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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• Agricultural work plays a critical role in 
reducing pesticide use on dairy farms.

• Nine experts discussed the impact of 
work dimensions on reducing pesticide 
use.

• Physical and mental workload was 
never mentioned as a limiting factor.

• Work organization and skills and 
knowledge were the main difficulties 
mentioned.

• Alternative practices to reduce pesticide 
use can be difficult to implement on 
dairy farms.
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A B S T R A C T

CONTEXT: Implementing alternative practices to the use of pesticides involves work issues that can limit 
adoption of these practices, particularly on dairy farms. Depending on how practices change, work organization 
may completely change, additional skills and knowledge may be required, and system complexity may increase, 
inducing a higher mental workload. This can result in an excessive total workload for already overburdened 
farmers.
OBJECTIVE: The present study examines whether work limits the implementation of alternative practices to 
reduce pesticide use on dairy farms, depending on the amount of change the practices require. Three work di-
mensions were considered: work organization, skills and knowledge, and physical and mental workload.
METHODS: We used nine semi-structured interviews with crop and livestock experts in Brittany (France’s leading 
region for dairy production) to classify multiple categories of practices by their degree of difficulty and the type 
of work dimension involved, with a specific focus on three practices: using resistant crop varieties, mechanical 
weed control and extending crop rotations.
RESULTS AND CONCLUSIONS: First, experts emphasized certain alternative practices over others depending on 
the institution to which they belonged. Second, the need to balance the feeding system and an increase in herd 
size, which is not compatible with all alternative practices, were barriers specific to dairy farms. Third, all three 
practices we focused on were skill- and knowledge-intensive, but in different ways. Using resistant crop varieties 
requires access to the right information, while mechanical weed control raises issues of training, investment or 
outsourcing. Finally, extending crop rotations, considered as a redesign of the production system, requires 
obtaining the resources, time and autonomy to think about new rotations.
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SIGNIFICANCE: This study shows that, in addition to work organization, other work dimensions are crucial for 
reducing pesticide use on dairy farms.

1. Introduction

During the past 50 years, the use of pesticides for crop management 
has become widespread in France (Chauvel et al., 2012; Urruty et al., 
2016; Hossard et al., 2017). However, due to their impacts on the 
environment and human health (e.g., Jokanović, 2018; Rigal et al., 
2023), the objective of reducing their use was officially set in France in 
2008, through the ÉcoPhyto plan, and continues in the plan’s current 

version, ́EcoPhyto II+ (Ministère de la Transition ́ecologique et solidaire, 
2018). At the European Union (EU) level, the Green Deal (2019) also set 
the goal of reducing pesticide use by 50 % by 2030, through the Farm to 
Fork strategy.

Scientific and technical literature has long reported existing alter-
native practices to reduce pesticide use (e.g., Way and van Emden, 2000; 
Gaba et al., 2015; Pannacci et al., 2017; Syed Ab Rahman et al., 2018; 
MacLaren et al., 2020; Cisternas et al., 2020; Wuest et al., 2021; 

Fig. 1. Work on a dairy farm prioritizes the livestock system, which requires many routine tasks that cannot be postponed. Thus, the cropping system comes second 
in the work organization, which can considerably hinder implementation of alternative practices to pesticides. The upper part of this figure shows a farmer milking 
and caring for his cows, a twice-daily activity that can take several hours depending on the size of the herd (Photograph: Marie Le Luel). The lower part of this figure 
shows a fictional but realistic example of a weekly schedule with the tasks dedicated to the livestock or cropping systems (red and yellow, respectively). (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Gardarin et al., 2022): implementing precision agriculture, changing 
sowing dates, using resistant crop varieties and crop-variety mixtures, 
mechanical weed control, biocontrol, using intercropped service crops, 
extending crop rotations and diversifying crops. These practices can be 
categorized according to the Efficiency-Substitution-Redesign frame-
work of Hill and MacRae (1996). Efficiency practices (e.g., implement-
ing precision agriculture) optimize pesticide use by increasing pesticide 
productivity without decreasing crop yields (Boussemart et al., 2013). 
Substitution practices replace pesticide use as much as possible while 
keeping crop yields constant; they are likely to have fewer negative 
impacts on the environment and human health (e.g., changing sowing 
dates, using resistant crop varieties and crop-variety mixtures, me-
chanical weed control, biocontrol). In a traditional microeconomic 
framework, the degree of substitution possible depends on relative pri-
ces of pesticides and opportunity costs of alternative practices (Sexton 
et al., 2007). Redesign practices combine alternative practices to pesti-
cides, with an emphasis on prevention to place crops in the best possible 
condition while discouraging pests and diseases; they require profound 
changes in cropping systems (e.g., using intercropped service crops, 
extending crop rotations, diversifying crops) including changes in goals 
(e.g., lower crop yields).

Like any change in a practice, implementing alternative practices to 
reduce pesticide use influences how farmers work (Delecourt et al., 
2019) by modifying the work to be done and the necessary resources and 
skills (Dedieu and Serviere, 2012). Effects of changing a practice on 
work depend on the nature of the practice itself and on the context (e.g., 
soil and weather conditions, production and strategic orientations) 
(Jacquot et al., 2020). For example, Jansen (2000) mentioned that 
mechanical weed control requires more working time and extending 
crop rotations may require more labor. Ridier et al. (2013) observed that 
crop diversification decreased labor productivity (i.e., amount produced 
per labor unit) but could also decrease labor peaks during the year. More 
generally, Lu et al. (2018) observed a significant relation between 
workforce (i.e., labor as an amount of production) and pesticide use: a 
decrease in the rural workforce in three Chinese provinces from 2001 to 
2012 significantly increased the amount of pesticides applied to the 
provinces’ cropland. Furthermore, alternative practices to reduce 
pesticide use require more time to monitor crops to take preventive 
actions. They also require greater accuracy to perform the necessary 
operations at the proper time (Delecourt et al., 2019; Jacquot et al., 
2020; Girard and Magda, 2020).

This can be particularly challenging on livestock farms, especially 
dairy farms, which have strong work constraints due to routine work (e. 
g., daily herd care and milking; Fig. 1). For example, Tirard et al. (2020)
assessed the amount of routine work on dairy farms in Brittany, France, 
as up to 30 h per week per labor unit in winter. The issue of reducing 
pesticide use is frequently studied from the perspective of the cropping 
system only. However, this approach fails to consider the organizational 
aspects of the farming system, which involves the simultaneous man-
agement of two systems, namely cropping and livestock, with strong 
interactions between them. Thus, reducing pesticide use on dairy farms 
cannot be considered without considering the livestock system, since 
they have a limited ability to reallocate working time from the livestock 
system to the cropping system (Servière et al., 2019; Delecourt et al., 
2019).

These results raise the question of whether work limits imple-
mentation of alternative practices to reduce pesticide use on dairy farms, 
depending on the amount of change the practices require. The present 
study addressed this issue by considering three work dimensions: work 
organization, skills and knowledge, and physical and mental workload. 
This selection of dimensions was based on the findings of Delecourt et al. 
(2019), which indicated that these three work dimensions are important 
for farmers to implement changes in their practices. We assumed that if 
farmers organize their work appropriately (e.g., working time and ma-
chines available at the proper time), they would adopt efficiency or 
substitution practices rather than redesign practices. Indeed, the latter 

are demanding in terms of skills and knowledge, as well as physical and 
mental workload (Chizallet et al., 2018; Mattila et al., 2022). Conse-
quently, we assumed that these two work dimensions had more influ-
ence on the adoption of redesign practices.

To answer this question, we used dairy farms in Brittany, the most 
intensive livestock region of France, as a case study and interviewed a 
sample of nine regional experts who were used to dealing with farmers’ 
concerns about managing crop protection. These interviews aimed to 
explore different viewpoints within the farm advisory system of farm 
work difficulties related to changing practices.

2. Materials and methods

2.1. Work dimensions

The dimension of work organization was defined by Cordery and 
Parker (2008) as “the way tasks are organized and coordinated within 
the context of an overarching work system”. Farming is characterized by 
high variability in agricultural activities over time due to animal and 
crop cycles, which implies seasonal variations in tasks and workload 
(Madelrieux and Dedieu, 2008). Crop scientists developed frameworks 
that identify potential time windows for performing seasonal work as a 
function of soil and climate constraints and workforce availability (e.g., 
Joannon et al., 2005). Livestock scientists developed frameworks to 
analyze the ability of livestock farms to address two time scales of work: 
routine and seasonal (e.g., Cournut et al., 2018). These frameworks 
consider work flexibility, defined as the time left for the workers to 
perform tasks besides routine and seasonal work (e.g., administration, 
maintenance) and save free time (Cournut et al., 2018). Work flexibility 
influences workers’ ability to face risks, which tend to increase labor 
peaks, but also to think about changing practices and to train (Cournut 
et al., 2018). For example, Pardo et al. (2010) used a farming system 
model that integrated labor requirements to illustrate that certain 
practices associated with integrated weed management, including me-
chanical weed control and delayed autumn sowing, can result in labor 
constraints. We thus assumed that adopting certain alternative practices 
to pesticide use (e.g., mechanical weed control, extending crop rota-
tions, diversifying crops) generates more work and labor peaks. As the 
majority of the workforce is dedicated to animals, we assumed that more 
work and labor peaks may act as a limiting factor in the adoption of 
these alternative practices.

The dimension of skills and knowledge consists of human capital, 
based on the level of education, training and field experience, all of 
which can be increased by access to information, peer exchanges and 
advisor follow-ups (Meissle et al., 2010; Delecourt et al., 2019; Comer, 
2021). For these reasons, skills and knowledge vary among farmers 
depending on factors such as their age, experience, social network and 
education. Coolsaet (2016) stated that agroecological practices are 
recognized as knowledge-intensive practices. Girard and Magda (2020)
specified that for these practices, farmers must develop more generic 
knowledge and adapt it to their own situations. Delecourt et al. (2019)
indicated that farmers require work-related information, particularly 
regarding working time, work organization, and skills and knowledge, 
to make informed decisions about and implement new agroecological 
practices. Similarly, we thus assumed that adopting certain alternative 
practices to pesticide use requires farmers to acquire new skills and 
knowledge.

The dimension of physical and mental workload is related to the 
concept of occupational well-being (Hansen et al., 2020; Contzen and 
Häberli, 2021). It includes the presence (or absence) of occupational 
health problems, the performance of (un)pleasant tasks and the 
perception of work-related (dis)advantages (including those of the crop 
and livestock practices chosen) (Dumont and Baret, 2017; Mattila et al., 
2022). More precisely, mental workload is a polysemous term defined 
here as the cognitive work required to accomplish tasks in a finite period 
(Longo et al., 2022). Galy et al. (2012) indicated that an additive effect 
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of task difficulty and time pressure on mental workload is evident, 
resulting in increased mental workload. In the context of pesticide 
reduction, if we consider our previous assumptions regarding certain 
alternative practices as being more demanding in terms of work as well 
as skills and knowledge, we assumed that the mental workload increases 
when changing to more complex cropping systems, due to the need to 
observe crops more often and to intervene during narrower time 
windows.

2.2. Interview guide

To investigate how the three work dimensions limit implementation 
of alternative practices to pesticide use, we performed face-to-face in-
terviews with regional crop and livestock experts. A semi-structured 
interview guide was designed to meet three objectives: (1) validate 
and supplement the list of alternative practices initially developed (i.e., 
implementing precision agriculture, changing sowing dates, using 
resistant crop varieties and crop-variety mixtures, mechanical weed 
control, biocontrol, extending crop rotations (including using inter-
cropped service crops) and diversifying crops), (2) qualitatively assess 
the degree of pesticide reduction attainable through each practice and 
(3) identify difficulties in implementing each alternative practice (or 
combination of alternative practices). These difficulties can be influ-
enced by the characteristics of a practice itself but also by a farm’s 
environment and resources. The list of alternative practices was initially 
developed by the present authors based on their expertise and on the 
practices promoted in the ÉcoPhyto II+ plan (Ministère de la Transition 
écologique et solidaire, 2018) and presented in the EU study of Reinders 
et al. (2021). It was assumed that (i) these alternative practices can be 
implemented in dairy farms for any arable crops and (ii) they act 
differently on work.

To meet objective 1, we presented the Efficiency-Substitution- 
Redesign framework to the experts and asked them to validate the 
categorization of each alternative practice in it. During interviews, ex-
perts were allowed to add or remove practices. For each alternative 
practice, experts had to justify their (i) categorization of each alternative 
practice in the framework and (ii) addition or removal of practices. The 
questions we asked to learn about their justifications were deliberately 
open and not oriented towards work dimensions in order not to miss any 
factors that influence implementation of alternative practices. To meet 
objectives 2 and 3, the experts were asked to consider implementation of 
each alternative practice alone on a conventional Brittany dairy farm (i. 
e., with a crop rotation based on grassland, maize and winter wheat). We 
asked them to assess on a set of axes the effectiveness of each practice in 
reducing pesticide use and its associated difficulties.

2.3. Panel of experts interviewed

Since experts may have different opinions about reducing pesticide 
use, we interviewed nine experts who belonged to different institutions 
(Table 1). Indeed, as explained by Aujas et al. (2011) regarding inte-
grated farming, the background and type of advice depend on an advi-
sor’s institution. They found that advisors from cooperatives and trading 
institutions prioritized efficiency practices over substitution or redesign 
practices and that the decision support tools generally promoted did not 
favor redesign practices. In line with these results, we developed a panel 
of experts who could have different viewpoints in farm advising. Some 
of the experts had a direct connection to the field, such as coordinators 
of farmers’ groups engaged in reducing pesticide use. Others had a more 
distant connection to the field but were chosen for their ability to 
consider objectively the issue of reducing pesticide use.

Specifically, experts A, B and C were agricultural advisors who 
belonged to a farmers’ cooperative that supplied inputs (e.g., seeds, 
fertilizers, pesticides) and purchased agricultural goods, while expert F 
was a manager of the French Western Cooperative Union, whose role is 
to federate and represent the cooperatives in western France (Table 1). 

Experts D and E were project managers who belonged to national 
research and development institutes specialized in crops; they were in 
charge of scientific and applied expertise but did not advise farmers 
directly. Expert H belonged to the Brittany Chamber of Agriculture, 
coordinating farmers in the DEPHY FERME network (see Table 1 for a 
definition of this network). Experts G and I belonged to a non-profit 
organization that promotes alternative farming practices in two areas 
of Brittany. This organization bases its advice services on farmers’ 
decision-making autonomy through information exchanges in farmers’ 
groups.

2.4. Data collection and analysis

Face-to-face interviews were performed in April and May 2022, each 
lasting ca. 1.5 h. The interviews were audio recorded and transcribed. 
The objective was to perform a thematic analysis of the transcripts in 
order to identify the experts’ assessments of the efficiency of each 
alternative practice and the main difficulties in implementing them, 
including those related to work dimensions. To this end, the relevant 
statements from the experts’ transcripts were coded with headings and 
manually classified in a thematic analysis grid based on our framework 
(i.e., the Efficiency-Substitution-Redesign category of each alternative 
practice, its efficiency, and its difficulties in implementing it). The grid 
was supplemented by emerging ideas from the transcripts. This method 
enables a comparison across the interviews to identify overarching 
themes and to reflect the diversity of points of view. In particular, we 
identified the difficulties stated by experts in implementing three spe-
cific practices in relation to the three work dimensions – using resistant 

Table 1 
The nine experts interviewed, the organization they belonged to, their function, 
and their main contacts.

Category of 
organization

Name of 
organization

Function within 
the organization

In direct 
contact 
with:

Code

Farmers’ 
cooperative

Farmers’ 
cooperative group

Advisors 
supervising 
“30,000 groups”*

Farmers A 
B 
C

French Western 
Cooperative Union

Administrative 
head of the union

– F

Research and 
development 
institute

Agricultural 
technical institute 
for oilseeds and 
protein crops

Local project 
manager

Advisors D

Agricultural 
technical institute 
for cereals and 
forages

National project 
manager

Advisors E

Chamber of 
Agriculture

Brittany Chamber 
of Agriculture

Advisor 
supervising a 
DEPHY FERME 
groupǂ

Farmers H

ONVAR• Farmers’ non- 
profit organization 
to promote 
agriculture and 
rural development

Advisor 
supervising 
farmers’ groups

Farmers G

Local team leader 
of advisors of 
DEPHY FERME 
groups

Advisors I

* Recognized by the French Ministry of Agriculture as part of the ÉcoPhyto 
plan, a “30,000 group” consists of volunteer farmers who implement alternative 
practices to pesticides on their farms that have already been tested by other 
groups (including DEPHY FERME groups).
ǂ Recognized by the French Ministry of Agriculture as part of the ÉcoPhyto 

plan, a DEPHY FERME group consists of volunteer farmers who test alternative 
practices to pesticide use on their farms with the help of an advisor of the DEPHY 
FERME network.

• In French, Organisme National ̀a Vocation Agricole et Rurale: a farmer-based 
organization, often grounded in collective and participatory approaches, as well 
as promotion of alternative farming practices or models of farm management.
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crop varieties, mechanical weed control and extending crop rotations. 
We decided to focus the analysis on these specific practices because (i) 
using resistant crop varieties and extending crop rotations were the most 
frequently mentioned alternative practices by experts (five out of nine 
and eight out of nine, respectively) and mechanical weed control is the 
alternative practice most promoted by the ÉcoPhyto II+ plan (Ministère 
de la Transition écologique et solidaire, 2018). The experts’ comments 
included in this article were translated into English.

3. Results and discussion

3.1. Experts’ assessments of alternative practices to reduce pesticide use

The experts interviewed did not question the alternative practices 
identified for dairy farms or suggest any new ones. The experts discussed 
all practices, regardless of their categorization in the Efficiency- 
Substitution-Redesign framework. However, they generally paid more 
attention to efficiency and substitution practices, likely because they are 
less risky, although they are less effective at reducing pesticide use 
(Guyomard et al., 2020). Experts G and I noted that high interest pay-
ments limit farmers’ ability to adopt redesign practices due to the 
greater exposure to financial risks.

The experts agreed that the most effective practices for reducing 
pesticide use were mechanical weed control and extending crop rota-
tions, which were also both the most difficult for farmers to implement 
(Fig. 2). Overall, however, they considered that the other alternative 
practices to pesticides (i.e., changing sowing dates, using resistant crop 
varieties and crop-variety mixtures, biocontrol) were moderately 
effective and simple to implement. Opinions about precision agriculture 

were more clear-cut: some considered it to be relatively effective, while 
others considered it to be completely ineffective.

Overall, their assessments agreed with an EU study (Reinders et al., 
2021) that identified the potential impact of each practice on weed, 
disease and insect control. The only points of disagreement were about 
using resistant crop varieties and precision agriculture, which the EU 
study considered to have high potential.

3.1.1. Experts from farmers’ cooperatives discussed mechanical weed 
control, extending crop rotations and diversifying crops

All three experts from farmers’ cooperatives (experts A, B and C) 
were skeptical about farmers’ ability to use mechanical weed control to 
reduce pesticide use. Although all of them considered it relevant for this 
purpose, it requires suitable climatic conditions (even more so than 
pesticides do), appropriate weeding equipment and training (“[It is] 
very very dependent on weather conditions. […] In bad years, it is 
difficult to implement; one needs the appropriate equipment, soil [and] 
climate. […] In 2021, it rained all June long, and weeds grew back.” 
(Expert A)). This is consistent with some well-known negative aspects of 
mechanical weed control (e.g., “highly dependent on weather and soil 
conditions and correct time of application [and it requires] skilled 
labor.” (Hussain et al., 2018)). To address this issue, the experts 
mentioned that farmers can outsource mechanical weed control, either 
partially (equipment alone) or completely (equipment plus a skilled 
workforce), but in either case, the farmers decide whether or not to 
weed. In France, two types of companies provide such outsourcing for 
farmers: CUMA (in French, Coopérative d’Utilisation du Matériel Agri-
cole; a cooperative that makes agricultural equipment available to its 
members) and ETA (in French, Entreprise de Travaux Agricoles; a con-
tracting business that farmers pay to perform field work). As expert B 
noted, “[It’s] one of the first means. […] CUMA and ETA have the proper 
equipment…but farmers need to be trained; someone has to show them, 
and voilà”. In addition, the experts did not see themselves recom-
mending this type of practice (“We are here to guide those who want to 
change. […] The farm advisor is a field observer; it’s the farmer who 
decides whether [management is] chemical or mechanical.” (Expert C)).

Experts A, B, C and F considered extending crop rotations and 
diversifying crops (including grassland) as effective at reducing pesti-
cide use, but they did mention obstacles. First, adding new species to 
crop rotations can introduce new diseases, some of which are difficult to 
control (e.g., soil-borne diseases hosted by grain legumes; Wacker and 
Dresbøll (2023)) (experts C and F). Second, expert F mentioned the 
difficulty that cooperatives have collecting products from a few farmers 
(“Our organizations are collecting and processing (agricultural goods). 
When a farmer redesigns his farming system – and consequently can no 
longer supply milk in summer, for instance – it is all right at the indi-
vidual scale. But it makes sense only if your neighbor, another dairy 
farmer, still provides milk for the dairy”). This usually occurs when dairy 
farmers decide to base their feeding system only on grass by matching 
the herd’s feed demand to the dynamics of grassland production by 
having their cows calve in spring (Horan et al., 2019). This practice has 
three main consequences: i) an advantage for farmers since pesticide use 
decreases greatly (e.g., Lechenet et al., 2016) due to the high proportion 
of grassland in the farm area, ii) a seasonal workload with large labor 
peaks in spring and summer and a lower workload in winter (Hogan 
et al., 2023) and iii) a disadvantage for cooperatives since milk pro-
duction stops in winter.

3.1.2. Experts from research and development institutes discussed high-tech 
practices

Experts D and E focused their assessment of alternative practices on 
precision agriculture and discussed the use of decision support tools to 
advise farmers (“[For decision support tools] as technical institutes, we 
are very specialized, in the sense that we provide many mechanistic crop 
models that can predict all steps of the spread of diseases; we also have 
statistical models since we collect a lot of data.” (Expert E)). They 

Fig. 2. Relative effectiveness in reducing pesticide use (x-axis) and difficulty of 
implementation for farmers (y-axis) of alternative practices to pesticide use (i. 
e., implementation of precision agriculture (gray), changing sowing dates 
(green), using resistant crop varieties and crop-variety mixtures (yellow), me-
chanical weed control (blue), biocontrol (black) and extending crop rotations 
(red)) according to eight experts (A to I, except F). In accordance with Table 1, 
the circles represent experts from farmers’ cooperatives, the squares represent 
experts from research and development institutes, the triangles represent the 
expert from the Chamber of Agriculture, and the diamonds represent experts 
from non-profit organizations (ONVAR). When an expert’s assessment of a 
practice was nuanced (e.g., ineffective in one situation but effective in another), 
we kept the most optimistic assessment of effectiveness and most pessimistic 
assessment of difficulty. Due to a lack of assured technical knowledge, experts D 
and G did not assess biocontrol, expert C did not assess changing sowing dates. 
Due to the nature of his function, expert F is not in direct interaction with 
farmers and lacks a high level of technical knowledge. Consequently, expert F 
did not contribute to the detailed assessment of the effectiveness and difficulty 
of any practice. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.)
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highlighted that farmers have limited ability to implement precision 
agriculture and use decision support tools because they require high 
investment and training, a limit that other studies have identified (e.g., 
Walter et al., 2017; Schnebelin et al., 2021; Lucas and Gasselin, 2022). 
The experts suggested that dissemination could be eased by companies 
such as CUMA and ETA, which have larger capacities and economies of 
scale for financial and human investment (“In CUMA and ETA, they are 
aware of technological updates, and there are no obstacles. For farmers 
who have to manage alone, it depends on whether they are into new 
technologies. Some will train themselves and deeply explore how to use 
these technologies. Others will need guidance and advice.” (Expert E); 
“The equipment is not very widespread, and it is expensive. It is more 
affordable for CUMA and ETA than for farmers.” (Expert C)). According 
to Nguyen et al. (2020) and Schnebelin (2022), outsourcing is a way to 
access digital devices and high-tech practices by decreasing investment 
by individual farms.

3.1.3. Experts from the Chamber of Agriculture and non-profit organization 
discussed redesign practices

Both experts from the non-profit organization focused on redesign 
practices (“Precision agriculture has a limited potential for livestock 
farms; it is better to redesign the farm system, [and] it is easier. […] 
With livestock, grassland is possible (in rotations), but you can’t do this 
on specialized crop farms.” (Expert I); “[Precision agriculture] is related 
to relatively huge investments, and I think this is an obstacle. It gives an 
opportunity to favor investment, but I think it doesn’t change the world 
concerning pesticides” (Expert G)). Although these experts clearly rec-
ommended redesign practices, they did not ignore the difficulties in 
implementing them: (i) the risk of losing income due to converting land 
from crops to grassland and (ii) the investment in human capital 
required (“It requires new knowledge and know-how, so it is not easy.” 
(Expert G)). For French field crops, Jacquet et al. (2011) showed that 
implementing efficiency and substitution practices could reduce pesti-
cide use by up to 30 % without reducing farmers’ gross margins. They 
also demonstrated that reducing pesticide use by 50 % requires imple-
menting redesign practices such as extending crop rotations, diversi-
fying crops and changing farming system objectives.

3.1.4. Conclusion about experts’ assessments of alternative practices to 
reduce pesticide use

Even if the experts interviewed did not question the alternative 
practices identified, they tended to emphasize certain alternative prac-
tices over others, depending on the institution to which they belonged as 
observed by Aujas et al. (2011). The experts interviewed seemed well 
aware of alternative practices, which enabled them to be disseminated. 
All experts in direct contact with farmers also emphasized that the 
practices chosen, regardless of their category, remain the farmers’ de-
cision and depend on their individual desires and paths (“It is up to 
farmers to make their own way.” (Expert B)).

3.2. Experts’ assessments of specific difficulties that dairy farms face in 
implementing alternative practices to pesticide use

3.2.1. Influence of the feeding system
Expert H specified that designing strategies to reduce pesticide use 

without considering livestock systems is ineffective: “The more animals 
the farmer owns, the less time he can spend on cropping systems, and the 
less he is willing to change practices. […] It really affects pesticide use… 
because if you don’t modify the livestock system, you don’t modify the 
cropping system.”. All nine experts agreed that the feeding system is a 
key factor that influences the difficulties that farmers experience 
implementing redesign practices in the field. In fact, some farmers can 
orient their feeding system towards more grazing, which allows for 
redesign practices such as extending crop rotations to include grassland 
(“The proportion of maize is related to a strategy. Those who do not rely 
on maize as much and are looking for [feed and forage] self- 

sufficiency…may have a little more…legume crops [in their crop rota-
tion and] use less feed inputs…, and those who have a large proportion 
of maize…are looking more to optimize [livestock] performances of the 
dairy herd.” (Expert E)). This result is consistent with that of Becker 
et al. (2018), who observed that perceptions of advantages and disad-
vantages of grazing systems differed between dairy farmers whose farms 
had or did not have grassland.

3.2.2. Influence of the milking system
Six of the nine experts mentioned that an automated milking system 

influences the feeding system and thus the cropping system. They 
considered that with an automated milking system the feeding system 
would less likely be grazing-based (“Dairy farms with an automated 
milking system in which cows do not go out…; frankly, you do not 
choose the same crops…as those who…base their system on grazing.” 
(Expert C)). According to four experts, this potential incompatibility can 
be partially overcome if grasslands are accessible to cows for grazing and 
not too far from the barn. Reviews of Jacobs and Siegford (2012) and 
John et al. (2016) were not as negative about incorporating automated 
milking systems into grassland-based systems: they reported studies in 
which the distance between the grassland and the barn did not influence 
the system’s success, but they highlighted that a well-functioning cow 
traffic system is essential. Reviews of Martin et al. (2022) identified that 
in several countries (e.g., France, Norway), herd size increased when 
farms transitioned to automated milking. It also increases milk pro-
ductivity to achieve economies of scale (Vik et al., 2019), but it is not 
highly compatible with a grazing system.

3.2.3. Influence of farm structure
Experts disagreed on the influence of farm structure. Experts D and E 

considered that having a large farm is likely to favor reducing pesticide 
use, due to the cost and time saved when a farmer does not have to apply 
them. In contrast, experts G and I considered that it is easier to imple-
ment alternative practices on small farms. Galliano and Siqueira (2021)
also observed this disagreement. Some studies highlighted the ability of 
large farms to experiment with new practices on a small proportion of 
their area and gradually adopt them on the entire area (Chouinard et al., 
2016). Others considered that small and less intensive farms are more 
likely to adopt alternative practices (Vanslembrouck et al., 2002). Be-
sides size, six experts emphasized the key role of the ratio of farm area 
(or herd size) to the workforce. For these experts, labor productivity 
determines farmers’ ability to free up time for time-consuming alter-
native crop protection practices; this is particularly true in Brittany, 
where the mean farm area increases each year (Agreste, 2022) (“They 
have a large farm area and no workforce…so they don’t have time.” 
(Expert B)). Midler et al. (2019) determined, based on French farm 
accountancy data, that dairy farms with higher environmental perfor-
mances were also more labor-intensive.

3.3. Experts’ assessments of effects of the three alternative practices on 
the three work dimensions

We analyzed the experts’ assessments of the two substitution prac-
tices (using resistant crop varieties, mechanical weed control) and one 
redesign practice (extending crop rotations) on the three work di-
mensions (Table 2), since practices differ in their effects on work di-
mensions (Jacquot et al., 2020). The experts never mentioned physical 
or mental workload as an obstacle to change. They described “work” in 
only two senses: workload and skills/knowledge (“There is also the issue 
of stepping back: those who have too much work and no time to step 
back from their farm rush headlong into it. If they have time to think 
about their model, they can either stay with it because they want to, or 
change.” (Expert H)). A heavy workload implies that farmers would 
have difficulty finding time to step back and think about their system, 
train, visit other farmers, or exchange information about their practices 
despite the potential benefits of changing to alternative practices. 
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Besides workload as a limiting factor, Delecourt et al. (2019) also 
mentioned a lack of information for farmers about impacts of alternative 
practices on working time, mainly due to underestimating factors such 
as working time and difficulties in predicting the timing of operations.

3.3.1. Using resistant crop varieties
Seven of the nine experts considered that using resistant crop vari-

eties was easy for farmers to implement (“One of the easiest practices to 
implement.” (Expert A)). One advantage of using resistant crop varieties 
(to control pests and diseases) and competitive crop varieties (to sup-
press weeds) is that it does not require farmers to learn a completely new 
practice: they only need to change the seeds they sow (e.g., Lowry and 
Smith, 2018). To do so, five experts mentioned that farmers can easily 
find information about characteristics of crop varieties (e.g., disease 
tolerance), mainly from their advisors and cooperatives. For four of 
them, advisors play a key role in reassuring farmers and supporting their 
decisions to buy certain crop varieties. Nonetheless, three experts 
highlighted that this alternative practice requires that farmers plan work 
(“[Choosing a new variety] is possible only if you purchase earlier. […] 
Harvests are not yet finished, but the farmer…needs to think about 
what…to grow next year. If he waits until the end of harvest…not all of 
the varieties he wants will be available.” (Expert C)).

3.3.2. Mechanical weed control
Although mechanical weed control was recognized as the “spear-

head” (Expert H) of alternative practices, six of the nine experts high-
lighted the difficulty for farmers of implementing it. Furthermore, all 

experts agreed on the three major factors that hinder its implementation: 
i) heavier workload than that of chemical weed control; ii) more difficult 
work organization, with the need to perform operations during narrower 
weather windows than those for chemical weed control and iii) large 
investments for the appropriate equipment to speed up weeding 
(“[Mechanical weed control] means more power [and] a weeding tool 
that can work as fast as possible. Moreover, the soil must not be too 
muddy. […] It requires more precision, within narrower time windows 
of suitable weather conditions. It means being able to timely allocate the 
workforce, adapted equipment with high throughput and skills in order 
to begin weeding.” (Expert F)). In the same vein, the EU study (Reinders 
et al., 2021) showed that mechanical weed control usually required 
more tractor passes than chemical weed control, which increases 
physical and mental workload (Mattila et al., 2022) and labor peaks 
(Pardo et al., 2010). Eight of the nine experts emphasized that me-
chanical weed control is skill- and knowledge-intensive, requiring 
training to observe and recognize suitable conditions to implement it 
and properly use the equipment, depending on the objectives and the 
crop (“[Since it is] technically complicated, [farmers] must be trained 
and get used to the tool. Work on 10 meters, get out of the tractor, check, 
look at the results, adjust the tool settings, work on another 10 meters. 
Depending on the field, the crop and the weed, the setting won’t be the 
same; […] adjusting settings takes time.” (Expert F)). Two experts 
emphasized the need for long-term advisory and support services to 
reassure farmers and facilitate experiments in fields and exchanges be-
tween farmers. For five of the nine experts, mechanical weed control can 
be disseminated effectively by outsourcing companies, which can afford 
the cost of weeding equipment and the need for training. These com-
panies can train workers dedicated to this practice (“[Regarding the] 
feasibility [of mechanical weed control], French farm machinery co-
operatives and agricultural contractors…have it.” (Expert B); “[A prac-
tice] difficult to implement: performing the operation on time, accessing 
the tools, knowing how to properly use them; usually [best done by] 
French farm machinery cooperatives with drivers with special training.” 
(expert H)). Thus, these experts considered that outsourcing companies, 
including local farm cooperatives, represent a powerful mechanism for 
changing practices through access to equipment, peer exchanges and 
access to training, as reported by Lucas et al. (2019).

3.3.3. Extending crop rotations
Experts differed in their assessments of extending crop rotations. 

Regarding the impacts on work organization and workload, four experts 
distinguished the addition of annual crops (more workload) from that of 
temporary grassland (less workload) (“But the more you extend your 
crop rotations, the heavier the workload is, unless you include multi- 
year crops [temporary grassland], even though you still need to mow 
[them].” (Expert H)). They also mentioned impacts of adding certain 
crop species to the rotation on reducing pesticide use (“[Extending crop 
rotations] can be great, but among recent examples I have seen of 
adding…faba beans [or] vegetables, they require pesticides. […] But 
with grassland, alfalfa [or] sunflower, you reduce [pesticide use].” 
(Expert C)).

Five experts considered extending crop rotations in two steps, each 
with different effects on work dimensions: (i) the redesign and imple-
mentation itself and (ii) maintaining the new rotation over time. The 
first step was considered work- and knowledge-intensive for farmers, 
and it can be more difficult for dairy farmers to free up time due to 
routine work (“In a crop-livestock system, livestock will determine the 
work allocated to the cropping system, but it will also determine the 
amounts of inputs into cropping systems and thus farmers’ ability to 
allocate working time to redesign crop rotations. In addition, crop ro-
tations need to be consistent with livestock diets, especially forage, 
which can be a limitation [to the redesign].” (Expert H)). However, the 
second step was considered to require less work, even for new rotations 
that include cash crops, since labor peaks are spread throughout the 
year, as observed by Ridier et al. (2013) for cash-crop farms. The 

Table 2 
Analysis of the experts’ assessments of effects of implementation of three 
alternative practices to pesticides on three work dimensions.

Practice

Work 
dimension Using resistant crop 

varieties (“easy to 
implement”)

Mechanical weed 
control (“difficult to 
implement”)

Extending crop 
rotations 
(“implement in 
two steps”)

Work 
organization

• Not mentioned by 
the experts

• Heavier workload 
than that of 
chemical control

• Narrower 
weather windows 
than those of 
chemical control

• Large 
investments in 
equipment or use 
of outsourcing to 
manage the 
workload

• Increased 
workload if 
additional cash 
crop(s) 
included in the 
rotation

• Reduced 
workload if 
grassland 
included in the 
rotation

• Freeing up 
time to design 
the new 
rotation may 
conflict with 
daily activities 
(routine work)

Skills and 
knowledge

• Information on 
characteristics of 
the crop varieties 
is required (this 
information exists 
and is provided to 
farmers by 
advisors)

• Training is 
needed: 
− to recognize 

suitable 
conditions

− to use weeding 
equipment 
properly

• Gives farmers 
the means to 
think about 
new rotations

Physical and 
mental 
workload

• Not explicitly 
mentioned by the 
experts, but they 
did mention the 
need to plan the 
purchase of seeds

• Not mentioned by 
the experts

• Not mentioned 
by the experts
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distinction between these two steps was also made by Chizallet et al. 
(2018) for farmers’ adoption of redesign practices.

For redesign practices in general, five of the nine experts suggested 
that a key to favoring implementation of a redesign practice is to facil-
itate farmers’ mental work and orient them towards specific training (i. 
e., help them gain more decision-making autonomy). Expert G stated 
that placing work aspects in the center of farmers’ reflections provides 
additional perspectives: “mechanical weed control…works very well, 
but it increases…workload a lot; so, I don’t know if it’s relevant to 
compare [it] to a redesign process that will take time at the beginning, 
but [with which]…at the end, the farmer will gain some work 
efficiency”.

4. Conclusion

Reducing pesticide use on dairy farms cannot be separated from 
work management. Because of the heavy and constrained workload of 
livestock systems, it can be difficult to reallocate work from the livestock 
system to the cropping system to implement alternative practices that 
can be work-intensive. Alternative practices can also be knowledge- 
intensive and may incur additional mental workload. Thus, work, in 
its multiple dimensions, may be a factor, often forgotten, that limits 
implementation of alternative practices to reduce pesticide use, 
depending on the amount of change they require, particularly on dairy 
farms.

Most of the work difficulties that experts mentioned concerned work 
organization and skills and knowledge. They never mentioned mental 
workload as an obstacle to implementing alternative practices but did 
explicitly establish a relation between a heavy workload and farmers’ 
ability to change practices. Focusing on two substitution practices (using 
resistant crop varieties, mechanical weed control) and one redesign 
practice (extending crop rotations), we found that, unsurprisingly, work 
organization was influenced more by redesign practices than by sub-
stitution practices, but only in the first step of the former. In the second 
step of redesign practices, work organization can be alleviated. The 
three practices are also all skill- and knowledge-intensive, but in 
different ways. Using resistant crop varieties implies having access to the 
necessary information (e.g., the level of resistance to a given pathogen or 
pest), while implementing mechanical weed control involves training, 
investment or outsourcing. Extending crop rotations implies having the 
means, time and autonomy to think about new rotations.

This study improves understanding of the main obstacles related to 
work issues of alternative practices in order to identify specific mecha-
nisms or actions to help farmers implement them. This study contributes 
to the ongoing debate in the field of research on the adoption of alter-
native practices to pesticides, which is currently dominated by cost- 
effectiveness and behavioral factor studies (Finger et al., 2024). This 
study addresses an issue that has been insufficiently explored in this 
literature, offering new insights into farming systems approaches and 
their policy implications. Furthermore, the study confirms the impor-
tance of considering more structural factors in public policies, such as 
workload, skills and knowledge, and work organization (Thompson 
et al., 2024). For example, new public policies could take into account 
the employment criterion, both in terms of quantity and quality. At the 
EU level, this would necessitate the reopening of the debate on modu-
lating subsidies from the Common Agricultural Policy in accordance 
with an employment criterion and on the most appropriate indicators to 
be used for this purpose. Furthermore, the new policies could provide 
support not only for the technical aspects of alternative practices to 
pesticides but also on but also for work-related aspects, for example by 
focusing on availability requirements so that farmers can attend training 
courses.
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