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1 Introduction

Global crop production has increased with the increase in mechanisation and the use of

pesticides and fertilisers since the 1960s (Faostat, 2020). Mechanisation allows farmers to

till the soil more easily to manage weeds and prepare the seedbed for crops. Pesticides (e.g.

herbicides, insecticides, fungicides) are used to control pests (e.g. weeds, insects, pathogens)

likely to reach the potential crop productivity and quality that local conditions may deliver

(Oerke, 2006). Synthetic fertilisers (e.g. ammonium nitrate, phosphate- and potash-based

fertilisers) provide crops with the mineral elements essential for their growth and

development, as close as possible to their needs. However, intensive use of tillage and

the massive increase in the use of synthetic pesticides between 1990 and 2020 (+1 and +63

million tonnes in total for plant protection products and fertilisers respectively) are having

a number of negative impacts, such as contributing to global warming (Ipcc, 2018),

contaminating the environment and consequently losing biodiversity (Ipbes, 2019) and

ecosystem services, and increasing public health problems.

To reduce the negative impacts of this intensification of agriculture, directives and

international agreements have been promulgated and concluded (Directive 2009/128/Ce; Xu

and Wang, 2023). The transition to sustainable agriculture (i.e. agriculture that can feed the

population, is economically profitable and has little impact on the environment over the long

term) is an objective that was already set out several decades ago (Reganold et al., 1990; Velten

et al., 2015; Harwood, 2020). However, the use of pesticides and fertilisers has continued to

rise between 1990 and 2020 (Faostat, 2020). Recently, the observation of negative impacts

linked to climate change has reinforced the need to move towards sustainable agriculture. In

2020, the European Union launched the Farm to Fork strategy for a fairer, healthier andmore

environmentally-friendly food system (Moschitz et al., 2021; Fiore et al., 2022; Wesseler,

2022). This strategy is part of the European Green Deal that aimed at achieving climate

neutrality in Europe by 2050. However, the transition to sustainable agricultural production,

which is less reliant on pesticide, is taking time and, according to some studies, is not yet

sufficiently advanced to achieve the targets set by the Green Deal (Guyomard et al., 2020).
2 Need for research in agroecology seen as a
scientific discipline

Agroecology uses ecological concepts and principles for the design and management

of agricultural systems (Altieri, 1995; Francis et al., 2003; Wezel et al., 2009). Agroecology
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started in the first half of the twentieth century as the overlay

between agronomy and ecology, studying the ecology of crops

and pests at the field-scale (Wezel et al., 2009; HLPE, 2019).

From these modest beginnings, the scientific discipline of

agroecology has become broader, more interdisciplinary, and

increasingly popular.

Agroecology must be seen as a mix of means and objectives.

Agroecological systems rely on cultivated and wild biodiversity as a

mean of sustainable production, and in so doing are inspired by

nature to imitate natural processes (Albert et al., 2017; Petit et al.,

2018). The aim of agricultural practices is therefore to maximise the

natural processes at work in the agroecosystem in order to derive

maximum ecosystem services. All these services may not be

provided on the same scale of time and space (Yvoz et al., 2022),

and this is where agroecological management takes on a complex

dimension. The objectives of the systems are multiple, and more

importantly because the agricultural space (territory, landscape) is

shared between various stakeholders. It is therefore a question of

defining objectives, identifying variables to quantify them and

assessing their value for the stakeholders in the territory. The

design, assessment and production of knowledge on the effects of

agro-ecological cropping systems therefore raise a number

of challenges.
3 Crop diversification

Nowadays, agricultural production is often characterised by

short rotations or sometimes monocultures. Among other things,

this leads to a high incidence of pests and diseases, soil erosion and

loss of fertility, pollution and reduced biodiversity (Perrin, 1976). In

this context, crop diversification can help to improve

agrobiodiversity and support the ecological processes required for

the sustainable production of agricultural products (Guinet et al.,

2023). Crop diversification is a key principle of the agroecological

transition. It increases the production of healthy food and provides

numerous ecosystem services. It is an essential link in the necessary

transition of food systems.

The crop diversification can be done in space and time (Gaba

et al., 2015; Hufnagel et al., 2020). The diversification of crops in

space involves the establishment of two or more crops

simultaneously over a certain period. The spatial arrangement of

the two crops must be selected according to the available resources

and the characteristics of the two crops. The association of the two

crops with complementary morphological and physiological

characteristics allows optimum use of all resources. For instance,

the weeds have fewer resources to develop (Gu et al., 2021). The

diversification of crops over time can be increased by the use of

cover crop implemented between the harvest of the previous crop

and the sowing of the next cash crop (Teasdale et al., 2007; Rouge

et al., 2022). The use of cover crops can improve weed control

during this period (Rouge et al., 2022) even if it does not always

carry over in the next season (Adeux et al., 2021, 2023; Rouge et al.,

2023) and offer significant and substantial benefits in terms of crop

rotation (Sarrantonio and Gallandt, 2003; Marcillo and Miguez,

2017; Nouri et al., 2022).
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Crop diversification in time and space remains to be assessed

for its benefits (Vialatte et al., 2022; Guinet et al., 2023). It challenges

the breeders to deliver new cultivars adapted to grow in complex

canopies such as intercrops and cover crops. Finally, it challenges all

the stakeholders along the value chain, to benefit from the diversity

of crop and food produced in agroecological landscapes which may

vary in term of quality and quantity over time and locations.
4 Reconnecting livestock and
crop production

Many studies consider mixed farming as a model for

Agroecology (Hendrickson et al., 2008; Bonaudo et al., 2014).

However, mixed crop-livestock farms are declining sharply across

the European Union and around the globe, mainly because of the

high labour requirements needed to combine crops and livestock

(Ryschawy et al., 2017). There is varying degrees of effective

coordination between crops and livestock, ranging from simple

coexistence to real synergy (Moraine et al., 2014). The combination

of crops and livestock can create a virtuous cycle: the crops provide

feed for the herd, whose manure amends the next crop. Mixed

farming with livestock allows interactions, positive synergies, in

particular by encouraging various favourable flows between crop

and livestock farming activities within a given production unit.

Mixed farming with livestock is able to provide a wide array of

benefits that remains to be documented and assessed at the

cropping system level. Crop diversification and cover cropping

provide forage resources for livestock that in return provides

fertility to the field through manure. In regions characterised by a

high proportion of mixed farming with livestock, non-chemical

strategies to control fungal diseases tended to increase (Lechenet

et al., 2017a). Forage crops (e.g. silage maize and temporary

grassland) are associated with low fungicide requirements and

high biomass productivity (Lechenet et al., 2017a).

Research is needed to assess how much mixing crop with

livestock among other agroecological principles can help farmers

to redesign and improve the resilience, self-sufficiency, productivity,

and efficiency of their systems. Research on agroecological cropping

system should focus more on integrated crop–livestock systems

(Bonaudo et al., 2014).
5 Numeric and machinery

Agricultural equipment and digital technology are essential

levers for developing agroecological cropping systems, such as

Pesticide-free cropping systems (Maurel and Huyghe, 2017; Ajena

et al., 2022). Innovations in terms of precision of execution and

adaptability of equipment is required. At the same time, the

development of sensors will make it possible to improve the

monitoring of pests and diseases, as well as the entire cropping

system and its environment. Sensors, combined with new

information technologies, could also contribute to the emergence

of pesticide-free supply chains, facilitating traceability from field to
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plate. However, questions will have to be asked about the use of the

vast amounts of data collected and the potentially high cost of

the equipment.

Biocontrol is part of the agroecological levers to manage pests

and should be considered as part of the integrated strategy at the

cropping system and landscape scale (Cordeau et al., 2016; Dar

et al., 2019). As far as biocontrol is concerned, innovations are

needed so that biocontrol organisms and substances can be simply

deployed at the same time as other with other actions (fertilisation,

irrigation, weed control, etc.) and, if possible flexible and targeted

according to needs. The aim of plant health epidemiosurveillance is

to monitor the development of pests so that preventive or curative

actions can be taken in good time. To be effective, four elements

need to be monitored: the host, the pests, the beneficials and the

environment. The digital technology should help strengthen this

epidemiosurveillance in order to promote beneficial insects while

managing pests. There is urgent needs to assess cropping systems

that implement over the long run these technologies. Assessment

must be made with multiple criteria in order to assess the

sustainability of the pest management strategies.
6 Landscape agronomy and nature-
based solutions

Agroecology requires thinking beyond the field scale to consider

the positioning, quality and connectivity of fields and semi-natural

habitats at larger spatial scales. The spatial and temporal

organisation of semi-natural elements and the crop mosaic

interact. Agricultural landscapes can be characterised by their

composition, i.e. the nature, size or relative proportion of the

elements and secondly according to their configuration, i.e. the

structure, shape and spatial arrangement of these different elements

(Turner, 1989; Dunning et al., 1992). The simplification of

landscapes has a direct impact on species richness, particularly

rare species, and accounts for 30% of the reduction in pollination

efficiency and 50% of the reduction in natural pest regulation, with

negative consequences for agricultural yields (Dainese et al., 2019).

There is an urgent need to think the management, design and

assessment of agroecological cropping systems by considering

interactions with habitats outside the field limits. We now know

that what happens in a field partly depends on what happens

around that fields. Designing agricultural practices without taking

into account of the dominant practices in the area can cancel out the

expected effects (Tscharntke et al., 2016). Redesigning and planning

agricultural landscapes that would sustainably deliver services to

agriculture has probably never been so high on the political and

research agenda (Vanbergen et al., 2020; Vialatte et al., 2022).

However, shifting to nature-based forms of agriculture with an

emphasis on landscape design will require new models of research

enhancing the integration of ecological and agronomical

knowledge, targeting research for context-specific solutions, and
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increased empirical testing of design concepts (Petit et al.,

2015, 2021).

For a long time, agronomists have designed and tested cropping

systems on system experiments that test the system as a functional

entity whose complexity is more than the sum of its parts (Lechenet

et al., 2017b). Following the same philosophy, there is an urgent

need for new experimental design that account for the design,

management and assessment of semi-natural habitats, ecological

infrastructures to enhance ecological processes at the field and

landscape scale. We need a drastic shift in the way we see the role

of farming from producing without deleterious effect on

environment to regenerating resources and use of the diversity as

a mean to produce sustainably.
7 Conclusion

Numerous authors have shown that the design of cropping

systems on ecological functionalities requires new knowledge, a

holistic approach at different spatial scales, and innovative design

systems that combine scientific, technical and operational

knowledge (Altieri, 1995; Francis et al., 2003; Warner, 2006;

Gliessman, 2013). The agro-ecological transition therefore appears

to be a complex innovation process, in which the technical changes

embodied in agroecology are inextricably linked to changes in food,

social, economic, institutional and political systems.
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