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Introduction

Soil ecosystems contain a high trophic complexity and support huge amounts of biological diversity. The 

tremendous functional diversity that can be found among soil organisms is pivotal for a number of ecosystem 

services like the production of food, fibres and biofuels. Other ecosystem services like clean air, drinking water, 

nutrient cycling and carbon storage are also largely dependent on soil organisms. Due to increased intensive land 

use, it is expected that soil biodiversity will be affected with negative impacts on these soil ecosystem services. Land 

owners, policy makers and scientists are therefore making considerable efforts to optimise land management for 

maximum functionality.

The relationship between soil biodiversity and ecosystem functioning has been widely explored, but up until now 

it has mainly focussed on the effects of biodiversity change within a single trophic level. Since soil organisms are 

part of a complex network of trophic interactions, a multitrophic approach provides a more ecologically relevant 

perspective to study the relationship between biodiversity and ecosystem functioning in the soil. Soil food web 

models are great tools for studying this relationship at a multitrophic level. However, existing soil food web models 

have two major shortcomings. The first is the lack of chemical diversity of the soil organic matter and the second is 

the lack of a definition of biological diversity within the soil microbial community. Since litter type and microbial 

community structure and diversity are important drivers of multiple ecosystem processes, those aspects should be 

included in the existing food webs so that accurate models can be described.

The main aims of this project are to include microbial community structure and diversity, as well as diversity in 

litter type, into soil food web models. This is achieved by combining empirical studies with a theoretical approach, 

whereby the outcomes of experiments will be incorporated into existing food web models. This will provide 

a unique translation of how soil-borne microbial diversity influences food web structure and soil ecosystem 

functioning, leading to a better prediction of soil ecosystem functioning in terms of carbon sequestration and 

nutrient cycling. Those outcomes will provide important information regarding management strategies to 

optimise soil functionality under the threat of increased intensive land use. 

The soil microbial community: a key player in nutrient management

During the first year of the project we studied the effects of different types of organic amendments on the soil 

microbial community structure in an agricultural system. This experiment was part of a bigger study, focussing 

on the impact of organic fertilisation on the nitrogen retention capacity and plant productivity of agricultural 

systems. In a big pot experiment, four different types of organic amendments were mixed with soil, after which 

Brussels sprouts were grown in the pots (Figure 1). The four different types of organic amendments differed in 

their quality (C:N ratio) and degradability (%lignin). 

The development of the microbial community was followed during the experiment by analysing the abundance of 

20 types of phospholipid fatty acids (PLFAs) in the soil. PLFAs are components of membranes and their abundance 

provides information regarding the soil microbial biomass and community structure. The results showed that there 

were no significant differences in microbial community structure after three months. However, after six months 

the microbial communities between the different treatments (types of organic amendment) were significantly 
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different (p<0.001). Those results show that different qualities of organic matter generate significantly different 

types of microbial communities in the longer term. Other results from the same experiment have also shown that 

those changes in microbial community structure are related to a number of important ecosystem services like 

carbon and nitrogen mineralisation but also crop growth. 

Figure 1 | Pot experiment with Brussels sprouts growing on a mixture of soil and different types of organic fertiliser.

This study showed that changes in land use (from conventional to organic farming) can have significant effects on 

the structure of the microbial soil community. It also revealed that the quality of organic inputs plays a determining 

role in this and that important ecosystem services like plant productivity and carbon and nitrogen mineralisation 

are affected by this. 

Successional soils: how the microbial community affects dynamic nature

The first part of the project revealed that various qualities of organic material may have different effects on the 

microbial soil community. In the second part of the project we want to collect more information regarding the 

exact routes of organic material through the microbial part of the soil food web. This information will then be 

used to improve the current soil food web models. 

At the moment a first experiment is running in which the decomposition of organic material is followed through 

the soil microbial community in different soils originating from secondary successional fields on the Veluwe. A 

total of six ex-arable fields were visited in the autumn (three early stage successional fields and three late stage 

successional fields) and soil samples were collected in the field (Figure 2). These soil samples are currently being 

incubated in 180 microcosms together with 13C stable isotope labelled plant litter (Figure 3). The addition of 

labelled plant litter makes it possible to track the fate of carbon through the soil food web. At certain time points 

after the start of the incubation (1, 3, 7, 14, 28 and 56 days) a subset of those mesocosms will be harvested and 

stored in the freezer to stop all decomposition processes. In the near future PLFA and RNA will be extracted from 

those soil samples, and analysed for the presence of stable isotopes in specific groups of microbes and other soil 

organisms. In this way it can be determined when which organisms of the soil microbial community play a role in 

the decomposition of the labelled plant litter. This experiment will provide detailed information about the exact 

route of organic material through the microbial part of the soil food web. These results will partly be available in 

the spring of 2015, and hopefully be presented to you on the next NWO Biodiversity Works Symposium. 
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Figure 2 | Six ex-arable fields from which soil samples were taken. On the left you see three young successional 

fields: a) Oud Reemst as abandoned in 2005, b) Reijerskamp as abandoned in 2005 and c) Telefoonweg as 

abandoned in 2009. On the right you see three old successional fields: d) Boersbos as abandoned in 1982, e) 

Dennenkamp as abandoned in 1982 and f) Mosselse Veld as abandoned in 1985.
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Figure 3 | Mesocosm experiment with soil from six different ex-arable fields on the Veluwe. Plants originating 

from these same fields were labelled with the stable isotope 13C (top left). The labelled plant material was 

grinded (top right) and mixed the soil from different ex-arable fields before the mesocosm incubation experiment 

started.
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