
rasslands are an important part of the rural

landscape. Their appearance and botanical

composition reflects not just the natural variations in

soil, geology and climate, but also their present and

past management, for it is the effects of farming that

have largely determined the types of grassland we

now have and the wildlife they support. Modern

grassland farming may certainly have been

successful in delivering plentiful supplies of

affordable home-produced food, in contrast to the

situation that prevailed in the early years of the 20th

Century, but that success was achieved at a price in

terms of reduced botanical diversity and other

environmental impacts. Historically, grassland and

shrub communities developed under natural grazing

and other forms of disturbance and, as wild grazing

animals gave way to grazing by domesticated

livestock, grasslands characterised by a rich and

varied wildlife evolved within the context of low-

input farming. Many of the plant species we

associate with flower-rich meadows cannot survive

the competition from vigorous growing grasses that

dominate under conditions of high fertility.

Increased production, particularly from the time of

World War II until the 1980s, led to many of the once

common grassland communities becoming rare or

threatened habitats. This resulted from ploughing

and sowing with ryegrasses, or from applying

fertilisers and imposing early season mowing. In

lowland Britain it is estimated that over 95% of

semi-natural grasslands have effectively been lost.

Halting and attempting to reverse this trend has

become an important objective for a group of

researchers at IGER. 

Is biodiversity an important issue?

For many people involved in agriculture, the need to

accommodate what might be regarded as weed

species is a difficult concept. However, many

farmers have welcomed the reversal of a production-

only farming system that runs counter to their

instincts as custodians of the countryside. One

positive outcome from agricultural overproduction

has been the need for policy reform that takes

account of the need to balance production with

nature and landscape. Recent reports of the Policy

Commission on the Future of Farming and Food

(England) and the National Assembly for Wales,

‘Farming for the Future’ both made further

recommendations for increasing the financial

support to encourage environmental schemes. There

is a growing recognition that an attractive

countryside rich in wildlife can contribute greatly to

rural prosperity; the income from visitors using

farm-based enterprises and other local services can 
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Figure 5.1 Meadows rich in wildflowers are declining throughout

most of the British Isles and are often now confined to small,

fragmented areas (photo: Tideswell, Derbyshire).
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more than offset the effects of reduced farming

intensity.

Since the late 1980s, agri-environmental schemes,

particularly the Environmentally Sensitive Areas

(ESAs), Countryside Stewardship Scheme (CSS)

and Tir Gofal (Wales), have been the main policy

instruments for encouraging farmers to incorporate

environmental objectives.  Most of the designated

ESAs are in predominantly grassland areas. The

management agreements associated with these are

intended to protect existing plant communities and

regionally distinct landscapes, and to encourage the

development of habitats for wildlife, such as hay

meadows and sites for nesting birds. The lower tier

payments are mainly designed to prevent further

intensification and there is evidence that this

approach has been reasonably successful in this

objective. 

Can species-rich grassland be restored?

In many cases the plants that were once the key

species of old meadows are not only absent from the

sward, but are also no longer to be found in the

vicinity, and their seeds absent from the soil.

I G E R  I N N O VAT I O N S 2 0 0 2

3 1

Figure 5.2 Five years after sowing with a species-rich mixture,

the de-turfed treatment (B) maintains a diverse sward and a

higher frequency of species such as self-heal, ox-eye daisy and

catsear, compared with the undisturbed sward (A) (Radnor

ESA, Powys).
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Furthermore, soil fertility is frequently too high for

many species that are poor competitors to survive

against the more vigorous growing grasses. A cost-

effective approach is likely to involve a combination

of changed management (less fertiliser, sympathetic

cutting regimes) with habitat restoration in carefully

targeted areas.

Habitat Restoration

Restoring biodiversity to agriculturally improved

grassland is a great challenge and, in situations

where the target communities are unlikely to develop

naturally, a more interventionist approach may be

needed. Seed of many native wildflowers and grasses

is now widely available, and oversowing offers a

possible short cut to encourage the development of

biodiversity. There is now the opportunity to adopt
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Some guidelines for successful restoration of botanical diversity 

to species-poor grassland

• Before oversowing, it is important to reduce the competitiveness of the existing sward, e.g., by

mowing followed by hard grazing.

• The greater the disturbance before sowing, the greater the likelihood that more seeds will establish.

Shallow turf removal has been most successful in reducing both competition and fertility on the soil

surface.  Partial rotavation has also proved to be successful, as has the use of specialised oversowing

drills.  Broadcast sowing followed by "hoof and tooth" mimics natural processes and may also be a

suitable method.

• The existing soil fertility affects the likely success of species introduction.  Best results have been

obtained on soils having a low P status.  Grasslands of high conservation value are generally associated

with a low soil nutrient status.

• Swards that already have a moderately diverse composition seem more likely to be able to develop into

species-rich grassland than swards dominated by vigorous grasses (ryegrass, Yorkshire fog) or white

clover.

• In the post-sowing phase, care is needed to ensure that the seedlings are neither smothered by

competition, nor overgrazed (this can be a difficult balance).

• Once a diverse sward is established the management must allow it to persist.  Hay cutting, which

allows seed-heads to ripen and shed seed, is favoured on neutral meadows.  But species-rich grassland

is not confined to mown fields, and grazed sites on chalk and limestone, as well as on acid hill slopes

and wet meadows, are also capable of being restored to diverse grassland.

•In most cases restoration of diversity by species introduction is feasible on a small scale only, such as

patches or strips, rather than whole fields. Subsequent management can provide the means for their

spread and dispersal. On higher fertility fields, particularly those dominated by sown agricultural species

such as ryegrass, the focus could be on field margins.

• Some species of plants have been shown to be relatively easy to introduce successfully into existing

swards.  These include ox-eye daisy, ribwort plantain, self-heal, yarrow, hawkbit and knapweed, and

grasses such as meadow foxtail, crested dogstail and red fescue. Ragged robin on damp grassland and

black medick on calcareous grassland have also been found to establish easily. 
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habitat restoration at a range of scales, including

marginal areas such as field headlands on relatively

intensive farms, and on large scale areas such as

lowland wetlands and in parts of the uplands where

subsidies have favoured overgrazing.

Grassland in ESAs is an obvious target for

biodiversity restoration; there is a greater likelihood

of suitable sites, the protection and enhancement of

species-rich grassland fits closely with overall ESA

objectives, and there may be opportunities to

incorporate restoration projects within the

conservation plan options at the higher payment

tiers. A number of research projects, funded by

MAFF in recent years, and continuing under

DEFRA, have shown that restoration of diverse

grasslands is feasible, though some challenges

remain.  IGER has conducted a number of multi-site

experiments to compare techniques for introducing

appropriate species. Much of this has been on

commercial farms, in collaboration with researchers

in ADAS, the Centre for Ecology and Hydrology,

and several universities. 

Our findings have led to the following guidelines:

Restoration Benefits

Species-rich grasslands can help support many other

species, including ground nesting birds, butterflies

and other insects, but in a farm situation they are also

part of the forage resources.  Assessments under hay

cutting have shown that artificially enhanced diverse

swards can be as productive as other, species-poor,

grassland under the same management.  Many

wildflower species are also rich in various minerals

and other natural compounds that may be beneficial

to livestock.  However, the digestibility of mature

hay is usually low and, if it is to be used as part of a

production feed, it must be balanced with other feed

or forage. At present we know far less about

livestock production from species-rich grassland,
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compared with that for ryegrass and grass-clover

swards. 

Other benefits

Farming is only one part of the rural economy and

restoration and protection of diverse grasslands can

bring significant economic benefits from tourism

and create employment opportunities for local

people. Although the work described here has been

carried out on a relatively small scale, the techniques

are appropriate within the wider context of re-

wilding of vegetation at the landscape scale.

Compared with intensively managed agricultural

land, diverse habitats can contribute to the solutions

for other environmental problems, e.g., through their

roles in carbon sequestration and their influence on

the rate of surface run-off after periods of heavy

rainfall. 

Conclusions 

Recent research has made progress with

understanding the restoration of botanical diversity

in grasslands, and changes in public attitudes and the

acknowledged need for reform of farming and rural

land management means that we have both the

knowledge and the need for habitat protection and

restoration. Successful restoration is a site-

dependent process, and to be beneficial such

schemes need to be carefully targeted. There is no

"magic bullet" to recreate particular species-rich

communities, especially on intensive farmland.

Remaining species-rich grassland areas must be

preserved as an important national resource.

Contact: alan.hopkins@bbsrc.ac.uk or 
jerry.tallowin@bbsrc.ac.uk

This work has been funded by DEFRA
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icroorganisms are a fundamentally

important component of the soil habitat

where they play key roles in ecosystem functioning

through controlling nutrient cycling reactions

essential for maintaining soil fertility and also

contributing to the genesis and maintenance of soil

structure. Within the soil there exist many microbial

interactions with, for example, soil invertebrates, the

rhizosphere (the 3-4 mm layer of soil surrounding

plant roots), mycorrhizal fungal associations and

plant–pathogen relationships, and these associations

contribute to the development and activity of

microbial communities in soils. There is a vast

abundance of microorganisms that exist within the

soil, e.g., one gram of grassland soil (roughly

equivalent to half a teaspoonful) typically contains

about 109 -1010 bacteria (Figure 6.1) and several

hundreds of metres of fungal hyphae. Whilst we

have been aware of the abundance of bacteria and

fungi in soils for some considerable time, it is only

recently that microbial ecologists have started to

appreciate their enormous diversity through the

application of techniques in molecular biology. 

Microbial Biodiversity

To many people the term biodiversity usually means

animals or plants; however, the soil habitat harbours

a huge number of different microbial species - one

gram of grassland soil contains about 103-104

different bacterial species. Whereas animal and plant

ecologists can count numbers of different species

through (relatively) easily identifiable traits, it is

difficult to do this with bacteria and fungi.  Until

recently, microbial identification usually required

isolation from soil through growth on standard

laboratory media; however fewer than 1% of

bacterial species and an unknown percentage of

fungi could be recovered in this manner.

Traditionally, i.e., pre-molecular biology days, the

diversity of bacteria was determined firstly by

culturing in the laboratory followed by a number of

phenotypic tests; hence the true diversity of

microorganisms in the soil remained unknown. This

problem has now been circumvented through the

application of molecular biological approaches in the

nucleotide sequence analysis of ribosomal RNA

genes (the 16S rRNA genes in bacteria and 18S

rRNA genes in fungi). This approach avoids the

problems associated with culturing because it utilises

the total microbial community DNA extracted

directly from soils. This DNA is used as a template

for the polymerase chain reaction (PCR)

amplification of ribosomal genes from all of the

SOIL  MICROBIAL  ECOLOGY AND PLANT  ROOT  
INTERACT IONS
Chris topher  Clegg and Phi l ip  Murray
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Figure 6.1.  Fluorescently stained bacterial cells isolated from soil.

Innovations-2002  10/7/2002  9:51 AM  Page 38



members of that community. The individual gene

products can be cloned and then sequenced to reveal

the identity of the bacterial species from which the

original target sequence was amplified. This

approach, therefore, provides an insight into the

identity of the remaining 99% or so of bacteria

species, which cannot be readily recovered from soil

by culturing techniques. In the past 12-15 years,

since adopting molecular approaches, microbial

ecologists have identified numerous new species of

bacteria in soils, many of which are still only known

by their 16S rRNA gene sequence alone, and many

of these are now known to be numerically dominant

in their respective habitats. 

The importance of microbial diversity in soils is still

not fully understood. It has been suggested that those

soils harbouring a greater diversity of

microorganisms are more likely to be resilient to

stresses such as, for example, hydrocarbon (e.g.,

petroleum, diesel or oil spillage) or heavy metal

contamination, or long term water-logging. Human

land use and agricultural practices have been

identified as the most important factors affecting

biodiversity. We can put this into context when we

consider that approximately 50% of the land area of

the UK comprises agricultural grasslands, of which

about 85% receives nitrogen (N)-fertiliser. Previous

biodiversity studies have revealed that an increased

management of grassland results in a decrease in

plant and animal diversity, and also microbial

diversity as determined through the use of broad-

scale DNA approaches. More recent advances in

molecular biology now allow us to assess the impact

of land management practices on the community

structure of specific groups of microorganisms in

soils.

Studies at IGER are attempting to understand the

relationships between grassland management

regimes, microbial community structure and

function, and also to determine the interactions

between microorganisms and plant root exudates.

Previous studies on the Rowden long-term

experimental plots at IGER North Wyke had

informed us that differences exist in the processing

rates of specific nutrient transformations in soils

under different management regimes. Further to

these initial findings, more recent results now

suggest that those soils from plots under different

management regimes harbour microbial

communities that are

indeed different to each

other.  The microbial

community structure was

determined through the use

of PCR-based techniques

that allow for high-

resolution analysis of the

bacterial community

structure. Using microbial

community DNA extracted

from soils as the template,

similar size fragments of

the bacterial 16S rRNA

genes were PCR amplified.

The analysis of this

heterogeneous mix of PCR

products from the different

bacteria was then analysed

by denaturing gradient gel

electrophoresis (DGGE),

which separates the DNA fragments based on their

nucleotide content rather than size alone. The benefit

of this approach is that a molecular fingerprint of the

community structure is generated for each soil, such

that each band in each lane of the gel theoretically

represents a different bacterial species (Figure 6.2).

These PCR-DGGE molecular fingerprints are

complex and often difficult to interpret, and more

meaningful information can be obtained through the
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Figure 6.2.  PCR-DGGE

banding profiles of

bacterial communities in

four different soils.
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