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This project is an exciting new collaboration between Ecosulis (ecosulis.co.uk) and the
Pawar (pawarlab.org) and Waring (waringecologylab.com) Labs at Silwood Park.

Accelerating the restoration of ecosystem functioning using engineering approaches is the
new frontier for climate-change mitigation (Willemen et al 2020 Nat Sustainability
3:164-166). However, engineering successful restoration requires an understanding of the
dynamics of belowground microbiomes (bacterial and fungal communities) because these
control aboveground plant community structure and functioning. Therefore, any attempt to
accelerate restoration by reintroducing native plants requires the simultaneous or prior
reintroduction of their coevolved soil microbiomes (‘microbiome transplants’). The success of
microbiome transplantation for overall ecosystem engineering depends upon the outcome of
the ‘coalescence’ event between transplanted and resident microbiomes, i.e., how many
(and which) members of either microbiome dominate in the resultant hybrid system.
Currently, the efficacy of microbiome transplantation remains unpredictable (Willemen et al
2020 Nat Sustainability 3:164-166; De Deyn & Kooistra 2021 Phil Trans Royal Soc B 376:
20200170) due two major challenges. First, it is difficult to predict the outcome of ecological
interactions among thousands of species present in soil, due to their high taxonomic and
functional diversity. Second, the high spatial heterogeneity of the soil environment likely
shapes these interactions, but to date all theoretical frameworks of microbial community
coalescence have been developed for well-mixed systems.

This project aims to lay the foundation for a predictive understanding of soil microbiome
transplant (coalescence) for ecosystem engineering applications through a combination of
mathematical modelling and experimental research. The general aims will be focused on the
factors that determine microbiome transplant (coalescence) success in soils:

Aim 1. Predict microbiome coalescence in the soil environment on the basis of microbial
traits with mathematical modelling

Aim 2. Quantify coalescence dynamics and outcomes through experiments with model soils
exhibiting a range of pore size distributions and inoculum compositions

Aim 3. Synthesise the empirical data and models to develop a predictive framework for
understanding the dominant controls on soil microbial community coalescence

In Aim 3, the student will utilise Aim 2’s empirical data to refine the models developed under
Aim 1, gradually increasing the complexity of the modelling up to more realistic
spatially-structured systems representative of real soils. This data-model dialogue will be key
to improving microbiome transplantation success by guiding field interventions with
mechanistic theory. In addition, there may be scope to study how temperature fluctuations
enhance or inhibit coalescence/transplant success (e.g., invasion ability or resistance of
target microbiomes). The results of this study will help pave the way for more ambitious
projects aiming to build new engineering techniques for climate change mitigation across
ecosystems.
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