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Summary
Today’s mainstream model of producing and distributing agricultural products is under question.
The agricultural practices heirs of the green revolution, the industrialization of food processing
and the growth of intermediaries in the selling process are

criticized by social and political

movements all around the world (Lockeretz, 2007; Shiva, 2016). From one side, there is a call for
sustainable agriculture, meaning a way of producing that preserves nature and biodiversity,
promotes equal distribution of benefits and supports social inclusion (Horrigan et al., 2002).
Producing organic food according to agro-ecological principles, has been considered as a way to
be environmentally, socially and economically sustainable (Altieri, 2009; Marsden et al., 1999).
On the other side, the food distribution system has been questioned by the growth of Alternative
Food Networks (AFNs). AFN such as farmer’s market, farm shops, box schemes and CSA
(community supported agriculture), are at the base of the democratization of food distribution
connecting directly consumers and producers. The goal of these networks is to provide fresh and
healthy products to consumers, in exchange of financial support local to small scale producers
and increased transparency in the selling process (Renting et al., 2003). In France, one out of two
organic farmers choose to sell his/her products directly to consumers, and the most used outlets
are farm shops (37%), local markets (26%) and AMAPs (15%) (Agence bio, 2014).The
Association pour le Maintien d’une Agriculture Paysanne (AMAP), or association for the maintain
of peasant agriculture, is a French type of Community Supported Agriculture in which consumers
contract seasonally local producers to provide them with seasonal and high quality food on a
weekly basis (Dubuisson-Quellier et al., 2011).
Even if AFNs and the sustainability of agro-ecological and organic practices are gaining more
space in the academic discourse, it is unclear how farmers involved in these new models are
perceiving sustainability of their production and selling system and how they perform in
accordance to economic, social and environmental aspects (Häni; 2006).
Therefore, the main purpose of this study was to explore and compare farmer’s perception of
farm sustainability with the results of their practices, in the framework of alternative food
networks. A special attention was dedicated to comprehend the role of AMAP on farm
sustainability. A participatory approach was used, by investigating perceptions and monitoring
performances by the use an indicator-based assessment. For this study, 29 organic vegetable
6

farms in the department of Maine-et-Loire, France, were used as a case study, with the further
analysis of two farms compared on the basis of their different selling system (one AMAP and the
other one not).
Two main methods were used in this study to respond to the main objective, namely Fuzzy
Cognitive Mapping (FCM) and MESMIS. The first is the process of constructing visual maps of
one’s understanding on the functioning of a system, especially when data are lacking and the
situation is complex (Kosko, 1987; Grey; 2014). FCM permit to pass from individual
representation of a system to a collective one, by the condensation of individual maps, in order to
get an idea of a group vision and bigger pattern. In this sense, 29 maps were created, one per
each farm, and then aggregated in three social maps: one for the whole sample, one for the
AMAP farmer and one for the non-AMAP farmers.
The second methodology used, MESMIS, is a framework that aims to evaluate agricultural
system sustainability through an indicator-based, participatory, flexible and interdisciplinary
evaluation (Speelman et al., 2007). It normally compares one farming system over time or more
farming systems together, in order to highlight trade-offs, weaknesses and strengths to inspire
future changes (Masera et al., 2000). In this process, two farms were analysed through the
MESMIS process, one being part of the AMAP network and one selling outside the network.
From the data collected throughout the research it could be observed that farmers were relatively
young (average of 41 years old), educated and newly installed. Moreover, half of them were new
to the agricultural sector before starting their farm and chose the work of vegetable production
after a professional conversion. Farms were generally small (>6ha), diversified on the production
array and most of them diversified in the selling strategy. The only ones having one sole market
outlet were part of the AMAP network.
In the environmental domain, soil was considered as an ally and its quality was cited as a very
important factor for sustainability. Producing organically was considered to be at the base of its
preservation. The main practices used to maintain soil quality were conservation agriculture,
mulch, green manure, crop rotations. Biodiversity, wild as cultivated, occupied a great role for
farmers in terms of improved ecosystem balance. The two farmers analysed took care of their soil
in different ways: the AMAP farmer implemented reduced tillage and green manure for
fertilization. The non-AMAP farmer implemented a high range of crop diversity, inoculated soil
7

bacteria and auto produced his fertilizers to boost soil life and, therefore, soil quality. These
practices made him more autonomous from external resources compared to the AMAP farmers,
which was mostly buying his amendments, seeds and plants.
In the economic domain, most of the farmers described economic security as at the base of their
sustainability: for AMAP farmers this security was assured by both selling in AMAP and through
market, while for non-AMAP is assured by producing a high diversity of crops. This is reflected in
the two case studies, where the non-AMAP farmer produce 25 crop species more. In general,
direct selling was considered to be beneficial also for social reasons: for non-AMAP farmers it
increased the possibility to communicate with consumers and present them their qualities. For
AMAP farmers, the network was a true source of trust between producer and consumers.
Opposing views related to Investments, considered as both causing the decrease or the increase
of low revenues according to farm scale, strategy and objectives. In any case, the revenue was
considered to be too low compared to the hours worked. Productivity was the second most cited
economic factor and farmers thought that productivity was negatively influenced by climate
change. The latter is a factor that farmers seen as inevitably having negative influences on their
farm, but no adaptation strategies were cited by farmers to face the consequences of weather
variability.
In the social domain and overall, mental wellbeing was considered to be the most important factor
for sustainability. AMAP farmers related it to the possibility of working in a pleasant environment
and landscape. For non-AMAP farmers, it was especially related to the balance between work
and free time, which often was disrupted. The time for private life and family was often sacrificed
for longest working days due to the heavy workload.
The comparison between farmer’s perception and practices showed that as well as cited in the
Social Map of AMAP farmers, the economic benefits of the AMAP network are real and related to
better economic performances for the AMAP farmer in the case study. Moreover, the perception
of non-AMAP farmers that crop diversity play an important role on economic security was
observed in the situation of the non-AMAP farmer analysed, which was cultivating a striking
diversity of crops. Conservation agriculture practices were considered as important in both group
perceptions, but in the case studies on the AMAP farmer was convincingly engaged in adopting
them. The perception of heavy workload as a variable that cannot be influence was contradicted
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by the field measurements which showed that this negative influence showed to be greatly
malleable depending on farm organization and objectives: in the two farms case study, the AMAP
farmer worked 25 hours/week less compared to the non-AMAP farmer.
From these data it can be concluded that vegetable farmers in Maine-et-Loire are often resigned
themselves to the heavy workload of their job, considered as inevitable. On the other side, the
results of the case studies showed that diverse strategies in farm organization, objectives and
work anticipation can dramatically reduce the charge of work. Farmers are also responsible of
their workload concerning the trade-offs made in terms of production and selling options. From
one side, the desire of autonomy and the ideology of independency, lead farmers to try to
produce most of their inputs themselves, implying an increase in working hours and complexity of
tasks. On the other side, a good balance should be found between diversification and overdiversification of selling outlets: each new ‘market’ imply dedication and work time which are
subtracted from production tasks. A good farm organization can positively influence free time and
mental wellbeing which are fundamental pillars at the base of a farmer’s life: high productivity and
a good income are not sufficient if at the base there is an unhappy and overstressed person,
which can easily reach a mental breakdown, responsible of a general business sustainability
failure. Regarding the place of the AMAP system in farmer’s life, the tight between consumers
and producers due to its defined structure (seasonal contract, fixed price, weekly delivery of
products, social exchanges on the farm) permit to install a trustworthy relationship between actors
of the network, and has positive influences on the economic security of farmers.
Overall, the combination of FCM and MESMIS permitted to have an interesting insight in both
farmers perception and practices and to construct a participatory sustainability assessment which
was context-dependent and coherent with farmers interests.
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Introduction
1.1 Background
The second half of the 20th century has seen many changes in terms agricultural development.
After an increased awareness of the high ecological, political, cultural breakdowns of the green
revolution, grassroots movements developed to question the mainstream model of producing and
distributing food (Lockeretz, 2007; Shiva, 2016). These movements initiated a paradigm shift and
re-evaluation of food system. They resulted in increased awareness of environmental threats and
food safety concerns and were partly instigated by food scandals and ecological impacts caused
by Green Revolution-based technologies (Bruntland et al., 1987; Renting et al., 2003). As a result
a call was voiced for ‘sustainable agriculture’; an agriculture that promotes equal distribution of
wealth, nature preservation and social inclusion thinking on a long term base and being place
specific, dynamic, holistic (Horrigan et al., 2002).
In this context, the International Federation of Organic Agriculture Movement (IFOAM) was
created in 1972, as an anti-establishment response advocating socially-, ecologically- and
economically-sound agricultural systems. Similarly, Via Campesina was created, an international
movement of small scale farmers supporting the shift towards novel food systems based on
alternative agricultural practices and political structures (Goodman, 2012). This movement was
the first to promote the concept of Food Sovereignty as “the right of each nation to maintain and
develop its own capacity to produce its basic foods respecting cultural and productive diversity”
(Torrez, 2011; Vía Campesina 1996). In respect to agronomic practices, Via Campesina is
promoting the concept of agroecology as post-organic thinking, focusing on integration of
ecological principles in agriculture to design and manage agricultural ecosystems that can be
environmentally, socially and economically sustainable (Altieri, 2009; Marsden et al., 1999). While
“`certified organic’ typically refers to changes in agronomic practices targeting, improved animal
welfare, restricted use of chemical fertilizers, pesticides and antibiotics it does not necessarily
imply “changes in provisioning structures” (Seyfang, 2006:385).The concept of Food Sovereignty
goes beyond these agronomic practices and aims to safeguard local knowledge and cultural
identity, guarantee fair prices to producers, defend the right of smallholders to access land and
natural resources and finally the creation of local markets (Clayes, 2013).
In this setting, Alternative Food Networks (AFNs) developed as a concept and a practice. AFNs
can be described as “emerging networks of producers, consumers, and other actors that embody
alternatives to the more standardize industrial mode of food supply” (Renting et al., 2003: 394).
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The ultimate goal of these networks is to sustain and support local small-scale farmers. These
small-scale farmers produce in a socially fair and ecologically healthy manner, thereby
contributing to improve sustainability of agricultural systems in their regions (Raynal &
Razafimahefa, 2014). The AFN network includes farmer’s markets, box schemes and Community
Supported Agriculture (CSA) associations (Hinrichs, 2000). Farmer’s market are initiatives where
farmer’s sell their products directly to consumers through the set-up of a market based on
proximity. The Box scheme is a type of arrangement which entails selling and delivering products
on a weekly bases via boxes with mixed seasonal products at predetermined prices. CSA is a
model of market relationship “based on a direct partnership between the farmer and local
consumers, where all agree to share the costs and products of the farm” (Hinrichs, 2000:299).
The main objectives of AFNs include: 1) reduction of food miles, 2) shortening value chains via
direct marketing, 3) promotion of rural development, 4) sustainable production and, 5)
consumption of locally produced food (Chiffoleau & Prevost, 2013; Seyfang, 2006). As such,
emerging food networks aim at redefining business relationships and production criteria of local
food, based on the concepts of solidarity, equity, sustainability and embeddedness (Hinrichs,
2000; Rossi & Brunori, 2010).
In AFN-based systems, consumers become active actors in the food supply chain. They develop
new ‘rules of the game’, they actively position themselves in the value chain by purchasing
directly from local producers on the base of proximity, trust and seasonal agreement (DubuissonQuellier et al., 2011; Herault-Fournier et al. 2012; Lamine, 2005; Prigent-Simonin & HéraultFournier, 2005). This process entails “Creating partnership with farmers, bypassing middlemen,
employing voluntary work, creating alternative logistics based on private/social tools and spaces,
avoiding unnecessary operations and materials (such as classification, packaging and
preservation), substituting official certification with other forms of control and guarantee, these
systems facilitate access to good food and create win‐win situation for farmers and consumers”
(Rossi & Brunori, 2010: 1915). On the other hand, local producers that are engaged in AFN may
place more emphasis on biodiversity preservation, effective use of natural resources and
conservation of natural elements (Marsden et al., 1999). Moreover, they want to embody the
values of equity, income distribution, transparency and quality in their farm operation (GAS, 1999;
AMAP, 2003).
Even though AFNs and sustainable agriculture as such obtain ample attention in scientific
discourses centered around food production, it is unclear how an AFN performs in terms of
overall sustainability. Many studies compared economic and environmental performances of
organic versus conventional systems (Gomiero et al., 2011; Hole et al., 2005; Mäder et al., 2002;
Marinari et al., 2006; Nieberg & Offermann, 2000; Ohel et al., 2004; Pimentel et al. 1983; Seufert
et al. 2012), leaving out the social pillar of the concept of sustainability. Moreover, most of the
11

previously cited studies were conducted in an experimental setting on farms that were part of
conventional food networks, such as long distributions channels.
The majority of the studies done on sustainability performances of small scale producers were
conducted in Latin America, while only few studies were conducted in an European context
(Astier et al., 2011; Díez et al., 2009; López-Ridaura et al. 2002; Ramírez et al., 2009; Speelman
et al., 2006; Speelman et al., 2000). In Europe, where civic food movements are becoming
increasingly popular, there is yet no clear way to evaluate the contribution that producers involved
in these networks have in redesigning food chain in a sustainable way.
Despite of the ever-increasing numbers of consumers purchasing and supporting local producers
in AFN, there are very few studies conducted on the performances of these small-scale producers
from an economic, environmental and social perspective (Dufour et al, 2010; Chiffoleau, 2008).
The sustainability of AFN systems compared to traditional distribution channels, eg. city market or
short supply chain, is assumed but not proven (Chiffoleau, 2008).
Holistic studies focusing on farmer’s perception of agricultural sustainability, and their contribution
to it, are scarce (Häni; 2006). From one side there is a lack of knowledge on farmer’s perceptions
of the sustainability of their practices and, on the other side, it is not known how these subjective
perceptions influence farmers objective performances in the three sustainability pillars. Moreover,
not always ones perceptions of a reality have a linear correspondence with his/her actions and
results within the reality itself.

1.2 Context description
In the last five years, the government of France has shown interest in directing national politics
towards the implementation of measures to support sustainable development for different
economic sectors. Agricultural sector was also touched by these changes in the political agenda.
Recently, steps were taken towards the construction of a different model of food production and
distribution in France, both at the institutional and civic level. From the governmental side, the
Ministry of Agriculture, Food, and Forestry (Ministère de l'agriculture, de l'agroalimentaire et de la

forêt, MAAF) started promoting agroecology as a national strategy to fight climate change, aiming
to have in 2025 “the majority of French farmers committed to agroecology” (MAAF, 2014: 1). The
same year, the national assembly has introduced in the French jurisdiction the concept of food
sovereignty, considered as a “principle that promote a sustainable and fair development, that
permit to fight against world hunger and promote the consolidation of food autonomy all around
the world” (Allain, 2015; JORF, 2014).
According to a report of the Ministry of Ecology, Sustainable Development and Energy ( Ministère

de l’Écologie, du Développement durable et de l’Énergie - MEDE), organic agriculture was
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identified as providing an essential contribution to the preservation of the environment (MEDE,
2013). France is lately experiencing a trend of fast growth of the organic production and markets,
similar to trends in organic agriculture seen at the European level. Between 2007-2014 the
organic sector in France doubled in terms of land cultivated and number of farms; the national
agency for organic agriculture reported a growth of 101% in terms of ha dedicated to organic
production and a growth of 121% in number of organic farms (AgenceBio, 2014). In 2013 organic
farms accounted for 5.4% of the total number of farms and employed 7% of the agricultural
workers in France (AgenceBio, 2014).
Organic farms are characterized by a diversified production. In France, 40% of the organic
farmers are involved in vegetables and fruit production (AgenceBio, 2014). 37% of these organic
farmers are involved in on-farm sale of produce and 26% sell at the local market. About 15% of
the farmers sell their products via AMAP (Associations pour le Maintien d’une Agriculture

Paysanne) system. This system is the French equivalent of a CSA-type of box scheme.
The AMAP, thus is one of the French civic responses in the context of Alternative Food Networks.
These associations are normally generated by a group of consumers willing to contract local
producers to have a seasonal, fresh and high quality supply of food (Dubuisson-Quellier et al.,
2011). The farmers involved in the AMAP associations are producing according to the principles
of organic agriculture (reseau-amap.org). Consumers and producers within an AMAP agree upon
principles and organizational structure which are specified in a contract eg. production criteria,
price and quality of the product, distribution system. Consumers are generally involved in
financing the production activities in advance and producers commit themselves to be producing
in a sustainable way and are delivering a suite of products on a weekly basis, such as in box
scheme (Dubuisson-Quellier et al., 2011). The first AMAP in France started in 2001, and in 2013
there were around 1600 group at national scale (Lamine & Rouchier, 2014).

1.3 Study objectives and research questions

Overall objective
The overall objective of this research is to compare the perception of farm sustainability with
farmers practices in the framework of alternative food networks, such as the AMAP network.
Organic vegetable farmers in the department of Maine-et-Loire, France, were used as a case
study.
Specific objectives
1. To assess how farmers within and outside the AMAP network perceive the sustainability
of their farming systems including the role of the AMAP network within this.
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2. To assess the sustainability of farming systems within and outside the AMAP network
through an indicator-based evaluation.
Research questions
To address the overall and specific objectives, the following research questions were formulated:
1. What are the main characteristics of vegetable farms within the AMAP network and
outside?
2. How do farmers within and outside the AMAP network perceive the sustainability of their
farming systems including the role of the AMAP network?
3. What are the most relevant social, environmental and economic indicators to evaluate
sustainability in the context of the case study?
4. How do farms within and outside the AMAP network perform for the different indicators?
5. How do the sustainability perceptions of farmers within and outside the AMAP network
compare to the assessed sustainability of their respective farming systems?

Materials and Methods
In order to reach the main objective of this research a case study in the North-West of France
was used. The research was divided in two phases in which, distinct research methods were
used in the case study to address four research questions (figure 1).

Figure 1 - Research overview
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A case study was conducted in the department of Maine-et-Loire, France. Two main work phases
can be distinguished, each one supported with the use of a different methodology. First, the
researcher investigate farmers perception on sustainability issues in order to answer to the
research questions 1 and 2. Secondly, an indicator based sustainability evaluation was carried on
to be able to answer research questions 3 and 4. Two main methodologies were used to collect
data: Fuzzy Cognitive Mapping (FCM) and MESMIS. Word Cloud was used to analysed a small
part of data, which do not have any statistical relevance but served as an introduction to later
implement the FCM tool.
Word clouds are “intuitive and visually appealing overview of a text by depicting the words that
occur most often within it. Such a summarization is helpful to learn about the number and kid of
topics present in a body of text” (Heimeri et al, 2014; 1833). Word clouds do not take into account
connections between words, translations and language nuances (Heimeri et al, 2014).

2.1 Case study
The case study was conducted in the NorthWest of France in the region of Pays de la Loire,

The

department of Maine-et-Loire (Figure 2).

region has a temperate climate influenced by the
proximity

with

the

ocean.

The

area

is

characterized by the expanded presence of
humid areas naturally created by rivers overflow
(Pierre et al., 2009). Precipitation is regular and
abundant throughout year,

with an average

annual precipitation of 650 mm and the average
temperature

range

between

5°C

to

20°C

(Agreste, 2015; climatdata.org, 2015). The
landscape is hilly, with altitudes from 0 m asl
Figure 2 - Map of France; In orange, indicated the limits of the
Pays de la Loire region; in blue, the limits of the Maine-et-Loire
department

and 220 m asl. Soils are mainly high in clay and
silt (Calcisols, Brunisols, Luvisols) (INRA, 1998).

Due to its favorable climatic conditions, the department of Maine-et-Loire is mainly dedicated to
agriculture, especially horticulture and vegetable production. The organic agricultural sector in the
area is very important, making Pays de la Loire the second largest organic region in France in
terms of hectares and number of farms (respectively 111800 and 2000) (Agreste, 2013; CRAPL,
2015). Organic agriculture has been growing fast in the last five years in the department and is
currently practiced on 5,9% of the total agricultural land (Agreste, 2015). The above mentioned
land correspond to a surface of 23539 ha certified organic and 3520 ha in the process of
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conversion (Agreste, 2015). On 23539 ha, 10% is dedicated to vegetable production with an
average surface per exploitation of 5,3 ha (CRAPL, 2013). Direct selling to consumers has
become very popular in Maine-et-Loire: more than 50% of fresh organic vegetables were sold
directly to consumers mainly through box schemes, city markets, farm shops and AMAP groups
(CRAPL, 2013).

2.2

Fuzzy cognitive mapping

Fuzzy Cognitive Mapping (FCM) is the process of constructing visual maps of one’s
understanding and view on the functioning of a system. As such, FCM help to assess believe
systems of individuals or groups even when situations are unclear and data is lacking to provide
feedback processes (Kosko, 1987; Grey; 2014). FCM is a method through which information on
complex situation behaviour can be obtained quickly and easily even with small samples, and in
situations in which only local expertise is available (Özesmi and Özesmi 2004). In agriculture,
FCM is considered a useful tool to disclose farmer’s vision on their practices in order to improve
debate on the sustainability of farming systems (Fairweather & Hunt; 2011).
A Fuzzy Cognitive Map is commonly composed of a group of boxes with arrows between them
(Kok, 2009). The boxes in the map represent key variables in the system; whereas the arrows
between boxes represent correlations between the variables. A connection can be either positive
or negative and has a weight or strength usually between -1 and 1 (Kok, 2009). The direction of
the arrows define the nature of the factor: if the arrow start from a factor, the factor is considered
to be a driver/transmitter, ergo a forcing function (Özesmi & Özesmi, 203). If the arrow is pointing
a variable, the latter is considered to be a receiver. Factors that both receive and drive change
are considered as ordinary variables.
Individual Cognitive Mapss (ICMs) can be joined to represent a collective view on the system of a
group of stakeholders (Figure 3, 4, 5). As such the perceptions of distinct groups of stakeholders
can be compared (see “CMASOP” framework of Vanwindekens et al., 2013 - Appendix 2).
Concluded the coding of all the ICMs, individual matrices were condensed in a augmented matrix:
“when adding the maps together, conflicting connections with opposite signs decrease the causal
relationship, while agreement reinforces causal relationships, forming a consensus social
cognitive map” (Özesmi & Özesmi; 2004, 49). In the augmented matrix the value of the
connection between two variables is the result of the arithmetic mean of all the values of the
connections cited in the interviews, assuming the equality of weight (=1) of all the individual map.
Graph theory indices such as indegree, outdegree, centrality and density were used to calculate
the SCM.
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As précised by Özesmi & Özesmi: “outdegree is the row sum of absolute values of a variable in
the adjacency matrix and shows the cumulative strength of connections exiting the variable.
Indegree is the column sum of absolute value of a variable and shows the cumulative strength of
connections entering the variable (…) the centrality of a variable it the summation of its indegree
and outdegree” (2003; 521). When the outdegree value of a variable is higher than its indegree
value it means that the variable have a driving character and that can lead other variable to
change. Oppositely, if the indegree value of a variable is higher than its outdegree it means that
the variable it easier governed by external forces (Özesmi & Özesmi 2004). Indegree and
outdegree value has to do with the receiver/transmitter nature of the variable. Variables that have
a high centrality (and an ordinary nature) value are considered to be the one that cover an
important position in the model (Gray et al., 2014). Another index calculated is density, or the
index of connectivity. the following formula was used to find out density: D= C/⁅N(N-1)⁆, where D
stands for density, C for number of connections and N for number of variables (Özesmi & Özesmi
2003). The complexity index of a FCM is “the ratio of receiver to transmitter variables (R/T). Maps
with large number of receiver variables are seen to be complex because they consider many
outcomes and implications that are results of their system” (Özesmi & Özesmi 2003). When
transmitter variables are numerous, the system is considered to be hierarchical and with top down
influences, having therefore a less elaborated causal arguments (Özesmi & Özesmi 2003).

Figure 4 - Example 2 of an individual cognitive map

Figure 3 - Example 1 of an individual cognitive map
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Figure 5 - Example of social cognitive map resulting from aggregation of Example 1 and 2

2.3

MESMIS

The MESMIS framework was developed in 1995 by a Mexican NGO (GIRA A.C) in order to
assess sustainability in the context of natural resource management (Speelman et al, 2007). The
methodology was thought to be a “planning tool for system improvement towards sustainability,
providing guidance through an indicator-based evaluation of the system sustainability in a
systematic, participatory, interdisciplinary and flexible manner” (Speelman et al., 2007: 347). It is
a strongly practical methodology that through the comparison of current and alternative
management systems aim to: a) understand in what degree one is more sustainable than another
and in what sense, b) identify the critical points for sustainability with the goal of inspire changes
(Masera et al., 2000). The comparison of the two system under analysis is meant to explore
tradeoffs and actual management strategies rather than elect a “more sustainable” farm. In this
sense, recommendation are given taking into accounts limitations and strengths of both systems.
MESMIS methodology is funded on four main principles: 1) sustainability is defined by seven
attributes: stability, reliability, resilience, productivity, adaptability, equity, self-reliance (Appendix
1); 2) the sustainability of a system is assessed through simultaneous comparison of different
systems or of the same system through time; 3) sustainability assessment is only valid in a
specific temporal and spatial scale for a specific system of practices; 4) the process of evaluation
need to be participatory (Astier et al., 2011).
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The methodology is based on a cyclical 6 step process described as: 1) identification of the object
of study; 2) analysis of system critical points;

3) individuation of strategic indicators; 4)

measurement and monitoring of indicators; 5) Integration and presentation of results; 6)
Conclusions and recommendation (Masera et al., 2000) (figure 6).
The result of a MESMIS analysis are often presented graphically with the use of a diagram called
AMOEBA. The latter permit to integrate and compared in just one graph the performances of the
analyzed systems in all the three dimension of sustainability ( Speelman et al., 2007). Not only
that, AMOEBA graph permits to compare the systems performances with an upper threshold
(called optimum) and, possible, a lower thresholds under which value start to be critical. To make
different data comparable “indicator values of the analyzed systems are situated along the axes
of the radial AMOEBA diagram that has a scale from 0 to 100, corresponding to the worst (0) and
best (100) indicator values” (Speelman et al., 2007: 355).

Figure 6 - Mesmis cyclical process (Speelman et al., 2007)

19

2.4

Data collection and analysis

2.4.1

Sample

The sample of this study was restricted to certified organic vegetable producers involved in AFN,
specifically in the department of Maine-et-Loire. Three main websites were used to fins and
contact farmers, namely: 1) the national directory of organic producers (agencebio.org), 2) the
national website of AMAP network (reseau-amap.org), and 3) the guide of organic selling points
in Maine-et-Loire created by the regional organization of organic producers (gabbanjou.com).
A distinction was made between farmers within the AMAP network and farmers outside the
AMAP network. Both groups of farmers produce according the same ecological values - organic and were situated in the same geographic and economic context.
A total of 45 farms were contacted by email and telephone (26 farms involved in AMAP and 19
not in AMAP) of which 29 farms participated, 18 within the AMAP network and 11 outside the
AMAP network (figure 7). Some farms were ran by an association of more than one producer,
therefore a total of 34 farmers were interviewed for this research.

Figure 7 - Map of Maine et Loire with all farmers contacted; in red the farmers that did not participate in the research and
in green the one took part of it. Squared icons represent AMAP farmers while round icons represent non-AMAP farmers.

For the MESMIS analysis, two farms were used. In this sense, it was needed to find two systems
within the sample of vegetable farmers that could be rather similar to produce a significant
comparison.
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To choose which farmers further analyse in the MESMIS framework, the following determination
of criteria were made:
a) Farmers should have similar amount of experience in years (to avoid biases derived by a
longer experience on the field);
b) Farmers should have similar agricultural surface (ha);
c) The two farmers needs to differ in terms of commercial strategy for selling their
vegetables (one being part of an AMAP and another one not).
Following these 3 principles, couples of similar farmers of the sample were identified and
contacted in order to ask the permission (and interest) of participating to this second phase of the
research. In the description of the two different management systems some information needed
to be included to draw a complete picture of the farm. A list of useful information is proposed by
Masera et al. (2000):


Biophysical characteristics of the territory in which the land is situated;



Inputs and outputs of the systems and relationships between different system
components;



Agronomic practices that characterise the management system;



Main socioeconomic traits of the producer and his/her level of organization/involvement in
society.
These information are the base of the comparison between a traditional system (vegetable

farmer selling directly to consumers with different market strategies) and an alternative system
(vegetable farmer selling through AMAP).
2.4.2

Farmer perceptions of sustainability
Farmer perceptions were assessed through a combination of structured, semi-structured

and open-ended interview questions (table 1). Structured questions were used to collect some
basic farm data. Marketing strategies and farming decisions were identified. Semi-structured
interviews were then used and to assess the farmer’s personal vision of sustainability in the
agricultural sector. This was done in order to facilitate the further discussion on farming system
sustainability for the Fuzzy Cognitive Mapping exercise. A word cloud (http://www.wordle.net) was
developed to identify trends and similarities in the concepts mentioned by farmers. In the
developed word cloud figure, the font size of the concepts mentioned in the interviews correlated
to the frequency in which the concepts were mentioned. Being a limited tool in its functions, in this
research it is used only as an overview and starting point to draw the ‘thinking context’ of
interviewed farmers. It is not the aim of the research to do any elaborate concept analysis with
their answers at this question.
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In addition, open-ended questions were used to assess farmer perceptions of the sustainability of
their farm. The questions were centred on the factors that have an influence (positive or negative)
on their capability of being sustainable in their daily life as a vegetable farmer.
From these questions the interviewer drew an individual fuzzy cognitive map to catch the key
factors and relationships cited by the interviewee. Noninterference was considered as a priority to
avoid influencing the choices of the interviewee in identifying key concepts.

Table 1 - Interview questions

Aspect covered
1.

2.

Questions

Farmer’s personal data

Farmers: How old are you? Did you follow any agricultural education? Which

and

kind of job were you doing before having your own farm? Are you working

farm characteristics

alone or are you associated? Do you have employees?
Farm: When did you create the farm? Was the farm Inherited or not? How
many ha is your farm? Do you own the land or is it rented? Which product
are you selling? Are you transforming your product on farm? How do you sell
your products?

3.

Perception of sustainability

How do you define sustainability in the agricultural domain?

4.

Factors influencing

In your daily life as a farmer, which are the factors, dependent or

sustainability on farm

independent from you, that can influence positively your sustainability? And
which factors, contrarily, can have a negative influence? Which factors
depends from which others? Which factors have a strongest influence?

. The connections between cited factors were assigned with a positive or negative value. The
value ranged from a minimum strength of (+/-) 0.25 for influence cited with no specific force, and
maximum strength of (+/-) 0.75 when the interviewee was highlighting the importance of the
connection with terms such as “important”, “essential”, “central” etc (Groumpos, 2010). The
concepts were, at the same time, grouped under the tag “environmental” “economic” or “social”
according to their characteristics as cited by the interviewee.
At the end of the meeting, the map was shown to the interviewee to confirm it correctness and to
spot eventual misunderstanding. In that moment, the map could change, be partly reformulated or
have some variables added to be as faithful as possible to the interviewee’s declaration. The
interviews were recorded in order to facilitate the recuperation of data when transcribing the
maps.
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During the transcription and coding of the interviews into maps some similar factors were
aggregated and reformulated into one concept faithful to the original meaning (Özesmi & Özesmi,
2003). For each interview an individual map was processed using the software Mental Modeler
(http://www.mentalmodeler.org). The strongest relationships (+/- 0.75) were represented by bold
arrows while weaker relationships (+/- 0.25) were represented by thinner arrows.
The process of condensation was made by grouping the individual maps in the two groups
analysed: AMAP farmers and non-AMAP. Three social cognitive maps (SCMs) resulted from this
process: a SCM including the sustainability perception of all the farmers of the sample ( n=29); a
SCM clustering only the perception of AMAP farmers (n=18) and a third SCM showing only the
perception of non-AMAP farmers (n=11). The decision on whether to include or not include a
connection between two components differed between groups. In the SCM including all the
farmers, only connections cited at least 3 times in the interviews were accounted (30% of the
sample). In the case of the SCM of AMAP farmers, connections cited more than 3 times were
included together with connections cited twice but with an average value higher than 0.26. This
was done due to the reduce number of farmer in the group. In the case of the SCM including only
non-AMAP farmers, only connections cited at least twice were included. The SCM were analysed
by comparing different graph theory indices including indegree, outdegree, centrality, density,
complexity. The hierarchy index was calculated using the following formula (Özesmi & Özesmi,
2004):

Where h stand for hierarchy index, N for total number of variables and od i for the value of
outdegree of variable i.
2.4.3

Indicator-based sustainability evaluation- MESMIS

To be able to evaluate performances of organic vegetable producers in the three pillars of
sustainability, the MESMIS methodology was adopted.
Step 1: Identification of the object of study
In order to analyse sustainability performances of an AMAP systems it was necessary to compare
it with a different management system, in this case a farming system not involved in the network
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(Masera et al, 2000). The two farm participating in the MESMIS process were funded according to
the determination criteria cited in section 2.4.1.

Step 2: Analysis of system critical points
The results of the Fuzzy Cognitive Mapping were used to identify the critical points. A revision of
the interviews was done so as to pick the most cited sustainability factors, which are also
supposed to be the most recurrent influence for vegetable farmers continuance. Not the centrality
of the factor was taken into account, but the amount of time it was mentioned in the interviews. In
this sense, the fact that a factor was cited many times all along the interviews (eg. by around 1/3
of the interviewees) represent its importance, no matter the type of relationship it had with other
factors. A highly cited factors is therefore considered to be highly influential on the overall
sustainability of the characteristic vegetable farm in the department.
Some of the most cited factors were excluded because of their nature and difficulty to measure
them in the framework of this research (eg. product quality, climate change, etc). Other critical
points were found throughout the analysis of literature on farm sustainability, with a special regard
on the interviews results.
Step 3: Individuation of strategic indicators
For this study, cost and time-effective indicators were selected in a participatory method. All
farmers that participated in the interviews were invited for a meeting to select indicators. The
meeting lasted 2 hours and was divided in three main moments.
A first part was dedicated to return to farmers a feedback on the interviews: the analysis of the
SCMs was presented to them and explained, in order to make them aware of what was done with
their contribution. A second part was dedicated to find social, economic and environmental
indicators. An open space was created with three table of discussion: one dedicated to economic
sustainability, and other two for environmental and social sustainability. Farmers had forty
minutes to discuss about these aspects and were free to move from one table to the other when
they felt that they gave enough contribution to the conversation. They were not obliged to visit all
the table. Each table had a moderator to note down the discussion and two leading questions
were guiding the conversation: 1) Which are the things you would like to monitor on your farm to
have an analysis of the social/economic/environmental sustainability of your practises?; 2) Do you
know any indicators that can help you to monitor these aspect independently and in a cost and
time-effective way?. A third moment was dedicated to come back in the whole group to discuss
about the indicators funded in the three table of discussion. Each moderators presented the
results of the discussion and the group could add or change some indicators.
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All the indicators discussed in the meeting were added to the list of potential indicators. This list
also include other indicators considered relevant by the researcher and funded in literature. This
was done in order to create a complete baseline for assessing farmer’s practises sustainability.
Between the long final list of indicators, only few of them were chosen to be analysed on the
farms. Different aspects were taken into account when building the questionnaire for investigating
farmer’s sustainability:
a) The most cited sustainability factors cited in the FCM interviews
b) The indicators suggested by the farmers who participated in the collective meeting
c) Review of literature on sustainability indicators that can be applied in an European
context (temperate climate) and in small scale production systems
d) Indicators that can be easy to measure and interpret, cost-less and low time consuming.
Step 4: Measurement and monitoring of indicators
Two different methods were used to assess the various indicators. Firstly, a structured and closeended questionnaire for collecting data on social, economic and part of environmental aspects.
The questionnaire was based both on self-assessment of life satisfaction and precise calculations
of economic and environmental records. The questionnaire (Appendix 6) was sent two weeks
before the farm visits. Secondly, a farm visit served to collect data on soil quality, to complete the
environmental assessment. The data on soil quality are based were collected and analyzed
following the guidelines of two methods: 1) Visual Soil Assessment (Shepard, 2000); 2) Soil Bulk
Density measurement (Brown and Wherrett, 2016). The measurements and sampling were done
in one day per farm. The data coming from the questionnaire and the sampling were processed in
excel to be integrated together in one table and graph.
Step 5: Integration and presentation of results
The results of the questionnaire and the soil quality assessment are presented together in a
diagram called AMOEBA. The indicator values of the two farms were compared to optimum
values for all indicators. These optimum value were derived by literature review and the base to
set it was starting from identifying the average value for a performance.
Step 6: Conclusions and recommendation
A resume of the MESMIS process was created in order to inform the farmers involved in the
process about the results of the research.
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Results
3.1 Sample characterization
At the moment of the interview, the majority of the farmers were younger than 45 (table 2). In
terms of education, most of the participants followed a lower agricultural education (65%), while
only 12% followed an university program; the rest learned the job mainly through practical
experience. For half of them (50%) starting a farm was part of a professional conversion from
very different working sectors, often totally disconnected form the agricultural world. That’s why
nearly 86% of the farm were not inherited.
Table 2 - Average value of age, year of creation and farm size for AMAP farmers and non-AMAP

AMAP (22 farmers; 18 farms)

Outsiders (12 farmers, 11 farms)

Mean

SD

Range

Mean

SD

Range

Age (years)

43

±9

25-65

36

±8

25-65

Years of

10

±9

1979-2014

8

±8

1990-2014

9.55

8.99

1.25-26

9.09

8.70

0.24-36

experience
Farm size (ha)

Almost half of the sample (41%), especially the farmers installed in the last 5 years, declared to
not be able to gain enough money to be financially independent. To be economically sustainable
they were accounting mainly on revenues coming from their family members. Even when the
producers declared to based their family economy only on their farm incomes, they considered
their earnings to be very low if compared to the number of hours worked per week.
Most of the farms (n=21) have been create in the last ten years (2006-2016). The land is for half
of them rented and for the other half owned. There was a large variation in farm size, with the
smallest farm accounting 0.24 ha and the biggest 36 ha. The average farm size through the
interviews was 9 ha, but most farmers had a surface between 3 and 6 ha (table 2; figure 8).
One third of the farms sell their product directly to consumers without further processing, while a
third do some sort of transformation when highly perishable products are in excess

(eg.

tomatoes). Some farmers were diversifying their produce selling fruits, meat, eggs, cereals, plants
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in addition to vegetables (figure 9). The farmers producing cereals are often using them to feed
their animals or to use them as green manure later on. The most recurrent combination of
products were: vegetable and fruits (10 farms),

vegetables and animal products (3 farms),

vegetables and cereals (3 farms), vegetables and aromatic plants.

Type of produce by number of farmers
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Animal products
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Cereals
Aromatic plants
Plant nursery

ha

Figure 9 - Type of produce by number of farm

Figure 8 - Number of hectares per number of farms

To sell their products, 21% of the sample – 6 farmers - is using only one sole distribution channel,
which is the AMAP network. The rest had a diversified strategy and was accounting a minimum of
two selling outlet up to six (figure 10). The main common strategies between these farmers were
selling in the local market, at the farm and through box schemes. Some of the farmers ( n=8) are
producing both for direct selling and conventional supply chain, selling to wholesalers.

Number of farmers per type of outlet used
N° of farmers

n° farms

Numbers of ha per number of farms

20
15
10
5
0

Type of outlet used
to sell the vegetbles
Figure 10 - Number of farmers per type of outlet chose to sell vegetable and other products
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3.2 Farmers perception assessment
3.2.1 Farmer perception of the word “sustainability”
When thinking of sustainability, farmers cited factors 31 environmental factors, 28 economical and
21 social factors (figure 11; Appendix 3).

Figure 11 - Word cloud of farmer's vision of sustainability

On the ecological side, the ‘preservation/respect of the environment’ was considered critical
(mentioned 8 times), especially when talking about ‘soil preservation’ (mentioned 10 times). On
the economic side ‘economic viability’ was the most cited concept (mentioned 7 times), closely
related to the possibility to gain their lives (‘be able to live’). The market orientation was also
considered to be important: ‘direct selling’ was seen by many (n=6) as a leading strategy to
sustain a business on long term. At the same time, according to them, a farm to be sustainable
should be able to ‘create employment opportunities’ (n=4). ‘Autonomy’ was highlighted by many
(n=5) having an great importance not only at economic level but also in terms of organic matter,
soil, grains and energy.
3.2.2 Fuzzy Cognitive Mapping
Farmers identified a total of 89 factors influencing the sustainability of their farms. Of these
factors, 27 related to social aspects of sustainability, 26 related to economic aspects, and 36
factors related to environmental aspects (Table 3.2; Appendix 4).
The sufficiency of the sample size (n=29) was confirmed by the accumulation curve of the
number of new variables/concepts per new interview, which leveled off after the 19 th interview
(figure 12) (Vanwindekens et al. 2013).
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Accumulation curve
number new variables per new interview
N° variables

15
10
5
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Interviews
Figure 12 - Accumulation curve for new variables per new interview

Throughout the interviews, some variables were cited as important by a large number of farmers
(table 3). Even though these variables were often cited, some of them do not appear in the final
SCMs. This is due to their multiple relationships with other variables, links that were not
necessarily recognized and agreed by many farmers. Within the most cited variables for the
whole sample 5 had a social character, 5 an environmental one and 5 an economic one. Most of
the factor cited were considered as having a positive influence and were especially related to
practices performed by farmer themselves eg. ‘crop diversity’, ‘productivity’, ‘organic agriculture’,
etc. Only 3 negative factors were cited by at least a third of the sample: ‘heavy workload’, ‘low
income’ and ‘climate change’. Only “investments” had a double character: was identified by some
as positive and by other as a negative influence on farm sustainability. While, some farmers said
investments helped to provide adapted machineries in order to increase productivity and therefore
incomes (n=9), others said that big investments could be risky and have therefore a negative
influence on their income (n=4).
AMAP farmers and non-AMAP have two different focus when looking at the first variables cited
per group: in the case of AMAP, environmental and economic variables are at the top of the list of
the most cited concept – Soil Quality, Sale through AMAP, Productivity – while in the case of the
non-AMAP two social factors – Mental wellbeing and Balance between work and free time – and
an environmental one – soil quality - are more important (Table 4).
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Table 3 – most cited sustainability factors. Variables considered as important by at least by one third of the
sample. (Env: environmental variables; Soc: social variables; Eco: economic variables)

Factor

Nature

Character

n° of farm

n° of farm

n° of farm

of Influence

whole

AMAP

non-AMAP

sample

(n=18)

(n=11)

(n=29)
Soil quality

Env

Positive

18 (62%)

12 (67%)

6 (55%)

Balance between work and free

Soc

Positive

15 (52%)

8 (44%)

7 (64%)

Heavy workload

Eco

Negative

14 (48%)

9 (50%)

5 (45%)

Crop diversity

Env

Positive

14 (48%)

8 (44%)

6 (55%)

Productivity

Eco

Positive

14 (48%)

9 (50%)

5 (45%)

Mental wellbeing

Soc

Positive

13 (45%)

5 (28%)

8 (73%)

Investments

Eco

Positive/

13 (45%)

9 (50%)

4 (36%)

time

negative
Organic agriculture

Env

Positive

13 (45%)

7 (39%)

4 (36%)

Technical improvement

Soc

Positive

12 (41%)

8 (44%)

4 (36%)

Product quality (tasty, nutritious)

Soc

Positive

12 (41%)

7 (39%)

5 (45%)

Economic security

Eco

Positive

11 (38%)

7 (39%)

4 (36%)

Low income

Eco

Negative

11 (38%)

8 (44%)

3 (27%)

Climate change

Env

Negative

11 (38%)

7 (39%)

4 (36%)

Conservation agriculture

Env

Positive

11 (38%)

7 (39%)

4 (36%)

Social relationships

Soc

Positive

10 (34%)

6 (33%)

4 (36%)

Table 4 - Most cited factors divided per subgroups. Variables cited by at least the 50% of the subgroup.

Factors

AMAP farmers (n=18)

non-AMAP farmers (n=11)

Soil quality (12)

Mental wellbeing (8)

Sale through AMAP (9)

Balance between work and free time (7)

Productivity (9)

Soil quality (6)

Investments (9)

Crop diversity (6)

Organic farming (9)

Heavy workload (5)

Low Income (9)

Productivity (5)
Product quality (5)
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In the SCM of the whole sample, there are 15 environmental variables, 14 economic variables
and 11 social (figure 13). In the SCM of the AMAP group (figure 14) the highest number of
variable has an economic nature (14 variables), secondly a social one (11 variables) and lastly an
environmental one (10 variables). In the non-AMAP (figure 15) the environmental variables
together with the social ones are predominant (13 variables per each domain) followed by the
economically related variables (10). In the AMAP map, 11 relationships exist between concepts of
different nature, while in the non-AMAP map, only 4 relationships are connecting variables of
different nature. The complexity of the vision is therefore lower, bringing to a higher division
between the three domain of sustainability.
In the whole sample map, the main interactions between variables of different nature are given by
‘selling through AMAP’ which enhance ‘consumers-producer trust’; ‘organic agriculture’, which
through the production of good quality products promote ‘health’ (both for consumers and
producers) and ‘consumer’s satisfaction’. The latter is also influenced by the fact of ‘selling to the
local community’. The most cited relationship between two variables is farmer-dependent:
“conservation agriculture”, a set of practices that minimize soil depletion, it is considered to be by
a third of the farmers having a positive and medium strong effect on “soil quality”.
In the maps of the whole sample there are some relationships that have been cited by a
considered amount of farmers (n=8): 1) the negative impact that ‘climate change’ have on
‘productivity’, making weather conditions unpredictable and therefore influencing yields; 2) the
positive effect that ‘farmers networks and exchanges’ have on individual farmer’s ‘technical
improvements’; 3) the negative effect that the excess of work charge, indicated as ‘heavy
workload’, have on farmer’s ‘balance between work and free time’, reducing the time available for
spending time outside work activities.
In addition to the most cited relationships that are highlighted in the SCM of the entire sample and
cited above, it is possible to observe some differences regarding the most cited connection
between AMAP farmers and non-AMAP farmers.
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Figure 13 - Social cognitive map of entire sample (n=29) The numbers into brackets represent first the number of farmers that cited
that specific relationship and second the average value attributed to the strength of the connection. The color of the box reflect its
nature: blue for social, red for economics, green for environmental.

Figure 14 - Social cognitive map of AMAP farmers (n=18)

32

Figure 15 – Social cognitive map of non-AMAP farmers (n=11)

AMAP farmers (Figure 3.11) give much importance to ‘organic agriculture’ as a set of practices
that is related to improved ‘soil quality’ and general ‘positive environmental footprint’. Another
practice which is adopted by many of the AMAP farmers is the use of ‘green manure’ to improve
‘soil quality’. A special attention is dedicated to their market strategy, ‘selling through AMAP’,
considered to have many positive effect: first, importantly increase ‘consumers-producer trust’,
second, being able to ‘sell all the production’ at a ‘fixed price’. On the other side, for AMAP
farmers, is the fact of selling directly to the local community that has specific benefit on social
sustainability, especially in terms of increased ‘consumers awareness and satisfaction’.
‘Economic security’ is assured for AMAP farmers by the type of selling strategy chosen: both
AMAP network and local markets. On the other side, for non-AMAP farmers, is the production
characteristics of ‘crop diversity’ which can insure their ‘economic security’. The ‘product quality’
play an important role in ‘consumer’s satisfaction’.
One fourth of the non-AMAP farmers (figure 3.12) considered that the ‘balance between work and
free time’ have an important positive effect on their ‘mental wellbeing’. On the other side, for
AMAP farmers at the base of ‘mental wellbeing’ there is the possibility to work in a ‘pleasant
landscape’. For non-AMAP farmers, is the market place that play a role in social sustainability,
benefiting the “communication with consumers”. A problem that non-AMAP farmers highlight is
the heavy level of bureaucracy which aggravate the cost in terms of taxes. In all the cases, the
economic variable ‘productivity’ is highly affected by the environmental one ‘climate change’.
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Table 5 - Number of variables, receiver, transmitter, ordinary, connections, and index of complexity and density calculated
for all the sample and for the two different subgroups

All farmers

AMAP farmers

non-AMAP farmers

Number of variables

41

37

30

Number of receiver

18

17

12

Number of transmitter

17

14

14

Number of ordinary

6

5

4

Number of connections

34

32

20

Complexity

1

1.214

0.857

0.02

0.024

0.022

/

0.002

0.000

Density
Hierarchy index

Overall, AMAP farmers agreed on more relationships between factors than the non-AMAP
farmers with 7 more variables cited in their SCM. The complexity score and density were higher
for the AMAP farmers (table 5). The hierarchy index for both groups is very low, close to 0.
For AMAP farmers, ‘selling through AMAP’ is a transmitter variable – ergo, a driving force for
change - ad it has the highest centrality values (2.81) of all the variables (table 6). Their market
strategy is supposed to positively influence their ‘economic security’, due to the possibility to ‘sell
all the production’ with a ‘fixed price’ to ‘fixed consumers’. Moreover, selling within the network
permit farmers to improve ‘consumers-producer trust’ and have access to an increased ‘debt
capacity’.
‘Soil quality’ comes second for its centrality (1.98) and it has a receiver character, meaning that it
is easily influenced by other factors – in this case farmer practices - such as ‘organic farming’,
‘conservation agriculture’, ‘green manure’ and ‘crop rotation’. The third factor for AMAP farmers is
‘economic security’, which is an ordinary variables, meaning that it is both influenced by other
variables and that has also the power to influence the change in others factors.
For non-AMAP farmers the first variable in centrality it remain ‘soil quality’ (2.06) seen as an
ordinary factor, that is at the same time influenced and able to influence other variable in the
system, such as ‘ecosystem balance’. The latter is also the second variable for its centrality
considered to be a receiver variable, influenced indirectly by farmer’s practices to increase ‘soil
quality’. Third, ‘product quality’ it is seen as a transmitter factor, which influence ‘health’ and
‘consumer’s satisfaction’ at the same time.
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Table 6 - Centrality values of the three groups, with only variables with centrality value >1

All farmers
Variables

Centrality

Indegree

Outdegree

Character

Soil quality

2.81

2.06

0.75

Ordinary

Investments

1.98

0.92

1.06

Ordinary

Product quality (tasty, nutritious)

1.67

0.42

1.25

Ordinary

Organic farming

1.42

0

1.42

Driver

Ecosystem balance

1.33

1.33

0

Receiver

Sale through AMAP

1.28

0

1.28

Transmitter

Centrality

Indegree

Outdegree

Character

Sale through AMAP

2.78

0

2.78

Transmitter

Soil quality

2.14

2.14

0

Receiver

2

1.5

0.5

Ordinary

Product quality (tasty, nutritious)

1.58

0.5

1.08

Ordinary

Organic farming

1.53

0

1.53

Transmitter

Investments

1.33

0.58

0.75

Ordinary

Green manure

1

0

1

Transmitter

Conservation agriculture

1

0

1

Transmitter

Productivity

1

1

0

Receiver

Centrality

Indegree

Outdegree

Character

Soil quality

2.06

1.31

0.75

Ordinary

Ecosystem balance

1.25

1.25

0

Receiver

Product quality (tasty, nutritious)

1.17

0

1.17

Transmitter

AMAP farmers
Variables

Economic security

non-AMAP farmers
Variables

3.3 Indicator-based sustainability evaluation
Step 1: Description of management systems
The farms have been chosen in order to have similar agricultural surface (8 ha the non-AMAP
farm and 6.5 the AMAP one) and similar experience in terms of years of activity (24 years the non
AMAP farm and 25 the AMAP farm) (table 7).
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Table 7 - main characteristic data of the two farmers participating in the MESMIS analysis
Non-AMAP farm

AMAP farm

45

53

Independent + employees

3 associates + employees

Years of experience

24

25

Ha

8.4

6.5

Working hours per week

70

45

Vegetable, fruits, chicken and

Vegetable, fruits, and green

grassland

manure

Vegetable diversification

70 varieties produced

45 variety produced

Conservation agriculture

No

Yes, use of green manure, mulch,

Age
Working status

production

reduce tillage
Market strategy

4 local markets, 2 grocery,

2 AMAP and 2 markets per week

3 wholesales, 10 reseller,
canteen

a) Non-AMAP farm
The farm “Le verger de l’epinay” is situated close to the municipality Sainte-Gemmes-d'Andigné,
44 km north west of Angers. The landscape is mainly flat, with an altitude that vary from 22 to 62
m asl (figure 17). The farmer (45 years old), started the business 24 years ago, just after finishing
his technical education in arboriculture. The vegetable production side of the farm was created
later, job that he learned mainly by doing. He installed himself alone and today he hire up to 10
employee per year for both vegetable and fruit production, especially in high season. The wife of
the farmer is helping him in some task such as an accountancy, selling and delivering the
products. Their income comes completely from agricultural activities related to the revenues
earned with the selling of farm products. The farmer has never done open days on the farm and
declared to not be so much interested in organising them, considering his already high amount of
work time (75 h/week).
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Figure 16 - system diagram of the farm "Verger de l'Epinay". The circles in the diagram represent system
components while the boxes describe function of the system components.

The production started first in conventional and it passed to organic in 1997. The rented land
accounts 8.39 ha, from which 2 ha are dedicated to vegetable production, 1 ha to grassland, and
5 of fruit trees (apple, pear, peach and prune trees) (figure 16). On the fruit side, the farmers
produce 15 varieties of apples, 7 of pears, 16 varieties of peach and 5 of prunes. On the
vegetable side, he affirm to produce more than 70 varieties of vegetables. On the land there is
also a chicken coop and the farmer’s house.
The soil is sandy loam and it is worked by the farmer with a rotary tiller until 30—40 cm for the
roots cultures. Weeds are eliminated by manual extraction and hoeing. If the weeding was not
efficient enough with the above mentioned methods, thermal weeding is use occasionally to avoid
plants to go to seeds. Regarding pest management, techniques such as essential oils and
fermented plant extracts are used. No green manure is grown on the farm in winter, the soil is left
uncovered. In order to fertilise, the farmer use a product called Calci Biomix (based on calcium
carbonate, trace elements, sulfur and ammoniac – 200kg/ha/year) and another one based on soil
bacteria (150-200 kg/ha/year). Vegetable and fruit waste are recycle directly in the field, without
entering in a composting process. Regarding water management, the farm is using public water
only for precise watering (drop by drop) in the greenhouse (540 m2) and the rest of the vegetable
field is spray irrigated with water coming from a natural source on the farm.
The farmer has a diversified market strategy. Direct selling is done mainly through local market (4
per week) which represent for him the 30% of his total turnover. Aside, he is selling his
vegetables to 2 grocery, 3 wholesales and 10 reseller. The farmer is also delivering vegetable to
some local school canteen, but for him it is a decreasing outlet.
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The farmer is part of two farmer networks. GabbAnjou and CAB 49, that have a syndicate nature
and that connect and organize the action of organic and biodynamic farmers at departmental and
regional level. Moreover, he is part of the association “Bio Loire Océan”, which aim is to structure
the organic fruit and vegetable market of the region funding itself on a cooperative form.

Figure 17 - vegetable field of the farm "le verger de l'Epinay".

b) AMAP system
The farm “Biovallée” is situated in the municipality of Beaufort en Vallée, 40 km east of Angers.
The village is situated in the middle of the regional natural parc “Loire-Anjou-Touraine”, which is
following the valley of the river Loire. The altitude is therefore not passing the 51 m asl and the
soil is mainly sandy (figure 19).
The farmer, (53 years old), joined the business of another farmer 25 years ago, as an employee.
Two year after, he took over the farm left by the predecessor with another associate. They
maintained the same commercialization methods (direct selling in the market), and production
methods (organic). Nowadays, the farm is owned by three associates, one full time employee and
up to two seasonal workers. The farmer learned agricultural practices by studying first
agrobiology and afterwards experiencing the world of vegetable production throughout farm
internships and work experiences, both in organic and conventional farms.
The farm accounts on 6,5 ha, of which 2,5 ha is own property and the rest 4 ha is rented. From
the total land, 3,5 ha are dedicated to vegetable production with 0,35 ha of vegetables that grow
under greenhouse, 1,5 ha are dedicated to grow green manure (Lucerne), 0,22 ha are dedicated
to grow berries and fruits such as kiwi, apples, pears, and the rest is occupied by pathways and
building for storing and transforming products (figure 18). In total, 30-40 species of vegetables
and fruits are grown on the farm.
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The soil is sandy clay, with great variation between one field and another. In some fields in the
south of the farm, closer to the river Authion, soil are very sandy, while they become more heavy
in the northern fields with more presence of clay particles. Soil is generally not worked, except
when is the end of the Luzerne culture. In that case, the farmer work the soil until a depth of 30
cm to be sure to do not have green manure growing again when he plant his crops.
Tractor is used mainly to plant, to install plastic mulch, to weed and to prepare the soil in the
surface for the crops. Weeds are controlled by a layer of plastic mulch and with frequent manual
weeding, especially in summer. Regarding pest management, the cat of the farm take care of
bigger invasion (eg. mice) while the farmer adopt specific organic insecticides (Novodor,
containing the bacillus thuringiensis). In some cases, the farmer bought natural enemies

to

introduce them in his greenhouses to fight common crop pests (especially acarian species).
Irrigation is done with water coming from a canal that source its water from two rivers: Authion
and the Cuasnon. The type of irrigation system adopted in the farm is by aspersion and drop by
drop.

Figure 18 - System diagram of the farm "biovallée".

Their market strategy is mainly oriented towards direct selling. The associate of the farm do two
markets per week in Angers and sell their products to two AMAP: a total of 80 families that buy a
vegetables box each week. When products are in excess, they are sold to the local organic
supermarket chain called “Biocoop”. All the associates gain all their income with the agricultural
activities. The farm is often open to society with open days organized frequently either for
consumers or local agricultural education institutes. The farmer was also very involved in local
syndicate activism with the association “Confederation Paysanne” and “GabbAnjou”, and also in a
regional cooperative called “Bio Loire Océan”.
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Figure 19 - vegetable field of the farm "Biovallée"

Step 2: Determination of critical points
In total 14 critical points (4 social, 4 economics and 5 environmental and 1 common to all three
domains) were identified from the FCM analysis and literature review (Table 8). Regarding social
sustainability, farmer happiness, health conditions, social interactions and professional
improvement were deemed essential. First of all, if mental and physical wellbeing of the farmer
are not assured, the farm business can either cease (is the case of business which are based on
one farmer working alone), or suffer from very heavy repercussion (in case of farmer association
with another business partner). On the other side, there should be a perceived equilibrium
between working life and private life especially if other family member are not involved in the
farm. An unbalanced distribution of time in this sense can cause family instability and discontent,
which can therefore affect farmer happiness and mental wellbeing. Another important aspect of
farmers wellbeing is related to the time spent for maintaining social relationships outside the farm.
Farmers should be able to be connected with society not only with the delivery of their products
but also with the development of significant social ties that can serve as moral support in case of
hard time. For many of the farmers interviewed, another essential part of their work was the
possibility to improve their management techniques and to exchange experiences and suggestion
with other producers.
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Table 8 - critical factors included in MESMIS analysis

Social variables

Economic variables

Environmental variables

Balance between work and free

-

Productivity

-

Soil quality

time

-

Investments

-

Crop diversity

-

Mental wellbeing

-

Economic security

-

Conservation agriculture

-

Technical improvements

-

Low income

-

Biodiversity

-

Social relationships

-

Access to water reserve and drainage

-

Autonomy and independence as a factor that can touch the three domains of sustainability

On the economic side of sustainability, measurable aspect of farmers business are productivity which can give an outlook on efficiency- , the economic security on order to be able to makes
investments, the level of dependency from external economic sources - such as subsidies- and,
of course, the level of revenues. When revenues are very low and economic security is threaten,
the continuity of the business can be endangered as well as the possibility to grow, to invest and
to assured a constant production.
Regarding environmental sustainability, is undoubted that soil is the main reference for any
assessment. Is the quality of soil which assure good plants growth and that permit farmers to
continue their business. In this sense, practices typical of conservation agriculture such as use of
green manure, regular crop rotation, no-till practices can preserve soil life and therefore assure a
good production. On the other side, polyculture and crop diversification permit to reduce
diseases, help to control pests and improve biodiversity. At the same time domestic biodiversity
as well as wild one help to reduce pests and to improve ecological balance at farm scale. The
access to water becomes critical when weather variability is high and long term climate changes
unpredictable.
Another crucial aspect that can affect farm sustainability is the degree of which a farmer can be
autonomous, ergo independent from external inputs, in order to better respond to external shocks
and unforeseen.

Step 3: Selection of strategic indicators
Together with farmers a total of 43 indicators were selected of which farmers identified 28 and 15
indicators originated from literature (Table 9). The full list of indicators mentioned in the meeting
and the ones funded in literature (marked with an asterisk) can be found in appendix 5. They are
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also related to the general attributes of sustainability which are taken into account in MESMIS,
such as productivity, equity, stability, resilience, reliability, adaptability and independency (Masera
et al., 2000). Between all the indicators funded, 4 social, 5 economics and 10 environmental were
finally included in the MESMIS questionnaire (table 9). The basis of the choice of the indicators
used in the questionnaire is described in section 2.3.1 (Step 3).

Step 4: Measurements and monitoring of indicators
The two farmers had different approaches when the questionnaire was presented to them: the
non-AMAP farmer pre-filled the questionnaire without difficulties. The fact of being the only
responsible of the business made the economic calculus easy, mainly based on the accountancy
records of the previous year. The AMAP farmer filled in the questionnaire in the presence of the
researcher. He had some questions regarding the report of economic data (accountancy records
based on 3 associate) and some environmental data such as the value of green manure as autoproduced fertilisation and total water consumption.

Step 5: Presentation and integration of results
The results of farmers performances were transformed from actual values to standardized ones in
order to permit a comparison for each indicator, with a threshold corresponding to 100% (table
10). The 50% on the scale of comparison refer to reference values which were founded in
literature as average or suggested value for each indicator (appendix 7).
From the point of view of the personal satisfaction, both farmers considered themselves neither
satisfied nor unsatisfied. The farmer of the AMAP system has a considerable higher amount of
free time per month, having an average working time per week lower (45 h) of the one in the nonAMAP system (70 h). Nevertheless, the free time gained is not necessarily increasing the
sociability, considering that the two farmers spend the same amount of time in social activities
with people that are not related with farm activities.
Even though the gross margin per year is similar for the two farms, the AMAP farm has a higher
system viability, translated in a higher capacity to remunerate the work of the farmer and to face
future investments. The lower amount of worked hours in relation with the household levy
perceived, permit the farmer in the AMAP system to have a higher income per hour (9,67 €/h)
compared to the farmers in the non-AMAP system (5,80 €/h).
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Table 9 - indicators used in the MESMIS analysis and their relationships with the sustainability variables and attributes

Sustainability
variables

Indicator

Nature

Sustainability
attribute

Mental wellbeing

Personal satisfaction (Scale 1-7).

Soc

Stability

Balance between work

Free time available (hours/month).

Soc

Stability

Social relationships

Time dedicated to friendly relationships (hours/week)

Soc

Self-reliance

Technical

Implementation of new techniques that:

Soc

Adaptability

improvements

-Saved time (Yes 0,25 – No 0)

and free time

-Improved product quality (Yes 0,25 – No 0)
-Improved crop production (Yes 0,25 – No 0)
-Reduced work strenuousness (Yes 0,25 – No 0)
Productivity

Economic efficiency (value added €/ha/year)

Eco

Productivity

Economic security/

System viability (% of revenue available for

Eco

Productivity

Investments

investments)

Low income

Income compared to Minimum Wage (% SMIC)

Eco

Equity

Autonomy and

Ratio of dependency from external resources (from 0

Eco

Reliability

Independency

to 1)

Autonomy and

Sensitivity to subsidies (% of gross operating surplus)

Eco

Reliability

Soil quality

Soil assessment (scale 1 to 3)

Env

Productivity

Soil quality

Soil bulk density (g/cm3)

Env

Self –reliance/

Independency

Resilience
Crop diversity

Number of crop species cultivated (n°)

Env

Reliability/ Resilience

Conservation

% of soil covered with green manure in winter

Env

Resilience

Biodiversity

Meters of hedgerows/ha

Env

Equity

Access to water

-Water consumption (m3/ha/year)

Env

Resilience

reserves and drainage

-% of water used in irrigation that comes from

agriculture

rainwater storage
Autonomy and

% of amendment produced on the farm

Env

Reliability

independency

-% of plants and seeds produced on the farm

Env

Reliability
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Table 10 - presentation of farmer's performance in each indicator. Result in actual values and standardized value. The
colors of the lines are related to the nature of the indicators: blue for social, red for economic, green for environmental.

Indicator

non-AMAP system
Actual value

AMAP system

Standardized

Actual value

value (%)
Personal satisfaction

Neither unsatisfied nor

50%

satisfied
Hours of free time per month
Hours per week spent in social

Standardized
value (%)

Neither unsatisfied nor

50%

satisfied

204 h/month

71%

316 h/month

100%

Less than 1h/week

0%

Less than 1h/week

0%

No new technology

0%

A new tractor was

25%

activities
Implementation of new
techniques

was implemented on

bought, which reduced

the farm in the last

work hardness

year
Gross value added per ha per

33500 €/ha/year

100%

33055 €/ha/year

100%

1%

44%

12%

56%

5,80 €/hours (60%

33%

9,67 €/hour (100%

56%

year
System viability
Income in % of SMIC per hour

SMIC)
Degree of autonomy from

SMIC)

0.93

100%

0.20

22%

9%

100%

18%

100%

Moderate

50%

Moderate

50%

external resources
Sensitivity to helps
Soil quality

(VSA score 23)

(VSA score 24,5)

Soil bulk density

1,44 g/cm3

33%

1,26 g/cm3

50%

Number of crop species

70 species

100%

45 species

84%

0% of the land

0%

48% of the land

44%

81,25 m hedgerows/ha

11%

150 m hedgerows/ha

22%

cultivated
% of soil covered in winter
Meters of hedgerows/ha
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Water consumption
% of water used in coming from

2016 m3/ha

100%

1714 m3/ha

100%

Between 80-90%

89%

More than 90%

100%

61%

67%

Between 40-50%

44%

9%

0%

0%

0%

14%

11%

8%

0%

rainwater or autonomous
sources
% of amendment produced on
farm
% of plants produced on the
farm

-% of seeds produced on the
farm

The degree of dependency on external resources is calculated dividing the money spent in 2015
to buy external resources (necessary for the production) with the turnover of the same year. The
AMAP farm is ten times more dependent from external resources than the non-AMAP farm.
The farmer that is not involved in the AMAP system bases his agronomic practices on a very low
input-based fertilisation, which is mainly derived from organic waste produced by farm products.
He do not buy any manure or organic fertiliser, but low quantity of amendments based on soil
bacteria which are supposed to boost soil biological activity reducing the need for fertilisation.
Moreover, he auto produce 14% of his plants and 9% of his seeds, reducing in this way the
expenses. Even though both farmers perform good in terms of autonomy from governmental
subsidies, the farmer of the AMAP system is slightly more dependent (18%) compared to the
other farmer (8%).
On the environmental side, the results are diverse. The AMAP system performs somewhat better
in the Visual Soil Assessment tests, which take into account soil structure, porosity, colour,
number of mottles, presence of tillage pan, clod development and soil erosion (Appendix 8).
Normally, the test take also into account earthworm density as a visual indicator of soil life. In this
research was not possible to collect significant data on this indicator due to the hibernation period
of the earthworms that take place in the period in which the field data were collected. Not taking
into account earthworm density, could also be a possible explanation on why both farms performs
as “moderate” soil conditions instead of “good”. For the non-AMAP farm, the value of soil bulk
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density (1,44 g/cm3) is included in the normal value range for its typology (1.3-1.7 g / cm3) while
for the alternative farm is lower (1,26 g/cm3).
Both farmers have a large cultivated biodiversity with a high diversity of crops (both fruits and
vegetables), if compared to the average value for vegetable farmers (20 crop species per farm).
On the other side, they are both lacking some hedgerows meters per hectare to be able to have
effective beneficial ecosystem results. In terms of water consumption, the two farms are equally
independent, having easy access to natural source of water (traditional farm) or multiple river
canals (alternative farm). This explain for both farm the low consumption of water.

Step 6: Conclusions and recommendations
Where the farms most differs in terms of performances the AMAP farmers shows, generally,
better scores (figure 20).

Hours of free time
per month
Production of
seeds on the farm
Production of
fertiliser on the

100

Implementation of

80

new techniques

60

System viability

40

farm

20

Water
provenience

Income in % of

0

SMIC per hour
Degree of

Hedgerows length

autonomy from
external resources

% of soil covered

Soil bulk density

in winter
Number of

non-AMAP
AMAP

cultivated
vegetable species

Figure 20 – AMOEBA graph representing the main differences in scores for the indicator based MESMIS analysis
for the two systems
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The AMAP farmers managed to implement a system which permitted him to have a higher
system viability and a better hour remuneration with less hours worked. The higher number of
hours of free time per month is the result of both the choice of working in association with other
farmers but also the one of selling through only two market outlet - AMAP and market – which
guaranteed a sort of stability. In comparison, the non-AMAP farmer made use of 5 type of market
outlet (local markets, grocery, wholesales, reseller and local canteen), of which each one requires
time preparation time for selling and contacting clients. This market choice, together with the fact
that the non-AMAP farmers works independently, increased his workload and therefore
diminished his free time per month.
The greater scores related to soil quality and soil bulk density can be related to the type of soil
practices adopted, which for the AMAP farm are close to the principles of conservation agriculture
(soil cover in winter with green manure, no soil labor). If the scores for soil quality are slightly
better for the AMAP farmer, the non-AMAP farmer performs better in term of autonomy from
external resources. In fact, the latter implemented since 10 years agronomic practices that are
supposed to reduce the dependency from external fertilizers. The use of food waste as fertilizer
and a small quantity of soil bacteria each year as soil amendment is supposed to boos soil
biological activity and therefore optimize the use of nutrients. Moreover, in terms of autonomy, the
non-AMAP farmer happen to have a better score in terms of variable “production of seeds and
plant on the farm”. So if the AMAP farmers is more autonomous from client related variations, he
is more dependent from market price fluctuations due to his high dependency from external
resources.
The force of the AMAP farmer lay in the choice of working in a societal form, finding fix clients that
can assure stability and good pay off of the products, and last but not least, the care taken of the
soil with the practice of conservation agriculture. On the other side, the strength of the non-AMAP
farmer stays in the research of farm autonomy trough auto production of amendments and raw
material such as plants and seeds and the attention given to the cultivated biodiversity.

A

recommendation for the non-AMAP farmer, when the workload becomes too high to be sustained,
might be to reduce the selling strategies to the ones that are really profitable and to buy some
plants or seeds which required high amount of work in order to reduce work strenuousness.
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3.4 Results of FCM and MESMIS compared
The better economic results (compared to the hours worked) of the AMAP farmer in the case
study reflect the perceptions founded in the Social Cognitive Map of the AMAP group regarding
their selling strategy. The group of AMAP farmers was focusing very much on economic benefit of
selling through AMAP such as selling to fixed clients and fixed prices, which permits them to gain
some time in terms of selling organization and to have an economic security at the base of their
practices.
The fact that non-AMAP farmers cited in their SCM ‘product quality’ as a very central variable in
their maps, can be related to the fact that when the clients are not engaged to the farm
throughout a contract, it is necessary to aim for high quality product in order to be compatible on
the market, and therefore assure economic security. Moreover, the image picture by the SCM of
AMAP and non-AMAP farmers about the factors influencing ‘economic security’ are here
reflected: the non-AMAP farmer in the case study has a higher crop diversity which can relate to
offer a wider range of products to consumers and increase selling, especially when one or more
crop in one season fail; on the other side, the AMAP farmer has a lower diversity of crop but still
has his revenue assured due to the selling strategy chosen (combination of market and AMAP).
In the case study, the non-AMAP farmers shows slightly better scores in terms of autonomy of
seeds and plants production. In the SCM of his group, the variable was not considered as
important as it appear in the SCM of AMAP farmers.
The economic results of the AMAP farmer in the case study and his results regarding soil quality,
are a good reflect of table 6, in which we can observe that for the AMAP farmers group the first
three variable for their centrality are ‘Sale through AMAP’, ‘Soil quality’ and ‘Economic security’. In
the case of the non-AMAP farmer, the higher attention paid to improve biodiversity, autoproduction of fertilizers, and soil inoculation with soil bacteria reflect the variables that have a
higher centrality in the SCM of non-AMAP farmers, which are
balance’.
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‘Soil quality’ and ‘Ecosystem

Discussion
The objective of this research was to compare farmer perceptions of the sustainability of their
farming systems with an indicator-based sustainability evaluation. We were particularly interested
in the role of the Associations pour le Maintien d'une Agriculture Paysanne (AMAP) played in
farmer perceptions and actual measurements of system sustainability. We used organic
vegetable farmers in Maine-et-Loire as a case study. In this research we show that the forces
influencing farming system sustainability perceived as important by farmers are: soil quality (and
related practices), organic agriculture, biodiversity, climate change, investments, economic
security, low income, direct selling (through AMAP or market), heavy workload, mental wellbeing,
balance between work and free time. and farmers networks and exchanges.
Farmers mentioned mainly environmental aspects when thinking of sustainability as a general
concept. For both AMAP and non-AMAP farmers, soil quality had a high central value in their
SCM (2.14 for AMAP and 2.06). In the interviews, the soil was often described as an ally that
farmers should take care of. Taking care of the soil was done by agronomic practices such as
mulching, green manure, reduced till and crop rotation, typical of organic agriculture. These
practices were considered to positively influence other system components such as their
environmental footprint. The AMAP farmer participating in the MESMIS, considered mainly the
use of green manure and the reduced till as practices to take care of soil quality.
For AMAP farmers in general, is especially the fact of producing organic that permit to have high
quality products leading to an enhancement of their health conditions. The connection that
farmers make between organic practices and healthy vegetables was also reported in the study of
Lanciano et al. (2010): farmers considered some agronomic practices more acceptable than
others in order to have healthy products. To produce vegetables that are “truly organic”, for
example produced without use of plastic mulching or pest treatment authorized in organic
production, imply also a trade off in terms of weaker economic performances an supplementary
working hours (Lanciano et al., 2010). For non-AMAP farmers, not only the quality of the soil
covered an important role in their system, but a general ecosystem balance (centrality value
1.25), which is highly related to cultivated and natural biodiversity. The non-AMAP farmer
analysed in the MESMIS process focused his attention especially on cultivated crop and soil
biodiversity, with the very high diversification of crops and the annual spread of soil bacteria.
49

A third of the farmers agreed on the fact that climate change have a great negative influence on
productivity. In the SCM the variable climate change happen to be a ‘driver/transmitter variable’
which means that cannot be influenced or changed by the farmers themselves. Indeed climate
fluctuations cannot be controlled by one single person, but adaptive responses to the fluctuation
can be implemented by farmers in order to improve farm resilience. In this study, neither
mitigation nor adaptation strategies were cited as possible solutions to act on the dramatic impact
of climate change on farmers productivity. A study conducted between 2008 and 2011 in the
West of France, using both scientific studies and farmers perceptions, showed that farmers
considered the resilience of their farms important and that they were adapting to climate change
with the use of difference practices such as: winter cover crop, crop diversification, intercropping,
no-till, use of flower strips, hedgerows and agroforestry (GIP, 2015). In the two case studies, both
farmers paid attention to crop diversification; only the AMAP farmer adopted practices such as
no-till and winter cover crops; both farmers had a low score on hedgerows length for improving
biodiversity and ecosystem services.

Social concepts were not so preponderant when asking for the first time farmer’s vision of
sustainability. On the contrary, when talking about factors influencing their system sustainability,
they became more relevant. The variables ‘mental wellbeing’ (cited 15 times) and ‘balance
between work and free time’ (cited 13 times) were considered as important factors by all the
sample, and as priority factors for non-AMAP farmers. The AMAP farmer of the case study
worked less hours per week and therefore had more free time. This might be due to the fact that
the farm is constructed around a partnership form – 3 equal partners – rather than a hierarchical
form with one responsible and several employees, as was the case for the non-AMAP farmer.
Being able to share workload and decision making with other business partners reduce his
workload and therefore the time spent working, maintaining a high confidence in the safety of the
business in case of absence.
“Heavy workload” was pictured throughout the interviews as a driver/transmitter variable and the
cause of the lack of free time, suggesting that producing vegetables intrinsically requires a very
large amount of work. The heavy workload influencing farmer’s life was perceived as a factor that
cannot be changed and that can only be endured. The same vision of workload influence on
farmer’s life was highlighted by farmers participating to the studies carried on in the department of
Normandy and the region of Rhône-Alpes, in which the complexity of the agronomic tasks, the
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unpredictable weather conditions and the high crop diversification are at the base of this overload
of work (Richir, 2013, Dufour et al., 2010). On the side, another study highlighted an interesting
interpretation of working time, according to farmers portraits in Bretagne (Lanciano et al., 2010).
According to the latter, there are two kind of farms: one that consciously separate work time and
private time, and another one that mix both of them, with fuzzy boundaries between work and
leisure activities. In this view, farmers are the most responsible actors in defining their workload,
opting for one production strategy or another one (Lanciano et al., 2010). This vision apply to the
case of the two farmers analysed in this study, in which the setup of their farming system
influenced also their workload (25 hours of work/week of difference between the two farmers). In
the case of the non-AMAP farmer, the motivation and passion for agricultural work were high and
lead him to explore a high crop diversification, the auto-production of fertilisers, plants and seeds.
All these practices increased his autonomy from external resources but, at the same time,
required high time dedication and involvement, which could not be tolerate if work for him would
just be related to gaining a salary. The compromise made by the AMAP farmer on this side is to
increase his level of dependency buying the resources necessaries for the production such as
seeds, plants, fertilisers but, on the other side, being sure to assure and maintain a regularity in
terms of productivity and reduce working time. In this sense, the 25 hours/week of work that the
non-AMAP farmer cumulate more than the AMAP farmer can also be explained by a different
vision of working time, as suggested by Lanciano et al. (2010).
A third of the farmers agree on the fact that farmers networks and exchanges have a positive
effect on their technical improvement. Also Dufour et al. (2010) and Chiffoleau and Ollagnon
(2008) showed that participating in technical or farmer meetings, allowed farmers to break their
isolation, exchange with peers and create a true collective and professional dynamic.
Regarding economic factors, the low income perceived by the farmers was a great concern for
them. In the interviews, almost half of the farmers declared to not be financially independent,
accounting on the revenues of the partner (issued from outside the farm). The MESMIS analysis
showed that the two farmers had a big difference in hour income: the non-AMAP farmer was
gaining 5,80 €/hour while the AMAP-farmer was gaining 9,67 €/hour. Compared to the national French
minimum salary (SMIC), the non-AMAP is gaining 60% of the SMIC while the AMAP farmer the
equivalent of a SMIC. A common perception was based on the unfairness of their revenue if
compared to the amount of hours worked. The causes of this low income, according to some of
the farmers interviewed, are to find in the payoff of investments and to the low consideration of
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the agricultural works at societal level. In the study performed in Rhône-Alpes, farmers often
preferred to assure the profitability of the business rather than increase their personal incomes
(Dufour et al., 2010). Investments had all along the study a double character: a necessary help for
some and a condemn for others, that’s why is the only variable that had a positive/negative
influence at the same time. Farmers were divided on this topic, especially based on their scale. In
another research, farmers that preferred auto-financing as a strategy, were more risk adverse and
willing to be autonomous as a priority, at the cost of growing slowly (Lanciano et al., 2010). On
the contrary, farmers that took big investments at the beginning of their installation were opting for
a strategy that permitted them to reach fast an important productivity level; nevertheless, they
needed strong technical competences to be able to have some return from their investments
(Lanciano et al., 2010).
Last but not least on the economic side, direct selling was seen as important by both groups.
Non-AMAP farmers identified the selling through the market as having positive effect on their
relationships with the consumers, while for AMAP farmers was the network itself that apported
most of the benefit. The AMAP system was seen as having mainly positive effects on economic
variables. The positive economic effects of selling in AMAP could be observed in the case study,
where The AMAP farmer was gaining 40% more of the non AMAP-farmer when total income was
compared to hours worked. Many factors are responsible of this economic advantage compared
to the non-AMAP farmer: selling products at a fix price to fix consumers, the trust between
consumers and producers that enable the latter to have an increased debt capacity (because of
solidarity credits) are all factors that are perceived as increasing their economic security. From
the research it emerged that being part of an AMAP is, for farmers, mainly an economic driven
choice rather than social or environmental. The AMAP farmers analysed in this research based
his market strategy on only two type of outlet : AMAP and local market, which assure him a good
hourly revenue compared to the other farmer analysed in the MESMIS and save him time in
terms of organization of the selling. In this sense, his market strategies was effectively beneficial
for his economic security. On the other side, a difference in terms of relationships with consumers
could be observe between the two groups: If AMAP farmers see selling through AMAP as the
base for a trust relationship between farmer and consumers, non-AMAP farmers see selling
through the market beneficial for increased communication with consumers. Is possibly also the
“trust” factor that assure an economic security for AMAP farmers.
The participants of the research, organic farmers involved in AFN, were relatively young (average
age 41 years) and educated (77% followed an agricultural education). Many of them started
farming only in the last 10 years. Half of these farmers had no prior experience in the agricultural
sector before starting their farm. The rise in the number of so called « neo-peasants » in the
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organic sector is a reality not only in Maine-et-Loire but in France as a whole. Neo-peasants are
farmers that had chosen to work in the agricultural sector after a professional conversion. In
France, they represent 30% of the new farm installations and nowadays the number of neopeasant is two times bigger than 10 years ago (D’allens & Leclair, 2016; Poulot, 2014; Richir,
2013). The interviews highlighted that for many of these farmers, producing organic vegetables
was not only a job but also a project of life, which defined a drastic change from their previous
working lives. For these farmers, the peasant life was considered to be more in line their ethical
principles. The difficult conditions of the work, high strenuousness and low income, were
therefore counterbalance by high personal satisfaction, which strongly motivated them and their
strengthened their mental wellbeing. The other half of the sample, which were more familiar with
the sector due to family background or early professional choice, had very diversified motivations
and technical orientations. Average farm size was generally small with average 9 h and
approximately two third of the farms cultivating 6 ha or less. Nevertheless, there was a large
heterogeneity in farm size ranging from 0,24 ha to 36 ha – implying a great diversity of farming
strategies. In addition, it was observed a great variation on market approaches, with two third of
the farmers using more than one market outlet. Also Lanciano et al. (2010) identified a to diversify
the market outlets under vegetable farmers involved in direct selling. Even though a diversification
of markets was considered to be a source of security for most of the famers, AMAP farmers
relayed more often than non-AMAP farmers on only one network to sell their produce. This
suggests that they considered the AMAP system secure enough to provide ensured incomes on
the long term.
One of the biggest limit of this study was to have a diverse number for the two subsamples:
AMAP (18 farms) and non-AMAP (11 farms). The choice of how many farmers to interview was
not free and depended mainly on farmers availability and interest in participation. For this
research, more AMAP farmers agreed in participating to the research, both in the FCM phase and
in the mid-term meeting for choosing indicators. The unbalance of the sample might have
created some biases derived from the low number of non-AMAP farmers.
Another limit of this study lay in the timing. Different phases of the study were carried on in
periods which were not optimal for farmers or for collecting data. The mid-term meeting to
individuate indicators, for example, was planned for end of August 2016, a month that is still part
of the high production season. The MESMIS measurements instead, were done in the month of
November 2016, when frost already appeared and some interesting environmental indicators
could not anymore been analysed (eg. biodiversity in wild flowering species, crop quality,
earthworms density).
53

At agronomical level, soil quality, the core of farmers interest, is very complex to analyse without
laboratory tests. At the same time, on one farm soil gradients can be very variegated and
therefore samples should have been taken on a wider area and in higher quantity, thing that was
not possible in terms of time availability. To have a better understanding of a farm sustainability,
different indicators should be monitored in a larger period of time – from 2 to 5 years or more –
since the results of implementation of technologies or changes in farmers practices required
more than one season to be observed: “The experience gained with the MESMIS case studies,
shows that at least two cropping cycles and a combination of techniques are required for a sound
evaluation process.” (Lopez ridaura et al., 2002;144).
Two methodologies were used in order to permit to step from the mental representation of a
system of practices, to the actual results of the above mentioned practices on the system itself.
Fuzzy Cognitive Mapping was used to explore the perception that farmers have on their
sustainability and all the variables that influence it, while MESMIS was used to perform an
indicator based assessment of two different farming systems, one part of the AMAP network and
one non part of it. Beforehand, other studies were carried out using the two above mentioned
methodology, in a separate way and in very different context. Fuzzy Cognitive Mapping has been
used for very different purposes, from exploring ecosystem related issues by the definition of the
problem by a range of different stakeholders (Papageorgiou & Kontogianni, 2012; Giordano &
Vurro, 2010; Özesmi & Özesmi, 2003) to education-based studies (Cole & Persichitte, 2000) or
studies with medical interest (Stylios et al., 2008). Many studies used the results of FCM in order
to explore possible future scenarios with the use of modeling (Özesmi & Özesmi, 2004; Hobbs et
al., 2002; Soler et al., 2012) or to inform policymaker’s actions (Özesmi & Özesmi, 2003). Few
studies used FCM to analyse farming systems (Fairweather & Hunt; 2011; Papageorgiou et al.,
2011; Isaac et al., 2009). MESMIS has been used rarely in Europe, and more often in the Latin
American context, describing therefore farming systems which clearly differ from the ones
described in this work (Speelman et al, 2007). In the studies using MESMIS analysis, the
indicators analyzed were many times decided a priori by the researcher following their own
research interest, rather than commonly decided with the participants of the researches
(Speelman et al, 2007), whereas here indicators were selected together with farmers.
Some difficulties were found in comparing perception with practices in the context of the case
study. The large variation in farm size, the relatively recent start of the farm of the majority of the
farmers and the unbalanced number of AMAP and non-AMAP farmers, made it difficult to find two
farmers that could form the basis for sensible comparison in in the MESMIS analysis. An analysis
of two different farms might be more interesting if the farms have been previously identified as
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representative of some kind of farm typology. In the use of Fuzzy Cognitive Map, is possible to
have access to a high number of concept which habit stakeholders cognitive systems. This is very
interesting, nevertheless can be difficult to step from farmer perceptions of a system to actual
measurements of the state of a system. In this study, many variables influencing sustainability,
especially of a social nature, could not be investigated into practices due to the wideness and
difficulty to define them into indicators (as an example: health, consumer awareness, motivation
to work, quality of the product). For farmers selling directly to consumers, variables such as
product quality and consumers awareness/trust are fundamental; nevertheless, they were not
addressed by this study. On this subject many other studies have been conducted, exploring the
perception of consumers on direct selling and their feeling of proximity with farmers (Mundler,
2013; Dufeu & Ferrandi, 2011; Bertrandias & Pernin, 2010).
Even if the methodology has some limits, Fuzzy Cognitive Mapping allow the researcher to
transform in a visual form abstract thinking and, if done in a participatory way as in this research,
permit the participants of the research to have a visual representation of their thoughts. This
allowed a reflection on their perceptions of different farm components and especially on the role
of the AMAP network. The force of the MESMIS analysis in this study was to be the wellstructured guide of a process that transformed farmers perception into measurable indicators.
The concrete results of this monitoring enabled to highlight farmers strategies and inspire
reflection on what it mean sustain on long term a cropping system in vegetable production. Using
both methodologies combined allowed us to leap from mental representation of a production
system to its practical implication through the use of case studies. This approach is rather new
and promising for future researches.

Conclusion
The aim of this research was to first analyze the perception of sustainability that vegetable
farmers in Maine-et-Loire have in relation to their systems and, secondly, to compare the
abovementioned perceptions with the practices adopted by farmers in a case study. The contextdependent meanings of the word sustainability were explored and related to farmer’s strategies in
the choice of their production and selling organization. In this sense, a special attention was put
on the role that the AMAP network plays on the perceived and actual sustainability of vegetable
farms, which has never been investigated before. A great asset of the research is the emergence
of context-dependent sustainability factors which permitted a participatory indicator based
assessment. The most important crux of concern when speaking about vegetable farmers
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sustainability were: 1) soil quality and related practices (mulching, conservation agriculture, crop
rotation, green manures, etc); 2) biodiversity (natural and cultivated); 3) Productivity; 4) Revenues
and economic security; 5) Working time and workload; 6) Mental wellbeing, work satisfaction and
motivation; 7) Autonomy and independency in the economic, social and environmental domains.
Some of these variables, especially the ones related to mental wellbeing, are underestimated in
other analysis methods (IDEA, INDIGO, etc), while it is clear from this study that no farm can be
sustainable if its manager is living an unstable social situation. A further challenge stand in the
transformation of highly abstract aspects (such as mental wellbeing, health, product quality,
motivation) in specific indicators. The latters have been considered as very important in this
research but some difficulties were founded in transforming them in measurable and comparable
data. The results in sustainability performances of the two case studies analysed in this research
highlight some differences of performances due mainly to the adoption of different production and
selling strategies. The most important one is the trade-off between the willingness of being
autonomous (auto-producing seeds, plants, fertilizers) which comes with a higher level of
workload or another trade-off based on higher dependency from external market but lower
workload. Another factor observed in the case studies that might influence high workload and
decrease the balance between work and free time is the threshold between diversifying market
outlet and been overcharged by the diverse task due to too many selling strategies. Is the case of
the non-AMAP farmer which chose to sell with 5 outlet (of which some are even not considered
by the farmer as profitable), while the AMAP farmer sell through only 2 outlet but performs better
in terms of economic indicators. Overall, an interesting result stands in the fact that the ‘heavy
workload’ considered by the whole sample as an inevitable condition of vegetable production, is
in fact a constraints that is highly dependent on farmer’s strategies and operational choices. The
better performances of the AMAP farmer of the case study in terms of economics sustainability
are probably due to the peculiarity of selling system: fix clients, fix price and high level of
exchanges between producer and consumers. This reflect the vision of the whole AMAP group,
which identify in the SCM the AMAP network primarily as beneficial for their economic security
and increased trust between the producer and consumers. If no effect are shown on
environmental sustainability, the involvement of farmers in the AMAP network has for sure
positive effects on their economic – and possibly social – sustainability.
Overall, farmers showed a great interest in meeting other peers to exchange experiences and
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practices, in order to improve technically their agronomical knowledge and performances.
Passionate about soil and biodiversity, it can be an idea to standardize practices for farmers to
monitor these aspects autonomously, without the need to turn to costly experts. In order to
respond to this eager of improvement and the interest in sustainability issue for vegetable
farmers, a possibility would be to investigate the feasibility of giving farmers the tools to monitor
and evaluate themselves with a standardize method, in order to be able to compare results in
space - between peers – and time- year after year. In this sense, the low income perceived and
the limited free time of farmers should be taken into account to produce a method that is low in
time-demand and monetary resources.
The investigation of farmer’s perceptions on farming system sustainability through FCM allowed
to highlight key variables that influence farmers practices. The transformation of the perceptions
into structured indicators, and their monitoring, through the MESMIS process, allowed to outline
farmers strategies. Overall, the use of both methodologies and the participatory approach,
permitted to transform the abstract world of perception in measurable indicators. Linking MESMIS
to FCM allowed to explore in practice what normally is explored in modelling scenarios, while
adding a FCM analysis to the MESMIS process permitted to make the sustainability assessment
more context dependent and coherent with local farmers practices. The direct contribution of
farmers in the whole process permitted a high level of self-reflection and an empowerment of the
participants.
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Appendices
Appendix 1 – The seven attributes of sustainability and their explication as defined by
Masera et al. (2000)

Attribute

Description

Productivity

Ability of the agro-ecosystem to supply the required level of goods and
services.

Equity

Aptitude of the system to distribute productivity (cost and benefits) in an
fair way.

Stability

Capacity of the system to keep a stable and dynamic equilibrium state.
To keep, in normal and average condition, the productivity at a state
which do not decrease with time.

Resilience

Faculty of a system to return to the equilibrium state (or maintain the
productive potential) after the system suffered from a serious distress.

Reliability

Ability of a system to maintain itself to a level which is close to the
equilibrium when it suffer from normal environmental distresses.

Adaptability

Aptitude of a system to find new levels of equilibrium – continuing being
productive – before long-term changes in the environment.

Self-reliance

Capacity of a system to regulate and control its interactions with the
external environment.
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Appendix 2 - Fuzzy Cognitive Mapping process according to the CMASOP method of
Vanwindekens et al. (2014).
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Appendix 3 - Complete list of responses to the question: “How do you define
sustainability in the agricultural domain?”
N°

Answer

interview
1

no response

2

no response

3

“live long-term”

4

“assumed working capacity and progressive-learning”

5

“be-able-to-live”
“have good soil and environment”
“have good soil and environment today but also tomorrow”

6

“respect the environment, direct-link with your own territory and population, economic-viability”

7

“creating-employment-opportunities, being independent in raw-materials, environment-preservation,
feed the people and create life”

8

“respect the environment and the animals, reflection, critical-consumption, leave some land to your
own children”

9

“a general balance of life: soil, animals, plants, humans. ecological-coherence, working towards the
preservation-of-life”

10

“agrobiology, knowledge transmission, working with the elements, having the soil-as-an-ally”

11

“transmission of the enterprise, economic-viability, creating-employment-opportunities, environmentpreservation”

12

“environment-preservation, soil-as-an-ally, transmission of the enterprise, economic-viability, socialrelationships”

13

“preservation of the soil”

14

“soil-management; productivity; be-able-to-live; economic-viability; don’t-deplete and don’t-pollute;
mechanization to reduce-physical-fatigue”

15

“ecological-coherence, local-consumption, direct-selling, autonomy”

16

No response

17

“organic-agriculture, work-efficiency”

18

“transmission of the enterprise, social relationships, environment-preservation, economic-viability”

19

“economic autonomy; land-access; autonomy in organic-matter; direct-selling; healthy products; lessmechanization”

20

“be-able-to-live, work satisfaction; economic-viability”

21

“organic-agriculture, environment-preservation, keep air, soil and water in good quality, safeguard the
genetic patrimony; reduce-carbon-emissions, direct-selling; creating-employment-opportunities, give
life to the countryside and valorisation of rural areas”

22

“direct-selling”

23

“direct-selling, autonomy in soil and grains”
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24

“organic-agriculture, direct-selling”

25

“landscape and environment-preservation, creating-employment-opportunities, having an ethical-lifestyle everyday”

26

“energetic-autonomy; economic-viability; a type of agriculture that can inspire people to become farmer
too; have access-to-land; accessible and remunerative products”

27

No response

28

No response

29

“don’t-deplete the soil and the environment”
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Appendix 4 - Complete list of factors emerged in the interviews divided by type (Social,
Economic, Environmental), citing the nature of their influence (positive/negative), and the
number of farmers which cited them per group. Each factors has a brief explanation of its
meaning.

Social factors

TOT

AMAP

NO

cited

cited

cited

positive

21

9

12

positive

15

8

7

positive

12

8

4

positive

12

7

5

positive

10

6

4

positive

9

5

4

negative

8

7

1

positive

8

6

2

positive

8

6

2

positive

8

5

3

positive

7

4

3

SAMPLE
Mental wellbeing
Happiness and satisfaction in work and private life
Balance between work and free time
Ratio of working time that leaves space for private life and freetime activities
Technical improvement
Upgraded work efficiency and agricultural techniques
Product quality (tasty, nutritious)
Social recognition on one’s product positive traits
Social relationships
Personal and friendly connection with other individuals other
than family
Farmer’s networks and interchanges
Possibility of meeting other farmers in informal situations to
exchange suggestions and experiences
Physical fatigue
Accumulated exhaustion due to repeated physical effort in work
task
Health
Preservation of healthy condition of life of people, nature and
animal
Work motivation
The feeling of liking what you are doing and being daily motivate
in continuing
Autonomy and independence
The capacity of dealing alone with daily personal and working
needs
Consumer’s awareness
Level of understanding that consumers have on farmers
situations, rural and food issues
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Consumer's satisfaction

positive

7

4

3

positive

7

6

1

positive

6

4

2

positive

5

3

2

positive

4

3

1

positive

3

2

1

positive

3

1

2

positive

3

2

1

positive

3

2

1

positive

3

2

1

negative

2

1

1

positive

2

0

2

positive

2

1

1

Happiness of consumers related to the products and the
relationships with farmers
Consumers-producer trust
Relationship of confidence and understanding based on the
direct link between the two actors
Build-up of experience
Work expertise that increasing everyday tackling daily
challenges
Farm open to society (volunteers, consumers..)
Availability of the farmer to receive external people on his/her
farm for specifically dedicated moment
Communication with consumers
Clear and transparent dialogue between producer and
consumers
Farmer's regional organizations
Existence of regional organization which organize meetings and
formation between and for farmers
Food education
Possibility to sensitize society around food issues and culture
Solidarity between organic producers
Mutual help and support within the network of organic producers
Work evolution (new activities)
Working in a field which is in continuous evolution and that
required consecutive adjustments
Family stability
Inner equilibrium within the couple and family, especially
considering income and relationships
Consumers attention to product aesthetic
Consumer willingness of buying fruit and veggies which are
aesthetically beautiful, without considering taste or nutritional
qualities
Ethical consciousness
Producing and working taking into consideration ethics and
values
Knowledge transmission
Possibility to teach or supervise other people with the willingness
of installing in agriculture
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Low appreciation of agricultural sector

negative

2

1

1

positive

2

0

2

positive

2

2

0

positive

1

1

0

Lack of positive consideration for the rural areas and agricultural
profession
Permaculture
Development of sustainable and self-sufficient agricultural
ecosystems
Rural life and dynamics
Implementation of vibrant and cultural life in rural areas
Intuition and spirituality
Looking at all living organism with a widen look, beyond
materialism

Economic Factors

Nature

TOT

AMAP

NO

cited

cited

cited

negative

14

9

5

positive

14

9

5

Investments

positive/

13

9

4

Dedicate capital or money with the interest of gaining profitable

negative
positive

11

7

4

negative

11

8

3

positive

9

9

0

positive

9

6

3

negative

8

5

3

SAMPLE
Heavy workload
Very high amount of time consuming work
Productivity
Level of farm outputs in relationships to work, material, lands
etc.

returns
Economic security
Possibility to continue the business because of a solid
economic base
Low income
Small earning if compared to the hours worked, the effort
needed to produce and the average income of other worker
not in the agricultural field
Sale through AMAP
Possibility to sell vegetable box in a structured network which
create consumers commitment through a contract
Sale to local community
Selling directly to people which lives in a range of few
kilometres from the farm
Bureaucracy
High amount of procedures, rules and paper work concerning
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the agricultural sector which has a high cost money and timewise
Creating employment opportunities

positive

7

6

1

positive

7

5

2

positive

7

6

1

positive

6

6

0

positive

5

4

1

positive

5

4

1

negative

5

2

3

negative

5

3

2

positive

5

1

4

positive

4

4

0

positive

4

4

0

negative

3

2

1

positive

3

3

0

Capability on the farm to have enough work and income to
create the occasion for other people to find a job in the field
Small scale
Enterprise which remain small but productive and which do not
need many investments
Machineries adapted to production
Having access to specific machines which are useful and
practical in the specific field of vegetable production
Selling all the production
Being able to sell all the produce without creating food waste
Debt capacity
Economic security to be able to borrow money from a bank
Fixed price
Possibility to choose the price of your own products, without
being influenced by market prices
High production costs
Elevated costs related to the farm: production of vegetables,
machineries, inputs
High taxes for small producers
Elevated charges related to organic certification, subscription
to welfare, health, pension, etc.
Sale through market
Possibility to sell the products in a stand of a city market
Fixed consumers
Having consumers which always buy vegetables from the
same producer
Food security
Capacity of producing by yourself the basic food needed to
have a healthy diet
Difficult to find qualified employees
Not easy to find workers which know how to work to avoid food
waste
Diversification of selling points
Selling vegetable production in different places (eg. farm,
market, schools, etc)
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Successful farm management

positive

3

2

1

positive

2

2

0

positive

2

1

1

negative

2

2

0

positive

2

2

0

negative

1

1

0

AMAP

NO

cited

cited

cited

positive

18

12

6

positive

14

8

6

positive

13

9

4

negative

11

7

4

positive

11

7

4

Directing a farm with good entrepreneurial spirit, respect of the
environment and good work conditions
Diversification of marketable products
Selling transformed vegetable products and/or products others
than vegetables (eg. eggs, plants, aromatic herbs, etc)
Growth of organic market
Trend of increasing interest of people in buying organic
products
Low prices of agricultural products
Politic setting of low prices for staple food products such as
vegetables.
Revalorization of products
Transformation of vegetables as a way to add value
Competition with big enterprise
Presence on the territory of big farms which can make
economy of scale and, therefore, be more competitive on the
market than smallholders

Environmental factors

Nature

TOT
SAMPLE

Soil quality
Biological, chemical and physical quality of the soil
Crop diversity
Growth of different crop species and varieties
Organic farming
Set of agricultural practices which aim to enhance soil
fertility and environmental biodiversity whilst prohibiting
some practices used in conventional agriculture such as
high use of pesticides and herbicides, gmos, synthetical
fertilizers
Climate change
Changes in weather patterns which makes climate
conditions more unpredictable
Conservation agriculture
Set of practices that minimize soil depletion such as use of
green manure, no-till or reduced till, crop rotation, etc.
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Green manure

positive

9

8

1

positive

8

4

4

positive

8

6

2

positive

8

6

2

positive

8

5

3

negative

7

4

3

positive

6

3

3

positive

5

2

3

positive

5

2

3

positive

5

2

3

positive

5

3

2

positive

4

4

0

positive

4

2

2

positive

4

2

2

negative

3

1

2

Fertilizing the soil with the use of plants which first are
grown in a parcel and then plough back
Hedges
Line barrier made with different shrubs and trees species
Seeds and plants production on farm
Auto-production of seeds and plants with the resources of
the farm itself
Access to water reserves and drainage
Possibility to have on the farm a source of water for
irrigation
Biodiversity
Variety of animal and plant life which is beneficial for crops
and insects
Fossil fuels use
Use of products or energy coming from fossil fuels
Pests and disease management
Strategic plan to face crop disease and pest
Ecosystem balance
Equilibrated interaction between abiotic and biotic
components of an environment
Mulch
Application of a layer of material on soil surface where
crops are grown in order to preserve humidity, avoid weed
growth and promote microbial life.
Permanent beds
Creation of permanent areas to plant crops year to year in
order to do not compact soil with machineries in all the farm
Positive environmental footprint
Adopting agricultural practices which do not harm the
environment
Access to land
Having the possibility to easily rent or buy land
Agroforestry
Growing crops together with trees
Pleasant landscape
Working in a land which in which is agreeable to be
Conventional farmers as neighbours
Difficulties of having as a neighbour a farmer using
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chemical products on his/her land that might contaminate
your organic production too
Plastic use

negative

3

1

2

positive

3

3

0

positive

2

1

1

positive

2

0

2

positive

2

2

0

positive

2

1

1

positive

2

1

1

positive

2

0

2

positive

1

1

0

positive

1

1

0

positive

1

1

0

Utilizing plastic especially for mulching some crops
Crop rotation
Growing different crops in a scheme of succession on the
same land in order to reduce weeds, diseases and pests
Animals on farm
Having animals on the land which can be used to recycle
food waste, production of manure or for other sellable
products
Biointensive agriculture
Cultivation system which aim to perform high productivity
on a minimum area of land
Weed management
Intentional weed suppression and control to reduce
competition with the crops
Organic compost
Soil amendment composed by organic matter which had
been recycled and decomposed by microorganisms
Resilience
Ability of a system to recover quickly after a stressful or
extreme event
Soil bacteria
Microorganisms which make decomposition of organic
matter possible and which facilitate nutrients availability for
plants
Crop variety improvement
Selection of the best performing and yielding varieties of a
crop in order to plant its seeds the coming year
Carbon sequestration
Planting trees in order to remove carbon dioxide from the
atmosphere and held it in solid form
Closed nutrient cycle
Property of an ecosystem which create interactions
between biotic and abiotic factors in order to move and
exchange organic and inorganic matter to produce again
living matter
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Mushrooms cultivation

positive

1

0

1

positive

1

1

0

positive

1

1

0

positive

1

1

0

positive

1

0

1

positive

1

1

0

Intentional inoculation of mushrooms spores to favour the
installation of mychorrizal association
No use of copper
Not using copper (II) sulphate as a pesticide in the crops
Regular soil analysis
Performance of soil test as a routine to check often soil
conditions and needs
Synchronization and synlocalization of nutrients
Provision of nutrients when and where the plant needs
them
Reduce, reuse, recycle
Principles to reduce waste and save money
Biodynamic agriculture
Movement of holistic organic farming which make use of
esoteric concepts, astrology and specific soil preparation
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Appendix 5 - Complete list of indicators funded in the meeting of the 29 of August and in
literature (marked with an asterisk). Each indicators is related to its correspondent
sustainability factor derived from the interviews and sustainability attribute, as defined by
Masera et al (2000). Each indicators is specified in a way of measurement that can be
either numerable or comparable.

Sustainability
attribute
Stability

Sustainability
factor
Mental wellbeing

Consumers-producer

Social Sustainability
Indicator
proposed

Measuring method

-Feeling of happiness and

Farmer self-assessment. Evaluation

satisfaction in daily life

for all year long.

-Feeling of reconnaissance

Scale from 1 (totally unsatisfied) to 7

-Positive image of him/herself

(totally satisfied).

Feeling of consumers proximity

Farmer self-assessment. Evaluation

trust

for all year long.
Scale from 1 (totally unsatisfied) to 7
(totally satisfied)

Reliability

Balance between

Feeling that personal needs are

Farmer self-assessment. Evaluation

work and free time

satisfied and enough time is

for all year long.

dedicated to private life

Hours per month of free time (not
considering sleeping and working
hours).
(Dufour et al., 2010; Insee, 2014),

Ability of not being overwhelmed

Farmer self-assessment. Evaluation

with work tasks

for all year long.
- Scale to 1 (always overwhelmed) to
7 (never overwhelmed).
-Average of hours by month passed in
planning, anticipating and ordering.

Stability

Social relationships

Diversity and quality of social

Farmer self-assessment .

exchanges with external

Evaluation for all year long.

people/structures (not

Assess degree of quality of each type

connected with the farm)

of relationship with people and
structures with which exist a
relationship (Close family, enlarged
family, friends, acquaintance,
neighbour, etc.).
Scale from 1 (extremely terrible) to 7
(amazing).
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-Average hours per months passed in
friendly moments with other
people/structures.
-In case of hard blow, is there
solidarity from close relations ? 1) No,
2) Yes. Number of people available in
case of problem.(Insee, 2014).
Stability,
Resilience,

Health/ Physical

-Pain

Farmer self-assessment. Evaluation

fatigue

-Articulation problems

for all year long.

Self-reliance

Evaluation of general physical health.
Scale from 1 (extremely terrible) to 7
(extremely good).
Prevention of pain with sport,

Farmer self-assessment. Evaluation

stretching, adoption of

for all year long.

ergonomic positions

Scale from 1 (I never done
prevention) to 7 (I always prevent
pain ).
-Average hours per month spent to
practice sport or physical and
ergonomic exercise different from
daily work movements.

Management of retirement

Farmer self-assessment.

strategy (anticipation)

Evaluation for all year long.
Presence of options/strategies to
pass on the farm to somebody else in
case of retirement or impossibility to
continue. 1) Non, 2) Yes.

Self-reliance

Farmer’s networks

Volume of knowledge exchange

Farmer self-assessment. Evaluation

and interchanges

with other expert of agriculture

for all year long.

(farmers, consultants,

Hours per year passed in moment of

engineers, etc).

knowledge exchange with others
experts of agriculture and type of
exchange (informal or formal).

Equity

Knowledge

Access to the farm for people in

Farmer self-assessment. Evaluation

transmission

agricultural education*

for all year long.
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Weeks per year dedicated to
welcome on farm intern, woofers,
apprentice.
.
Stability

Work motivation/

Feeling of satisfaction at work

Social relationships

Farmer self-assessment. Evaluation
for all year long.
Scale from 1 (totally satisfied) to 7
(totally unsatisfied).

Appreciation of work partners

Farmer self-assessment. Evaluation
for all year long.
Scale from 1 (totally satisfied) to 7
(totally unsatisfied).

Adaptability

Technical

Implementation of new working

Farmer self-assessment. Evaluation

improvement

techniques on the farm which

for all year long.

globally improved the

Implementation of new techniques

production.

that :
-saved time (Yes >0,25, No>0)
-improved the quality of the products
(Yes >0,25, No>0)
-improved yields and productivity
(Yes >0,25, No>0)
-reduced work strenuousness
(Yes >0,25, No>0)

Formal education on agricultural

Farmer self-assessment. Evaluation

technical improvements*

for all year long.
Number of hours per year of
formation followed by the farmer.

Equity

Farm open to society

“Open days” of the farm*

Farmer self-assessment. Evaluation

(volunteers,

for all year long.

consumers..)

Number of days per year in which the
farm was open to welcome society
with activities, visits, etc.
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Economic Sustainability
Sustainability

Sustainability

Indicator

Measuring method/scale or

attribute

factor

proposed

Explication of incapacity

Stability

Sale through

Consumers turn-over in

Farmer self-assessment. Evaluation for all

AMAP/

AMAP/box-scheme

year long. Percentage of contracts which

Stability,
Reliability,

Consumer's

are cancelled per year (If more than 20%,

satisfaction

there might be a problem).

Economic security

Margin of monetary security

Farmers assessment with calculation on

for investments

in % of the total income of

farm accountancy.

the farm*

GOS= Gross Operating Surplus

Adaptability

Margin of monetary security=
(GOS of the year - debiting made by the
manager – annuity) x 100 ÷ total income of
the year excluding taxes (Argouarc’h et al,
2008)
Productivity

Productivity

Added value per ha per year

Farmers assessment with calculation on

(€/ha/year)

farm accountancy.
Added value ÷ ha cultivated with
vegetables.
(Gauche et al., 2011).

Equity

Low income

Income level per month and

Farmer self-assessment.

per hour. Distribution all year

- Evaluation per month and also per

long.

working hour, comparison with the
minimum salary for employees (SMIC).
-Regularity of income all along the year.

Productivity

Successful farm

Production efficiency*

Farmer self-assessment.

Efficiency= products– inputs/products

management /
Productivity/
Selling all the

products : total selling of the year without

production

considering end-of-the-year bonus (€).
Inputs : amount of short term inputs in €
(energy, water, fertilisers, seeds, etc) +
cost of temporary working force related to
production (Vilain, 2008).
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Sales forecasting*

Farmer self-assessment. Evaluation for all
year long. Relation between sales
forecasting and effective sales (kg).

Ability of transmitting the

Farmer self-assessment.

business /farm

T (transmission) = farm capital/Human
work unity not employed
Farm capital :Total economic value of
assets (considering price of the land only if
buying the land is necessary). Utilise
potential selling value as considered to be
by the farmer (Vilain, 2008).

Stability

Difficult to find

Seasonal employees

Farmer self-assessment. Evaluation for all

qualified

stability*

year long. Rate of employee renewal /year.

Autonomy and

Level of dependency from

Farmer self-assessment. Evaluation for all

independence I:

resources which are external

year long.

External

to the farm (ex. seeds,

€ spent to buy external resources/ turnover

resources

plants, fertilizers, gasoline,

of the year (without considering subsidies)

etc).*

(Diazabakana et al., 2014).

Autonomy and

Level of dependency from

Farmer self-assessment. Evaluation for all

independence II:

European and French

year long.

Governmental

governmental helps

SS (sensibility to subsidies)=

employees
Self-reliance

∑ subsidies _________________/

helps

GOS _______________________*100
GOS= Gross Operating Surplus
The helps should not cover more than the
45% of the total of money available for the
farm, considered to be a maximum level of
dependency (CIVAM, 2008b) .
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Environmental Sustainability
Sustainability

Sustainability

Indicator

Measuring method/scale or

Attribute

factor

proposed

Explication of incapacity

Productivity,

Soil quality

Stability,

Evolution rate of organic

Not possible to measure independently.

matter

Specific laboratory tests are necessaries for

Resilience

analysing the samples (Donovan, 2013)

Productivity,

Rate of mycorhization

Not relevant statistically.

Stability,

The indicator is very context dependent and it

Resilience

is not considered to be sufficiently reliable to
give information about the biological activity of
the rhizosphere (SOLAG ; 2015b).
Soil biological activity

Earthworms abundance (individuals/m2).
A good population density count on 120-140
worms/m2 in cropland. (Pfiffner, 2014)
(SOLAG, 2015a)

Self-reliance

Autonomy and

Autonomy in soil fertility

independence

Kg/ha/year of fertiliser inputs that comes from
outside the farm on the total fertiliser used.

Adaptability,

Conservation

Soil structure*

Scale of soil conditions from 0 (bad), 1

Reliability

agriculture/

(moderate) to 2 (good). Several tests to

Crop rotation

perform to have a complete vision of soil
conditions. (Shepard, 2000) (Environment
Agency, 2010)
Rate of soil erosion

Soil lost due to erosion (tonnes/ha/year)
(UNU).

Soil compaction*

Soil Bulk Density (g/cm3). (Donovan, 2013 ;
Brown & Wherrandt ; USDA)

Resilience,

Conservation

Stability

agriculture/

Soil cover against erosion

% of soil covered in winter on the total
Agricultural Surface (Argouarc’h et al, 2008).

Green manure
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Adaptability,

Conservation

Water infiltration capacity

Water infiltration rate in the soil (mm/h).

Stability,

agriculture /

in the soil*

(USDA, 1999; FAO).

Reliability

Access to water

Abundance of hedges in

M/ha of cultivated species.

the farm

% of total area of the farm (Argouarc’h et al,

reserves and
drainage
Adaptability,

Biodiversity

Stability,
Reliability

2008; Dennis and al., 2012; Herzog and al,
2012).
Diversity of temporary and

Number of species and varieties of annual or

annual crops (species,

temporary crops/ha (Argouarc’h et al, 2008;

varieties)

Dennis and al., 2012; Herzog and al, 2012).

Diversity of perennial crops

Number of species and varieties of perennial

(species, varieties)

crops/ha. (Argouarc’h et al, 2008; Vilain, 2008)

Diversity of wild flowering

Number of species of wild flowering plants/ha

plants*

(Dennis and al., 2012; Herzog and al, 2012).

Existance of ecological

m2 of hedges, flower strips, ditches, canals,

habitats*

stonewalls, ponds/total Utilised Agricultural
Land (Dennis and al., 2012; Herzog and al,
2012; Vilain, 2008).

Reliability,

Access to water

Water management

Stability,

reserves and

-% of water coming from rainwater storage

Resilience

drainage

(CAHG, 2013).

Self-reliance,

Fossil fuels use

Food « miles »

Resilience

-Water consumption with control of meter (l/an)

Not specific enough.
Km travelled by farm products to arrive at the
consumers.
Low “food miles” do not necessarily means
better results in terms of fossil fuel energy use
and CO2 emission. Because of its complexity
and variables to take into account, it can’t give
a precise indication of sustainability level of a
production system (Paxton, 1994).

84

Use of phytosanitary

Liters of phytosanitary products/year.

products
Use of gasoline on the

Liters of gasoline used/year.

farm
Self-reliance

Seed and plant

Autonomy level in plants

% of self-production of plants and seeds on the

production on

and seeds

total plants and seeds on the farm.

the farm/
Autonomy and
independence
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Appendix 6 - Questionnaire submitted to the two farmers participating in the MESMIS
process.

Questionnaire “Participatory sustainability assessment of AMAP farmers in
Maine-et-Loire, France: confronting farmers perceptions and practices”
Gender…………………….. Age……………………
Ha……………………… Year of farm creation………….. Vegetables are sold in ⃝ Amap ⃝ Others
Social sustainability
1.

Factor « Mental wellbeing » - Indicator : personal satisfaction

Are you satisfied of how it went your personal life in the year 2015 ?
⃝ Totally unsatisfied
⃝ A little bit satisfied
2.

⃝ Very unsatisfied ⃝ A little bit unsatisfied ⃝ neither unsatisfied nor satisfied
⃝ Very satisfied
⃝ Totally satisfied

Factor « Balance between work and free time» - Indicator: hours of free time per month

How many hours per week, on average, did you dedicate in 2015 to your professional activity (crop
cultivation, harvest, selling, administration…)?_________
How many hours, on average, do you sleep per night ? _________
168 total hours /week – _____ worked hours/week – ______ sleeping hours/week = _____ free time
hours/week
_______ free time hours /week x 4 weeks in a month = ___________ free time hours/month
⃝ Less than 80 h of free time/month
⃝ Between 110 and 140 h of free time/month
⃝ Between 170 and 200 h of free time/month
⃝ Between 230 and 260 h of free time/month
3.

⃝ Between 80 and 110 h of free time/month
⃝ Between 140 and 170 h of free time/month
⃝ Between 200 and 230 h of free time/month
⃝ More than 260 h of free time/month

Factor «Social relationship» -Indicator : hours per week spent in social activities

In 2015, how many hours per week, on average, did you spend with friends and acquaintances (people
with no link to your work or your family) ?
⃝ Less than 1 h/week
⃝ Between 2 and 2,5 h/week
⃝ More than 3,5 h/week

⃝ Between 1 and 1,5 h/week
⃝ Between 2,5 and 3 h/week
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⃝ Between 1,5 and 2 h/week
⃝ Between 3 and 3,5 h/week

4.

Factor «Technical improvement» -Indicator : implementation of new techniques

In 2015, did you implemented new working techniques ? ⃝ Non
⃝ Oui
If yes, did they help you to :
a) Save time ⃝ Non
⃝ Oui
The technique is : ________________________________________________________________________
_____________________________________________________________________________________
b) Increase the quality of your products ⃝ Non ⃝ Oui
The technique is : ________________________________________________________________________
______________________________________________________________________________________
c) Increasing productivity ⃝ Non
⃝ Oui
The technique is : ________________________________________________________________________
_____________________________________________________________________________________
d) Reduce work strenousness
⃝ Non
⃝ Oui
The technique is : ________________________________________________________________________
_____________________________________________________________________________________
Economic sustainability
To complete this section you need to have with you your accountancy records of 2015 and a calculator.
5.

Factor «Productivity» -Indicator : gross value added per ha per year

How much is your gross value added of 2015 ? _______________________________€
___________€ value added / ____ha cultivated with vegetables = ___________€ gross value added per
ha per year
⃝ Less than 2500 €/ha/year
⃝ Between 5000 and 7500 €/ha/year
⃝ Between 10000 and 12500 €/ha/year
⃝ Between 15000 and17500 €/ha/year
⃝Between 20000 and 22500 €/ha/year
6.

⃝ Between 2500 and 5000 €/ha/year
⃝ Between 750 and 10000 €/ha/year
⃝ Between 12500 and 15000 €/ha/year
⃝ Between 17500 and 20000 €/ha/year
⃝More than 22500 €/ha/year

Factor « Economic security/ Investments » - Indicator : System viability

How much was your Gross Operating Surplus (GOS) of 2015? ______________________€
In 2015, how much did you utilise as household levy (HL)? _______________________€
In 2015, how much was your annuity loan (AL)? ______________________€
(GOS ______________€ - HL ______________€ - AL _______________) ÷
Total income of 2015 without taxes ___________________€ *100 = _____________% system viability
⃝ Less than -30%
⃝ Between -30 and -20%
and 0%
⃝ Between 0 and 10% ⃝ Between 10 and 20%
40%
⃝ Between 45 and 50% ⃝ More than 50%
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⃝ Between -20 and -10%

⃝ Between -10

⃝ Between 20 and 30%

⃝ Between 30 and

7.

Factor « Low income» - Indicator : Income in % of SMIC (minimum salary)

On average on all the year 2015, how much did you gain per month and how much per hour?
Total amount of hours worked per month (on average on the year) : ________ h/month
Household levy 2015: _________________€
HL ______________ ÷ 12= ____________________€/month
(HL ______________ ÷ 12) ÷ _____hours worked on average per month =_____€/hours
As a reference, we consider the SMIC 2015: 1 457,52 € gross per month ; 9,61 € gross per hour.
(_______________ €/hour ÷ 9,61 € gross/hour) x 100 = _______ % of a SMIC per hour
(_______________ €/month ÷ 1457,52 € gross/month) x 100 = _____ % of a SMIC per month
⃝ Less than 20% of a SMIC
80%
⃝ Between 80 and 99%
and 160%
⃝ Between 160 and 180%

8.

⃝ Between 20 and 40%

⃝ Between 40 and 60%

⃝ Between 60and

⃝ SMIC or 120% of it

⃝ Between 120 and 140% ⃝ Between 140

⃝ More than 180%

Factor « Autonomy and independency» - Indicator : degree of dependency from external
resources

Approximately, how much money did you spend in 2015 to buy the resources needed to maintain your
production ? ___________________________________€
How much was the turnover of 2015 (Without taking into account subventions and helps) ?
_______________€
______________€ spent to buy external resources / _______________ turnover 2015 =
_______ ratio of dependency from external resources
⃝1

⃝ 0.9

⃝ 0.8

⃝ 0.7

⃝ 0.6

⃝ 0.5

⃝ 0.4

⃝ 0.3

⃝ 0.2

⃝ 0.1

9. Factor « Autonomy and independency» - Indicator : sensitivity to helps
How much is the sum of the helps and subventions that you received in 2015 (Crédit d’impôt, MAE-CAB,
MAE-MAB, BIOCONV, BIOMAINT, SABC, SAB-M, CAB et MAB nouveau dispositif 2015) ?
_______________________________€
How much is, on average on three years (2013, 2014, 2015), your Gross operating surplus (GOS) ?
________________€
SA (Sensitivity to helps) = (∑ helps_______________________ ÷€ GOS_______________________ € ) x
100 =__________%
⃝ More than 60%
45%
⃝ Between 45 and 40%
25%
⃝ Between 25 and 20%

⃝ Between 60 and 55%

⃝ Between 55 and 50%

⃝ Between 40 and 35% ⃝ Between 35 and 30%
⃝ Less than 20%
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⃝ Between 50 and
⃝ Between 30 and

Environmental sustainability
The questions followed by the mention « to be completed by the student » will be filled in by the student
at the moment of the visit of the farm. To complete this section, you need the land plan of your farm, you
crop plan 2015, your water bill 2015, your accountancy record 2015 and a calculator.
10. Factor « Soil quality» - Indicator : quality of soil aspects« to be completed by the student »
After the Visual Soil Assessment of the soil sample, how can you classify the soil quality in it totality?
⃝ Bad (VSA score <10)
⃝ Moderate (VSA score between 10 and 25) ⃝ Good (VSA score >25)
11. Factor «Soil quality» - Indicator : Soil bulk density « to be completed by the student »
Measure the Soil Bulk Density (g/cm3).
⃝ More than 2.0 g/cm3
⃝ Between 2.0 - 1.7 g/cm3 ⃝ Between 1.7 - 1.4 g/cm3 ⃝ Between 1.4
– 1.1 g/cm3
⃝ Between 1.1 – 0.8 g/cm3 ⃝ Between 0.8 – 0.5 g/cm3 ⃝ Less than 0.5 g/cm3
12. Factor «Crop diversity» – Indicator : Number of cultivated vegetable species
Number of vegetables species cultivated for selling purpose (count fruit and vegetables together).
⃝ Less than 15 species
⃝ Between 15-20 species ⃝ Between 20-25 species ⃝ Between 25-35
species
⃝ Between 35-40 species ⃝ Between 40-45 species ⃝ Between 45-50 species ⃝ More than 50
species
13. Factor « Conservation agriculture » Indicator : % of soil covered in winter
Measure the % of soil, on the totality of the agricultural land, that is covered with green manure after the
harvest of the crops.
How many hectares did you planted with green manure ? _______ha
(______ha planted with green manure ÷ ______ha AL) x 100 = ______% of soil coved
⃝ Less than 10% of AL
⃝ Between 30 and 40%
⃝ Between 60 and 70%
⃝ More than 90% of AL

⃝ Between 10 and 20%
⃝ Between 40 and 50%
⃝ Between 70 and 80%

⃝ Between 20 and 30%
⃝ Between 50 and 60%
⃝ Between 80 and 90%

14. Factor «Biodiversity» - Indicator : Hedgerows length
Calculate the hedgerows length in linear meters per hectare.
_________________________m hedgerows total length on the farm ÷______ total ha= ____________ m
hedgerows/ha
⃝ Less than 50m
⃝ Between 50 and 150m ⃝ Between 150 and 250m
⃝ Between 250 and 350m ⃝ Between 350 and 450m ⃝ Between 450 and 550m
⃝ Between 550 and 650m ⃝ Between 650 and 750m ⃝ Between 750 and 850m
⃝ More than 850m
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15. Factor «Access to water reserve and drainage» - Indicator : Water consumption and water
provenience for irrigation purpose
How many liters of public water did you consumed in 2015 ? (cf. water bill of 2015).
⃝ More than 6000 m3/ha/year
⃝ Between 5500 and 5000 m3/ha/year
⃝ Between 4500 and 4000 m3/ha/year
⃝ Less than 3500 m3/ha/year

⃝ Between 6000 and 5500 m3/ha/year
⃝ Between 5000 and 4500 m3/ha/year
⃝ Between 4000 and 3500 m3/ha/year

How much water, coming from rain water storage, did you used, in percentage, for your irrigation in 2015 ?
⃝ Less than 10%
⃝ Between 10 and 20%
⃝ Between 20 and 30% ⃝ Between 30 and 40%
⃝ Between 40 and 50% ⃝ Between 50 and 60%
⃝ Between 60 and 70% ⃝ Between 70 and 80%
⃝ Between 80 and 90% ⃝ More than 90%
16. Factor « Autonomy and independency » Indicator : production of fertiliser/amendments on the
farm
How many kg of fertilisers/amendment did you utilised in 2015 to fertilise your culture? _______________
How many kg of fertilisers/amendment , on the total used, were produced on your
farm?________________
(____________kg fertilisers/amendments self-produced ÷ ___________ kg total fertilisers/amendments
used) x 100 =
____% level of independency in fertilisers/amendments
⃝ Less than 10%
⃝ Between 10 and 20%
⃝ Between 40 and 50% ⃝ Between 50 and 60%
⃝ Between 80 and 90% ⃝ More than 90%

⃝ Between 20 and 30%
⃝ Between 60 and 70%

⃝ Between 30 and 40%
⃝ Between 70 and 80%

17. Aspect « Autonomy and independency» - Indicator : production of seeds and plants on the
farm
On the total of your vegetable species, how many plant do you produce yourself? ____________
(____number of plant species self-produced ÷____total number of plant species cultivated) x 100 =
____% of self-produced plants
⃝ Less than 10%
⃝ Between 10 and 20%
⃝ Between 40 and 50% ⃝ Between 50 and 60%
⃝ Between 80 and 90% ⃝ More than 90%

⃝ Between 20 and 30%
⃝ Between 60 and 70%

⃝ Between 30 and 40%
⃝ Between 70 and 80%

On the total of your vegetable species, how many seeds do you produce yourself? ____________
(____number of seeds species self-produced ÷____total number of seeds species cultivated) x 100 =
____% of self-produced seeds
⃝ Less than 10%
⃝ Between 30 and 40%
⃝ Between 60 and 70%
⃝ More than 90%

⃝ Between 10 and 20%
⃝ Between 40 and 50%
⃝ Between 70 and 80%

⃝ Between 20 and 30%
⃝ Between 50 and 60%
⃝ Between 80 and 90%
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Appendix 7 - Reference values for the indicators used in the MESMIS analysis.
Indicator

Reference value

Personal satisfaction

/

Hours of free time per

A French vegetable producer selling in short supply chain works on average 85

month

h/week (Dufour et al., 2010). Considering a week in which 85 hours are dedicated to
work and 56 hours to sleep, ergo 8 hours per night (Insee, 2014), the free time
remaining is 27 h/week, which makes 108 h/month. As a comparison, the week of a
French employee in agriculture account 35 h/week of work and 56 hours to sleep (8
h/night). The free time remaining is 77 h/week, which makes 308 h/month.

Hours per week spent in

An average French person spend 2 h/week in social activities (Insee, 2014).

social activities
Implementation of new

/

techniques
Gross value added per ha

An average value of economic efficiency for French vegetable farmer in short supply

per year

chain is a value added of 12038 €/ha/year (Gauche et al., 2011).

System viability

As a reference, a diversified vegetable farmers should have at least between 5-15%
of his/her revenue as a margin of security (Argouarc’h et al, 2008).

Income in % of SMIC per

The French minimum salary (SMIC) corresponded in 2015 to 1 457,52 € gross per

hour

month based on a 35h working week (9,61€ per hour). The value of the SMIC change
every year (www.juritravail.com).

Degree of dependency

Lower the dependency from the external market of resources, better it is

from external resources

(Diazabakana et al., 2014). Ratio from 0 to 1.

Sensitivity to helps

As a reference, for organic agriculture a maximum of 4000 € of help is combinable per
year considering governmental helps and PAC subsidies (CAB, 2015).
The helps should not cover more than the 45% of the total of money available for the
farm, considered to be a maximum level of dependency (CIVAM, 2008b).

Soil quality

According to the score of Visual Soil Assessment, a soil to be considered good need
to score in the assessment more than 25 points (Shepherd, 2000).

Soil bulk density

The critical value for Soil Bulk Density can be different according to different type of
soil. Sandy soils have, in general, a higher density (1.3-1.7 g / cm3) if compared to
clay soils (1.1 - 1.6 g/cm3 ). For soils high in peat and organic matter, the density can
be lower than 0,5 g/cm3. In general, it is considered that roots growth is inhibited if
Soil Bulk Density is higher than 1.6 g/cm3 (Brown and Wherrett, 2016).

Number of crop species

In diversified vegetable production, an average base of diversity correspond to 20

cultivated

types of vegetables along the year (Argouarc’h et al, 2008).
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% of soil covered in winter

In winter, at least 80% of the soil should be covered by some culture (Argouarc’h et al,
2008).

Meters of hedgerows/ha

In order to have beneficial effects from hedgerows, an hectare of crop should count at
least between 200-400 meters of linear hedges (Argouarc’h et al, 2008).

Water consumption

For diversified vegetable production, an average of 4000 and 6000 m3/ha (CAHG,
2013).

% of water used in

/

irrigation that comes from
rainwater storage or
autonomous sources
% of amendment produced

/

on the farm
% of plants produced on

/

the farm
-% of seeds produced on

/

the farm
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Appendix 8 – Visual Soil Assessment test (Shepard, 2000) and results for the two farms in
the case study.

Visual Indicator

Non-AMAP farm

AMAP farm

Score

weighting

VS ranking

Score

weighting

VS ranking

2

X3

6

2

X3

6

1

X3

3

1,5

X3

4,5

1,5

X2

3

1,5

X2

3

2

X2

4

2

X2

4

Earthworm counts

0

X2

0

0

X2

0

Tillage pan

1

X2

2

1

X2

2

Degree of clod

2

X1

2

2

X1

2

1,5

X2

3

1,5

X2

3

Soil structure and
consistence
Soil porosity
Soil colour
Number and colour of
soil mottles

development
Degree of soil erosion
RANKING SCORE

23

93

24,5
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