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A B S T R A C T

This study characterizes market gardening in Houet province in order to determine the various categories of
market gardening farms based on specific socioeconomic variables, as well as to analyze the main factors influ-
encing their economic performance. Using principal component analysis (PCA) and hierarchical ascending clas-
sification, the main factors influencing the economic situation of the market garden farms in Houet were analyzed
through the interrelationships between the variables considered. Findings revealed four clusters of vegetable
farms with different socioeconomic features depending on the farming environment (urban, peri-urban and rural).
In the same vein, the results showed that market gardeners in urban areas have the best economic performance.
With the regard to the durability of the production, results showed that the majority of market gardeners (95%)
have a conventional production method and often use in an uncontrolled way chemical pesticides, as well as
mineral fertilizers that some combine with organic amendments.
1. Introduction

According to Food and agriculture organization (FAO) statistics, fruit
and vegetable production in the West African region has increased by
more than 50% in recent years between 2004 and 2014. This progres-
sion, mainly due to an increase in cropped areas has yielded about 43
million tons of fruits and vegetables for Francophone West African
countries and 18 million for Francophone Central African countries
(Jeune Afrique, 2018). In Burkina Faso in general and in the Houet
province in particular, market gardening is becoming an increasingly
dynamic agricultural activity regarding both assets and income. As
pointed out by Bambio (2021), there is a significant growth in market
gardening in Burkina Faso (Bambio, 2021). However, the development of
this activity is facing a growing shortage of cultivable land and pro-
gressive degradation of cultivated area. Nowadays, in an increasingly
globalized and climate-changing environment, the major challenge fac-
ing Burkina Faso is to ensure food and nutritional security for a rapidly
growing population (2.8 %) while sustainably preserving its natural re-
sources. Such a challenge requires a concrete adaptation of current
(F. Ou�edraogo), tapsobakparfait@
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production methods to the need for sustainable development (Tapsoba
et al., 2020; World Bank, 2020).

However, there is a high level of chemical input use in the market
gardening sector (Sanou et al., 2020; Son et al., 2017). This use is often
uncontrolled, with recurrent cases of systematic use of chemical pesti-
cides in vegetable production that are reserved for cotton cultivation,
due, to the low level of literacy among the market gardeners of the
country (Congo, 2013; Sangar�e, 2012; Son et al., 2017). Moreover,
market garden production according to current conventional practices is
highly dependent on imported chemical pesticides while the share of
non-chemical treatments based on local products remains insignificant
because of the lack of immediately available agroecological alternatives
for effective pest management (FAO, 2013; Tarnagda et al., 2017). This
raises the essential problem of the nutritional quality of market garden
products and the sustainability of market gardening, which is an
important activity in improving the food rations of populations and their
socioeconomic conditions (Hansen et al., 2022; Kabor�e et al., 2017).

Given this reality, it is necessary to determine the real characteristics
of market gardening operations in order to identify the main constraints
yahoo.fr (P.K. Tapsoba).
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to the implementation of economically viable and sustainable market
gardening, while also diversifying the supply chains. The main concern is
to understand the structure of the various type of farms in order to
guarantee the effectiveness of development actions in the sector.
Accordingly, considering the diversity of farms is for development or-
ganizations and initiatives an essential step for the success of their in-
terventions with farmers (Stringer et al., 2020). In this regards
knowledge of the characteristics of farm types and their determinants
provides important information in the development of agricultural
development models adapted to the different realities identified (Sinha
et al., 2022). However, due to the particularity of each farmer in the
combination of production resources, there are as many production
systems as there are farms and the diversity is such that not all farms
could be considered individually. To efficiently deal with that diversity, it
is therefore important to establish groups of more or less homogeneous
vegetable farms based on their similar characteristics (Alvarez et al.,
2014, 2018; Kuivanen et al., 2016; Tittonell et al., 2010).

Previous studies on vegetable farms characterization and typology
have already been carried out in Burkina Faso (Abdulkadir, 2012; Kolie,
2009; Ouattara, 2016; Sanfo et al., 2017). Kolie (2009) for instance
identified five clusters of market gardeners according their
socio-demographic categories and economic performance. However, his
finding at the national level did not identify characteristics specific to
different production environments (Kolie, 2009). Analyzing the envi-
ronmental and economic dynamics of market gardening, Abdulkadir
(2012) quantified nutrients (nitrogen, phosphorus, and potassium),
flows, and economic performance of urban and peri-urban market
gardening in three West African cities (Kano in Nigeria, Bobo Dioulasso
in Burkina Faso, and Sikasso in Mali) (Abdulkadir, 2012). However, his
research focused on the economic performance of farms without really
considering specificities of the production environment (urban,
peri-urban and rural). Ouattara (2016) conducted an exclusively
agro-ecological typology of market garden farms in Houet, focusing
especially on the identification of socio-economic and agro-ecological
characteristics of the types of vegetable farms in the Houet province
(Ouattara, 2016).

In this context, this study aimed to provide a comprehensive under-
standing of market garden diversity in Western Burkina Faso, by estab-
lishing the nexus between the production environment, farm size,
financial performance and environmental issues. For this purpose, this
paper is organized as follows: this section (1) provides the rationale and
objectives of the research while Section 2 presents the theoretical
framework of the study and the research hypotheses. Section 3 detailed
the methodology used, and sections four and five deal with the results-
discussion and conclusion respective. In order to properly analyze the
market garden diversity this research build on the theoretical framework
proposed by Sossou et al. (2013).

2. Theoretical framework

Farms are the basic units of agricultural production (cultivation,
livestock, fishing, forestry, gathering), where decisions regarding the
allocation of input in the production system are made as well as the
choice of practices to be implemented (B�eli�eres et al., 2014; Lowder et al.,
2016). Each farm is characterized by its farming system, i.e., the way it
combines its inputs, available technologies and activities to achieve its
objectives (Innazent et al., 2022; Sossou et al., 2013). These objectives
constitute the principles that guide the organization and functioning of
the farm (Silva et al., 2020; Sossou et al., 2013). Farms can be considered
as a complex organization with several highly interconnected dimensions
including economic, patrimonial, social, territorial, etc. (Gasselin et al.,
2014). In addition, it has been highlighted that the family character is
one of the main components of this complexity that imbues the operation
of the farm and that this character varies according to the type of farm
(Aït Abdelmalek, 2000; Graeub et al., 2016; Lamarche, 1991). According
to Sossou et al. (2013), in order to carry out a typology that aims to
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understand the overall functioning of production systems, it is necessary
to have a descriptive model of the functioning of the farm. For these
authors, this model guides the methodological approach to be adopted to
observe and account for the diversity of existing farms. In this regard,
they build a general model of farm as follows (Figure 1).

According to this model, the environment of the farm is composed of
human andnatural elements. The natural element includes physical (water,
soil, sunshine, temperature, etc.) and biological (plant and animal physi-
ology, pests, etc.) factors, while the human element is subdivided into
exogenous (community structures, norms and beliefs, geographical loca-
tion of fields, etc.) and endogenous (needs and perspectives of farm
households, production factors, etc.) factors. These human and natural el-
ements that constitute the environment of the farm represent the con-
straints and opportunities of the farm (Jouve, n.d.). Farmers, in order to
achieve their goals in an increasingly constrained environment, inten-
tionally or not develops strategies, which are guidelines expressed through
choices of agricultural and extra-agricultural activities and through the
mobilization of the necessary assets to achieve the objectives set for the
farm by its owner in a changing environment (Gafsi et al., 2007; No
Rushigira, 2017). Ever since a production system is considered as a way of
producing and combining production factors, it implies that a given crop-
ping systemwill be implemented by a set of farmers who have access to the
same resources in equivalent proportions (Ferrato and Touzard, 2009;
Siqueira et al., 2022). In this study, market gardening will be considered as
part of family farming in western Burkina Faso, strategically intended to
diversify farmers diets, and improve their cash income (Hansen et al., 2022;
Kabor�e et al., 2017, 2018). In that vein, several cropping systems have been
identified among market gardeners in Houet province, and these cropping
systems remain influenced by the production site in which the market
gardener operates (Ouedraogo et al., 2019). These authors have shown, for
instance, that depending on whether themarket garden farm is located in a
rural, semi-rural or rural environment, the doses of chemical fertilizers vary
considerably. Moreover, Kabor�e et al. (2017) shown that income from
market gardening varies greatly depending on the locality and the pro-
duction environment. For instance, these authors have shown that in
Ouahigouya, urban market gardeners have the best profits compared to
semi-rural and rural market gardeners, while in Bobo-Dioulasso and Oua-
gadougou, rural market gardeners have the best profit margins. Under
these conditions it can therefore be hypothesized that:

According to their socio-technical and economic characteristics, there
is a large diversity of market gardening operations in western Burkina
Faso.

3. Methods

3.1. Type development

“The main problem in determining a typology is determining the criteria for
type construction” (Del Bayle, 2000). In agricultural research, the choice of
the typology method used depends on the defined objectives and the
discriminating indicators chosen (Agossou et al., 2015; Alvarez et al.,
2014, 2018). Generally, two approaches in the construction of a typology
can be distinguished: structure typology and functioning typology (Kumar
et al., 2019; Mbetid-Bessane, 2002). According to these authors, at the
farm level, the structure typology is based on the inputs used for pro-
duction. It provides a description of the situation of the farm at a given
time. As for the operating typology, its construction is reasoned and re-
quires a baseline farm that guides the modus operandi to be adopted to
observe and account for the diversity of farms (Alvarez et al., 2014;
Capillon, 1993). It is developed by using criteria related to the production
and decision-making processes within the farms (Mbetid-Bessane, 2002).
For this study, the structural typology approach has been preferred. This
choice is motivated by the fact that the socioeconomic analysis concerns
well-defined periods and focuses mainly on the inputs (resources, finan-
cial, material and human means) mobilized by the market gardeners and
on the outputs (yield and socioeconomic benefits) of the farms considered.
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3.2. Sampling and data collect

The study was carried out in the province of Houet. This province was
chosen because its location in an agroclimatic zone favorable to market
gardening. It includes Bobo Dioulasso, the second-largest city in Burkina
Faso (Figure 2).

This research involved market gardeners with at least ten years
working experience in urban areas (sites located in the urban commune
of Bobo Dioulasso), peri-urban areas (sites belonging to villages located
on the outskirts of the city of Bobo Dioulasso), and rural areas (sites
belonging to rural communes in the Houet province). These market
gardeners, mainly market-oriented, producing a various range of vege-
tables. Data collection has been carried out in two steps (Table 1).

The first step consisted of exploratory surveys. For this purpose, two
focus groups involving 10 farmers from each production environment
have been carry out. During the first focus group, qualitative data about
agronomic and socio-economic realities of farmers as well as theirs be-
lieves on the main factors of market garden diversity have been collected.
These data have been processed and highlighted the production envi-
ronment, farm size, financial performance and environmental issues as
the main factors of diversity in market gardening in the region (Figure 3).
During the second focus group, finding from the first focus group, mainly
the identified factors of market garden diversity have been presented and
discussed with the farmers who confirm their accuracy. These factors
have therefore been used to reinforce the individual interview
questionnaire.

After this exploratory stage, individual interviews were conducted.
Ever since market gardener in the study area are more congested in urban
environment, than peri-urban and rural environments, 5, 3 and 2 pro-
duction sites have randomly been selected respectively in these envi-
ronments. Then, proportional to the number of market gardeners in each
locality, 12, 20, and 30 market gardeners have been randomly selected
per production site respectively in urban, peri-urban and rural Environ-
ment. In each production environment, 60 market gardeners have
therefore been selected for 180 gardeners overall (Table 1). Using a
partially structured questionnaire, both variables required for the clus-
tering, and farmers’ perception about their financial performances have
finally been collected.
Figure 1. Operating model of smallholder Farms.
Source: Adapted from Sossou et al. (2013).
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3.3. Data analysis

Data analysis included both data from the exploratory survey and
individual interviews. Concerning data from the exploratory survey, a
qualitative analysis has been carried out. Using the IRAMUTEQ software,
a word cloud has been established to highlight the various concepts and,
which are relevant for the typology according to the farmers. As for the
individual survey data, analysis have been carried out using SPSS and
XLSTAT and QDA Miner software.

To establish typology and characterization of clusters, both descriptive
and multivariate analyses have been performed using SPSS and XLSTAT
software. The descriptive analyses were used to characterize the farms,
while PCA and hierarchical ascending classification (HAC) were used to
determine the structure of the interrelationships between the variables
considered in order to analyze the main factors influencing the economic
situation of the market garden farms in Houet. As a reminder, PCA is a tool
for reducing the dimensionality of a set of quantitative variables which
explores the links between variables and the similarities between in-
dividuals (Busca and Toutain, 2009; Larini and Barthes, 2018). Variables
considered by FAO to be themain variables that characterize farms from an
economic point of view have then been used to analyze the results of eco-
nomicandfinancial profitabilityof farms.According to (FAO,2005), theuse
of these commodity chain analysis variables is relevant in the context of
economic studies aimed at preparing sectoral (agricultural and food) or
global economic policy decisions. These are essentially the variables “In-
termediate Consumption (IC)”, “Depreciation”, “Gross Operating Product
(GOP)”, “Value Added (VA)” and “Net Operating Income (NOI)”, “Gross
Operating Income (GOI)” and “Net Operating Income NOI)”. Out of these
variables, the GOP, GOI, NOI have been selected and completed by addi-
tional variables namely the “Total Expenses (TE)” and “Profit/Cost Ratio
(PCR)”usually consideredas agricultural economics indicators andadapted
for the financial analysis of vegetable farms (Table 2) (Paraïso et al., 2011).
While these variables are financial and seem inappropriate for a classifica-
tion of family farms, the study population is mostly market-oriented and
consequently these variables are adequate for their classification.

Indeed, comparing several vegetable farms is possible if all of the
variables that determine them are considered. However, this would lead to
the classification of these farms according to too many characteristics,



Figure 2. Study area.Source: Authors.

Table 1. Number of respondent's distribution in study area according to the data
collect step, the production environment and the farms locations.

Data collection steps Production
environments

Production
sites

Number of
farmers

Total

First step (Focus
group)

Urbain Dogona 10 30

Peri-urban Leguema 10

Rural Toussiana 10

Second step
(individual interview)

Urban Dafra 12 180

Kuinima 12

Koua 12

Kodeni 12

Dogona 12

Peri-urban Toukouro 20

Leguema 20

Kiri 20

Rural Bama 30

Toussiana 30

Source: Authors.

Figure 3. World cloud of the main factors of diversity in market gardening
according to farmers.
Source: Author's exploratory surveys (2016–2017 market gardening season).
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which would not allow a clear interpretation of the clusters obtained. This
argues for the judicious choice of a reduced number of variables consistent
with the specific objectives of the research. Two simple rules were used to
reduce the number of variables. In this regards the first rule consisted in
systematically eliminating variables with low variability. The level of
variability was assessed using the coefficient of variation (CV) (ratio of the
standard deviation to the mean). Variables with a CV of less than 0.5 are
automatically eliminated, as this rate of variation is too low for these
variables to be discriminating (Sossou et al., 2013). The second rule was to
choose only one variable among those with implicit direct links. Based on
these rules, the following economic variables have been selected: TE, GOI,
NOI, and PRC. The variables “production environment” and “exploited area”
were retained as additional variables in order to assess their respective
influences on the economic performance of the farms.
4

Finally, in order to reinforce the clusters description QDA miner
software has been used to report some farmers' statements typical of the
class to which they belong.

4. Results and discussion

4.1. Results

4.1.1. Socio-demographic characteristics of market gardeners
The majority of market gardeners in Houet province is men. About

66.4% of market gardeners are under 45 years of age, with approximately
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20 years of experience in market gardening. This indicates a predomi-
nantly young population. In addition, 81% of the farmers are less than
primary school educated and 90.5% of the market gardeners interviewed
are engaged in market gardening as their main activity. As for the
transmission of knowledge, it is mainly from father to son at 89%.

4.1.2. Farm structure
The average size of market garden farms in Houet province is 4,800

m2 or approximately half a hectare. In urban, peri-urban and rural areas,
there is a variation in the average area with �2350 m2 in urban areas,
5750 m2 in peri-urban areas and 6350 m2 in rural areas. The majority
(81.1%) of the market gardening areas are located less than 5 km from
the farmers' homes. The predominant mode of acquisition of these
market garden plots is through heritage, which is generally from father to
son (66.5%). To a lesser extent, other forms of acquisition of market
garden plots include rental, purchase, temporary transfer, donation and
community ownership. In addition, results also show that 93% of market
gardeners do not have a tenure agreement. The main irrigation sources
used depend on the environment. While in urban areas wells and indi-
vidual boreholes are the most widely used (95%), in peri-urban and rural
areas, market gardening is highly dependent on water from dams and
rivers (71% and 67%).

4.1.3. Technical and economic characteristics of the farms

4.1.3.1. Production. In order to carry out their production activities,
market gardeners in Houet generally use casual labor. In this way,
47.48% of them use non-salaried family labor and 52.51% use temporary
salaried labor. As for the nature of inputs, the majority of farmers use
chemical fertilizers, mainly urea and mixed nitrogen-phosphorus-
potassium (NPK). Roughly, 78% of market gardeners combine them
Table 2. Definitions of the main economic variables used.

Intermediate inputs Intermediate inputs (CI) are inputs that are completely
transformed or used-up during the production or
transformation process

Depreciation Depreciation or fixed costs represent the theoretical value
of the corresponding wear and tear of investments
(production equipment)

Gross operating product
(GOP)

GOP or gross product value represents the total sales or
turnover

Added value (AV) Value added is defined as the additional wealth generated
by the operation. It measures the creation of wealth by
highlighting the contribution of the production process
involved to the economic growth. It represents the GOP
minus the wealth that had to be destroyed to ensure
production. It is the result of the difference between the
GOP and the intermediate consumptions.
AV ¼ GOP � CI

Income or gross operating
income (GOI)

GOI refers to the operating profit. It is defined as the GOP
minus the value of all operating costs for the year:
intermediate consumption, labor, financial expenses and
taxes (FAO, 2005). A positive GOPmeans that GOP is able
to cover all variable expenses. This implies that
production is economically profitable. On the other hand,
a negative GVA indicates that production is not profitable
(FAO, 2005).
GOP ¼ AV � (labor remuneration þ financial costs þ
taxes)

Income or net operating
income (NOI)

NOI is the balance of GOI minus the value of depreciation.
The NOI is also called profit. When it is positive, it
illustrates the fact that the GOP covers the TE (fixed
expenses and variable expenses). This implies that the
relevant production is profitable (Paraïso et al., 2011).
It is calculated according to the following formula (FAO,
2005):
NOI ¼ GOP - depreciation

Source: Adapted from (FAO (2005) and Paraïso et al. (2011).
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with animal manure, compost and household waste. For soil preparation,
results show that 52.51% of farmers use herbicides and 96.1% of them
use insecticides for phytosanitary treatment in market gardening areas.
With regard to the different speculations, cabbage, tomato, bell pepper,
green bean and lettuce are the most produced. The most common crop in
urban areas is lettuce (produced by 76% of market gardeners), followed
by peppers (produced by 65% of market gardeners) and tomatoes (pro-
duced by 55% ofmarket gardeners). In peri-urban areas, 92.5% of market
gardeners produce cabbage, while 25% of them produce lettuce. In rural
areas, tomatoes are produced by 68.3% of market gardeners, followed by
onions (produced by 21.7% of market gardeners). The production of
these different crops is more diversified in urban areas than in other
areas. In addition, farmers in urban areas generally practice crop com-
binations, with a preference for short-cycle crops such as lettuce, parsley,
celery, etc.

4.1.3.2. Economic characteristics. Overall, the strong economic dimen-
sion of market gardening could explain it growing interest. Indeed, re-
sults showed that market gardeners face an average of 399,900 XOF (610
euros) per year in TE. They generate an average annual GOI of 1,209,300
XOF (1843 euros) and an average annual NOI of 661,900 XOF (1008
euros), while generating an average annual PCR of 214.5. However, these
financial performance indicators hide some disparities according to the
production environment. In urban areas, the average GOP is 1,106,200
XOF (1,686 euros) with an average RNE estimated at 690,500 XOF (1052
euros). In peri-urban areas, the average GOP is 1,331,200 XOF (2029
euros) for an average RNE of 614,100 XOF (936 euros). The average GOP
is 1,188,800 XOF (1812 euros) for an NER of 681,600 XOF (1039 euros)
in rural areas. With regard to the BCR, results show average values of
285.6, 156.1 and 203.2 for urban, peri-urban and rural areas respec-
tively. Overall, the results show that urban operations are more profitable
financially. These above-described Socio-demographic characteristics
have been resume as follow in Table 3.

4.1.4. Dimensions of farm economic performance
The PCA performed on the selected variables generated several di-

mensions of which the twomain ones (D1 and D2) represented 93.70% of
the total inertia of all the variables in the study (Figure 4).

The first axis (D1) of the PCA, representing 51.74% of the total
inertia, is strongly linked to the active variables GOI and TE (Figure 3;
Table 4). It associates these two active variables through a positive
correlation.

In addition, it is also linked to the additional variable “Farm Size” as
well as to the modalities “peri-urban environment”. This shows that farms
located in peri-urban areas are characterized by higher TE and sales
compared to farms located in urban areas. The second axis (D2) repre-
sents 41.97% of the total inertia. It is more strongly related to the vari-
ables PRC and NOI. It is also related to the urban environment. This
shows that farms located in urban areas generate higher profits by
recording higher Net Operating Income and PCR compared to farms in
other areas (peri-urban and rural). The profitability of farms in the
province is therefore partly linked to characteristics specific to the
different production environments.

4.1.5. Farms classification
Finding of the HAC carried out base on the economic variables TE,

GOI, NOI and PRC Revealed four clusters of market gardeners with
different socioeconomic profiles (Figure 5).

4.1.5.1. Cluster 1: small farms with low financial performance. This cluster
includes 31.73% of the farms in the sample, distributed as follows: 32%
in urban areas, 35.84% in peri-urban areas and 32.75% in rural areas. It is
composed of farms with an average area of 3800 m2, generally acquired
by inheritance. Market gardeners in this cluster have an average age of 39
years. Some 81% of these market gardeners have a level of education



Table 3. Socio-demographic and economic characteristics of sample farmlands.

Socio-demographic
characteristics

Farm structure Technical and economic characteristics of the farms

Production Economic characteristics

About 66.4% of market
gardeners are under 45
years

average size of market garden farms in the region
is 4,8 m2

47.48% of market gardeners use non-salaried
family labor and 52.51% use temporary salaried
labor

An average annual TE of 399,900 XOF (610 euros)
per farmer

approximately 20 years of
experience in market
gardening

81.1% of the market gardening areas are located
less than 5 km from the farmers’ homes

78% of farmers use, combine animal manure with
urea and mixed nitrogen-phosphorus-potassium
(NPK)

An average annual GOI of 1,209,300 XOF (1843
euros) per farmer

About 81% of the farmers
are less than primary
school educated

The predominant mode of acquisition of these
market garden plots is through heritage (66,5%)

52.51% of farmers use herbicides and 96.1% of
them use insecticides for phytosanitary treatment
in market gardening areas

An average annual NOI of 661,900 XOF (1008
euros) per farmer

Market gardeners is the
main activity of 90.5% of
the sample

93% of market gardeners do not have a tenure
agreement

The most common crop in urban areas is lettuce
(produced by 76% of market gardeners), followed
by peppers (produced by 65% of market
gardeners) and tomatoes (produced by 55% of
market gardeners)

An average annual PCR of 214.5 per farmer

Transmission of
knowledge, it is mainly
from father to son at 89%.

in urban areas wells and individual boreholes are
the most widely irrigation source used (95%),
while in peri-urban and rural areas, market
gardening is highly dependent on water from
dams and rivers (71% and 67%)

In peri-urban areas, 92.5% of market gardeners
produce cabbage, while 25% of them produce
lettuce. In rural areas, tomatoes are produced by
68.3% of market gardeners, followed by onions
(produced by 21.7% of market gardeners)

In urban areas, the average GOP is 1,106,200 XOF
(1686 euros) with an average RNE estimated at
690,500 XOF (1052 euros). In peri-urban areas,
the average GOP is 1,331,200 XOF (2029 euros)
for an average RNE of 614,100 XOF (936 euros).
The average GOP is 1,188,800 XOF (1812 euros)
for an NER of 681,600 XOF (1039 euros) in rural
areas

– – – As for the BCR, results show values of 285.6,
156.1 and 203.2 for urban, peri-urban and rural
areas respectively

Source: Author's survey (2016–2017 market gardening season).
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below primary school. They have an estimated average of 18 years of
experience in market garden production. The market gardeners in this
category operate in a conventional mode of production. They spend an
average of 278,900 XOF (425 euros) in TE for their activities. However,
these farmers are also more likely to use family labor for specific stages of
production (plowing, semi-repotting and harvesting), while 14% use
external salaried labor. On average, two women work on these farms.
Their investments result in an average GOI estimated at 685,500 XOF
(1044 Euros) and an average Net NOI of 175,000 XOF (267 Euros). They
have an average PCR estimated at 77. By relating their average NOI to
their average area, the ratio index obtained is 46. In addition, 85% of
these market gardeners have no household economy and only 9% of
them claim that their living condition has improved due to the market
gardening activity. Finally, for 81% of them, there are heirs who are
motivated to be involved in market gardening activities.

4.1.5.2. Cluster 2: medium-sized farms with low financial performance. The
market gardeners in this cluster have an average age of 41 years and 20
years of experience in market gardening. This cluster includes 27.54% of
the farms in the sample, of which 19.56% are located in urban areas, 50%
in peri-urban areas and 30.43% in rural areas. These farms have an
average area of about 5200m2. Inheritance is the main way in which land
is acquired. In addition, 37.2% of market gardeners have less than a
primary school education. These farms are characterized by conventional
production methods, with TE estimated to be 691,800 XOF (1,054 euros)
on average. 85% of market gardeners in this cluster use family labor and
27.6% use external paid labor. Furthermore, an average of three women
are involved in the labor force. With regard to the economic performance
of farms in this class, results show an average annual GOP of 1,577,800
XOF (2405 euros), an annual NOI of 633,500 XOF (965 euros) and an
average annual PCR of 106. 24% of market gardeners in this cluster have
savings in a local financial institution, and nearly 21% of them believe
that market gardening improves their everyday living conditions. Simi-
larly, 82% of market gardeners consider that their heirs are motivated to
continue developing their production activities. The ratio of the net
operating income of cluster 2 to the average area farmed is 121.
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4.1.5.3. Cluster 3: large farms with high financial performance. Of this
third cluster of farms, representing 11.37% of the sample, 26.21% are in
urban areas, 36.84% in peri-urban areas and 36.84% in rural areas. The
average size of these farms is about 11,600m2. Inheritance was the major
way of acquisition for 58% of them. Farmers in this cluster have an
average of 25 years of experience in market gardening and an average
age of 46 years. Their educational level is low. In other words, 61% of
these market gardeners have a primary level of education. As with the
majority of market gardeners in Houet province, most of these market
gardeners produce conventionally, with average total annual expenses of
586,700 XOF (895 euros). Most of them (73%) use family labor and
28.6% use salaried labor. The involvement of women in market garden
production activities is preponderant in this class. There are six women
on average employed as laborers. This cluster generates an average
annual GOP of 2,711,500 XOF (4133 euros), an average annual NOI of
2,124,700 XOF (3239 euros) and an average annual PCR of 405.
Approximately 32% of market gardeners have savings in a local micro-
finance institution and nearly 68.4% of them claim that the market
gardening activity improves their standard of living on a daily basis.
Similarly, 88.15% of market gardeners in cluster (3) are motivated to
continue developing their activities. The ratio of the average net oper-
ating income to the average area farmed is 183.16.

4.1.5.4. Cluster 4: small farms with high financial performance. This last
cluster represents 29.34% of the farms in the sample, 50% of which are
located in urban areas, 32% in peri-urban areas and 18% in rural areas.
The average area of these farms is 2350 m2. The majority of the farmers
(68.73%) obtained their land through inheritance. On average, market
gardeners are 42 years old, with an average experience of 20 years in this
activity. The education level of 46.2% of market gardeners is lower than
primary school. The majority of these market gardeners practiced con-
ventional production, with average TE of approximately 184,300 XOF
(291 euros). In addition, 89.36% of them use family labor and 46.84% of
them use external salaried labor. On average, two women are employed
as laborers. In terms of economic benefits, Cluster 4 market gardeners
have an average annual GOI of approximately 847,600 XOF (1292



Figure 4. Different Dimensions of Farm Economic Performance.
Source: Author's survey (2016–2017 market gardening season).

Table 4. Correlations between variables and factors.

Actives variables D1 D2

Total Expenses (TE) 0,890 �0,368

Gross Operating Income (GOI) 0,932 0,315

Net Operating Income (NOI) 0,631 0,733

Profit/Cost Ratio (PCR) �0,102 0,952

Additional variables

Operating area (Sup_Ex) 0,259 0,036

Urban environment �0,186 0,226

Sub-urban 0,198 �0,217

Rural environment �0,012 �0,009

Source: Author's survey (2016–2017 market gardening season).

Figure 5. Graphical representation of the main market gardeners' clusters.
Source: Author's survey (2016–2017 market gardening season).
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Euros), an average NOI of 648,000 XOF (988 Euros) and an average
annual PCR of 390. Approximately 35% of them have savings in a local
financial institution and nearly 42% consider that the market gardening
activity improves their standard of living on a daily basis. For 72.66% of
them, there are heirs within their family who are motivated to continue
developing their market gardening activities. These farms record the best
financial performance with an average net operating income/average
area ratio of 275.74. The main characteristics of the various identified
clusters can be summarize as followed (Table 5).
4.2. Discussion

4.2.1. Socio-demographic characteristics of market gardeners
Finding revealed that a greater number of men than women are

involved in the production of vegetables in the Houet province. As for
women, their full participation in the production of vegetables is restricted
by socially entrenched norms, rules and traditional values. However,
despite these socio-cultural obstacles, they are renting market gardening
plots, exploiting them, and becoming increasingly involved in vegetable
7

harvesting and marketing, as well as in many other ordinary consumer
products (MAHRH, 2007; Miassi et al., 2019; Moussa, 2016). The high
economic dimension of the market gardening activity, which is increas-
ingly attracting young people, can explain the relative youthfulness of
market gardeners in Houet. Research conducted in other West African
(Benin) and Central African (Cameroon) regions explains the youthfulness
of the market gardening population by the reality of the high unemploy-
ment rate in these countries. As a result, more and more young people are
learning market gardening and are engaging in market gardening as a
profession (Ahouangninou, 2013; Ahouangninou et al., 2013; Kaffo,
2005). Overall, market gardeners in Houet have a low level of education.
83.31% of the farmers interviewed had no more than a “primary” level of
education. This confirms the general level of education of the sector's ac-
tors, which is also low in almost all regions of Burkina Faso. In the same
vein, Ouedraogo et al. (2019) showed that Nearly 60% of market gar-
deners are not educated and only 8–10% have completed high school.

These results provide levers to improve the sector's contribution to
the region's socio-economic development. Indeed, the youthfulness of the
region's vegetable farmers is an advantage for the extension of sustain-
able agricultural practices. It has been established that young farmers are
more likely to adopt innovations (Balasha and Fyama, 2020; Issoufou
et al., 2017). Moreover, they are nowadays more accustomed to the use
of new communication technologies (Radhakrishnan et al., 2020; Yang
et al., 2021). Public policy aimed at promoting sustainable agricultural
practices for young market gardeners, based on new communication
technologies, is therefore likely to be effective under these conditions. In
this regard, the BioSPG label, which is one of the first national organic
labels in West Africa, could be particularly appreciated by market gar-
deners in the Houet province, most of whom are young and open to
innovation. Indeed, it is an alternative organic certification system,
adapted to the local context and inexpensive, based on rigorous organic
agriculture tools and standards that integrate all actors in the cycle:
producers, processors, transporters, distributors, support associations
and NGOs, and consumers (CNABIO, 2021). It thus contributes to the
achievement of the Sustainable Development Goals (SDGs) promoted by
the UN and to the success of the agroecological transition advocated by
the FAO, ECOWAS and donors. It also meets the criteria of the National
Economic and Social Development Plan (PNDES) of Burkina Faso
(CNABIO, 2021). According to statistics from the National Council for
Organic Agriculture in Burkina Faso, between 2015 and 2021, BioSPG
certification activities have, for example: (i) certify 52 BioSPG sites in
several regions of the Country, for a total of (i) 1323 producers spread
over (iii) an area of 177.8 hectares, creating in the process (iv) 800 fixed
jobs at the production level of private and associative farms, (v) about
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thirty jobs in processing and marketing, and finally (vii) seasonal and/or
temporary jobs (CNABIO, 2021). In view of its proven socio-economic
impact, promoting this label in the horticultural sector in the Houet re-
gion could be a concrete alternative for guaranteeing employment for
young market gardeners and ensuring healthy food for the entire local
population.

4.2.2. Farms structures and vegetables production
Regardless of the production environment, market gardeners in

Houet work on an average area of about 4,800 m2 (less than half a
hectare). However, the cultivated area differs somewhat depending on
Table 5. Main characteristics of the identified farms clusters.

Main variables Clusters’ values

Average farm size (m2)

0

10000

20000

Proportion of the sampled farms

Various clusters ‘farms locations (%)

33
30

0

20

40

60

 Rura

Average age of market gardeners in the cluster (years)

30

40

50

Experience in market gardening (years)

0

20

40

Annual NOI (Euros)

0

2000

4000

Source: Author's survey (2016–2017 market gardening season).
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the environment (urban, 2350 m2, peri-urban, 5750 m2, and rural, 6350
m2). In fact, the average production area is larger in peri-urban and rural
areas where arable land is more available. In urban areas, where
expansion is increasingly limited and controlled by the public authorities,
production areas are smaller. In this regard (Ahouangninou, 2013;
Ahouangninou et al., 2013; Blein et al., 2008), have stated that due to
constraints related to the increasing urbanization of African cities, land
availability is becoming more limited. This reality hinders the expansion
of fields. Apart from the irrigated areas developed by the State for
farmers in peri-urban areas, most of the land used by market gardeners is
family property. As a result, inheritance appeared in the study as the
3800
5200

11600

2350

Cluster 1

Cluster 2

Cluster 3

Cluster 4

36
32

50

20

37 37

26

18

32

50

l area Peri-urban areas  Urban areas

Cluster 1

Cluster 2

Cluster 3

Cluster 4

39 41
46

42
Cluster 1

Cluster 2

Cluster 3

Cluster 4

18 20
25

20

Cluster 1

Cluster 2

Cluster 3

Cluster 4

267
965

3239

988

Cluster 1

Cluster 2

Cluster 3

Cluster 4
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main method of acquiring market garden production areas, with an
average rate of 66.5%. This is above the national rate estimated to be
43% according to the Ministry of Agriculture and Hydraulics of Burkina
Faso (MAH, 2011). Regardless of a fewmarket gardeners (5%) who claim
to practice the agroecological production method, the majority of market
gardeners (95%) have a conventional production method characterized
by frequent and often uncontrolled use of chemical pesticides, as well as
mineral fertilizers that some combine with organic amendments. Farmers
explain the low level of agro-ecological adoption by pointing out that
most consumers do not distinguish conventional vegetables from organic
ones. This leads van Caloen and de Richecour (2015) to assume that the
existence of a specific demand for agroecological products in the market
garden chain is a basic condition to motivate farmers to move towards
agroecological market garden production (van Caloen and de Richecour,
2015).

4.2.3. Profitability factors and economic performances of vegetable farms
An analysis of the economic performance of market garden farms in

the Houet province using variables related to inputs and outputs shows
that the average NOI in urban, peri-urban and rural areas is 690,500 XOF
(1052 euros), 614,100 XOF (936 euros) and 681,600 XOF (1039 euros)
respectively, for an average area of 2350 m2, 5750 m2 and 6350 m2. As
for the PCR, they are respectively 285.6, 156.1 and 203.2 for the urban,
peri-urban and rural areas. Similarly, the ratio of NOI to cultivated area
for the three environments is 293.8 in urban areas, 106.8 in peri-urban
areas and 107.5 in rural areas. These results show that market gar-
deners in urban areas have the best economic performance. These finding
reinforce the believes that market gardening is one of the most profitable
agricultural business in Burkina Faso (Bambio, 2021). Moreover, the
correlation circle of the PCA revealed a positive correlation in dimension
2 between the variables PCR, NOI and the urban environment. The dif-
ference in average net operating income in these three areas can be
explained by several reasons. First, urban farmers tend to produce a
larger variety of crops in the same season through crop combinations. In
addition, because of their proximity to the main distribution centers for
market garden products, urban farmers generate better profits because of
low transportation costs. In fact, many urban farmers involve their wives
in the direct marketing of their produce (without intermediaries) in order
to benefit from the advantages of their geographic access to the market.
The possibility of direct sales allows these farmers to set very advanta-
geous selling prices (Rocchi et al., 2020; Virto, 2022). In the same way,
market gardeners in urban areas do not have as many problems with the
conservation of their crops because of their immediate contact with
buyers. Their situation contributes to improving their PCR.

In peri-urban areas, farmers explain the limited economic profit-
ability of their activities through the fact that a large part of their pro-
duction is sold locally for local consumption with less competitive prices
than in urban areas. Notwithstanding this explanation, interviews reveal
that an abundant production of a specific crop in the three areas (urban,
peri-urban and rural) would negatively influence the selling prices of this
crop in the peri-urban and rural areas, because distributors would tend to
buy their supplies first in the city. Given that market garden, products are
perishable, in such a situation, peri-urban and rural farmers would tend
to sell off their production to avoid the risk of losing all of it. B.O1 's
comments are illustrative of this reality: “With the same quantity, I can sell
all my cabbages production for XOF 500,000 (762 euros) this year and next
year for less than XOF 300,000 (457 euros), all depending on the period and
market”. Almost all of the market garden production in the rural areas is
sold to wholesalers or trade intermediaries from Bobo Dioulasso, Oua-
gadougou and neighboring countries. The value of the average net in-
come obtained in rural areas can be explained through a larger area of
land being farmed than in urban and peri-urban areas. This results in
higher production and income. Nevertheless, average incomes in urban
1 Market gardeners' leader of the Toussiana site.
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areas are higher than average incomes in peri-urban and rural areas. The
lower average PCR in peri-urban and rural areas than in urban areas can
also be explained through the volatility of prices per kilo of the different
crops sold. This lack of price control is profitable for wholesale pur-
chasers, who tend to set the cheapest price they can. As M.T2 points out
“there is no collaboration between all of us, farmers, in setting the prices of our
products. Each farmer negotiates according to his own interests. For the
resellers, the purchase prices they offer us are set according to the risks related
to transport and the availability of the product requested in the city (urban
center)”.

When the average annual NOI of farmers is reported monthly, it is
found that urban farmers generate an average of 57,600 XOF (88 euros),
peri-urban farmers generate an average of 51,200 XOF (78 euros), and
rural farmers generate 56,800 XOF (87 euros). These low monthly in-
comes are nonetheless significant for market gardeners. This shows that
market gardening is a considerable source of income for the population
(Angwafo and Eric Bime, 2020; Kabor�e et al., 2018; Thiombiano, 2008)
This reality is especially noticeable in peri-urban and rural areas, where
most of the population lives below the poverty line of 40.1% (INSD,
2009). Consequently, it is important to stimulate this sector in these
areas. The importance of market gardening for rural populations has
been confirmed by the research of (Bognini, 2010), who showed that in
the province of Sangui�e (Center-West region), market gardening was the
main source of income among the various activities carried out by rural
households. This money is commonly used to buy food, send children to
school, finance agricultural activities, provide medical care, and partic-
ipate in festive events (weddings and baptisms) or unhappy ones (death,
illness). This is how market gardening activity emerges as a real oppor-
tunity to improve the daily living conditions of farmers (Bognini, 2010;
Kabor�e et al., 2017, 2018). However, income from market gardening
does not allow market gardening households to live above the poverty
line set at $1.9/day/person by the World Bank. This is why some market
gardeners diversify their sources of income by engaging in additional
activities such as animal husbandry, handicrafts, etc.

It is important to note that market garden incomes are irregular over
time and also vary widely from one farmer to another. Analysis of the
socio-economic typology of market garden farms in Houet confirms these
different economic realities. First, it should be noted that the HAC
revealed four categories of farms: small farms with low financial profit-
ability, medium farms with low financial profitability, large farms with
high financial profitability and small farms with high financial profit-
ability. This confirms the hypothesis that, according to their socio-
technical and economic characteristics, there is a diversity of market
gardening operations in western Burkina Faso. The first two categories
(clusters 1 and 2) had the lowest economic results. Apart from the in-
fluence of the production environment, the economic performance of
market gardeners in these two clusters could be explained by the low
financial returns and the high variability of expenses related to market
garden production. This is due to the fact that, in general, the prices of
agricultural inputs are not only high, but also volatile. The last two cat-
egories (clusters 3 and 4) had the best results in terms of financial
profitability. Their better financial results could be explained by the
advantages of direct sales for market gardeners operating in urban areas,
and by the dynamics of the local market in this area. Despite the varying
successes of market gardeners in Houet province, analysis shows that
market gardeners' families were motivated to continue the activity. This
reveals the definite contribution of market gardening to the improvement
of household living conditions. Moreover, in light of these results, and in
order to improve the financial performance of cluster 1 and 2 market
gardeners, public decision-makers and non-governmental organizations
working to develop the sector could undertake training in crop storage
and processing techniques for these market gardeners.
2 Market gardener: interview conducted in Toukoro on November 03, 2018.
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5. Conclusion and policy implications

Moving current production systems towards greater sustainability
requires knowledge of the different categories of farms with regard to
social, economic and environmental sustainability. This study aimed to
provide a comprehensive understanding of the western Burkina Faso
market garden by establishing the nexus between the social, technical
and financial dimension of theses farms. For this purpose, it built on
Sossou et al. (2013) theoretical framework. Overall, finding revealed that
market gardeners are young and mainly produced using conventional
farming practices. It also highlighted the influence of the production
environment and the market risk on the market garden farms financial
performances. From the hierarchical ascendant classification, it emerged
that the market garden farms were divided into four clusters: (i) small
farms with low financial performance (cluster 1); (ii) medium-sized farms
with low financial performance (cluster 2); (iii) large farms with high
financial performance (cluster 3) and finally (iv) small farms with high
financial performance (cluster 4). While the majority of vegetable farms in
clusters 1 and 2 are characterized by their moderate or low profitability,
those in clusters 3 and 4 have a relatively high level of dynamism, which
is indicative of the economic importance of vegetable production in
Burkina Faso. As point out by some authors, moving towards agroecology
in market gardening could be a viable alternative, especially since in the
long term its externalities are positive at economic, social, and especially
environmental levels. In this regard, theses finding provide lever for
action aimed at promoting the sector sustainability: for instance, (i) public
policy based on new communication technologies, can be carry out to promote
sustainable agricultural practices among market gardeners ever since they are
mainly young. Moreover, (ii) training about crop storage and processing
techniques could improve cluster 1 and 2 farmer's financial performances.

Declarations

Author contribution statement

Felix Ou�edraogo and Kiswendsida Parfait TAPSOBA conceived and
designed the experiments.

Felix Ou�edraogo performed the experiments.
Felix Ou�edraogo and Kiswendsida Parfait TAPSOBA analyzed and

interpreted the data.
Kiswendsida Parfait TAPSOBA wrote the paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Data availability statement

Data will be made available on request.

Declaration of interest's statement

The authors declare no competing interests.

Additional information

No additional information is available for this paper.

References

Abdulkadir, A., 2012. Nutrient Flows in Urban and Peri-Urban Agroecosystems in Three
West African Cities. Wageningen University and Research.

Jeune Afrique, 2018. Agriculture: succ�es du maraîchage en Afrique francophone.
https://www.jeuneafrique.com/mag/426330/economie/agriculture-succes-mara
ichage-afrique-francophone/.
10
Agossou, G., Gbehounou, G., Zahm, F., Agbossou, E.K., 2015. Typologie des exploitations
agricoles de la basse vall�ee de l’Ou�em�e, R�epublique du Benin. Agron. Afr. 27 (3),
285–300.

Ahouangninou, C., 2013. Durabilite de la production maraîch�ere au Sud-Benin : un essai
de l’approche �ecosystemique. http://agritrop.cirad.fr/572410/1/document_572410.

Ahouangninou, C., Martin, T., Bio-Bangana, S., Huat, J., Parrot, L., Vidogb�ena, F.,
Medali, D., Houssou, C., Edorh, P., Boko, M., 2013. Characterization and diversity of
the market-gardening production systems and their interactions with urban and peri-
urban environment in Southern-Benin, West Africa. Continental J. Sustain. Dev. 4,
24–38.

Aït Abdelmalek, A., 2000. L’exploitation familiale agricole : entre permanence et
�evolution. �Econ. Rurale 255–256, 40–52.

Alvarez, S., Paas, W., Descheemaeker, K., Tittonell, P., Groot, J., 2014. Typology
construction, a way of dealing with farm diversity. Report for the CGIAR Research
Program on Integrated Systems for the Humid Tropics. Plant Sci. 1–37.

Alvarez, S., Timler, C.J., Michalscheck, M., Paas, W., Descheemaeker, K., Tittonell, P.,
Andersson, J.A., Groot, J.C.J., 2018. Capturing farm diversity with hypothesis-based
typologies: an innovative methodological framework for farming system typology
development. PLoS One 13 (5), 1–24.

Angwafo, T.E., Eric Bime, N., 2020. Market gardening and poverty reduction in Jakiri
Subdivision North west region Cameroon. J. Agric. Crops 6 (64), 32–57.

Balasha, A.M., Fyama, J.N.M., 2020. Factors influencing the adoption of integrated
production techniques for a sustainable vegetable production in Lubumbashi,
Democratic Republic of Congo. Cah. Agric. 29.

Bambio, Z.F., 2021. Agro Pastoral. Cultures maraîch�eres : une fili�ere agricole qui presente
des opportunuit�es d’investissement in�edites. Investir Au Burkina. https://www.inve
stirauburkina.net/agriculture-et-elevage/cultures-maraicheres-une-filiere-agricole-
qui-presente-des-opportunites-d-investissements-inedites.html.

B�eli�eres, J.F., Bonnal, P., Bosc, P.M., Losch, B., Marzin, J., Sourisseau, J.M., Baron, V.,
Loyat, J., Etienne, G., Lutringer, C., 2014. Les agricultures familiales du monde:
d�efinitions, contributions et politiques publiques (Quae). Cirad.

Blein, R., Soul�e, B.G., Dupaigre, B.F., Y�erima, B., 2008. Les potentialit�es agricoles de
l’Afrique de l’Ouest (CEDEAO). In: Fondation pour l’agriculture et la ruralit�e dans le
monde. https://www.fondation-farm.org/IMG/pdf/potentialites_etude_mp.pdf.

Bognini, S., 2010. Cultures maraîch�eres et s�ecurit�e alimentaire en milieu rural. Universit�e
de Ouagadougou, Burkina Faso.

Busca, D., Toutain, S., 2009. Chapitre I. L’analyse en composantes principales. In:
Sup�erieur, D.B. (Ed.), Analyse factorielle simple en sociologie, pp. 7–128. Cairn.info.

Capillon, A., 1993. Typologie des exploitations agricoles, contribution �a l’�etude r�egionale
des probl�emes techniques, 2 tomes, 48. Th�ese Doct. INA PG, Paris, France, p. 301.

CNABIO, 2021. Le label BioSPG du Burkina Faso, qu’est ce que c’est ? https://www.cn
abio.net/le-biospg/.

Congo, A.K., 2013. Risques sanitaires associ�es �a l’utilisation de pesticides autour de
petites retenues: cas du barrage de Loumbila. M�emoire Master 2iE, p. 68.

Del Bayle, J.L.L., 2000. Initiation aux m�ethodes des sciences sociales. L’harmattan.
FAO, 2005. L’approche fili�ere : Analyse financi�ere. Service de Soutien aux Politiques

Agricoles. Division de l’Assistance au Politiques.
FAO, 2013. Revue des politiques agricoles et alimentaires au Burkina Faso. S�erie Rapport

Pays SPAAA, FAO, Rome, Italie, pp. 1–234.
Ferrato, N., Touzard, I., 2009. Comprendre l’agriculture familiale Diagnostic des syst�emes

de production. In: de Agronomiques, P., CTA, G. (Eds.), Agricultures tropicales en
poche (Edition Qu).

Gafsi, M., Dugu�e, P., Jamin, J.-Y., Brossier, J., 2007. Exploitations agricoles familiales en
Afrique de l’Ouest et du Centre. Enjeux, caract�eristiques et �el�ements de gestion.
http://publications.cta.int/media/publications/downloads/1395_PDF.pdf.

Gasselin, P., Choisis, J.-P., Petit, S., Purseigle, F., Zasser, S., 2014. L’agriculture en famille:
travailler, r�einventer, transmettre. EDP Sci.

Graeub, B.E., Chappell, M.J., Wittman, H., Ledermann, S., Kerr, R.B., Gemmill-Herren, B.,
2016. The state of family farms in the World. World Dev. 87, 1–15.

Hansen, L.-S., Sorgho, R., Mank, I., Agure, E., B€arnighausen, T., Danquah, I., 2022. Home
gardening in sub-Saharan Africa: a scoping review on practices and nutrition
outcomes in rural Burkina Faso and Kenya. Food Energy Security 1–19.

Innazent, A., Jacob, D., Bindhu, J.S., Joseph, B., Anith, K.N., Ravisankar, N., Prusty, A.K.,
Paramesh, V., Panwar, A.S., 2022. Farm typology of smallholders integrated farming
systems in Southern Coastal Plains of Kerala, India. Sci. Rep. 12 (1), 1–14.

INSD, 2009. Projections d�emographiques de 2007 �a 2020.
Issoufou, O.H., Boubacar, S., Adam, T., Yamba, B., 2017. Determinants de l’adoption et

impact des varietes ameliorees sur la p roductivite du mil au Niger. Afr. Crop Sci. J.
25 (2), 207.

Jouve, P. (n.d.). Quelques principes de construction de typologies d’exploitations
agricoles suivant diff�erentes situations agraires. Les. Cahiers de La Recherche
D�eveloppement, 11(48–56), 1986.

Kabor�e, M., Ouedraogo, F., Tapsoba, K.P., 2017. Cultures maraich�eres et s�ecurit�e
alimentaire des m�enages des villes de Bobo-Dioulasso, Ouagadougou et Ouahigouya
au Burkina Faso. Rev. Sci. Environ. Univ., Lom�e 1 (n� 14), 318–332.

Kabor�e, M., Ouedraogo, F., Tapsoba, K.P., 2018. Revenu maraîcher et s�ecurit�e alimentaire
du m�enage du producteur dans les villes de Bobo Dioulasso, Ouagadougou et
Ouahigouya au Burkina Faso. Rev. Philos., Litt. Sci. Hum. 3 (10), 723–736.

Kaffo, C., 2005. Cultures maraîch�eres dans les montagnes du Cameroun Occidental. Cah.
Agric. 14 (6), 517–524.

Kolie, J.P.O., 2009. Identification des groupes homog�enes de maraîchers et l’�evaluation
de leurs performances �economiques au Burkina Faso. IAM Montpellier.

Kuivanen, K.S., Alvarez, S., Michalscheck, M., Adjei-Nsiah, S., Descheemaeker, K., Mellon-
Bedi, S., Groot, J.C.J., 2016. Characterising the diversity of smallholder farming
systems and their constraints and opportunities for innovation: a case study from the
Northern Region, Ghana. NJAS - Wageningen J. Life Sci. 78, 153–166.

http://refhub.elsevier.com/S2405-8440(22)03696-9/sref1
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref1
https://www.jeuneafrique.com/mag/426330/economie/agriculture-succes-maraichage-afrique-francophone/
https://www.jeuneafrique.com/mag/426330/economie/agriculture-succes-maraichage-afrique-francophone/
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref3
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref3
http://agritrop.cirad.fr/572410/1/document_572410
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref5
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref5
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref5
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref5
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref5
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref5
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref5
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref6
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref6
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref6
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref6
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref6
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref7
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref7
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref7
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref7
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref8
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref9
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref9
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref9
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref10
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref10
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref10
https://www.investirauburkina.net/agriculture-et-elevage/cultures-maraicheres-une-filiere-agricole-qui-presente-des-opportunites-d-investissements-inedites.html
https://www.investirauburkina.net/agriculture-et-elevage/cultures-maraicheres-une-filiere-agricole-qui-presente-des-opportunites-d-investissements-inedites.html
https://www.investirauburkina.net/agriculture-et-elevage/cultures-maraicheres-une-filiere-agricole-qui-presente-des-opportunites-d-investissements-inedites.html
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref12
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref12
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref12
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref12
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref12
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref12
https://www.fondation-farm.org/IMG/pdf/potentialites_etude_mp.pdf
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref14
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref14
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref14
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref14
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref14
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref15
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref15
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref15
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref15
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref16
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref16
https://www.cnabio.net/le-biospg/
https://www.cnabio.net/le-biospg/
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref18
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref18
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref18
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref18
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref18
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref19
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref19
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref20
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref20
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref20
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref20
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref21
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref21
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref21
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref21
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref22
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref22
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref22
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref22
http://publications.cta.int/media/publications/downloads/1395_PDF.pdf
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref24
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref24
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref24
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref25
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref25
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref25
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref26
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref26
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref26
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref26
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref26
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref27
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref27
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref27
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref27
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref28
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref28
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref28
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref29
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref29
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref29
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref31
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref32
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref32
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref32
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref32
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref32
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref32
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref32
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref32
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref33
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref33
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref33
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref33
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref34
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref34
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref34
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref34
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref34
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref35
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref35
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref35
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref35
http://refhub.elsevier.com/S2405-8440(22)03696-9/sref35


F. Ou�edraogo, P.K. Tapsoba Heliyon 8 (2022) e12408
Kumar, S., Craufurd, P., Haileslassie, A., Ramilan, T., Rathore, A., Whitbread, A., 2019.
Farm typology analysis and technology assessment: an application in an arid region
of South Asia. Land Use Pol. 88 (August), 104149.

Lamarche, H., 1991. Agriculture Familiale: Comparaison Internationale .Tome I, Une
R�ealit�e Polymorphe. Editions l’Harmattan, Paris, FR.

Larini, M., Barthes, A., 2018. Quantitative and Statistical Data in Education: from Data
Collection to Data Processing. John Wiley & Sons.

Lowder, S.K., Skoet, J., Raney, T., 2016. The number, size, and distribution of farms,
smallholder farms, and family farms worldwide. World Dev. 87, 16–29.

MAH, 2011. Bureau central du recensement g�en�eral de l’agriculture, Rapport d’analyse
du module Maraîchage.

MAHRH, 2007. Analyse de la fili�ere maraîchage au Burkina Faso.
Mbetid-Bessane, E., 2002. Gestion des exploitations agricoles dans le processus de

lib�eralisation de la fili�ere cotonni�ere en Centrafrique. Toulouse, INPT, France.
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