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SCIENTIFIC DESCRIPTION OF THE PhD PROJECT 

Socio-economic and scientific context : (10 lines)  

The progressive degradation of soil quality can be observed in most agricultural lands, including temperate systems, 
which calls into question the sustainability of agricultural production. This is especially true for potato cultivation, 
one of the leading agricultural productions in France (3rd largest European producer on 164,000 ha), which is very 
demanding in terms of inputs and soil preparation. The addition of organic products and the introduction of plant 
cover in the rotation, made mandatory by the Nitrates Directive in vulnerable zones, are two levers that allow for 
better recycling of nutrients associated with carbon storage in the soil, and, as a result, savings in fertilizers and 
improved soil quality. While the first lever has been widely studied in France, the second is much less so, and the 
interactions between the two are not studied at all. Plant cover crops have a certain interest. During their growth, they 
cover the soil and form preferential infiltration zones for rainwater. During the degradation of the cover crops, once 
destroyed and mixed with the soil, they return mineral elements for the following crop, as well as organic matter. 
The effectiveness of such a combination of practices can be limited, however, by the difficulties of implantation or 
by the choice of species. Their introduction must also be adapted to changes in the climatic context, characterized by 
increasingly frequent alternations of drier periods and rainy periods inducing contrasting water availability. 
Improvements are proposed by the company Eliard SPCP: seed mixtures as well as UMR SASbiostimulants (micro-
organisms, algae extracts,...) and must be tested, alone and combined with the other components of the cropping 
system. 

 

Assumptions and questions (8 lines) 

The diversity of species and varieties that make up plant cover can optimize their effectiveness with respect to the 
issues mentioned. This diversity implies complementarity in terms of root architecture, quantity and quality of 
rhizodeposition as well as water circulation regime. It has a direct effect on nutrient cycles, carbon storage and soil 
structure and an indirect effect by modulating the already well-characterized effects of organic fertilization.  

In this thesis work, we aim to: 

(i) highlight and understand the processes generated by: the introduction of multi-species plant cover in the technical 
itinerary of potatoes by characterizing the interactions between organic fertilization strategy and plant cover, nitrogen 
and carbon dynamics and soil quality under limiting and non-limiting water conditions;  

(ii) evaluate the advantages and problems related to these innovative strategies for formulating plant cover crops 
before and after a potato crop 

The final objective is to propose innovative planting strategies allowing the best compromise between the recycling 
of nutrients and the rehabilitation of the physical, physico-chemical and biological quality of the soil 

 The main steps of the thesis and scientific procedure (10-12 lines) 

In this thesis, we propose to study the potential of this type of mixture, both from an agronomic, soil quality and 
carbon storage point of view, on potato-based systems and to study the dynamics of these seed mixtures of different 
varieties with inocula both in the laboratory and in the field, in order to evaluate the potential of this type of plant 
material. The experimental sites will be located in Brittany in the Pontivy basin (Saint Nicolas du Pelem,...) on deep 
sandy-clay loam soils, as well as in the Haut-de-France region on loamy soil. The steps of the thesis are the following: 

1. Bibliographic synthesis and inventory of the work done by the partners on pre- and post-cultivation plant 
cover  

2. Screening in the laboratory of formulations (seed inoculations) of interest with regard to results obtained 
previously 

3. Evaluation of innovative strategies of mixtures and formulations of plant cover in pre-planting of potatoes 
and in post-cultivation in order to optimize the use of the nutrients brought in according to the context of organic 
fertilization and to preserve the physical and physicochemical quality of the soils. 

4. Drafting of the manuscript and scientific publications. 



 
 

 
 
 

 

Methodological and technical approaches considered (4-6 lines) 

To carry out the questions treated in the thesis, two types of experimental devices will be mobilized: 

- Agronomic trials on experimental stations, as well as on farms in large plots: 3 to 5 sites distributed in the two 
production basins in Brittany (Pontivy basin) and in the North of France (Pays de Caux) in collaboration with 
professional partners  

- Trials in instrumented lysimeters and in climate simulators (Ile de France ecotron) allowing to individualize the 
studied modalities (cover crops x formulation x organic fertilization) and the processes, and to follow in a dynamic 
and rigorous way the variables allowing to explain them (temperature, water content, pH, .... of the soil) 

The major processes that will be studied will be the aggregation and recycling of nutrients through 

- 13C isotope labelling approaches to quantify the role of rhizodeposition according to the diversity of species in the 
canopy, 

- chemical and physical fractionation of soil organic matter to monitor the different forms of nitrogen, phosphorus 
and carbon in the soil 

- characterization of microbial communities in soils 

Scientific and technical skills required by the candidate 

The candidate must have a master's degree or equivalent in agronomy, biogeochemistry, soil science or environmental 
science related topics. He/she must be able to conduct different experimental setups involving field (soil sampling 
campaigns) and laboratory controlled experiments (biological, physical and chemical soil analysis), data analysis and 
laboratory analytical techniques. A good knowledge of isotopic tools will be appreciated. He/she should also have a 
strong experience and appetite for field work (winter and summer). 
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quality under Miscanthus x giganteus crop at marginal sites in Ile-de-France. Biomass and 
Bioenergy, 142, 105793. 
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Leaching of soils during laboratory incubations does not affect soil organic carbon 
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