data for the two villages were used 

to conduct the typology analysis. Farmers with missing or inconsistent 
data were removed. Of the 108 farmers surveyed, 84 farmers (8 female 
and 76 male) were considered for analysis after data cleaning, 
representing 43 and 41 farmers in Tanvousse and Nagreonkoudogo, 
respectively. After joining the two survey datasets for analysis, only 76 
farmers (8 female and 68 male) remained for the subsequent criteria 
and implementation analysis, representing 39 and 37 farmers in 
Tanvousse and Nagreonkoudogo, respectively.

2.3.2 Farm typology
The farm typology analysis was conducted using the baseline 

household survey data. As available data did not account for intra-
household variability, the typology illustrates inter-farm diversity 
(horizontal diversity) and not intra-farm diversity (vertical diversity) 
as in Michalscheck et  al. (2018). The farm typology analysis was 
conducted with variables that describe farm resources endowment 
and income orientation (Table 1). Based on Assogba et al. (2022) and 
Berre et al. (2022), a subset of several variables was initially explored, 
after which a multivariate analysis was implemented to determine 
which variables to retain. As off-farm income was collected as a 
categorical variable ranging from 1 to 5 income increases from low to 
high, it was not possible to implement a classical principal component 
analysis (PCA). The factorial analysis for mixed data (FAMD) from 
package FactomineR in R software (Lê et al., 2008) was selected to 
consider both categorical and continuous variables, as in Han et al. 
(2021), Pereira (2019), and Visbal-Cadavid et al. (2020). The results of 
the FAMD analysis were used to check the contribution of the 
variables to the primary two PCA dimensions. A hierarchical cluster 
analysis (Kassambara, 2017) was subsequently implemented in R 
software to divide the farms into homogenous groups regarding the 
most influential variables of the FAMD.

2.3.3 Criteria and implementation
In exploring the extent to which agroecological practices are 

implemented, first individual agroecological practices were 
analyzed, while combined sets of agroecological practices were 
analyzed in a second step. This reflects the reality that farmers 
generally implement several practices at the same time. The analysis 
was conducted using descriptive statistics. In investigating the 
criteria considered by farmers to implement agroecological 
practices (or not), we first identified the most frequently considered 

TABLE 1 Variables considered in the construction of the farm typology (n = 84).

Variable Units description min max mean

Cultivated land area ha The size of all the areas cultivated by the farmer 1 12 3.15

Cattle herd size head Number of cattle owned by the farmer 0 30 2.19

Small ruminants herd size head Number of small ruminants owned by the farmer 0 70 12.56

Agricultural income PPP** (USD) Income from selling agricultural products 0 11,150 976

Crops number – Number of crops grown by the farmer 1 5 1.63

Total adult equivalent Adult Eq Total adults equivalent 0.3 13.3 3.48

**PPP, purchasing power parity, it eliminates difference in price level between countries and adjusts the exchange rate accordingly. It is calculated by dividing the cost of x good in local 
currency by the cost of the same good in US dollars.
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criteria in implementing agroecological practices in general. 
Frequency was also used to check the main criteria and constraints 
considered by farmers for the implementation of each 
agroecological practice. Chi-square and fisher’s test were used to 
test the influence of farm types and farm structural variables on 
farmers’ criteria. As for the influence of farm type and farm 
structural variables on the level of implementation, the Kruskal-
Wallis’ rank sum test was used. Power estimation for the different 
tests was run using the “pwr” package in R software to check the 
power of the different statistics regarding the sample size 
(Supplementary Table 3).

3 Results

3.1 Farm type diversity

The variables used in the typology analysis contributed 42.5% to 
the first two components in the factorial analysis (Figure  2). The 
FAMD of quantitative variables showed that the influential variables 
for the first dimension (number of crops and area of cultivated land) 
were mainly related to land use. Influential variables for the second 
dimension (number of small ruminants, income from agriculture and 
number of cattle) were mainly related to income and livestock. For the 
qualitative variables, low- and middle-off-farm income levels were 
influential for the first dimension, while low- and high-income levels 
were influential for the second dimension.

Four farm types were identified (Figure 2). The first was the low 
resource endowed farms relying on livestock (LRE_LI, n = 35). They 
relied on income from livestock, though they actually had the lowest 
average number of cows (0.7 head) and the lowest average number of 
small ruminants (7.2 head). The average cultivated land size was 
about 2.3 ha. The second farm type was the low resource endowed 
farms relying on off-farm income (LRE_OFF, n = 28). Farms in this 
type had less cultivated land and possessed few small ruminants. 
Their average cultivated land and average number of small ruminants 
were 3.3 ha and 8 head of livestock, respectively. Farmers from this 
group had on average 331 USD in term of Purchasing Power Parity 
(PPP) from agricultural income and 107 USD PPP from livestock 
income. This type was second only to the high resource endowed 
farm type (described later) in terms of the importance of off-farm 
income. The third farm type identified was the medium resource 
endowed farms (MRE, n = 19). Farms in this group had an average 
cultivated land area of 4.5 ha. They grew on average at least two crops, 
and were thus considered more diversified than the other farm types. 
They had on average 23 small ruminants. Farmers in this farm type 
earned agricultural and livestock income of 2,520 and 1,693 USD 
PPP, respectively. The fourth farm type was the high resource 
endowed farms (HRE, n = 2). This type of farms had the most 
resources, particularly livestock. On average, they owned about 22 
cattle and 62 small ruminants. Farmers in this farm type had the 
highest average agricultural and livestock income totaling 8,595 and 
8,054 USD PPP, respectively. However, the group was only 
represented by two farms in the entire survey, both located in 
Nagreonkoudogo village. In terms of resources, they were unique 
with twice as much resources as the MRE farms and large households 
of 20 members on average. Identified farm types were discussed with 
representatives of the local farmers’ organization in the village who 

validated them based on their expertise on farming system diversity 
in the region.

3.2 Criteria considered by farmers for 
farm-level implementation of selected 
agroecological practices

The TAKIT game revealed 20 criteria considered by farmers when 
deciding whether to implement agroecological practices on their 
farms. The criteria mentioned by most of the farmers included: soil 
preservation, yield improvement, soil quality improvement, adaptation 
to land, adaptation to commonly used fertilizers (i.e., NPK, manure 
and urea), easy access to practice, and low tools requirement 
(Figure 3). Soil preservation and yield improvement were considered 
by more than 85% of the farmers. Easy access to the practice and low 
tools requirement were considered by less than 40% of the farmers.

3.2.1 Criteria and constraints considered by 
farmers for farm-level implementation of each 
practice

Several agroecological practices were implemented at farm level 
by the farmers in the study. Crop rotation was widely practiced, as 
indicated by about 91% of the participants (Figure  4). Farmers 
explained that they implement crop rotations to ensure soil fertility 
over time, increase yield, reduce plant diseases and improve their 
soils. They also believed that they had the knowledge, the knowhow 
and access to do so. During the group discussion, farmers argued 
that “most of us know the types of crops that should be alternating 
for rotations to preserve soil fertility.” They further mentioned that 
it is easy to implement rotations if one has enough land. Crop 
rotations were not implemented in some farms because of land 
scarcity. In these cases, cereals were grown continuously as the main 
staple crops.

Most farmers (about 70%) implemented traditional intercropping 
on their farms (Figure 4). They did so primarily because of high yield 
and capacity for soil improvement. They also considered their 
knowledge and knowhow of the practice, its capacity to attenuate the 
negative effects of climate shocks and easy access. Farmers who did 
not implement traditional intercropping (about 30%, Figure  4) 
mentioned that it requires hard manual labor. Indeed, implementation 
of traditional intercropping is labor demanding for both sowing 
and weeding.

For zai pits, 62% of the farmers implemented them on their farm 
(Figure 4) because of their capacity to increase yield, improve soil 
fertility and avoid the negative effects of dry spells. For the farmers 
who did not implement this practice, its unsuitability for their fields 
was stated as a reason, mirroring scientific evidence that lowland areas 
are not suitable for zai pits (Slingerland and Stork, 2000).

The 2-by-2 line intercropping was implemented by only 9% of 
farmers (Figure  4). Reasons for implementation included yield 
increase, soil improvement, soil preservation and management of crop 
diseases. For the majority of farmers who did not implement this 
practice, explanations included their lack of knowledge, limited 
knowhow and labor constraints. Indeed, this practice was not 
commonly observed in the study villages. Unlike the traditional 
intercropping which farmers claimed to have learned from their 
parents and grandparents, the 2-by-2 line intercropping was mainly 
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experienced through interactions with extension workers and 
project interventions.

3.2.2 Criteria considered by farmers and farm 
types

Any criterion considered by at least 40% of the farmers was 
retained for further analysis to explore differentiation among farm 
types. Farmers from each of the four farm types considered yield 
improvement (Figure  5). Although we  observed some interesting 
differences between farm types regarding the relative importance of 
soil preservation, adaptation to usual fertilizers and low tools 
requirement, none of the differences were statistically significant. 
Similar to farm types, gender and age groups of the farmers did not 

significantly influence the choice of criteria. Overall, in the study 
villages, resource endowment, income orientation and crop 
diversification did not significantly influence the criteria that farmers 
considered when implementing agroecological practices. Since criteria 
consideration showed only minor differences across farm types, 
we consider the criteria for the whole sample of farms, regardless of 
farm types, for the remainder of this manuscript.

3.2.3 Implementation of individual practices 
across villages and farm types

Across villages, there were no significant differences in terms of 
the frequency of implementation of any practice except for zai pits. Zai 
pits were practiced more in Nagreonkoudogo than in Tanvousse 

FIGURE 2

Factor map for quantitative (a) and qualitative (b) variables describing resource endowment and income orientations. For quantitative variables, the 
arrows represent the influential variables for the first two dimensions of the PCA. The qualitative variables refer to off-farm income level, increasing 
from low (1) to high (5). Individual map (c) and Dendrogram (d), both showing the individual farms into four clusters or farm types.

https://doi.org/10.3389/fsufs.2024.1386143
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Bagagnan et al. 10.3389/fsufs.2024.1386143

Frontiers in Sustainable Food Systems 08 frontiersin.org

FIGURE 4

Implementation criteria (left, yes) and constraints (right, no) per practice. Refer to the caption of Figure 3 for the explanation of the abbreviations. X axis 
shows the percentage of farmers who implemented (left) or did not implement (right) the practice.

FIGURE 3

Percentage of farmers considering the criteria for implementing practices, PreservSoil = soil preservation; ImprovYield = Yield improvement; 
ImprovSoil = soil improvement; AdaptLand = adapted to land type; AdaptUsualFert = adapted to usual fertilizers; EasyAccess = easy access; 
LowReqTool = low tools requirement; ResistDrought = resistance to drought; KnowledgePract = knowledge about the practice; 
AdaptLocPract = Adaptation to local practices; AdaptClimat = adapted to climate; AdaptUserHerbi = Adapted to usual herbicides; 
ResistAniRoam = resistance to animal roaming; AbleEndCycle = early maturing crops; AdapLocVar = adapted to local variety; 
CompatBCR = compatibility with water collection basin; LowCost = low cost; GoodMarket = good market.
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(Table 2), where it seemed less adapted to the geophysical context. 
Most soils in Nagreonkoudogo are dry, gravelly, and denuded while 
Tanvousse has a greater share of clay soils. Additionally, the presence 
of displaced people in Nagreonkoudogo due to the rise of terrorist 
activities probably influenced the extent of implementation. There, 
people worked as daily laborer for very low rates to earn income to 
feed their families. As such, labor was relatively cheap which helped 
to alleviate the labor constraint for implementing the practice. Because 
of similarities between villages for most practices, villages were 
analyzed together in the rest of the analysis.

Across farm types, some practices were widely practiced, while 
others were not. For example, both rotations and traditional 
intercropping were implemented by most farms (Figure 6). On the other 
hand, zai pits were most widely implemented by HRE farms (all of 
them), while the MRE farms had the lowest implementation rate. The 
2-by-2 lines intercropping was only practiced by the MRE, except by the 
MRE and LRE_OFF farms (Figure 6). Based on the chi-square test, the 
implementation of the practices was not significantly different from one 
farm type to another for all the four practices.

3.2.4 Implementation of combined practices
The most widely implemented combination of practices was 

rotations, combined with traditional intercropping and zai pits (rotat_
tradi_zai). Most of the farmers practicing this combination were in the 
LRE_OFF farm type. The second most implemented combination was 
rotation and traditional intercropping (rotat_tradi; Figure 7), mostly 
commonly practiced by the LRE_OFF farm type. The most popular 
combination for the MRE farms type was rotations, combined with 

2-by-2 line intercropping, traditional intercropping and zai pits (rotat_
inter_tradi_zai). The least implemented combined set was rotations 
and intercropping (rotat_inter), and rotations, combined with 
intercropping and zai pits (rotat_inter_zai; Figure 7).

3.2.5 Implementation of practices across farm 
structural variables

Farm structural variables such as household size, number of small 
ruminants, number of cows, crop income and livestock income were 
not significantly different for the farms which implemented the 
practices and those which did not. Farms which implemented the 
2-by-2 line intercropping seemed to exhibit a larger average cultivated 
land area as compared to those which did not implement (Figure 8). 
However, the Kruskal-Wallis’ rank sum test revealed that the observed 
difference was not significant.

4 Discussion

4.1 Diversity of criteria considered by 
farmers to implement agroecological 
practices

Farming practices implemented by farmers generally serve to 
meet their interest or reflect a lack of feasible alternatives. Our results 
showed that farmers considered several criteria in their decisions to 
implement agroecological practices at farm level. The most widely 
considered criteria include soil preservation, yield improvement, 
adaptation of the practice to local context (land and usual fertilizers), 
low tools requirement and easy access. These results agree with those 
reported in literature (Kapinga et al., 2009a; vom Brocke et al., 2010; 
Kondombo et al., 2016). In addition to yield, farmers are worried 
about preserving the soil. Indeed, they are aware that low-input 
agriculture is only sustainable on good soils (non-degraded soils). 
Many also indicated the importance of ease of access to the practice 
(Figure 3). This criterion was also identified in a study investigating 
farmers’ decision making around pesticide use (Sharifzadeh et al., 
2018). Farmers’ criteria identified here align with the attributes of 
innovation adoption of Rogers (2003). In fact, soil preservation and 
yield improvement criteria refer to the relative advantage of the 
innovation, while both the adaptation to local context and current 
practices criteria refer to the compatibility attribute. Finally, the easy 
access criterion is related to the attribute describing the complexity of 
the innovation, among others.

The typology analysis based on resource endowment revealed that 
discriminating variables included livestock, land owned (Alvarez et al., 
2018) and farm income. As different farms face different social and 
biophysical challenges, we hypothesized that their resource endowment 
may also explain differences in the implementation and considerations 

FIGURE 5

Percentage of farmers who considered the most important criteria 
by farm type. Most important criteria are the criteria considered by at 
least 40% of the farmers.

TABLE 2 Percentage of the implementation of the practices across villages.

Village Rotation 2-by-2 lines intercropping Traditional intercropping Zai pits

Tanvousse 90% 13% 64% 44%.

Nagreonkoudogo 92% 5% 76% 81%

p-value 1 0.47 0.39 0.0017

The p-value of the chi-square test is provided.
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around agroecological practice implementation (Teixeira et al., 2018). 
A typology analysis can help in understanding farm diversity which is 
a useful first step in adapting farming options to farmers’ context 
(Descheemaeker et al., 2019; Assogba et al., 2022). In addition to farm 
diversity, the typology revealed community differences as the two farms 

with the highest resource endowment and more farms with low resource 
endowment relying on off-farm income were located in 
Nagreonkoudogo and more farms with low resource endowment 
relying on livestock were located in Tanvousse. likely due to the 
accessibility and proximity of a permanent market in Nagreonkoudogo. 
Nevertheless, the typology as developed here could not explain the 
differences we observed in farmers’ choices on whether to implement 
agroecological practices nor in the criteria they consider. Differences 
were expected, as criteria are assumed to depend on the socio-ecological 
context of the farms. That we  found no differences in either 
implementation or criteria across farm types may point out the limit of 
the type of variables considered in creating the typology. For example, 
many of the farmers’ criteria are related to the biophysical environmental 
factors which are largely shared by most of the farms in the study area, 
irrespective of their economic and social situation. In connecting farm 
household types to management strategies, Berre et al. (2022) found 
similar dissociated results. This finding underscores the difficulty in 
tailoring or recommending specific practices to a given farm type (Berre 
et al., 2022). Rather, it stresses the need to allow farmers to be able to 
choose and adapt from a basket of options, meeting their context-
specific needs and considerations (Ronner et al., 2021).

Despite there being no differences across farm types, there was 
variation across individual farmers regarding the criteria considered 
in implementing agroecological practices at farm level. The results 
showed that farmers implemented rotations in their farms because 
of their perceived capacity to increase yield and help with striga 
management. Indeed, Bado (2002) found that sorghum in rotation 
with legumes such as cowpea could double yield in comparison to 

FIGURE 6

Implementation of agroecological practices in percentage by farm 
type, colors represent the different farm types, LRE_LI = low 
resource endowed farms relying on livestock, LRE_OFF = low 
resource endowed farms relying on off-farm income, 
MRE = medium resource endowed farms, HRE = high resource 
endowed farms.

FIGURE 7

Individual and combined set of practices as implemented across farm types (n = 76), colors represent farm types, Blue = low resource endowed farms 
relying on livestock, Orange = low resource endowed farms relying on off-farm income, Gray = medium resource endowed farms, Gold = high 
resource endowed farms. Rotat = rotation, tradi = traditional intercropping, zai = zai pits, inter = 2-by-2 lines intercropping.
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a continuous sorghum. They further mentioned that sorghum 
preceded by cowpea benefits from additional N which is estimated 
at 25 kg N/ha. Farmers are generally aware of the advantages of 
rotations. During a group discussion, they mentioned that “as 
we are practicing low-input agriculture, rotations remain an option 
to avoid mining the soil as it improves soil fertility.” Those who did 
not implement rotations mentioned land scarcity as a main 
constraint, as in previous studies (Rosenberg et  al., 2022; Rohit 
et al., 2023). However, our results (Figure 8) suggested that farm 
size was not significantly related to the implementation of rotations. 
Farmers who did not implement rotations did not have significantly 
smaller farm size as compared to those who implemented them. In 
fact, the farm size effect regarding the implementation of crop 
rotations should be carefully analyzed by considering the household 
size. For instance, a farmer with a 3.5 ha farm (average farm size) 
may still find it difficult to implement rotations if the household size 
is large. If a farmer currently grows only cereals each year on all 
land, adding legumes in rotation will reduce the cereal land area 
and production, challenging efforts to reach food demand through 
own production for large families.

The results showed that farmers considered yield increase, 
relatively good knowledge and knowhow when deciding whether to 
implement traditional intercropping (Figure  4). Some evidence 
suggests that traditional intercropping allows farmers to stabilize yield 
and deal with climate hazards (Ganeme et al., 2021). This practice is 
easily accessed by farmers as they use seeds from their own 
production. Unlike 2-by-2 line intercropping which has been 
introduced by researchers, farmers have been practicing traditional 
intercropping for a long time. This is reflected by their statements that 

they have good knowledge and knowhow about the practice. Farmers 
who did not implement the traditional intercropping mentioned the 
high labor demand as a main constraint. In fact, with traditional 
intercropping farmers cannot do weeding with draft animals as there 
is not enough space in between plant rows. Instead, farmers weed 
using hoes or by hand. In addition to weeding, harvesting is also 
difficult for farmers with this cropping system. The legume crop 
matures before the cereals and farmers must harvest the legumes 
under the tall cereal crop. Farmers implemented the zai pits technique 
mainly because of its adaptation to their land (degraded land), its 
capacity to improve soil fertility and attenuate climate shocks such as 
short dry spells and its capacity to increase grain yield. Scientific 
studies support this view (Zougmoré et al., 2014; Schuler et al., 2016). 
Zai practice appeared to be  village dependent as it was practiced 
significantly more in Nagreonkoudogo as compared to Tanvousse. 
Some farmers did not implement zai pits due to labor shortage, 
unsuitable soils (lowland) and a lack of knowledge and knowhow for 
preparing the zai pits. Indeed lowland fields are not adapted to zai 
practice (Slingerland and Stork, 2000). During the group discussion, 
a male farmer in the age of 50 mentioned that to dig zai pits, “I must 
go with the whole family and be present to supervise as my wives and 
kids will not be able to do the work in my absence because they do not 
know how to do it properly.” Matching new innovations to the main 
criteria mentioned by the farmers is likely to increase their 
implementation rate but is not a guarantee as the village location may 
also influence the practice implementation rate. In general, farmers 
rarely implement only one practice, they rather implement a combined 
set of practices (Zampaligré and Fuchs, 2019) and our results 
confirm this.

FIGURE 8

Implementation of selected agroecological practices (mentioned in the panel title). Land size is the sum of all field areas with or without the practice.
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4.2 2-by-2 line intercropping: from 
on-station performance to farmers’ 
constraints

The results indicated that the main reasons farmers 
implemented sorghum cowpea intercropping included its 
association with good yields, soil improvement and soil 
preservation. The farmers’ reasons mirrored the benefits of the 
system found in the literature (Jahel et  al., 2015). Indeed, 
intercropping sorghum and cowpea has been shown to improve 
soil fertility through nitrogen fixation (Giller, 2001; Kermah 
et  al., 2018). In the study area, farmers practice traditional 
intercropping that they have inherited from their ancestors. 
According to farmers, constraints linked to this practice are labor 
management (HUSSON et  al., 2010), yield losses and pest 
management (Coulibaly et al., 2011). To reduce these constraints, 
researchers and projects have proposed various row intercropping 
systems (Ganeme, 2022), one of which is the 2-by-2 line 
intercropping of sorghum and cowpea. Unlike the traditional 
intercropping system where sorghum and cowpea are not sowed 
in rows, the rows in the 2-by-2 line intercropping make weeding 
easier through allowing the use of hand tools such as hoes in a 
steady motion along a straight line, as well as, allow individual 
pest management for cowpea and sorghum.

The 2-by-2 line intercropping has been included in the 
experimental trial of the central field with the aim to improve its 
dissemination among farmers. However, the present study 
revealed that the 2-by-2 line intercropping was only implemented 
by a few farmers (9%). Farmers who did not implement it stated 
the lack of knowledge about the practice and labor management 
as key reasons. Svensson (2023) found a positive relation between 
farmers’ self-reported knowledge about intercropping and its 
adoption. Indeed, putting in place the 2-by-2 line intercropping 
requires knowledge, labor and farming tools. In Nagreongo, 
where farmers lack many farming tools, the labor requirement for 
the formation of rows is pronounced. Farmers can use draft 
animals for this, but for those without draft animals, ropes are 
used to guide seeding along rows and this requires more labor. 
Furthermore, sowing in this system should be alternating with 
different seeds between rows, as compared to traditional 
intercropping where the two seeds are mixed during sowing. In 
addition to labor management, the lack of knowledge was also 
mentioned by farmers who did not implement it, probably 
because it has been recommended by research and its 
dissemination remains low.

Like the other practices, the 2-by-2 line intercropping was not 
influenced by farm structural variables. However, during a group 
discussion farmers mentioned that when comparing the 2-by-2 
line intercropping to traditional intercropping, the 2-by-2 system 
forces them to reduce plant density as the spaces between rows 
are empty. Farmers with a small farm size, particularly poorer 
farmers who rent or borrow land, cannot afford losses due to 
lower plant density. According to the farmers, the proposed 
spacing of 80 cm between rows is too large and as such 
non-optimal for grain yield, similar to other results (Ganeme 
et al., 2021). Further study comparing row spacing alternatives 
for intercropping may provide a good co-learning opportunity 
for farmers and scientists in support of co-designing 

intercropping systems. From the farmers’ perspective, the 2-by-2 
line intercropping is not feasible with small farm size implying 
that for the innovation to be  successful it should focus on 
incremental adaptations of the traditional intercropping practice. 
In this regard, the co-design process in this project will be  a 
useful approach to further explore the implementation 
constraints, farmers’ objectives and the possibility of combining 
and adapting different practices to achieve them.

4.3 Linkages between criteria, practice 
implementation and farm typology

The study identified a diversity of agroecological practices 
implemented by farmers in the region. It also explored the 
criteria farmers consider in implementing them. Contrary to our 
initial hypothesis, the practices and the associated criteria did not 
vary between the structural farm types. This can possibly 
be  explained by the fact that the structural typology was 
constructed at farm level while criteria were collected at the 
individual level (household head). Other data were explored to 
explain agroecological practices and criteria, such as gender and 
age of the farmers but they were also not significant. This limits 
us in making recommendations on agroecological practices 
beyond our sample (e.g., tailor a given practice to a particular 
farm type in the study area). Several reasons could explain the 
observed lack of significance between farm types and the 
implementation of agroecological practices. Firstly, many of the 
benefits and constraints stated by the farmers were shared due to 
the natural environment conditions, irrespective of economic and 
social situation. In other words, even though the farming system 
diversity was high in the study region, the strength of the 
constraints at village scale (climate, market access, access to 
inputs, etc.) was larger and masked potential distinguishing 
factors between farms. The non-consideration of intra-farm 
household diversity could also explain the mismatch between a 
given level of implementation of agroecological practices and a 
farm type. Probably the results would have been different if 
we would have considered spouses or young household members 
managing their own fields, as their criteria might be different 
from those of the household heads. Agroecology is known to 
potentially change the labor burden and income, and their 
repartition among the members of the household (women, men, 
children) is certainly a key point in understanding agroecological 
transition drivers. Criteria considered by farmers to implement 
agroecological practices were diverse and went beyond economic 
criteria. They were in line with the “relative advantage,” 
“compatibility” and “complexity” attributes of innovations, 
proposed by Rogers (2003). A new practice or innovation which 
meets those attributes is likely to be implemented by farmers.

4.4 Limitations

A potential limitation related to the serious game method is 
its small sample size, which may cause validity problems. 
However, by integrating the criteria identified through the game 
in the complementary household survey, we  were able to 
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effectively triangulate this information. The survey form was 
initially designed in French and then translated into the local 
language for the farmers to understand. Some degree of 
information loss can be expected due to translation. However, to 
reduce this, the enumerators were trained and the survey 
questionnaire was pre-tested. The sample size may have also 
impacted statistical results as a larger sample size would have led 
to stronger statistical power and therefore more robust results. A 
particular limitation is that the study was not able to consider the 
dynamic aspect of the criteria and/or implementation across 
years and weather conditions. Rather it provided a snapshot of 
the state of implementation and the reasons. Follow-up research 
could investigate how both the criteria and implementation 
develop over time, controlling for how they are influenced by 
weather and market conditions. Also, the cost of the practice was 
not explicitly considered by the farmers when articulating 
criteria, yet it was found to be an important criteria for practice 
implementation (Bagagnan et al., 2019; Kernecker et al., 2021). 
Since the TAKIT game was played in the framework of the 
project, participants were expecting to get the discussed practices 
for free, therefore they did not consider the cost.

5 Conclusion

This study identified criteria considered by farmers to 
implement selected agroecological practices at farm level, and 
evaluated the level of implementation of agroecological practices 
in the study area. It also assessed farm diversity. Several criteria in 
line with the innovation adoption attributes of Rogers (2003) were 
considered by farmers for farm-level implementation of 
agroecological practices, among which yield increase, capacity for 
soil conservation and soil fertility improvement were considered 
by at least 80% of the farmers. Crop rotation was found to be the 
most implemented practice while the 2-by-2 lines intercropping 
was the least implemented. The combination of rotation with 
traditional intercropping and zai pits was revealed as the most 
common combination of practices. Farm-level implementation of 
agroecological practices was not significantly different across 
farm types. Only the implementation of zai pits was significantly 
influenced by village location. Consequently, the uptake of 
agroecological practices in the North-Sudanian Burkina Faso, can 
be  fostered by addressing farmers’ criteria related to soil 
improvement and preservation, yield improvement and adaptation 
to site-specific conditions. Furthermore, labor constraints can 
be lifted by redesigning traditional intercropping system to allow 
plowing with animals and introducing mechanized zai pits. As the 
zai practice appeared to be village dependent, its promotion needs 
to take into account the geophysical context. The studied practices 
were adapted to the region as they were co-designed locally with 
the farmers. Nonetheless, they may be  relevant for the entire 
North-Sudanian agroecological zone facing the same levels of soil 
infertility, climate variability and poor access to inputs and 
mechanization. These findings contribute to our understanding 
of the complexity of an agroecological transition in sub-Saharan 
Africa, where farming systems are diverse and decisions to 
implement a practice are influenced by a variety of criteria.
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