


 
 

 





 

 

 

 

 

 

  





 

ABSTRACT 
 

 
This work is part of a sustainable agriculture context that aims to consume fewer and fewer 

inputs while maintaining increasing biomass production levels, both in terms of quantity and quality. 
Such levels can only be achieved if cultivated plants can develop under optimal conditions, including 
access to the mineral elements essential for their growth. 

Many factors are involved in the availability of nutrients in the soil for crops such as pH or 
oxidation-reduction potential (Eh). Several authors have shown that plants grow within a specific 
Eh/pH range and are able to alter these parameters in the rhizosphere to ensure intracellular 
homeostasis. 

The final objective of this study is to understand the effects of soil redox potential on mobility 
and availability of nutrients to the plant. The need to carry out measurements for both Eh and pH, in 
situ in the soil with plants is a real matter. Measuring soil Eh is essential but complex due to the lack 
of measurement reliability resulting from high temporal variability and metrological challenges.  

This work proposes practical advancements for measuring Eh in soils using combined 
electrodes. 

The protocol was applied to monitor a sunflowers pot culture (1L) for a 70 days campaign 
under different soil and climate conditions. The relationships between soil Eh / pH and the availability 
of nutrients presents in the soil (N, P, K, Ca, Mg, S, Fe, Mn, B, Zn, Cu and Mo) has been analysed. This 
study has highlighted the impact of nitrogen and iron in soil Eh values. While some elements (N, Fe, 
Mn, S) are directly impacted by soil Eh and pH variations, others (Mg, Ca, P, Cu, Zn, Mo) have their 
mobility and availability indirectly affected. Considering all these results, the objective of this 
experiment was to determine if soil Eh would in any way provide an indicator that could represents 
the "favourable state" of soil for plants growth. To achieve this objective a new parameter, called 
Ehcumul, has been proposed, similar to the degree day, which describes, in agronomy, the temperature 
needs for plants growth. Strong correlations between Ehcumul and sunflower growth revealed the 
existence of optimal soil Eh conditions: 440 mV/ENH, in our experiment. Assuming that biological 
activity of the soils could play a central role in Eh values, sunflower monitoring was also carried out on 
soils previously sterilized by drying (105°C for 5 days). The dissolved organic carbon (DOC) contents of 
these soils is increased compared to non-sterilised soils, due to degradation of the most labile organic 
matter.  The consequence was a moderated and constant Eh value. These results open up perspectives 
on the impact of soil organic matter to maintain optimal soil redox potential values for plant growth. 
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