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he key focus of our research in this area at

North Wyke is understanding how land

managements, involving the growth of forage plants

and rearing of ruminant livestock, for example, affect

those soil functions which are critical to the

sustainability of whole systems of land use. Thus, we

study the flows of nutrients such as nitrogen (N) and

phosphorus (P), water and carbon (C) compounds

into soil and their transformations within it under a

range of grassland managements and site conditions.

We then measure outputs from the soil such as

emissions to air and water (causing environmental

impacts) and feedbacks affecting plant yield and

animal production (determining the economic

viability of a farming system). These transformations

involve complex chemical, physical and biological

interactions which determine the outcomes of the key

soil processes of respiration and growth of roots,

macrofauna and microbes, nutrient uptake,

mobilisation and fixation, mineralisation of

nutrients, nitrification, denitrification and leaching.

The process outcomes in turn confer functions to the

soil which need to be protected, enhanced, or

diminished according to the particular definitions of

what is considered sustainable under a given set of

circumstances. 

We conduct experiments on fundamental aspects of

these processes, investigating their rates in relation to

the key controls, which often involves the

development and application of novel methodologies

for both laboratory and field-based studies.  For

example, recent work using molecular profiling has

shown that different N fertiliser, grazing and land

drainage regimes support different soil bacterial and

fungal communities. Variations in kinetics of

ammonia and nitrite oxidation, however, may be a

function of abundance of organisms rather than of

different types. Such communities are also sensitive

to the below-ground activities of root-damaging

pests such as nematodes and weevils as these cause

plants to produce varying amounts and qualities of

organic exudates. Natural abundance isotope tracer

techniques and novel soil incubation methodologies

(developed in-house) help us to identify and quantify

flows of C and nutrients within and from the

rhizosphere.  

We have well-recognised expertise in measuring

emissions of N, P and C compounds from the

rhizosphere to air and water, and in developing

control measures and means to reduce pollution at a

range of scales. At the field scale we are able to

evaluate the sustainability of whole land-use systems

with our long-established Rowden drainage

hydrology facility (Figure 3.1).

Performing experiments at the broad scale is difficult

for many reasons: cost, timescales and constraints

with treatment replication. Therefore we use

mathematical modelling extensively as a means of

investigating systems performance. Our models UK-

DNDC and SIMSDAIRY simulate national greenhouse
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Figure 3.1 Aerial photograph of the Rowden experimental
platform comprising 14 hydrologically isolated (approx.) 1 ha
plots



gas emissions and nutrient flows, economics and

overall sustainability of dairy farms, respectively.

(see Figure 3.2)  

The next 25 years of research into soil and land

management at North Wyke will be characterised

increasingly by a systems-based approach. Our

research will continue to be interdisciplinary;

integrating the science of plants, animals and micro-

organisms, hydrology and atmospheric chemistry

with soil- and agronomy-based disciplines.  There

are a number of strong advantages to studying whole

land-use systems.  Firstly, only by considering all

components of the grassland ‘system’ can we expect

to derive accurate assessments of processes and

make reasonable predictions of future needs in a

holistic and balanced manner.  Secondly, soil and

landscape science is evolving a new paradigm of

empiricism, enhanced by technological advances in

sensor probes and the ability to monitor and measure

across a range of scales.  This means that there will

be an exponential rise in the volume of data collected

and analysed. Finally, evolving alongside our rapidly

advancing ability to collect data, there is an ever

increasing ability to analyse complex data sets and

produce systems models.  This will require

mathematical and environmental informatics

approaches to soil science, similar in concept to

‘systems biology’ that is conducted at finer scales in

biological sciences.  Within this systems context, we

envisage several key areas of soil science that will be

the foci of more attention.  These are soil-water

interactions, climate change and soil atmosphere

interactions, energy exchange and dissipation, land

use change in response to political and economic

drivers, and the inclusion of social aspects such as

human health and well-being. 

Soils play a critical role in controlling water in

grassland landscapes and the importance of this role

will increase, partly in response to climate change

and partly because of agricultural pressures on

catchments.  If managed appropriately, soils can

buffer flooding and mitigate pollution, but they can

also exacerbate problems, being a rich source of

nutrients, pathogens and sediment/colloids that can

severely undermine riverine, lacustrine and estuarine

ecosystem function and quality.  The initiation of the

Cross Institute Programme (CIP) for Sustainable

Soil Function, working with other teams at North

Wyke, will enable the development of some new and

exciting tools for soil-water research, especially

advances in biochemical sensing that could be

combined with new approaches to modelling of

complex three-dimensional spatial and temporal

systems.  The Rowden plots (Figure 3.1) are an

unique and world-renowned resource and we are

pleased to report some recent advances in digitising

the hydrological monitoring of the 21 weirs.  There

will be further advances here, including, for

example, the addition of new biochemical sensors.

We shall need to observe agronomic perturbations in

plots and field and monitor reactions in runoff and

drainage water.  There will also be a need to focus

more on larger scales within small catchments and

river basins, integrating our expertise with others

who work beyond the farm gate and have expertise

in the wider land- and river-scapes.  The priority

questions for the next 25 years are: (1) to what extent

will soil-water interactions respond to environmental

(especially climate driven rainfall-runoff) and land-

use changes; and (2) to what extent can such

interactions be effectively managed by intervention

across these scales?  

Climate change, with atmospheric CO2

concentrations, average temperatures and extremes
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Figure 3.2 UK-DNDC: a mechanistically-based model of N2O
emission from agricultural soils (developed in collaboration
with University of New Hampshire, Rothamsted Research, SRI
and NSRI)



of weather all increasing, has several important

interactions with the functions of soils, and how

those functions are affected by land management to

impact on the environment. Important effects upon

environmental quality caused by climate change

(i.e., on soil, water and air) can feed back to climate

change itself and to the ways farmers and other land

managers might adapt. For many years at North

Wyke we have led research programmes on

understanding the relationships between land

management, soil functions and the quality of air and

water, and more recent projects have brought these

climate change interactions into focus. For example,

we have shown, in experimental and modelled

systems studies, that climate change is likely to

increase plant yield and the content of water soluble

carbohydrates, which in turn will change the nutrient

contents and carbon qualities of the soil organic

matter formed from plant debris and excreta of

grazing animals. 

In controlled laboratory experiments, using

sophisticated specialist equipment built at North

Wyke (Figure 3.3), we have also shown that this

changed carbon quality is likely to have quite large

effects on emissions of greenhouse gases such as

N2O and CH4: emissions of N2O on application of

slurry from sheep fed on kale was greater than those

from slurry from grass-fed animals. At the same

time, this equipment enabled us to demonstrate the

timescale of emissions following slurry application

and the cyclic nature of these emissions throughout

the day in response to temperature and levels of light

(Figure 3.4). This means, of course, that time of

measurement will influence the estimation of

emission. 

Estimation of annual emissions at the national scale

is required to compile the National Inventory of

greenhouse gases, and North Wyke is responsible for

doing so in accordance with methods agreed by the

Intergovernmental Panel on Climate Change.

Furthermore, we will now improve the detail of

emission sources covered by the Inventory by using

a programme of field measurements and application

of the simulation model UK-DNDC (Figure 3.2).

This model, and others developed at the Institute,

allow us to investigate the impacts of land

managements, including future likely adaptations to

climate change, on emissions of these greenhouse

gases, NH3 and on diffuse pollution of water bodies.

These models also enable us to consider the

phenomenon of ‘pollution swapping’ and to specify

improved managements for reduced pollution. The

measures required for implementing improved levels

of sustainability of land use and the means and

practicality of their employment have also been

identified and assessed in cost-curve analyses.

Similarly, we are able to investigate the likely effects

of land managements on the sequestration of C by

soils. The levels of organic C in many UK soils are

in decline and this trend needs to be arrested for two

reasons: (1) the need to reduce the rate of

accumulation of atmospheric CO2; and (2) the need

to maintain the critical soil qualities of fertility,

structural stability, water-holding capacity and

I G E R  I N N O VAT I O N S 2006

2 0

SO
IL A

N
D

 LA
N

D
 M

A
N

A
G

EM
EN

T
  

Figure 3.3 Automated laboratory incubation system to measure
biogenic gas emissions from soils 

Figure 3.4 Time scale and pattern of N2O emissions following
slurry application



resistance to erosion. These important considerations

are likely to be at the forefront of our research for at

least the next decade. 

Recently, we have developed laboratory systems to

measure the emissions of CH4, NO and NO2 from

plants as well as soils. We are interested in studying

the involvement of these gases in the formation of

tropospheric ozone (O3) which reaches high

concentrations in rural areas of the UK. Ozone can

cause damage to plants and the external coatings of

buildings, but more importantly can exacerbate

respiratory conditions in humans. 

We already know that the ways in which the different

C compounds from plants, manures and resident

organic matter are utilised by soil organisms  control,

to a large extent, the overall functions of the soil and

the degree of sustainability achievable by a land-use

system. However, it seems that the rate at which the

energy contained in these compounds is used and

dissipated can be a basis for the definition of system

type. We will take this concept further by

considering all forms of energy production, flow and

dissipation (light, heat, hydrodynamic and chemical

energy). Such a unifying approach will provide a

better understanding of soil function and systems

sustainability than has been possible hitherto (when

only nutrient flows and transformations were

considered).  

Another important sustainability goal is that of

maintenance and enhancement of biodiversity – both

above and below ground. We intend to embrace this

aspect within a systems approach to experimentation

and modelling so that we can understand how and if,

for example, highly diverse plant populations are

compatible with economically productive land use

and low levels of environmental pollution. We have

already introduced a semi-quantitative biodiversity

simulation ‘matrix’ calculator into our SIMSDAIRY

model (see Chapter 7).

In the medium term we expect conventional land-use

systems within the UK to change through:

• polarisation of intensity of both livestock and

arable production;
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• an increase in the area devoted to specialist bio-

energy cropping;

• reversion to biodiverse ‘nature’, landscaping

with tree-belts and forests;

• an increasing interaction with the built

environment  

• the effects of climate change on all of these.

These changes will inevitably introduce both old and

new sets of questions to answer and problems to

solve. For example, the urgent need to maximise

renewable energy production is likely to result in a

drive for high yields of bio-energy crops requiring

high inputs of fertilisers, and, just as with food crops,

this will lead to the need to balance economic and

environmental aspects of the system towards

sustainability goals. In addition, there will be an

increasing requirement to consider the third

important ‘pillar of sustainability’ – that of social

acceptance of, and integration with, the various

aspects of changes in land use.  Of importance in

relation to public interest might be: pollution

mitigation measures; the aesthetic value of

landscapes; the physical and less tangible impacts of

land-use systems on human health; and the need to

improve and maximise the wellbeing of both town

and country dwellers. 

New modelling approaches will be required which

combine all of these biophysical, technical and

socio-economic aspects of land-use systems, and

IGER science will strive to evolve and encompass

this need. Such an all-embracing approach to the

study and definition of sustainability not only has to

face the considerable challenge posed by

communication between the combining disciplines,

but also the ever-present and critical requirement to

deliver solutions and specifications at a range of

scales. North Wyke science is well-fitted for meeting

the latter challenge as well as being capable, through

forging and maintaining astute interactions between

the CIP and other North Wyke teams, of providing

relevant science that contributes to international,

national and sectoral interests and to regional outputs

for the South West communities.
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Contact: david.scholefield@bbsrc.ac.uk or phil.haygarth@bbsrc.ac.uk


