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Abstract Agricultural sustainability is actually measured
based on indicators. The choice of indicators is made by
scientists alone and is rarely explained. Therefore, the sustainability assessment may be biased because it does not take into
account the field knowledge of farmers and agricultural extension officers. Here, we used a novel method using participatory indicators in four steps: (1) group discussions with
stakeholders, (2) a survey questionnaire, (3) a household
survey, and (4) an estimation of sustainability level. We applied this method to Benin, West Africa, and defined 17
indicators. Some indicators were similar to known indicators,
whereas other indicators measured the environmental and
social dimensions of sustainability. The method was applied
to a case study of maize farming. We found values of 41 for
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economic sustainability, 55 for environmental sustainability,
and 40 for social sustainability. This finding evidences some
weaknesses of maize farming in northern Benin because the
sustainability threshold value is 50.
Keywords Agricultural sustainability . Farm level . Maize
farming . Participatory indicator-based . Sub-Saharan Africa

1 Introduction
The role of agriculture is well known in economic growth and
rural livelihoods in developing countries, especially in Africa.
In these countries, climate change, water scarcity, water pollution, loss of biodiversity, loss of soil fertility, and soil degradation are challenges that adversely affect agriculture,
compromising its viability and hindering sustainability. To
date, researchers, policy makers, and professionals agree on
the importance of sustaining agriculture and the need to develop appropriate methods to measure the sustainability of
farming systems (Van Calker et al. 2006; Gafsi et al. 2006)
(Fig. 1). Consequently, there is a rich and growing literature
on sustainability assessment (e.g., Rigby et al. 2001; Heller
and Keoleian 2003; Ness et al. 2007; Sydorovych and
Wossink 2008; Gafsi and Favreau 2010; Binder et al. 2010;
König 2013).
Nowadays, sustainability assessment is increasingly
viewed as an important tool to aid in the shift toward sustainable development but very few examples remain of effective
sustainability assessment processes implemented anywhere in
the world (Pope et al. 2004). Indeed, though many tools or
methods have been developed for agricultural sustainability
assessment, their application is often difficult, especially in the
context of developing countries, because of the socioeconomic environment (i.e., definition and collection of data often not
harmonized, data often irregularly collected, difficulties in
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Fig. 1 A sustainable farming system has a good number of benefits such
as economic viability, protection of the environment, and the preservation
of social coordination

access to data (König 2013), farms with small holdings, lack
of data records, etc.).
In the last decade, the scientific community has carried out efforts to build integrated frameworks to support
the decision-making process when sustainability concerns
are examined (Paracchini et al. 2011). In developing
countries, empirical studies on sustainability have been
conducted by Reidsma et al. (2011); Purushothaman
et al. (2012); König et al. (2013); Liu and Zhang
(2013), and Patil et al. (2014) with case studies in China,
India, Indonesia, Kenya, and Tunisia. Although these
studies have filled, to some extent, the knowledge and
research gaps on agricultural sustainability at the farm
level in developing countries, they focused specifically
on land use problems and followed Sustainability Impact
Assessment (SIA) methods, also termed Sustainability
Assessment (SA) methods. SIA methods can be viewed
as tools or processes based on environmental impact
assessment frameworks to assess the impacts or implications of an initiative (e.g., proposed or existing policy,
plan, project, piece of legislation, or a current practice or
activity) on sustainability (Pope et al. 2004). Whereas
most of the SIA methods tend to give more importance
to environmental and technical factors, some consider
additional indicators specific to agricultural production
systems. Twelve selected SIA methods were reviewed
in Van der Werf and Petit (2002).
Because observed sustainability is not likely to be
determined only by the impacts of a few specific initiatives, most SIA methods might be limited. A direct
measurement of the actual sustainability level (we call
these Direct Sustainability Measurement (DSM) methods)
regardless of specific initiatives can be used as a first
step in SIA methods and the measured sustainability
level can be used as endogenous data in models to
explain observed sustainability under a broader range of
initiatives. A few studies (e.g., De Koeijer et al. 2002;
Viaux et al. 2008; Gafsi and Favreau 2010) followed this

R.N. Yegbemey et al.

approach. Beyond the impact assessment frameworks,
the core idea of DSM methods is to identify and measure directly a set of sustainability indicators. Following
Rametsteiner et al. (2011), the role of these indicators is
to structure and communicate information about key
issues and their trends considered relevant for sustainable development. Despite this importance, the development of sustainability indicators provides a particular
challenge to scientists, given the essentially normative
dimension of the concept of sustainability (Rametsteiner
et al. 2011).
Sub-Saharan Africa, to our knowledge, has no application of DSM methods built on directly measurable
indicators. Yet, according to Hayati et al. (2010),
indicators to use for agricultural sustainability should
be location specific and constructed within the context
of contemporary socioeconomic and environmental
conditions. This situation suggests a need to define a
relevant and suitable sustainability measurement framework applicable in many parts of sub-Saharan Africa
while taking into account different socioeconomic environments so as to provide specific and relevant
early-warning information. Along this line, this paper
describes a novel framework for measuring agricultural
sustainability: the Participatory Indicator-Based (PIB)
approach. A practical application is provided through
the example of maize farming in northern Benin, West
Africa.

2 From sustainability to farm sustainability
According to Fleming and Vanclay (2010), sustainability
is a concept relatively easy to understand but difficult to
define in practice. As a matter of fact, there is no
standard definition of sustainability and this makes the
concept complex and even contested. Nevertheless, defining the concept is a prerequisite for developing an
assessment framework (Gafsi and Favreau 2010). At the
farm level, Conway (1985) defined sustainability as the
ability of a system to maintain productivity in spite of a
major disturbance, such as one caused by intensive
stress or a large perturbation. Elaborating on Conway’s
definition, Lynam and Herdt (1989) defined sustainability as the capacity of a system to maintain output at a
level approximately equal to or greater than its historical
average, with the approximation determined by its historical level of variability.
Beyond the multiple definitions, major and common
features are defined for talking about sustainability
(Rigby et al. 2001; Pope et al. 2004; Gafsi and Favreau
2010). On the one hand, sustainability is a multidimensional concept and its three dimensions (i.e., economic,
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environmental, and social) at least are broadly acknowledged.
On the other hand, there is a clear consensus to move from
attempted definitions toward developing and using concrete
tools for measuring and promoting actual sustainability
achievements (Van Passel et al. 2007). Following the concept
definition provided by Conway (1985) and improved by
Lynam and Herdt (1989), we define sustainability at the farm
level as “the capacity of a farming system to maintain or
improve its economic viability over time before major disturbances such as land degradation and climate change occur
while respecting the environment and preserving social
coordination.”

3 Methods
3.1 General method for measuring sustainability as derived
from the literature
According to Binder et al. (2010), SIA methods can be categorized into three types: (i) top-down farm assessment
methods, (ii) top-down regional assessment methods with
some stakeholder participation, and (iii) bottom-up integrated
participatory or transdisciplinary methods with stakeholder
participation throughout the process. The available DSM approaches propose to measure sustainability by means of indicators (indicator-based approaches). Yet, direct indicators for
measuring sustainability are largely defined by top-down
methods. In DSM methods, the three dimensions of sustainability (i.e., economic, social, and environmental) are broken
down into several components. Within each component, one
or more indicators are defined and measured (Gafsi and
Favreau 2010). In general, agricultural sustainability can be
measured in three comprehensive steps:
1. Defining the components: For each dimension of sustainability, relevant components are listed. For instance, crop
productivity (component) is associated with economic
sustainability (Rasul and Thapa 2003). The use of pesticides, herbicides, and fungicides is linked to environmental sustainability (Rasul and Thapa 2004), whereas the
quality of rural life is related to social sustainability (Van
Cauwenbergh et al. 2007; Gafsi and Favreau 2010).
2. Defining the indicators: To measure each component,
specific indicators are defined. This is the essence of the
indicator-based approaches. The indicators might be directly or indirectly related to the components, depending
on the nature of the components to be measured and the
specifications of researchers. For instance, yield is a direct
indicator of crop productivity and the level of prosperity is
an indirect indicator of the quality of life.
3. Defining the threshold lines of sustainability: One of the
basic ideas behind sustainability measurement is to find
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out whether a system is sustainable. This has two possible
approaches. One compares two systems (e.g., Rasul and
Thapa 2004; Meul et al. 2012; Patil et al. 2014), and the
other one uses scores and threshold scores (Gafsi and
Favreau 2010). The second approach seems more consistent since the first one might compare two systems that are
not sustainable. In addition, the use of a scoring system
facilitates further aggregation between indicators on the
one hand and between components on the other hand.

3.2 Specific method applied: the Participatory
Indicator-Based (PIB) approach
Following the general method described above, we applied an
indicator-based approach. As a major limitation in previous
measurement methods, the choices of indicators are most of
the time made by researchers alone and are rarely explained
(Meul et al. 2012). In recent years, the participation of stakeholders in designing research has increasingly been acknowledged by several studies, including the ones aiming to integrate multiple dimensions and different views of sustainability
(e.g., Binder et al. 2010; Ramos and Caeiro 2010; Lebacq
et al. 2013). Although some SIA methods (e.g., König et al.
2012; Rametsteiner et al. 2011; Purushothaman et al. 2012)
have already accounted, to some extent, for stakeholders’
views in defining the impacts of specific initiatives on sustainability, direct indicators for measuring sustainability are
until now based on researchers’ choices. Therefore, in contrast
to previous DSM methods, we used a PIB approach.
In so doing, a fundamental difference from previous
studies is that the output of the current method accounts
for both farmers’ and agricultural extension officers’
viewpoints. In practice, stakeholders had to not only
propose some insights in terms of their understanding
of and expectations from sustainable agriculture, but
also to propose directly measurable indicators and to
argue their positions or views. The role of researchers
is mainly to coordinate the debate in order to reach a
consensus. Accordingly, the participatory approach gives
voice to farmers as well as agricultural extension officers through group discussions. Elaborating on the previous general assessment method described above, the
specific assessment approach consisted of a four-step
process:
1. Organizing group discussions with farmers and agricultural extension officers to identify the required data to
measure agricultural sustainability after:
- Determining the list of components associated with each
dimension of sustainability and the related indicators,
- Setting up a scoring system and threshold values for each
indicator
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2. Designing a household survey questionnaire that will be
used to collect the required data;
3. Organizing a household survey for collecting the required
primary data as imposed determined by the selected indicators; and
4. Estimating the values of each indicator, component, and
dimension of sustainability.

3.2.1 Group discussions
Components and indicators Following the general guidelines
provided by Ritchie and Lewis (2012), group discussions
mainly involved farmers and agricultural extension officers.
Beyond the composition of the group, the moderation techniques and the communication processes are quite crucial for
the results and the participatory approach used. The participatory approach is a broad concept that refers to a whole process
involving at least four levels: (1) participation in decision
making in identifying problems, formulating alternative planning activities, allocating resources, etc., (2) participation in
implementation in carrying out activities and managing and
operating programs (3) participation in economic, social, political, or other benefits individually or collectively (e.g.,
extension training), and (4) participation in evaluation of the
activity and its outcomes for feedback purposes (Uphoff
quoted in Khan 1993). Nevertheless, in the context on this
study, participation refers only to the involvement of farmers
and agricultural extension officers in the definition of sustainability components, indicators, and thresholds through group
discussions.
The group discussions were about the concept of sustainability, its dimensions, and the most relevant components and
indicators (including the threshold level of sustainability) that
might be associated with it. Both men and women were
involved in the focus group discussions. Each focus group
was composed of seven to eight people, involving farmer
leaders (five to six) and agricultural extension officers (two).
The composition of each focus group took into account criteria
such as gender and experience in agriculture. In total, four
focus group discussions were organized in each of the four
agroecological zones in northern Benin. Throughout the group
work, 12 components and 17 indicators were identified to
measure agricultural sustainability at the farm level (Table 1).
Scoring system and threshold of sustainability One of the
requirements for processing multiple indicators within an
aggregation framework is that all are reduced to the same
scale, with common units (Nardo et al. 2005). Thus, all
indicators must be normalized, preferably to a continuous
numerical scale, in order to allow mathematical procedures
such as linear-additive aggregation to be performed
(Paracchini et al. 2011).
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In order to facilitate interpretations and combinations between indicators within the components, we defined a uniform
5-level scoring scale (from 1 to 5) for each indicator (Table 2).
In terms of sustainability or contribution to overall agricultural
sustainability, 1, 2, 3, 4, and 5 mean very low, low, medium,
high, and very high sustainability, respectively. Before defining the real values behind each level of the scale, threshold
values of sustainability were fixed and given level 3. Then, the
remaining levels (1, 2, 4, and 5) were set up around the
threshold value of the indicator. By using such a scoring
approach, some indicators might be more important or dominant than others in the sense that a bad (low) value of one
component associated with a good level of sustainability
overrides better (higher) values in other components also
associated with a good level of sustainability. To avoid this
bias, we associated only a high value (score) with a good level
of sustainability. For instance, higher technical efficiency and
lower doses of pesticides both refer to a high score of economic and environmental sustainability, respectively.
For each indicator, a threshold of sustainability is an interval of values corresponding to a level of sustainability. The
threshold values were defined from focus group discussions
with farmers and agricultural extension officers cross-checked
with secondary literature. The threshold values did not vary
significantly among the focus groups. As an expectation, if a
farming system is sustainable, its current or measured level of
sustainability should be on the threshold (i.e., level 3) or above
it. For the available capital indicator, a theoretical budget for a
farm of 1 ha of maize was designed in a focus group. Then,
around the theoretical budget (about 100,000 francs CFA/ha),
we set the sustainability thresholds. For net income, calculation of the threshold value was based on the SMIG (InterProfessional Minimum Wage or Salary), which is about
30,000 francs CFA/month, giving about 360,000 francs
CFA/year based on the assumption that, from farm income,
farmers should be able to obtain as much money as they could
obtain if they were workers. Finally, the thresholds of indicator doses of fertilizers and herbicides were based on the doses
recommended by the National Institute of Agricultural Research in Benin (INRAB). The threshold values of the remaining indicators were derived from farmers’ experience. In
practice, stakeholders were asked to define intervals of these
indicators that a sustainable farming system would have considering the different levels of sustainability scored as 1, 2, 3,
4, and 5.

3.2.2 Household survey questionnaire
From the results of the group discussions, the data required to
measure each indicator of sustainability were identified
(Table 1). Based on these required data, a questionnaire was
designed for data collection through a household survey. In

Net income

Technical efficiency

Profitability

Efficiency

Social

Level of soil erosion

Exploitation length (years
of continuous use of land)
Quantity of fertilizer applied
Land size under production
Quantity of herbicide applied
Land size under production
Land size under production
Land size under erosion
Land size under production
Number of trees in the field

Quantity of output
Quantity of each input

Quantity and price of output
Quantity and price of each
input used

Size of land under production
Quantity of output

Capital available at the
beginning of production
Size of land under production

Required data
Agriculture needs investments that farmers have
to use as capital
The success of production depends much on farmers’
capability to have a consistent budget from the
beginning of production
Relying on credit is risky for farmers
The level of autonomy influences from the beginning
of production farmers’ decisions such as the size
of land to be cultivated, the share of each crop, etc.
As long as the average productivity level is reached
before major disturbances, farmers are willing
to invest in production over time
The activity should provide income that will help
farmers to take care of their own needs and the
needs of their family, including both food and
nonfood needs
Agricultural production takes place in a context of
limited natural resources (land, labor, capital, etc.).
Farmers have to be efficient (operate at the optimum
level) to not overuse or misuse resources
A prerequisite for sustaining agricultural production
because, if soil fertility decreases, the viability
of agriculture is in danger

Key arguments advanced by stakeholders

Excessive pressure, erosion, organic matter loss,
and salinization are the major sources of arable
land degradation
Tree density
Good practices protecting arable land are crucial
for agricultural production over time
Seeds quality
Cycle of seed renewal Number of years for seed
Old seeds are likely to have lower quality. Indeed,
renewal
these seeds are mainly provided from many
rounds of previous harvests whereas their
germination potential becomes lower with time
Crop rotation system Crop diversity
Number of crops involved
Good practices for soil management with numerous
in maize production systems
positive advantages
A good system of crop rotation enables farmers
Cycle of rotation
Length of a rotation cycle
to not depend too much on external inputs
Food self-sufficiency Auto-consumption
Quantity of output for
The preliminary role of agriculture is to ensure
rate
auto-consumption
household food security
Size of the household
The harvest should be able to be used for feeding
household members until new production takes
place

Arable land
degradation

Dose of pesticides

Dose of fertilizers

Exploitation length

Yield

Crop productivity

Environmental Soil fertility

Capital available
per hectare

Financial
autonomy

Economic

Indicators

Components

Dimensions

Table 1 Sustainability dimensions, components indicators, required data, and available references

–

Horrigan et al. (2002); Rasul and Thapa (2003),
and Gafsi and Favreau (2010)

–

Rasul and Thapa (2004). Use of pesticides,
herbicides, and fungicides
Rasul and Thapa (2003); Gafsi et al. (2006),
and Van Cauwenbergh et al. (2007)
–

Ingels et al. (1997). Use of chemical fertilizers

–

De Koeijer et al. (2002); Van Cauwenbergh
et al. (2007); and Van Passel and Meul (2012)

Rasul and Thapa (2004); Van Calker et al. (2006);
Gafsi et al. (2006); Van Cauwenbergh et al.
(2007); and Meul et al. (2012)

Rasul and Thapa (2003), Meul et al. (2012), and
Van Passel and Meul (2012)

Viaux et al. (2008) and Gafsi and Favreau (2010)

Available referencesa
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Social involvement

Quality of life

Share of expenditures Share of maize revenue in the Besides the household’s food needs, there are needs
total household expenditures
for cash for expenditures on food or nonfood
goods (children’s schooling, health, etc.)
Production should be enough for consumption
and sales in order to contribute to household
expenditures
Level of prosperity
Size of household, size of land, Being prosperous in society is fundamental
and size of livestock
for farmers
Bank account
Diversity of social
Maximum number of different Farmers use to be involved themselves in social
organization
social organizations
networks
Different organization
Agriculture should allow farmers to participate
memberships
in the social life of their community
Output share for
Quantity of output
social networks
Quantity of output for social
networks

Key arguments advanced by stakeholders

Household
expenditures

Required data

Indicators

Components

–

Van Cauwenbergh et al. (2007) and Gafsi and
Favreau (2010)

Van Cauwenbergh et al. (2007); Gafsi and Favreau
(2010) and König et al. 2013

–

Available referencesa

a

Only relevant references not older than 2002 have been considered except Ingels et al. (1997) because we did not find any recent reference

This Table summarizes the sustainability indicators associated with each component identified under each dimension. It also summarizes the required data to measure each sustainability indicator and key
arguments advanced by farmers and agricultural extension officers to select the sustainability components. Finally, available/relevant references in which the sustainability indicators or components have
been used already are listed

Dimensions

Table 1 (continued)
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Table 2 Scoring scales of sustainability indicators of maize production in northern Benin
Scores
Indicators (dimensions)

Very low
(1)

Low
(2)

Average
(3)

High
(4)

Very high
(5)

Capital available (francs CFA/ha)
Yield (kg/ha)
Net income (francs CFA)
Technical efficiency (%)

<20,000
<1,000
<100,000
<10

20,000−80,000
1,000–2,000
100,000−300,000
10–30

80,000–150,000
2,000–3,000
300,000–400,000
30–50

150,000−300,000
3,000–4,000
400,000–600,000
50–70

>300,000
>4,000
>600,000
>70

Exploitation length (years)
Dose of fertilizer (kg/ha)
Dose of pesticide (L/ha)
Level of soil erosion (%)
Tree density (trees/ha)
Cycle of seed renewal (years)
Crop diversity (crops)
Cycle of rotation (years)
Auto-consumption rate (kg/household member)
Share of expenditures (%)
Level of prosperity (classes)
Diversity of social organizations (%)
Output share for social networks (%)

>16
>400
>5
>20
<4
>4
<2
<1
<200
<10
1
<10
<5

12–16
300–400
4–5
15–20
4–8
3–4
2–3
1–2
200–400
10–30
2
10–20
5–10

8–12
200–300
3–4
10–15
8–12
2–3
3–4
2–3
400–600
30–50
3
20–30
10–15

4–8
100–200
2–3
5–10
12–16
1–2
4–5
3–4
600–800
50–70
4
30–40
15–20

<4
<100
<2
<05
>16
<1
>5
>4
>800
>70
5
>40
>20

This Table presents the scoring scales applied to each sustainability indicator. The average score (score 3) is the sustainability threshold. These scoring
scales were used to match the measured values of each sustainability indicator to scores 1, 2, 3, 4, or 5. Francs CFA 650≈Euro 1

addition to the required data, farmers’ socioeconomic conditions can be determined for further modeling purposes.
3.2.3 Household survey
The aim is to collect all data required to measure the sustainability indicators. The household survey was conducted
through individual interviews with a sample of respondents.
Afterward, the collected data were coded and entered into
Excel for further processing.
3.2.4 Estimation of the values of indicators, components,
and dimensions
The value of each indicator was equal to its sustainability score
(1, 2, 3, 4, or 5). To simplify the calculations, an equal
weighting method was used under each dimension and component of sustainability, implying a simple and linear aggregation technique. Thus, the value of a given component is equal
to the average score of its related indicators. Considering a
component C with i indicators (I), its value (VC) is given as:
X
V C ¼ N −1 :
V Ii
ð1Þ
i

where N is the number of indicators related to the component C
and VIi is the value (score) of the ith indicator. Therefore, the
maximum value of each component was 5 and the minimum 1.

The value of each dimension is the sum of values of its
components. Moreover, we set the maximum value of each
dimension at 100. In so doing, the maximum value of each
dimension was 100 and the minimum 20. The value (VD) of a
given dimension D with j components is given by:
V D ¼ 20:j −1 :

X

V Cj

ð2Þ

j

3.3 Study zone
The study took place in northern Benin, located between 8°
30′ and 12° 20′ North and 1° 00′ and 3° 90′ East. This region,
considered the food basket of Benin, is divided into four
agroecological zones. Both focus group discussions and a
household survey were conducted in the same area.
To facilitate an illustration of the method, we focused only
on maize production. However, the method is relevant and
applicable to other types of farms. With support from agricultural extension officers of Centre Communal de Promotion
Agricole (CeCPA), a total of 336 maize producers were sampled randomly in eight villages selected in the four agroecological zones according to farming system diversity and the
importance of maize farming. The household survey was
conducted through individual interviews based on the survey
questionnaire. Data were analyzed by using descriptive statistics in Excel and sensitivity t tests in STATA 11. The
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respondents were mainly men about 40 years old and heads of
households with 13 members on average. Agriculture is the
main activity of 94.35 % of the respondents, and the average
farm size in terms of land under use is 11.61 ha, including
fallows and land not in use. Table 3 summarizes the descriptive statistics of the data required by the framework.

4 Results and discussion
4.1 Current level of agricultural sustainability
Figure 2 presents the current levels of economic, environmental, and social sustainability of maize farming in northern
Benin. This figure reveals that, in the current state and on
average, maize farming presented weaknesses in the economic and social spheres but showed positive scores in the environmental area. Following the definition of sustainability,
maize farming in northern Benin is vulnerable to disturbances
such as land degradation and climate change that adversely
affect agriculture. This result is quite illustrative of the constraints to the agricultural sustainability of maize farming in
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northern Benin. Such a picture can therefore serve as a tool for
decision-makers as specific and relevant policy recommendations could be easily derived from it.

4.1.1 Economic sustainability
The components of economic sustainability were all under the
threshold values except for the profitability component, which
is under the threshold but very close to it (Fig. 2). It turns out
that farmers did not have strong financial autonomy (sustainability score 2.09). In addition, the productivity level was still
low (sustainability score 1.85), and the combination of inputs
not technically efficient (sustainability score 2.07). Nevertheless, maize production could provide a positive net income to
farmers (sustainability score 2.82), almost equal to the minimum wage in Benin. Given that picture, the average value of
economic sustainability of maize farming was 41.44. This
current level of economic sustainability is statistically below
the threshold line of sustainability (value 50). Indeed, the t test
of one sample mean comparison revealed a highly significant
difference, at the 1 % level (P<0.01), between the current
level of economic sustainability and the expected threshold.

Table 3 Descriptive statistics of sustainability indicators of maize production in northern Benin
Indicators (dimensions)

Mean values measured

Mean scores

Capital available (francs CFA/ha)
Yield (kg/ha)
Net income (francs CFA)a
Technical efficiencyb
Exploitation length (years)
Dose of fertilizer (kg/ha)
Dose of pesticide (L/ha)
Level of soil erosion (%)
Tree density (trees/ha)
Cycle of seed renewal (years)
Crop diversity (crops)
Cycle of rotation (years)

58,056.51 (26,666.66)
1,265.80 (748.81)
701,278.6 (840,778.30)
0.58 (0.19)
11.23 (6.02)
167.19 (81.48)
2.73 (1.91)
19.93 (21.64)
12.36 (9.10)
2.51 (1.40)
2.31 (0.57)
2.54 (0.92)

2.09 (0.81)
1.85 (0.82)
2.82 (1.68)
2.07 (0.97)
2.82 (1.15)
3.81 (0.80)
3.95 (1.08)
3.36 (1.68)
3.11 (1.33)
2.09 (1.20)
1.78 (0.70)
2.36 (1.15)

Auto-consumption rate (kg/household member)
Share of expenditures (%)
Level of prosperity (classes)c
Diversity of social organizations (%)
Output share for social networks (%)

134.20 (168.17)
41.38 (34.82)
1.87 (1.07)
20.56 (10.03)
10.89 (10.79)

1.29 (0.70)
2.90 (1.51)
1.87 (1.07)
1.95 (0.97)
1.95 (1.19)

This Table presents the descriptive statistics of sustainability indicators and the corresponding sustainability scores. Following the scoring scales, each
indication is expected to have a minimum value of 1 and a maximum value of 5. Indicators with scores above the average sustainability threshold (score
3) highlight high or very high sustainability, whereas indicators with scores below the average sustainability threshold indicate low or very low
sustainability. Francs CFA 650≈Euro 1; values in parentheses are standard deviations
a

Net income: gross product—total costs of production (variable and fixed costs)

b

Estimation method: stochastic frontier analysis (SFA) using a Cobb-Douglas model

c

Cluster analysis with variables: size of household, farm size, possession of livestock, and bank account
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Fig. 2 Current levels of economic, environmental, and social sustainability of maize farming in northern Benin. Eco. Economic, Env. Environmental, Soc. Social. The red and blue lines are the average threshold of

sustainability and the current level of sustainability, respectively. If maize
farming is sustainable, the blue line is expected to be on the red line or
above it. Otherwise, maize farming in northern Benin is not sustainable

4.1.2 Environmental sustainability

by the PIB approach. It is the first attempt to measure agricultural sustainability by using a direct measurement method
based on participatory indicators in the context of a developing country in sub-Saharan Africa.
First, the entire method is based on a participatory approach, allowing researchers to value local knowledge when
measuring agricultural sustainability. To some extent, besides
the shortcomings of participatory approaches in which the
results largely depend on moderation techniques, the method
could be criticized for being a mix of participatory and expertdriven approaches since researchers are involved, more or less
actively, in some stages. Nevertheless, the PIB approach emphasizes building up a framework on farmers’ and agricultural
extension officers’ viewpoints in terms of agricultural sustainability. Subsequently, the application of a PIB approach for
measuring agricultural sustainability requires that researchers
be fully aware of participatory tools.
Given that previous assessment methods used the collection of specific data selected only by researchers, the proposed
approach could require more time for implementation. Indeed,
any further studies aiming at measuring sustainability and
willing to apply the proposed PIB approach should at least
start from step 2 (Setting up a scoring system and thresholds).
However, we strongly recommend up-dating or checking/
validating the relevance of the indicators through focus group
discussions. In both cases, updating the threshold values in
group discussions (including the values behind the scoring
scale) is a fundamental prerequisite for applying this approach. This makes the methods adaptable in terms of both
time and space. This makes more sense because the sustainability level (threshold) of a given indicator might be different
across regions and might also change over time.
As a shortcoming, the framework measures relative sustainability and is definitely likely to be location specific. This
would not allow a comparison of the final outcome between
two countries with different socioeconomic conditions or even
within the same country. But, this limitation could also be a
strength since it makes the framework rather flexible and
location specific. As a matter of fact, two countries or two

Maize farming in northern Benin was sustainable with respect
to soil fertility (sustainability score 3.52) and land degradation
level (sustainability score 3.23). The two components were
the main sources of the good environmental value in overall
sustainability (Fig. 2). Seed quality (sustainability score 2.09)
and the crop rotation system (sustainability score 2.07) were
still components to be improved. On average, the value of
environmental sustainability of maize farming was 54.66.
This current level of environmental sustainability was statistically above the threshold line (value 50). Moreover, the t test
of one sample mean comparison revealed a highly significant
difference, at the 1 % level (P<0.01), between the current
level of environmental sustainability and the expected
threshold.
4.1.3 Social sustainability
Food security (sustainability score 1.29), social involvement
(sustainability score 1.96), and quality of life (sustainability
score 1.87) were the three components that constrained social
sustainability (Fig. 2). The level of the component share of
expenditures (sustainability score 2.9) was close to the threshold line. On average, the value of social sustainability of maize
farming was 39.80. This current level of social sustainability is
statistically below the threshold line (value 50). The t test of
one sample mean comparison revealed a highly significant
difference, at the 1 % level (P<0.01), between the current
level of social sustainability and the expected threshold.
4.2 Strengths and weaknesses of the PIB approach
Stakeholder participation in the development of indicators is
not only crucial for selecting regionally relevant indicators but
also for improving the recognition and use of indicator results
(Rametsteiner et al. 2011). Moreover, as suggested by Hayati
et al. (2010), indicators used for agricultural sustainability
should be location specific. These prerequisites are fulfilled
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different regions within the same country are very likely to
have different socioeconomic features. Another shortcoming
could be that the PIB approach as presented in this paper is not
suitable for assessing the temporal and spatial dimensions of
agricultural sustainability. Regardless of the participatory approach, there is a good debate about indicator-based approaches in the literature as one of the major weaknesses of
these approaches is that they fail to highlight the temporal and
spatial dimensions of sustainability. Finally, the indicators and
even the threshold of sustainability yielded with the PIB
approach are very likely to be as subjective as the sustainability concept itself.

4.3 Is the PIB approach outcome related to previous methods?
Most of the sustainability indicators used corroborate with a
good number of empirical research efforts applying SIA or
DSM methods (Table 1). Indeed, although the current study
partly used an innovative approach—the PIB approach, for
instance—for designing the framework of sustainability measurement, some suggested components or indicators found are
also proposed in the abundant literature on agricultural sustainability assessment. The new indicators are found under the
environmental dimension (i.e., length of continuous land exploitation, tree density, and seed quality) and social dimension
(i.e., food security, share of expenditures, and output share for
social networks) of sustainability. It is often observed that
farmers reduce the length of fallow or do not practice it
anymore. This situation poses, ceteris paribus, the difficulty
of soil regeneration. Tree density contributes to the control of
soil erosion and therefore maintains the system before major
disturbances. Also, in the study zone, having trees in the field
and being able to decide on whether to cut them or plant new
ones refers to land ownership (Yegbemey et al. 2013). Seed
quality is also a new indicator that accounts for environmental
sustainability. Good seed quality helps to sustain crop yield
and decreases pathogen and pest attacks and sprays, therefore
reducing the use of plant protection products.
The new indicators of social sustainability reflect more of
the specificities of developing countries. Food security is well
known as a major challenge in developing countries and
therefore it is worthy of being a component of sustainability.
Likewise, agriculture is expected to provide cash to meet other
food or nonfood needs. Thus, the household’s share of expenditures for an activity comes up as an expectation from a
sustainable system. Beyond the social involvement commonly
used, farmers also emphasized the output share for social
networks. Indeed, one should not only belong to social organizations, but also take part in the processes of gifting and
sharing that are very developed in developing countries, especially in Africa. These new indicators might be full of
information for agricultural policymakers. Indeed, they give
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direct feedback on the expectations of farmers in terms of
agricultural sustainability.
4.4 Measured level of sustainability
The low financial autonomy could be linked to low income and
the context of poverty in rural areas in developing countries in
general, and in Benin particularly. Agriculture generates on
average and per year low income of francs CFA 222,932.59
for maize in Nigeria (Oladejo and Adetunji 2012) and Francs
CFA 21,700 for cotton in northeastern Benin (Paraïso et al.
2012). According to Jayne et al. (2003), mean annual per capita
household income varied from $43 (francs CFA 21,554.4) in
Mozambique to $337 (about francs CFA 168,926) in Kenya. In
addition, in most of the countries in Africa, poverty is well
known to be predominant in rural areas (Dercon 2009). The
productivity of maize farming (average yield of 1,265.80 kg/ha)
is still low while it is well established that even local varieties in
Benin can yield up to 1,500 kg/ha. Somehow, farmers underuse
or overuse inputs, implying low technical efficiency, which
does not necessarily affect productivity or income. The good
result for environmental sustainability is mainly because
farmers, on average, use doses of pesticides below or equal to
the recommended doses. Nevertheless, the duration of seed
renewal and the crop rotation system as they are do not favor
good sustainability of the system. Considering the social dimensions of sustainability, the low level of food security may
also be considered sustainable since farmers might have a wide
range of food patterns even if maize is a staple food. The share
of expenditures shows the social role of maize production.
According to Yabi and Moustafa (2011), maize is becoming a
cash crop, able to generate consistent income. The low quality
of life is linked with poverty. The low social involvement could
be explained by the fact that farmers’ associations in agriculture
mainly focus on cotton.

5 Conclusions
This is the first attempt to measure agricultural sustainability
by using direct measurement methods based on a PIB approach in the context of a developing country in sub-Saharan
Africa. To some extent, many sustainability indicators proposed by farmers and agricultural extension officers corroborate with those already mentioned in the literature. Some new
indicators emerged in the spheres of environmental and social
sustainability. The main strengths of this approach are its
participatory nature and its flexibility (location-specific
indicators). However, the approach also has a major weakness
related to the subjectivity of components, indicators, and
thresholds of sustainability.
An illustration of the application of the framework with a
focus on maize farming in Benin, West Africa, revealed that
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maize farming in northern Benin shows low economic and
social sustainability. This early-warning information suggests
that better extension support aiming at enhancing farmers’
technical efficiency could help move the level of economic
sustainability close to or above the threshold of sustainability.
In addition, research and agricultural extension services
should work to provide farmers with good seeds and promote
practices such as seed renewal while the current amounts of
fertilizer and pesticide use should be kept as they are because
substantial increases will decrease the current level of environmental sustainability. Finally, promoting specific associations such as development associations could improve
farmers’ involvement in social life. Future research could
improve the aggregation technique by using non-linear
schemes in which the weights of sustainability components
and indicators are defined by stakeholders.
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