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Given current global challenges of climate change and food security, the need to understand the functioning of 

the soil ecosystem so it can be optimally managed for delivery of multiple ecosystem services (e.g. provision of 

plant-available nutrients, carbon sequestration) has never been more important, especially given the rate of soil 

degradation worldwide.  This PhD research project focuses on the interactions and feedbacks between two key 

soil organism groups (microorganisms and earthworms) that are responsible for driving and regulating soil 

biogeochemical cycles vital to the functioning of the earth system.   

 

Earthworms are a key soil organism with a critical role in determining overall organic matter dynamics in soils 

(Figure 1). Earthworm activity results in organic matter incorporation and fragmentation in soils, increasing its 

 
Figure 1. Diagrammatic representation of the external (casts, burrows) and internal (associated with the earthworm body) components of the drilosphere 
(the whole soil volume under the earthworm influence) and their overlap with other functional domains in the soil interacting with organic matter 
dynamics and microbial activity (figure taken from Brown, 2000) 



initial susceptibility to microbial attack.  Earthworms also secrete mucus into their gut that primes microbial 

activity, enhancing decomposition of ingested organic matter in the course of gut passage.   However, earthworm 

casting activity also stimulates soil aggregation potentially stabilizing soil organic matter long-term through 

trapping it in small pores that cannot be accessed by microbes or their enzymes.   

 

At the same time as interacting beneficially with soil microorganisms, there is also growing evidence that 

earthworms benefit from hosting an active “microbiome” that is largely soil derived.  Hosted microorganisms are 

involved in digestion of OM and may even produce metabolites that are taken up by earthworms and used for 

handling natural and anthropogenic toxins (e.g. plant polyphenols, trace metals). We know that soil microbial 

diversity is vast, and, as a result it is commonly argued that soil microbial communities have high levels of 

functional redundancy. However, the evidence of exquisite interdependencies between organisms of the 

earthworm microbiome and their host may point to greater functional specificity in supporting ecosystem 

processes and earthworm population health than has previously been suspected.   

 

The aim of this PhD project is to understand the importance of earthworm - soil microorganism interaction in 

supporting key soil ecosystem processes (nutrient mineralization and storage) by testing the hypothesis that 

earthworm health and function with respect to the promotion of stabilization and decomposition of organic 

amendments to soil depends on soil microbial biodiversity. 

Training opportunities: 

You will develop cross-disciplinary skills in laboratory experimentation, fieldwork, data management, 

multidisciplinary working and communicating research to a non-academic audience. 

Project specific training will be given on: earthworm husbandry and health bioassays, microbial meta-barcoding 

and bioinformatics pipelines (CEH Wallingford); soil microbiology and biogeochemistry, soil fractionation 

techniques for estimation of soil carbon quality; use of isotopes to trace organic matter fate (University of 

Reading).  

Student profile: 

This project would be suitable for students with a background in Environmental Science, Chemistry, 

(Micro)Biology and/or Ecology. 
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