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ir George Stapledon in 1935 wrote about ‘the

country aspect of catering for posterity’,

encompassing much of what we now call

sustainability.  The research of IGER and its parent

organisations has always had this long-term

perspective.  Animal production from grassland has

many characteristics of sustainability, relying on

perennial plant species and long-term production

cycles.  The application of science to grassland

farming is also inherently long-term, decisions about

plant variety characteristics and animal breeding

targets taking many years to translate into farm

products.

This heritage influences our current and future

research.  Our aim in this article is to consider the

nature of sustainability, particularly in relation to

grasslands, and to outline how present scientific

opportunities will be used in our future research to

target the practical and scientific challenges of

sustainable development.

Sustainability and grassland farming

A sustainable system is one whose attributes stay

within an acceptable range of states. These attributes

vary with time and the patterns of variability within

a system change in scale and complexity.  To define

sustainability, it is necessary to describe the states

and variability of systems and understand how these

are determined and maintained.  These factors are

related to the diversity of system components and to

the extent and consequences of their interactions.

Intuitively, it seems that, if diversity is important to

sustainability, then diverse country activities and

land management practices are more likely to be

sustainable than any single prescription.  Interactions

between different parts of sustainable farming will

have to be optimised to provide sustainability at

costs that are affordable economically,

environmentally and politically.  More simply, the

essence of sustainable farming is expressed by the

proverb ‘Live as if you’d die tomorrow, but farm as

if you’d live forever’.  The challenge is to integrate

the local implementation of individual prescriptions

across broader scales of landscape and society.

Sustainable agriculture leads to the accumulation of

five types of ‘capital assets’: natural, social, human,

physical and financial.  For IGER research, the most

relevant are natural assets (Table 6.1), which affect

the dynamics of the others.  Progress towards

sustainability may be measured by improvements in

stocks of these assets, many of which are among the

emerging targets for sustainable agriculture

published by the UK Ministry of Agriculture,

Fisheries and Food (Towards sustainable agriculture:

a pilot set of indicators.  London, UK, MAFF

Publications, 72pp. 2000).  These reflect national
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Table 6.1 The functions of some of the natural assets relevant to IGER 
research into sustainable agriculture

Function Grassland function

food, wood and fibre animal products
water regulation and supply soil as bioprocessor
waste assimilation and treatment soil as bioprocessor
nutrient cycling and fixation animal/plant/soil interactions
soil formation, structure, fertility animal/plant/soil interactions
biological control of pests genetic resistance, crop diversity
climate regulation waste emission control
carbon sequestration balance of fixation/use/decomposition
wildlife habitats diversity, perenniality
storm protection and flood control winter green, soil binding
pollination floristic abundance and diversity
recreation and leisure landscape and carpeting

(The functions of natural assets adapted from Pretty, J. Sustainable agriculture: 
a global perspective.  IGER Stapledon Seminar, January 2000.)
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and international emphases on sustainable

development to produce healthy food, in an

acceptable way at an affordable price.  The

indicators include economic factors affecting farm

incomes, targeted to reduce product subsidies, and

management systems targeted to alternative systems,

organic management and adoption of good practice

codes.  Inputs for animal or crop health and nutrition

feature prominently, with the general target being to

reduce the use and, particularly, the loss of

pesticides, fertilisers and waste emissions to the

environment.  Targets of ‘conservation value’ are set,

including increases in bird populations, semi-natural

grassland and other environmental features.

Many of these assets and targets relate to

environmental aspects of sustainability.

Nonetheless, economic aspects of grassland farming

remain important.  In the past, the combined effects

of downward pressure on prices and upward pressure

on costs have promoted increased production

efficiency, often supported by public subsidy.

However, the MAFF pilot indicators suggest that

future qualifications for subsidy may be radically

different.  Increasingly, government agencies are

altering the emphasis of farm support schemes

towards environmental benefits.  Other sources of

income to support economically and

environmentally sustainable agriculture will include

money from technological innovation (profit) as well

as direct payments for conservation from sources

other than central government.  The value of

grassland products, traditional as well as with value

added by processing and promotion, is in the

contribution of farming to maintaining and

enhancing some of the other assets of sustainability.

Research for grassland sustainability

Research for production will continue to be

important for economic sustainability.  Production

options include intensification of some parts of some

farms (e.g., to increase forage production for specific

functions, such as finishing lambs), a more targeted

use of non-renewable inputs (e.g., fossil energy and

nutrients) and diversification by adding new

productive and regenerative components.  A

traditional example of how our research benefits

sustainable production is in the improved production

of beef from clover-rich swards (Figure 6.1).  In the

future, molecular genetics will be used to select

clovers with the drought tolerance of some modern

interspecific hybrids (Figure 6.2).  Plant breeders

now have the technologies to breed crop varieties

designed to contribute to sustainability.  There are

some obvious targets e.g., enhanced and more

widespread fixation of atmospheric nitrogen,

improved quality of forage and livestock products.
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Figure 6.1 Simmental steers grazing white clover grow better beef

Figure 6.2 The hybrid clover on the left tolerates drought better
than white clover (right)
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The challenge is to identify other features of plant

communities and varieties important for sustainable

grasslands, some of which will be targets for

breeding, e.g., the properties of some white clover

plants that improve soil structure (Figure 6.3).

One feature of sustainable farming is likely to be

extensification of production in some areas.  The

vegetation responses to reduced grazing can be

dramatic, with large areas dominated by unwelcome

species (Figure 6.4).  It will require research and

management to achieve benefits without such

problems.  The response of vegetation to animals

with different grazing habits and dietary preferences

is of research interest.  There are scientific

opportunities for understanding these interactions

with potential practical value in sward design and

breed selection to optimise the conservation-

production balance.  This research also has basic

scientific interest in its contribution to describing the

origins and maintenance of diversity.

Sustainable farming ultimately depends upon

preserving and improving the quality of the soil.

Soil plays a fundamental role as a supplier of

resources - nutrients, water, etc. - for primary

production.  Soils under grassland crops provide, or

have the potential to be managed so as to provide, a

wide range of ‘natural services’, including the

remediation of wastes and pollutants, as well as

sequestration of atmospheric carbon dioxide of

significance to global environmental change.

Despite centuries of soil research, biological,

chemical and physical aspects of soil relevant to

sustainability are not well understood.  Our research

will continue to target processes that allow us to

benefit from soil as a sustainable bioprocessor,

avoiding the economic and environmental costs of

polluting water and air (Figure 6.5).

The application of new concepts of scalar

relationships and the nature of complex systems will

advance understanding of the scale and strengths of

interactions between components of sustainable

systems.  This will be particularly valuable in

modelling soil processes across scales, e.g., from

knowledge of nitrogen and phosphate

transformations under different management

practices in fields to their impacts on water

catchments.  These areas will benefit from new

physico-chemical investigations and are exciting

both for their practical significance and also because

of their fundamental scientific interest.
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Figure 6.3 White clover improves soil structure

Figure 6.4 Thistles dominate ungrazed upland grassland
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Our research not only emphasises interactions

between plants and animals, but also their

interactions with soils.  These three way interactions

have significant interfaces with, and impacts on,

water and atmosphere.  Major new research tools are

emerging from the new biology and bioinformatics

in the post-genomic era and will be applied to

science aimed at understanding processes and

environmental interactions contributing at a range of

scales to sustainability.  Precision tools for

measuring and manipulating systems will be

available from advances in analyses of genomes and

gene expression.

We assume that the grassland dominated landscape,

having fields and swards with a diversity of soil,

plant and animal components, managed in a variety

of ways, provides a sustainable system.  Research in

grassland systems can address some fundamental

questions about sustainability.  These include not

only describing but also modelling relationships

between diversity and system function.  Are more

diverse systems inherently more sustainable, having

either or both greater resistance to change and

resilience to perturbation?  If so, can we define a

degree of diversity necessary to give a predicted

level of sustainability?  Can this knowledge be used

to regenerate diversity and in what situations?  How

do interactions at one level, e.g., the interactions

between herbivores and plants, affect features at a

different level, e.g., vegetation dynamics?  Can

patterns of diversity be manipulated to provide a

variety of land-based activities supported both by

economic inputs from production and from

payments for environmental goods?

Conclusions

These ongoing and prospective areas of research will

not only contribute to scientific understanding of

sustainability, but also have practical application in

refining assessments of sustainable grassland.  This

is itself important, not simply because grassland is

central to good quality, safe ruminant production, but

also because of the economic, environmental and

amenity relevance of grasslands.  From all these

points of view, sustainable management systems will

become more important.  In practice, application of

our expertise in grassland sciences can improve

understanding of the biology of sustainable systems.

However, characterisation of the components of

sustainability is not an end in itself.  Combinations of

mechanistic concepts of sustainability, with

measurements, manipulations and modelling, will

identify targets for breeding, and define practical,

effective production systems that are economically

and environmentally sustainable.  IGER’s integrated

approaches across a range of scales will contribute to

the production of food for human consumption and

the management of grassland habitats to enhance

‘quality of life’ which will continue to be

fundamental goals of sustainable grassland systems.

Contact: roger.cook@bbsrc.ac.uk
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Figure 6.5 Pollution from manure spreading on frozen
grassland
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