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Longer periods of drought combined with higher intensity are expected to become increasingly frequent with 
future climate change. Although many studies focused on the response and adaptation of the aboveground part 
of forests, comparatively little addressed belowground processes linking soil, plant and microbiome. However, 
drought strongly reduces nutrient diffusion in soil and slows down biogeochemical processes such as soil organic 
matter turnover and mineral weathering. It induces also quantitative and qualitative changes of the root exudates, 
which differently impact the composition of the root-associated microbial communities. Drought consequently 
affects many central biogeochemical processes, which have critical feedback effects on tree nutrition, 
development and even survival. In the same time, nutrient availability and pH are known to condition the 
functional and taxonomic structures of the soil and rhizosphere microbiomes. Determining how drought and the 
frequency of drought impact the soil microbiome in relation to soil properties and the plant nutritional 
requirements is a challenging area of research, but which it should permit to better understand forest ecosystem 
functioning and to determine whether a coevolution occurs between trees and their associated microbiome to 
cope with drought. In this context, the aims of the project “Drought impact on the diversity, function and 
functioning of the forest microbial communities” (DroughtMIC) are: i) to determine how an historic of successive 
droughts impacts the soil properties and the taxonomic and functional structure of the soil microbiome and ii) to 
test whether the microbiome captured by the trees differ according to an ancient or recent historic of drought and 
how this impact tree physiology. 
 
Context — Climate change and especially variations in the amount and frequency of rainfall are major events 
that directly impact the forestry sector. Longer and more frequent periods of drought are expected in the coming 
years. As trees have significant water needs to ensure their nutrition, growth and health, these variations are 
likely to strongly affect them as well as the forest management sector and the associated industry. While needs 
may differ from one species to another and depending on soil properties (type, depth, usable water reserve), the 
drought observed in 2020 affected many forest areas leading to the massive death of spruces and in to a lesser  



 

 
 

 
 
 
extent of other species such as beech. It is therefore essential to understand how trees adapt to these changing 
conditions. Significant efforts have been made over the past 20 years in the fields of tree physiology and genetics 
to understand how trees respond and adapt to drought, but without considering the relative role of fertility and soil 
microbiota. , and their interactions. However, drought strongly disrupts the diffusion of nutrients in the soil and 
slows down many geochemical processes such as the degradation of organic matter and the alteration of 
minerals. At the same time, drought leads to changes in root architecture to access water and also to variations in 
root exudation which consequently differentially stimulate the microbiota surrounding or associated with the roots. 
In this context, it is essential to determine how drought affects soil microbiota and tree-associated microbiota both 
taxonomically and functionally, in relation to soil properties and tree nutritional requirements. 
 
 
Objectives — In this context, the objectives of the project 'Impact of drought on the diversity, function and 
functioning of microbial communities in forest soils' are to: i) Determine how a history of successive droughts 
affects soil properties and taxonomic structure and function of the soil microbiota, and ii) Testing whether the 
microbiota captured by tree roots differs according to the ancient or recent history of drought. 
 
 
Approaches — To carry out this project, we focused on the instrumented device of Montiers-sur-Saulx. This site 
has a precipitation exclusion system (Roof) that has been in place for several years. This device is installed on a 
ground already studied at the geochemical, microbiological level and its capacity to support the growth of trees. 
To answer the questions related to the project, we considered soil plots that had or had not undergone water 
exclusion. On each of these plots we have planted young beech plants collected on the site below the same 
mother plant in order to limit genetic diversity. An electric fence has been put in place to protect the site from 
pests. The same beech progeny with its soil adhering to the root system was set up in a greenhouse (4 
plants/pot) for soil water content control experiments. For these experiments, soil from the plot that had not 
undergone water exclusion was taken and used to repot the beech plants and ensure their growth. The soil 
horizons (litter, organic and oragno-mineral) were respected. Due to the mortality of the plants on site and in the 
greenhouse, the operation had to be repeated several times in order to have a sufficient workforce. After a first 
phase of recovery in the greenhouse, the plants were replanted individually in pots. 
 
 
 
Main conclusions including key points of discussion — At this stage, no significant results, except the 
difficulty of growing beech seedlings on the ground in the plot with a history of water exclusion vs the same soil 
without exclusion. This first observation highlights the effects of repeated drought on soil properties. 
 
 
Perspectives — 2022 should be the launch year for analyzes related to the project. An M2 student will begin his 
internship in February on the effect of drought on soil microbiota and an M1 intern will join the group to contribute 
to the project. Greenhouse experiments will be mainly used because they allow to modulate the water supply. 
 
 

Leveraging effect of the project— The project participated in the submission of the 'DONUT' project 
submitted to the Labex AAP2022 call. 
 


