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oil is not just rocks and roots but is home to

such a diversity of living organisms that it has

been compared to tropical rain forests.  Soil is

difficult to study and we remain ignorant of the

identities and activities of many of the creatures

living in it.  Nonetheless, it is clear that important

features of soils derive from the organisms that

inhabit it.

Critical processes in soils

Key parts of biogeochemical cycles, such as the

carbon and nitrogen cycles, occur in soil and not

only affect fertility of fields but also have global

impacts.  Critical processes in these cycles (for

example, decomposition and nitrogen trans-

formations) occur in soil, as a result of the growth
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Figure 8.1 Illustration of soil fauna: sizes, populations and biomass in grassland 
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and activity of bacteria and fungi.  The activity of

these microbes is driven by the availability of carbon

(C) compounds as energy sources.  The quantity and

quality of these compounds, coupled with nitrogen

(N) and phosphorus (P) availability, determines

whether the soil microbial biomass immobilises or

mineralises N and P.  Changes in C and nutrient flow

are related to changes in plant species and grassland

management.  These changes affect soil microbial

community structure, activity and biodiversity and,

consequently, nutrient cycling in the soil.

Soil ecosystems

Perennial grassland soils, with continual root

turnover, as well as additions from above ground

plant litter, develop rich microbial and animal

communities.  Root browsing by invertebrates, in

particular, increases the rate of turnover of root

material, releasing C and N.  Other animals,

including nematodes, feeding in or on roots or root

parts also affect C and N depositions into the

rhizosphere (the zone around plant roots).  In

addition, arbuscular mycorrhizal (AM) fungi,

symbiotic with the plant, also transfer C from plants

into the soil.

The activities of soil microbes are affected by their

interactions not only with plant roots but with a

diversity of soil animals.  These range in size from

the microfauna, through the mesofauna, to the

macrofauna (Figure 8.1).  Generally, there are more

individuals of the small animals than of the large

ones.  For instance, in soil under productive mixed

grassland there are as many as four million

nematodes in the upper 10cm soil layer per square

metre, but only a few hundred earthworms.  By
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Figure 8.2 Soil Biodiversity experiment field site: Sourhope. The NERC Soil Biodiversity Programme (http://mwnta.nmw.ac.uk/soilbio/) aims
to achieve simultaneously an understanding of biological diversity of the soil biota and the functional roles played by soil organisms in key
ecological processes. £5.85 million has been allocated by the Natural Environment Research Council for research and necessary support
services. The Programme is closely directed and integrated, with the aim of producing data and insights of wider generality than the chosen
ecosystem, which is an upland grassland system at Sourhope, near Kelso, Scotland.

B
IO

D
IV

E
R

S
ITY

 IN
 S

O
ILS



combining individual size and numbers, we can

calculate and compare the biomass of each organism.

The size, biomass and activity of different soil

creatures determine their importance and function.

For instance, soil nematodes are small and move

relatively short distances but are very numerous.

There are nematodes that feed specifically on

bacteria, fungi, plant roots or even other nematodes.

Thus they occupy every niche in the below ground

food web, impacting on many soil functions.

Not only are there different kinds of creature, but

there are also many different types of each kind.  The

total numbers of known invertebrate animal species

found in soil are estimated as 1500 protozoans, 5000

nematodes, 30,000 mites, 6500 springtails, at least

600 enchytraeids, 2000 termites, 8800 ants and 3600

earthworms.

Diversity and function

One of the key questions in ecology is whether there

is a link between the biological diversity and

function of an ecosystem (for example, a grassland

ecosystem).  Our research on diversity in soils is

addressing this question in studies of animals that

feed on plant roots and their interactions with

grassland management and microbes.  The research

is part of the Natural Environment Research Council

(NERC) Soil Biodiversity programme, based on an

upland grassland site at Sourhope in the Scottish

Borders (Figure 8.2).  We are testing three

hypotheses: 1) that the diversity of root feeding

animals is influenced by grassland management; 2)

that these root feeders alter the quantity and quality

of plant-derived carbon transferred from roots to soil

micro-organisms and 3) that, in consequence, root

feeding affects soil microbial diversity and activity.

At Sourhope, we are collecting data on populations

and diversity of soil insects, nematodes and micro-

organisms, including AM fungi, and root growth.

Three years data will be analysed to investigate

relationships between imposed management

treatments (Figure 8.3) and the population and

diversity of all groups.  Initial samples indicate the

prominence of macrofauna and nematodes as root

herbivores.  In the field, an insecticide treatment has

significantly reduced insect biomass but also

reduced the number and biomass of plant roots.  This

may indicate that, in the presence of more

invertebrates, plants use compensatory root growth

to respond to root grazing.  A second treatment,

applying nitrogen and lime, has led to increased root

birth and death rates, increasing root turnover and

hence the inputs to the soil detrital food web.
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Figure 8.3 Original diverse sward (top) and newly established
ryegrass (bottom) as contrasting treatments at the Sourhope site,
to compare effects of plant diversity on soil biodiversity



The consequences of root feeding are being

investigated in a series of laboratory experiments

under controlled conditions (Figure 8.4).  These

experiments use root-feeding organisms, collected

from the field trial site, to measure their impacts on

the quantity and chemical nature of carbon

compounds in root exudates.  Exudates from

different treatments are then analysed biologically

by comparing their effects on the diversity and

function of soil microbial communities.  The larvae

of crane flies (tipulids) fed differently on the roots of

two grasses, Agrostis capillaris and Lolium perenne

and of white clover, Trifolium repens.  Tipulid

feeding reduced the biomass of Lolium and Trifolium

but not of Agrostis.  This led to greater inputs of

organic carbon from the roots of Lolium and

Trifolium but not from Agrostis.  Roots of Agrostis

grazed by tipulids had more C per g than ungrazed

controls, suggesting increased translocation to roots

in response to herbivory. In addition, roots fed on by

tipulids released exudates containing different

carbon and nitrogen compounds compared with

those of uninfested plants.  Application of these

exudates to soils led to changes in the metabolic

profiles and structure of the soil microbial

communities.

These experiments indicate that the quantity and

quality of organic compounds released from roots

are plant species specific.  Other experiments

indicate that different root herbivores affect organic

carbon release in specific ways. The tipulid

experiments also confirm that root herbivory can

have consequential effects on soil biodiversity and

function, in that herbivory may lead to changes in the

relative proportions of different bacterial species. 

These laboratory and field studies will be interpreted

together to understand soil biodiversity and function

in the rhizosphere.  The NERC Programme provides

a broader framework for the application and

interpretation of our data.  This will make possible a

consideration of the associations between grassland

production and biodiversity.  The combination of

field and laboratory studies will provide insight into

the mechanisms that maintain or reduce biodiversity

in grassland soils.  The practical management of

grassland production systems, relying on natural

cycling of nutrients, requires an understanding of the

interactions among the soil biota and an appreciation

of the role of biodiversity in relation to sustainability.

Contacts: phil.murray@bbsrc.ac.uk 
roger.cook@bbsrc.ac.uk

Root Herbivory Project:

http://www.mluri.sari.ac.uk/hugbug
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Figure 8.4 Microcosm apparatus for experiments on root feeding
(upper chamber) and root exudate collection (lower chamber)
and analysis


