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Abstract
Farmers are being urged to change their practices in order to reduce agricultural pollution. These changes may affect working
times and organization, and farmers often mention this to explain the difficulties they have in adopting a new practice. But little is
known about the work-related changes (e.g., working time, organization, skills) engendered by a change of farming practice, or
about the information that farmers need for deciding on and implementing a new practice. In order to design tools to help farmers
when adopting more agroecological practices, the objective of this paper is to identify what work-related information is useful to
them for changing their practices. We interviewed 16 farmers in France and we then characterized the types of work-related
information they had applied. We focused both on changes that were systemic (reducing tillage or diversifying crops) or less
systemic (low-volume spraying or mechanical weeding). We performed a qualitative analysis with an iterative method, alternat-
ing between gathering data from the farmers and theorizing about what happens on the work front. We then performed a
quantitative analysis of the results, based on chi-squared tests, to identify which factors influence farmers’ work-related infor-
mation needs. Our findings showed, for the first time, that farmers apply a wide range of information about work changes,
concerning performance of new operations, resources used, work organization and competition between activities, and the
arduous or rewarding nature of farm work. We showed that the types of information needed change during the process of
introducing a new practice. In the first phase, farmers gather mainly generic information about the focal operation and the
resources required. In the next phase, they run innovation experiments, producing their own information on how their work is
changing and how to reorganize it. Based on these results, we suggest some paths for designing support tools.

Keywords Agroecology . Process of change . Innovation experimentation .Work time .Work organization

1 Introduction

In order to reduce agricultural pollution, farmers are adopting
new cropping practices such asmechanical weeding or nitrate-
trapping winter cover crops, or are diversifying their rotations
to include pastures, legumes, or low-input species, etc. (Alard
et al. 2002; Hauggaard-Nielsen et al. 2012; Pelzer et al. 2012).
Introducing new, more sustainable cropping practices can
however generate changes to working time and organization

if the implementation date of a new technique is in competi-
tion with other interventions on the farm (e.g., sowing cover
crops at the time of calving or manure spreading (Paineau
et al. 1998)). Or it can require the implementation of collabo-
rative and collective social practices based on knowledge
sharing (Sanderson Bellamy and Ioris 2017). Change in work
is a factor that farmers often mention to explain the difficulties
they encounter in adopting new practices (Paineau et al. 1998;
Pfeffer 1992; Sattler and Nagel 2010; Wossink et al. 1997).

Yet few agronomic studies dedicated to technical changes
on farms address the work issue. Of those that do, most assess
the impact on work by means of multi-criteria analyses which
consider work only in terms of its duration (e.g., Karlen et al.
1995; Lithourgidis et al. 2006). Some more ambitious studies
have addressed work organization by modeling the farm-level
management of a crop or livestock operation (e.g., Aubry et al.
1998; Dounias et al. 1999; Hostiou and Dedieu 2011), for
greater understanding and then for advisory purposes. At the
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first International Symposium on Work in Agriculture
(November 2016, Brazil), not a single plenary session paper
or workshop was devoted to the question of assisting change
in agroecological practices (as defined by Wezel et al. 2012).
Out of 50 papers, only six addressed the issue of supporting
farmers in their change to more sustainable practices. In par-
ticular, Coquil et al. (2018) identified some impacts of the
adoption of agroecological practices on the work of farmers,
advisers, teachers, and researchers, asking: “What changes are
needed in the work of Agricultural Knowledge and Innovation
Systems (AKIS) actors to better support the agroecological
transition?” i.e., the change of practices. Dumont and Baret
(2016) examined whether organic farming systems offered
better jobs in terms of quality of work than conventional sys-
tems. Only the paper by Petit et al. (2016) considered the
work-related information that farmers need when changing
their practices, showing that existing work organization sim-
ulation tools are of limited use for advising farmers. These
authors analyzed what farmers said in meetings about changes
of practices, and identified needs for information about
working time and organization, skills, and costs.

Toffolini et al. (2016) characterized precisely a number of
indicators used by farmers to design more sustainable agricul-
tural systems. They also identified a gap between the indica-
tors produced by agronomists and those used by farmers, but
they did not focus on work-related indicators. This gap shows
the importance of involving farmers in the identification of the
information they need during a process of change. Change is
described as a multi-step process, including a stage of innova-
tion experiments and not simply the decision to change prac-
tices. Most of the research in this respect has been performed
by the social sciences (e.g., Collerette et al. 1997), and more
recently by agronomists (Chantre 2011, Toffolini et al. 2016,
Catalogna et al. 2018).

The aim of our research is to provide agronomists with a
framework to analyze farm work, which will allow them to
help farmers in changing their practices. By looking at a wide
range of changes of farm work generated by the introduction
of new, more environment-friendly practices, we aim to iden-
tify the types of information on work changes that a farmer
can use to decide on and to manage the introduction of a new
practice. Based on these results, the end purpose is to put
forward useful ideas for designing tools and approaches to
help farmers anticipate and adapt to changes in their work
when adopting more agroecological practices.

2 Materials and methods

2.1 Choice of farmers

We selected our case studies in order to sample a variety of
technical changes on farms with differing forms of work

organization, with the aim of obtaining a certain genericity
of results. We interviewed 16 farmers who had undertaken
one or more changes to their cropping practices, adopting
more environmentally benign methods (Fig. 1), in two agro-
environmentally different French regions: Brittany and Pays
de Caux (Table 1). In Brittany, mixed crops (mostly corn and
wheat) and livestock systems predominate, while in Pays de
Caux, field crops (wheat, beetroot, flax, and potato) are more
prevalent and farms are larger. In both regions, agriculture is
considered to be responsible for serious environmental dam-
age: surface water pollution by nitrates and phosphates in
Brittany, and soil erosion and groundwater pollution by pesti-
cides in Pays de Caux (Joannon et al. 2005; Mabon et al.
2009).

Inspired by the classification proposed by Hill andMacRae
(1995), we interviewed farmers who had implemented ambi-
tious changes of practice, to varying degrees. Some of the
farmers we interviewed were increasing input efficiency or
substituting low-pollution inputs for pollutant ones, aiming
to reduce their use of crop protection chemicals (e.g., by
low-volume spraying or mechanical weeding) or reducing till-
age before sowing (e.g., stubble plowing instead of deep
plowing). Other farmers were redesigning their cropping sys-
tems by diversifying their rotations (e.g., introducing an alfal-
fa or a cover crop).

Several studies point out that the organization of work at
the farm level is constrained by the means of production (e.g.,
manpower, plot) and the different activities carried out by an
operator (e.g., Aubry et al. 1998, Lorenz and Errington 1991,
Joannon et al. 2005, Papy et al. 1988). We selected farmers
who had at least one of the following four types of constraint
on the organization of their work: a livestock activity, a second
occupation (e.g., agricultural contractors or major responsibil-
ity in a cooperative), plot constraints (scattered fields, peri-
urban farming), or a large crop area per farm worker. We set

Fig. 1 This farmer has switched to mechanical weeding (source: INRA)

28 Page 2 of 12 Agron. Sustain. Dev. (2019) 39: 28



a threshold of 60 ha per permanent worker, while in France,
the average crop area per permanent worker is 45 ha (Agreste
2011).

2.2 The interviews

We held 16 semi-structured interviews with farmers, which
we recorded on voice recorder and then transcribed. Each
interview began with a brief description of the farm (its histo-
ry, field pattern, labor resources, crops, and animal products)
and its current workload peaks (nature, priorities, manage-
ment). The aim was to understand how the farm functioned
overall, so as to be able to question farmers about their choices
and how they had implemented their change of practice. The
farmers then described how the change had unfolded, in three
steps: a description of their current practices, a description of
their practices before the change, and a chronology of the
change from the old pattern to the new.

When describing the change process, the farmers were
asked to explain: (a) what criteria of (dis)satisfaction had
prompted them to try new ways of doing things and to adopt
or refuse the new ways; (b) what information they had obtain-
ed and used, and what they had lacked and would have
wanted; and (c) the resulting changes to their work and how
they had managed them. In order to obtain detailed replies
about changes in work, without influencing the farmers’ re-
sponses, the first questions were deliberately general. If the
farmers had not raised these questions themselves, they were
asked about working time and allocation, the workforce, and
prioritization and competition between operations or skills.
After the interview, a report was drawn up and sent to the
farmer for validation. A second interview round was neces-
sary with seven of the farmers, to get more details about the
work-related information since the first interview had not been

long enough. We took advantage of these meetings to validate
with them the first results we had identified from our analysis
of the interviews.

2.3 Analysis of interview data

2.3.1 Qualitative analysis

We analyzed changes in farmers’ practices based on their
written narrative of these changes, and then asked them to
validate our analysis.We drew on the grounded theorymethod
described by Méliani (2013), using an iterative method alter-
nating progressively between: 1) identification of data related
to their information use, based on our interviews with farmers,
and 2) theorization about what happened on the work front
when a farmer undertook a change of practice. To start this
theorization, we used the categories of work change identified
by Petit et al. (2016): working time, work organization, skills,
working conditions, and labor costs. We analyzed each
farmer’s narrative, with the following questions in mind:
“What are the changes in work that have been generated by
the change of practice? Is it possible to classify them in one
category of work change identified by Petit et al. (2016)?
What type of work-related information did the farmer use?
When? Before or during the experiment on his/her farm?”
Several authors have shown that field testing the new practice
is a key stage of the change of practice (Collerette et al. 1997;
Chantre 2011; Toffolini et al. 2016; Catalogna et al. 2018). For
each farmer interviewed, we identified and categorized the
work-related changes, and for each category, we identified
the various information items the farmers had used in connec-
tion with it.

For example, during an interview, a farmer explained how
he had changed his spring crop sowing technique: he stopped

Table 1 Characterization of the 16 interviews conducted using three selection criteria: change of practice undertaken, farm’s location (region), and the
presence or not of work organization constraints

Farmers Numbers

Selection criteria 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 16/16

Change of
practice

Pesticide use reduction X X X X X 5/16

Reduced tillage combined
with cover crops

X X X X X X 6/16

Diversification of crop rotations X X X X X X X 7/16

Location Brittany X X X X X X X 7/16

Pays de Caux X X X X X X X X X 9/16

Labor
constraints

Crop area ≥ 60 ha/permanent worker X X X X X X X 7/16
Area (ha) 250 135 270 152 81 170 190 135 60 62 47 158 110 165 180 52

Livestock activity X X X X X X X X X 12/16

Second occupation X X X X

Plot constraints (peri-urban
area or scattered fields)

X X X X X X X X X X X X 12/16
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plowing and tilling several times and replaced these practices
by a shallow stubble cultivation and sowing mustard as a
cover crop. He also explained that he had bought a new disc
seeder. After initial experiments, he found he had good yields
and nomore pests. He also noted that sowing spring crops was
faster and above all less risky, given the limited number of
days on which the weather was favorable for sowing. But with
this technique, there was an additional step, sowing the cover
crop at the end of the summer when it was already a very busy
period. According to this narrative, the change of practice had
generated several changes in his work. These work-related
changes concerned the following categories: the nature and
timing of the interventions to be carried out, the equipment
to be used, working time, and competition between interven-
tions. To drive these changes, the farmer mobilized different
types of information which we codified as follows: (i) the need
for a new farm implement (a seeder), (ii) a new intervention to
be carried out at the end of summer (mustard sowing), (iii) an
increase in working time at the end of summer (cover crop
sowing), (iv) new competition between the interventions to be
carried out at the end of summer, (v) a decrease in working
time during the period of spring crop sowing, and (vi) a re-
duction in the risks of not being able to sow all spring crops
under good climatic conditions. So the farmer mobilized six
“information items” related to this change of practice.

To characterize each “information item,” we used the iter-
ative method and three criteria: (i) what is the origin of the
information used by the farmer, (ii) which operation was con-
cerned (i.e., was it the new practice the farmer wanted to
introduce or another one directly or indirectly affected by the
change?), and (iii) is the information generic (i.e., valid for a
number of farms) or specific to the farm? The “codification”
of each farmer’s narratives allowed us to (i) establish a cate-
gorization of work changes and (ii) identify the type of infor-
mation items used by farmer for each category of work chang-
es. We validated the categorizations during our second inter-
views with seven farmers. We then drew up an Excel spread-
sheet listing 534 information items identified according to the
work change concerned, the moment the information was ap-
plied (before or during the tests), the change of practice the
farmer was introducing, and the three criteria used.

2.3.2 Quantitative analysis

To identify farmers’ work-related information requirements,
we analyzed the distribution of the information items gathered
per category of work change, according to the following: (i)
the change of practice undertaken, (ii) farm location (region),
(iii) if the information was applied before or during the exper-
iment used, and (iv) the three other criteria cited above. For
this, we calculated percentages, which we compared using a
chi-squared test to ensure consistence since one information
item is counted only once and categories are exclusive. The

test was limited to categories for which theoretical sizes were
greater than five. Lastly, when we used the criteria to deter-
mine whether the information was used before or during the
experiment, we excluded seven information items that could
not be classified according these criteria. So for part of our
analysis, we used 527 information items.

3 Results and discussion

3.1 Four categories of work changes

We identified a wide range of work changes generated by the
introduction of new, more environmentally friendly practices.
The changes concerned are as follows: (i) operations to be
performed, (ii) resources to be used, (iii) work organization
and competition between activities, and (iv) the fulfilling or
arduous nature of farm work.

3.1.1 Changes concerning the farm operations to be
performed

Introducing new practices caused changes in the nature and
the number of the operations to be carried out. For example,
for one farmer interviewed, introducing a winter cover crop
changed the number of observations and treatments needed,
such as an anti-slug treatment to protect the next crop, or a
roller to prevent cover crop regrowth. So working time and the
timing of operations can be affected. Another farmer ex-
plained that, in spring, sowing flax is faster with a simplified
tillage system because there is one less plowing operation, but
it takes place later because the soil has to be less wet for the
sowing.

3.1.2 Changes in resources to be mobilized

We found changes in the human resources required, in terms
of workforce or skills. For one farmer, introducing a cover
crop that is sown in late summer increased labor needs. He
decided to hire a seasonal worker, as this required no particu-
lar training. A new practice may also generate changes in the
skills farmers need. For example, three farmers found they
lacked skills in observing soil conditions to decide what tillage
was required or with regard to nitrogen fertilization after the
introduction of a cover crop. Changes in the nature and origin
of the material resources to be used were also identified, de-
pending on the availability and skills of the farm’s workforce.
For example, implements such as a roller had been needed to
destroy a cover crop. Whereas one farmer owned one on the
farm, and a worker available to drive it, another farmer
borrowed a roller from the farm implement cooperative and
had it driven by the cooperative’s driver. Farmers also identi-
fied changes in financial resource requirements. For two
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farmers, reducing tillage had reduced financial costs because
plowing was a time-consuming job that had previously been
done by a contractor.

3.1.3 Changes in work organization and competition
between activities

We also found that competition arose between farm tasks or
between professional and personal activities. On one farm,
harvesting the alfalfa coincided with the sowing of corn,
which meant that the two tasks were in competition for use
of the farm’s tractor. Changes in work organization concerned
above all the setting of priorities between the operations to be
carried out, or the management of human and material re-
sources. For example, one farmer who had introduced low-
volume spraying, for which the climatic conditions were strict,
considered that this operation could not be postponed. So
spraying became a priority and a new organization was imple-
mented (e.g., a dedicated tractor permanently hitched to the
sprayer, preparation of sprayer and chemicals on the eve of the
operation, and possible mutual help with a neighbor).

3.1.4 Changes regarding the fulfilling or arduous nature
of farm work

The interviews also revealed changes in the farmers’ percep-
tions of how fulfilling or arduous they found their work to be.
For example, one farmer explained that before he changed his
practices, his work dedicated to crops had been routine: he
took care of the livestock and the mowing but delegated crop
monitoring and followed the spraying schedule set by the
advisor. In changing his practices, he had resumed the crop
monitoring work, had been able to reduce the number of treat-
ments, and had acquired more autonomy. Even though his
working time had increased, he did not consider this as a
problem because the workwas rewarding. Changes might also
involve new arduous physical tasks such as night work, for
example. According to one farmer interviewed, low-volume
spraying had to be done late in the evening or early in the
morning, sometimes as early as 4 a.m. But arduousness could
be offset by the comfort of a new spraying tractor equipped
with GPS and an automated boom. Mental effort could also
make work arduous. One farmer found no-till sowing of
spring crops more stressful because the best time to sow varies
widely from year to year, the conditions are stricter, and sow-
ingmust be done promptly, in a very short time lapse, so as not
to miss the window of opportunity.

3.1.5 The same diversity regardless of change undertaken
and farm location

There seems to be no mention in the agronomy literature of
this wide diversity of work changes generated by the

introduction of new, more environment-friendly cropping
practices. However, livestock scientists studying farm work
have made comparable findings. They identify three aspects
of work: (i) technical: labor, equipment, working time; (ii)
organizational: distribution of tasks among the workforce
and over time; and (iii) subjective: the meaning a worker gives
to their work, which may be a source of pleasure or pain
(Kling-Eveillard et al. 2012; Fiorelli et al. 2010).

Table 2 shows that there is very little difference between
types of change of practice, or between farm locations, in the
relative percentages of information items relating to the differ-
ent work change categories. Statistical analysis shows no sig-
nificant differences in the breakdown of numbers of informa-
tion items, between those concerning the change of practice
undertaken, and those concerning the farm’s location
(Table 2). We also found that farmers used more information
for changes concerning the performance of operations (66 to
70% for changes of practices and for location, on average)
than for those concerning the use of resources (14 to 18%),
work organization and competition (13 to 14%), or the re-
warding or arduous nature of the work (3%). The change of
practice involved and the location of the farm had no signifi-
cant impact on the pattern of information use.

3.2 The use of work-related information

In this part, we analyze how information related to the four
categories of work changes identified were used by farmers
during the process of changing practices, by analyzing differ-
ences before and during experiments.

3.2.1 Innovation experimentation as the key stage
for information use

All the farmers interviewed had experimented with the new
practice on a strip of land, a field or the farm in general, before
deciding whether to adopt it. According to them, these inno-
vation experiments played an essential role in their adaptation
to the work changes generated by the new practice and their
subsequent reorganization of the farm work. One farmer, for
example, said he could not have known in advance how to
organize the work when he switched to a system with more
grazing. Another one said that before they experimented with
low-volume spraying, farmers should be advised to keep a
tractor permanently hitched and the tank full. But he also said
it was always different from one farm to another, and that it
was by experimenting and seeking solutions to problems as
they arose that one could gradually reorganize the work, i.e.,
“who does what when,” depending on each year’s weather
conditions. Several authors have identified innovation exper-
iments as the key stage in the process of changing to a new
practice (e.g., Collerette et al. 1997; Chantre 2011; Toffolini
et al. 2016; Catalogna et al. 2018).
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In Table 3, we found differences in the information
used, before and during experimentation. Before they had
tried a new technique, farmers used less information about
work organization and competition, or about the rewarding
or arduous nature of a task (respectively only 16% and
20%), whereas the numbers of information items were
more similar for changes in operations to be carried out
(42% before and 58% during innovation experimentation)
and resources to be mobilized (55% before and 44% dur-
ing innovation experimentation). According to our statisti-
cal comparison test results, these differences of distribution
are significant: the types of work-related information used
by a farmer shift during the process of changing a farming
practice. As far as we know, no other scientific study has
yielded a similar result.

3.2.2 Three criteria for characterizing the information used
before and during innovation experimentation

The interviews brought to light wide differences in the infor-
mation farmers were using, in terms of the following: (i) how
the information was obtained and where it came from; (ii) how
complete it was: whether it concerned one action or several
related actions; and (iii) whether it was specific to the partic-
ular farm or generic.

Ways of information acquisition The work-related informa-
tion farmers used in the process of changing their practices
had been obtained in various ways. Some came from outside
sources: agricultural advisors, the farming press, training
courses the farmer attended, or other farmers (a neighbor,
other members of a mutual aid group, e.g., for ensiling corn
or sharing equipment, or at support meetings with other
farmers changing their practices). We had already found that
farmers sought information by attending meetings with other
farmers aiming to change their farming methods, organized by
agricultural advisory services (Petit et al. 2016). Information
obtained from outside sources was reinterpreted in light of the
farmer’s experience. Cerf and Magne (2007) have also shown
the distinction between internal and external sources of infor-
mation used when changing farm practices, and the variety of
sources (oral exchanges, different media etc.).

Farmers also produce information about work-related
changes themselves, during innovation experiments. Some
information is produced by observation in the course of
the work. For example, when trying out low-volume
spraying for the first time, a farmer noticed that preparing
a low-volume mix of chemicals took much longer than
preparing a full-dose treatment. Information is also pro-
duced by farmers analyzing or reasoning from their obser-
vations, their past experience, or externally sourced infor-
mation. For example, introducing an early-sown cover

Table 2 Breakdown of numbers of information items gathered per type
of work change, by change of practice undertaken (pesticide use
reduction, reduced tillage combined with cover crops, or diversification
or crop rotation), and farm location (Brittany or Pays de Caux). No

significant differences according to the change of practice undertaken
(chi-squared test P value = 0.971) or according to farm location (chi-
squared test P value = 0.7643)

Type of work-related
change

Change of practice Farm location Total numbers of
information items

Pesticide use
reduction

Reduced tillage combined
with cover crops

Diversification of
crop rotations

Brittany Pays de Caux

Performance of operations 131 (69%) 108 (66%) 125 (69%) 151 (66%) 213 (70%) 364

Resources to be mobilized 28 (15%) 30 (18%) 26 (14%) 40 (18%) 44 (14%) 84

Work organization and competition 25 (13%) 21 (13%) 25 (14%) 30 (13%) 41 (13%) 71

Rewarding and arduous nature of work 5 (3%) 5 (3%) 5 (3%) 7 (3%) 8 (3%) 15

Total numbers of information items 189 (100%) 164 (100%) 181 (100%) 228 (100%) 306 (100%) 534

Table 3 Breakdown of numbers
of information items gathered per
work change category by period
(before or during a farmer’s
innovation experimentation with
a new technique): significant
differences between information
item distribution by period
(chi-squared test
P value = 6.959−06)

Type of work-related change Before innovation
experimentation

During innovation
experimentation

Total numbers per
line*

Performance of operations 150 (42%) 210 (58%) 360 (100%)

Resources to be mobilized 46 (55%) 38 (45%) 84 (100%)

Work organization and
competition

11 (16%) 57 (84%) 68 (100%)

Rewarding and arduous
natureof work

3 (20%) 12 (80%) 15 (100%)

Total numbers per column* 210 317 527

*Seven information items could not be classified by period
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crop caused competition with manure spreading and lim-
ing operations. To limit this end-of-summer competition,
the farmer prioritized the operations by reasoning as fol-
lows: a wheat crop is less sensitive to soil compaction
than a spring crop sown after an autumnal cover crop
(emergence and yield are both satisfactory); so the farmer
gives priority to sowing the cover crop; manuring and
liming, which take place before wheat sowing, can be
done later, when the weather has deteriorated and the
soil is wetter. This type of information acquisition can
be compared to the process of experiential learning,
described by Kolb (1984) as an individual’s creation of
knowledge through practical experience, observation, and
analysis.

Information relating to “focal,” “ancillary,” or “affected” oper-
ations Some of the work-related information that farmers use
concerns only one operation, which we shall call the “focal”
one, but some concerns interactions with other operations
which may be “ancillary” or “affected”. For example, with a
low-volume protection treatment, the focal operation is the
actual spraying; the ancillary operations are those that precede
and follow it, e.g., crop monitoring and preparing and
cleaning the sprayer; and affected operations are others that
have to change, e.g., the calves are fed later because low-
volume spraying has to be done early in the morning. Most
of the indicators farmers use are described in the literature in
terms of spatial scale, mainly that of the field (Toffolini et al.
2016), rather than the operation concerned. But these authors
do suggest making a distinction between the scale of the “ob-
ject of the action” and that of “other objects”—a classification
similar to ours.

Generic vs. specific information What we refer to as generic
information is any information relevant tomore than one farm,
such as the reference speed of a farm machine. What we call
specific information is specific to a particular farm or farmer,
such as the same machine’s speed as recorded by the farmer in
his/her small, non-rectangular fields. Generic information can
be understood by most people and can be used by farmers
irrespective of the characteristics of their farm or its agro-
environmental context. We have found only one study that
proposes a similar characterization. Duru (2013), seeking
ideas for use in field tool design, differentiated between ge-
neric and specific knowledge in describing the knowledge
content of two grassland management tools.

3.2.3 Patterns of information used
before vs. during innovation experimentation

In this part we analyze, for each of the four categories of work
change, if there are differences in the pattern of work-related
information, depending on the process of change (before vs

during the experiment), the specificity of information items,
and the operation concerned (“focal,” “ancillary,” or “affect-
ed”). We analyze these differences for each of the four cate-
gories of work change.

Categories: operations to be performed and resources to be
mobilized Most of the information that farmers used before
experimentation with a new technique concerned the opera-
tions to be performed and the resources to be used. The great
majority of these related to focal operations (73% and 63% for
both categories—Table 5), and was not specific to the partic-
ular farm or farmer (90% and 72% for both categories—
Table 4). This information came primarily from outside
sources, especially the information that only concerns focal
operations. Any specific information used before experimen-
tation was knowledge which the farmer had acquired previ-
ously. During innovation experimentation, the information
used related in fairly similar proportions to focal, ancillary,
and affected operations (28 to 32%). Most of this information
was farm-specific and produced during the experimentation
process itself (76%). For example, one farmer found that in
order to stop systematically spraying his crops, it was essential
to monitor them daily, but that this did not take more time
because he could do it while taking his cows to pasture.
Farmers also used externally sourced information during their
innovation experimentation, mainly targeted information they
sought out to help them adapt to a work-related change they
had identified. For example, one farmer found, during exper-
imentation, that harvesting alfalfa for silage took too long,
required a lot of manpower, and competed with other opera-
tions, so he sought out generic information about the wrapped
bale system (harvest period, equipment, possibility and cost of
outsourcing, etc.).

Category: work organization and competition Both before
and during innovation experimentation, information on com-
petition between tasks generally concerned affected opera-
tions much more than focal and/or ancillary ones (Table 5—
around 90% vs less than 10%). Changes in work organization
and competition were considered farm-wide, not only in the
field where the new operation is performed.

Before experimentation, most information of this kind was
a combination of knowledge the farmer already had, and in-
formation about the new operations and resource requirements
obtained from outside sources. For example, to identify ways
of reducing competition during spring work peaks caused by
the introduction of hoeing, a farmer used information about
working time and efficiency conditions for hoeing (exogenous
data) and for spraying (from his own knowledge).

During experimentation, farmers acquired information in
two ways. They produced it from their own observations
and analysis (e.g., a farmer found that the harvest of a newly
introduced forage crop competes for manpower with corn
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sowing), and they sought out new information to solve prob-
lems and adapted it (e.g., to see if the forage harvest could be
done with a mutual aid group, or if corn sowing could be
postponed without a negative impact on the yield).
Information at this stage was more often produced by the
farmer than gathered from outside, and was consequently
mostly farm-specific (88%—Table 4).

Category: fulfilling or arduous nature of the work All the
information that farmers use on the relatively fulfilling or ar-
duous nature of a task is specific to themselves and to their
farm (Table 4), since it concerns their own feelings about
changes. This information concerns focal as well as ancillary

and affected operations both before and during experiments
(Table 5—25 to 42%).

Before a farmer experiments with a new technique, infor-
mation of this kind is based on comparing values, feelings,
own past experience, and the exogenous information that he
or she collects (e.g., a farmer sought out information on alter-
natives to plowing because that was a job he or she found
slow, repetitive, and boring). During experimentation, farmers
noted changes in their subjective experience of their work. For
example, four farmers found that crop monitoring to reduce
their use of chemicals was a pleasant task that also afforded
them more independence in decision-making. During experi-
ments, farmers also obtained information from outside

Table 4 Breakdown of numbers of information items gathered per
work change category according to the period (before or after
innovation experimentation) and to the specific or generic nature of the
information. There are significant differences between information item

distributions per work change category before innovation
experimentation (chi-squared test P value = 1.902−08) and during tests
(chi-squared test P value = 7.176−02)

Type of work-related change Period

Before innovation experimentation During innovation experimentation

Information type

Generic Specific Total number of items
before innovation
experimentation

Generic Specific Total number of items
during innovation
experimentation

Performance of operations 135 (90%) 15 (10%) 150 (100%) 50 (24%) 160 (76%) 210 (100%)

Resources to be mobilized 33 (72%) 13 (28%) 46 (100%) 9 (24%) 29 (76%) 38 (100%)

Work organization and competition 4 (36%) 7 (64%) 11 (100%) 7 (12%) 50 (88%) 57 (100%)

Rewarding or arduous nature of work** 0 (0%) 3 (100%) 3 (100%) 0 (0%) 12 (100%) 12 (100%)

Total number of information items per column* 172 38 210 66 251 317

*Seven information items could not be classified by period

**No statistical test because numbers too small

Table 5 Breakdown of numbers of information items gathered per
work change category by operation concerned (focal, ancillary, or
incidentally affected) and by period: significant differences between

information item distributions per work change category before
innovation experimentation (chi-squared test P value = 7.945−08) and
during experimentation (chi-squared test P value = 3.389−12)

Type of work-related change Period

Before innovation experimentation During innovation experimentation

Operation concerned

Focal Ancillary Affected Total numbers Focal Ancillary Affected Total numbers

Performance of operations 110 (73%) 21 (14%) 19 (13%) 150 (100%) 80 (38%) 72 (34%) 58 (28%) 210 (100%)

Resources to be mobilized 29 (63%) 8 (17%) 9 (20%) 46 (100%) 13 (34%) 13 (34%) 12 (32%) 38 (100%)

Work organization and competition 1 (9%) 0 (0%) 10 (91%) 11 (100%) 5 (9%) 3 (5%) 49 (86%) 57 (100%)

Rewarding and arduous nature of work** 1 (33%) 1 (33%) 1 (33%) 3 (100%) 3 (25%) 4 (33%) 5 (42%) 12 (100%)

Total number of information items per column* 141 30 39 210 101 92 124 317

*Seven information items could not be classified by period

**No statistical test because numbers too small
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sources, when they looked for ways tomake a job less arduous
(e.g., a new GPS-equipped tractor can make the night work
necessary for low-volume spraying less arduous).

3.3 Work-related information farmers lacked
for anticipating and adapting to changes

Based on the previous results and on the interviews in which
farmers specifically discussed the lack of information they had
identified, we identify how tools could be designed to better
support farmers when they change their practices.

3.3.1 Working time in the field: insufficient and misleading
information

Working time is often mentioned as a hindrance to the adop-
tion of new, more agroecological practices (Sattler and Nagel
2010), but three farmers expressed clear reservations about
that claim. One of them said, “When a farmer says he can’t
change because he doesn’t have the time, it’s a pretext. When
you decide to make a change, you manage to find solutions
and the time you need.” Six farmers explained that reducing
working time was a driver of their decision to reduce tillage or
to introduce low-volume spraying, but when they ran experi-
ments, they all found that they saved less time than they had
hoped to. For example, farmers experimenting with low-
volume spraying found that although the spraying operation
in the field was quicker, more such operations were needed,
and also a lot of preparation. Two farmers whose fields were
over 30 km apart found that travel time was substantially
greater; they considered this to be lost time. In this example,
the farmers had based their decision on an underestimation of
working time because they had only considered the machine
time per hectare, for the focal operation (speed × area to be
sprayed). This estimation was easy to obtain, but it appeared
insufficient (as it took no account of travel time or preparation
time) and also deceptive. It was not somuch working time that
caused problems for farmers, as the operation’s timing and its
degree of flexibility, because it might cause an accumulation
of competing operations to be done in the same period. For
example, one farmer who was spraying low volumes of her-
bicide wanted to introduce hoeing. He explained this choice
by the constraints of scheduling and the conditions for low-
volume spraying which gave this operation absolute priority
over other farm work and personal activities. So he had de-
cided to experiment with hoeing because although this opera-
tion takes more machine time per hectare, it is done outside
peak times, and with more flexibility in the scheduling.

This shows the value of supplying farmers with more in-
formation than just working time in the field—for instance
information on the scheduling of focal, ancillary, and affected
operations—to enable them to foresee competition between
operations and so help them change their practices. The

Atelage work organization model (Madelrieux et al. 2006),
which was designed to produce knowledge about how live-
stock farmers assign tasks to their workers, offers an interest-
ing approach for thinking about affected operations as well as
the focal operation.Madelrieux et al. (2006) suggest analyzing
forms of organization at different temporal scales (day, month,
year), and characterizing farm operations in terms of their
rhythm, whether daily (e.g., milking) or not (e.g., sowing si-
lage corn).

3.3.2 Lack of information for anticipating work-related
changes before innovation experimentation

The information that farmers lacked and would have wanted
before trying a new technique concerned the following: (i) the
number of runs required to obtain the desired result with a new
technique, (ii) ancillary operations to be carried out and other
operations affected, and (iii) the fulfilling or arduous nature of
the work.

An estimation of the number of runs is important because it
affects not only the working time but also the timing of the
operation and potential competition with other tasks. It can
call into question the decision to adopt the new technique.
For example, one farmer who experimented with strip tilling
for beet found that a single run did not produce a suitable
seedbed and that three runs were needed, at intervals. This
meant more tillage time and later sowing, which was then in
competition with other spring operations in a more acute work
peak—so much so that the farmer regretted his decision to
introduce the technique, claiming that it had been based on
insufficient information.

Some farmers also said they needed more information
about ancillary and affected operations, stressing that they
had difficulty finding such information from external
sources. One farmer wanting to introduce cover crops
wondered about how to manage nitrogen fertilization on
his flax crop. He found little information: “The advice is
too general and not very appropriate.” To find out, he had
to experiment and share feedback with other farmers.
Another farmer said that in his view, the advisory bodies
were 10 years behind the times as regards innovative tech-
niques for reducing tillage, and that as a result farmers
exchanged information among themselves, mainly through
Internet forums. These findings match those of Gerber
et al. (1996), quoted by Kummer et al. (2010), who sug-
gest that the lack of reference studies on new organic
practices is driving farmers to develop a culture of exper-
imentation to innovate and to find answers to their own
questions.

The farmers interviewed also stressed the importance of
knowing how rewarding, arduous, or stressful the work
would be with a new practice. All too often they only
found out when they implemented the practice. Some
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farmers said they would have taken a different view of
reduced tillage if they had known that spring sowing
would be more stressful because it had to take place later,
in a very short time window. Others said that monitoring
crops to reduce spraying did take time but was a pleasant
job. They explained that it represented a return to basic
farming skills, involving agronomic thinking and indepen-
dent decision-making—skills which they had lost by dele-
gating crop monitoring and merely carrying out the
spraying program determined by an outside technician.
The need to gather such information before experimenting
is thus particularly important, as these changes can have a
major influence on the decision to adopt a new practice.

One possible avenue for making such information
available would be to facilitate communication between
farmers who have already experimented with a new
technique and those who are considering it. However,
when we were validating work change categories with
seven of the farmers interviewed, four said they had
never talked about or even identified their work changes
in that way. The fact that work information is tacit (and
also private or taboo, as shown in livestock farming by
Kling-Eveillard et al. (2012)) can make it difficult for
farmers to discuss it. According to Nonaka et al. (1994),
person-to-person transmission of tacit knowledge can be
achieved through a process of “socialization,” that is,
via observation, imitation, or experience sharing. These
authors also point out that oral transmission is possible
only between people who have the same language and
the same real-life experience. So farmers’ tacit knowl-
edge needs to be made explicit to facilitate communica-
tion among them. Kling-Eveillard et al. (2012) recom-
mend using self-diagnosis questionnaires to “break the
ice” and get farmers talking about their work and par-
ticularly its arduousness.

3.3.3 Innovation experimentation to produce missing
knowledge and reorganize farm work

Asmost of the information gathered before experimentation is
generic in nature (see 2.2.3) and many work changes are un-
known or hard to identify before the farmer runs an experi-
ment (see 2.3.2), on-farm experimentation seemed to be indis-
pensable for producing the missing farm-specific information.
This was particularly the case for changes affecting work or-
ganization and competition. One farmer even insisted that it
was no use gathering information about work organization
before running an experiment (see 2.2.1 and 2.2.3).
According to Kolb (1984), cited by Chantre (2011), experien-
tial learning has a very strong impact in terms of cognitive
changes and is even the most powerful mechanism for indi-
vidual learning.

More precisely, to reorganize work in a suitable way, we
found that farmers needed information to help them assess the
implications of their prioritizations and resource allocations
for the performance of all operations on the farm during the
same period. They got this information through innovation
experimentation. One farmer, for example, needed informa-
tion to determine that, on his farm, “making grass silage in
May should take priority over sowing corn, because the risk of
a poor harvest is less with late corn sowing than with late
silage making.” This information was indispensable for estab-
lishing a satisfactory work organization, and the farmer ob-
tained it by a series of experiments, varying the order of op-
erations and the resource allocation, notably for a skilled
workforce (e.g., mutual aid group for grass silage, outsourcing
corn sowing). He had also used ideas from the information he
had gathered (e.g., replacing maize with sorghum, which
reaches maturity faster so that sowing need not coincide with
the silage grass harvest), and analyzed his experiment results
according to his own criteria (e.g., the amount of weeds he
considered tolerable in a maize field, and desired forage
quality).

Papy et al. (1988) and Aubry et al. (1998) identified the
importance of task prioritization and trade-off rules for orga-
nizing farm work, but they did not describe how farmers
established these rules. The farmers we interviewed confirmed
that they made their own rules, based on their innovation
experiments. However, some stressed that they felt ill-
equipped for assessing and comparing the consequences of
their prioritization and resource allocation, and for finding
alternative ideas to experiment with. Six farmers spoke of a
very slow process in which the most satisfactory work orga-
nization “gradually became obvious,” as they put it, after sev-
eral cropping seasons. Kummer et al. (2010) showed that
farmers’ experiments enabled them to produce local knowl-
edge and to develop their adaptive capabilities when changing
practices, but they did not mention the role of innovation
experimentation for establishing a new work organization.

One way to help farmers produce the information they
lack would be to make innovation experimentation easier.
Guides to monitoring and analyzing work changes could
be envisaged to complement existing measures which en-
courage farmers to experiment with innovations but do not
help them evaluate and compare the consequences of their
prioritization and resource allocation. The testimony of one
farmer who had received collective and individual assis-
tance for reducing fungicide use suggests an approach to
help farmers learn a method of analysis. The farmer ex-
plained that during the experiments, he had the benefit of
feedback from farmers in the group he was a member of,
as well as individual assistance from the group’s advisor.
The advisor’s presence made him take the time to monitor
(regularly, and not just at the field’s edge), ask himself the
right questions (Rust outbreak? Weather? How risky is it
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not spraying?), and explicitly formulate his interpretation
of his observations (e.g., “No rust outbreak and dry
weather, so it seems possible to postpone the first fungi-
cide application without a negative effect on yield, but it
is necessary to watch out for rust and be ready to act if
need be”).

4 Conclusion

In this study, 16 farmers were interviewed to find out what
types of work-related information they used for changing their
farming practices. We have shown that farmers find out about
a range of work-related changes connected with the following:
(i) the performance of the new operations, (ii) the resources to
be used, (iii) work organization and competition between
tasks, and (iv) the arduous or rewarding nature of the work.
As suggested by the literature on practice change processes,
we have shown that the ways in which information is used
differ between before the experimentation and during it. But
we have not identified differences between types of change of
practice or between farm locations.

Before innovation experimentation, farmers mainly gather
generic information, from external sources, about the focal
operations to be performed and the resources to be used.
Instead of a misleading estimate of the increase or reduction
in working time in the field, they need information that would
help them anticipate changes to their work by identifying an-
cillary operations and other operations affected by the change
in practice, or the number of runs required to obtain a desired
result, or the likelihood that work peaks would be aggravated
or alleviated. We have also shown that during innovation ex-
perimentation, farmers produce farm-specific knowledge
about all types of work changes and also gather generic infor-
mation on the new operations to be performed and the re-
sources required. They need to run experiments to discover
the consequences of their prioritizations and resource alloca-
tions, so that they can organize their work in a satisfactory
way.

All of these are ideas to be explored for designing tools
other than calculators of field working time, to help farmers
change their practices towards agroecology. We believe that
these new tools should inform farmers differently about a
variety of work changes, depending on when they are used
(before or during innovation experiments). These tools could
be used by farmers alone, in a group, or with an agricultural
adviser.
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