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INTRODUCTION

Grassland accounts for 72% of agricultural land use
in the UK and constitutes the largest area of habitat
managed under the agri-environment schemes (DE-
FRA, 2016). Most agricultural grassland is intensively
managed resulting in floristically species-poor swards
supporting a restricted range of invertebrates and
grassland agri-environment schemes have had a limi-
ted effect in diversifying these homogeneous habitats.

Increasing grassland plant diversity can potentially
provide multiple benefits including greater productivi-
ty and forage quality, increased faunal abundance and
diversity, improve soil structure, and reduce erosion
and flood risk (Puttock and Brazier, 2014). Floristi-
cally diverse grasslands also have the potential to be
more resistant to drought. Legumes in swards can help
mitigate climate change and acidification and eutrophi-
cation of rivers and land by reducing the need for nitro-
gen fertiliser (Crews and Peoples, 2004).

Restoration research has primarily focused on the
remaining fragments of species-rich grassland. Since
conventionally managed grasslands cover a large pro-
portion of the landscape in the UK, modest increases
in plant diversity via agri-environment schemes (AES)
could have an extensive impact on the environment
as previously suggested by De Deyn et al. (2011) who

found that long-term biodiversity restoration practi-
ces increased soil C and N storage. Therefore, in order
to devise new agri-environment schemes to enhance
biodiversity and ecosystem services, i.e., the benefits
people obtain from ecosystems, an experiment was es-
tablished by Rothamsted Research and the Centre for
Ecology and Hydrology in Devon (UK), funded by the
Department for Environment, Food and Rural Affairs
(DEFRA), to develop and test simple, widely available,
low-cost seed mixes under different managements in
improved grassland. A “sister” site with a similar de-
sign was established in Berkshire (Woodcock et al,
2012,2013, 2014), and both experiments provided the
evidence base for an AES option.

EXPERIMENTAL APPROACH

Plant species were selected on the basis of their
multifunctional characteristics including their ability
to establish in fertile soils, agronomic value, potential
for soil restructuring and numbers of associated insects
and birds (for the full list of plant species see Appen-
dix 1 in Woodstock et al, 2012). The field experiment
was established in 2008 at North Wyke, Devon, UK on
an agriculturally improved, species-poor grassland on
clay soil of moderately high fertility (phosphorous in-
dex >2) and finished in 2012.

A nested randomised block design with four repli-
cates was used to investigate the effects of three seed
mixtures, subsequent management of the sward, the
intensity of management and the seed bed prepara-
tion on biodiversity and a range of ecosystem services,
namely: pollinators abundance, carbon sequestration,
etc. Hence, a wide range of biological, biophysical and
agronomic variables were measured for four successi-
ve years after sward establishment.

The three sown seed mixes were: 1) grass only (G)
comprising five species; 2) grass + legume (GL) com-
prising five grasses and seven agricultural legumes; 3)
grass + legume + non-legume forb (GLF) comprising
five grasses, seven agricultural legumes and six non-
legume forbs. In addition, there was an unsown ‘ori-
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ginal grassland’ permanent pasture control with four
replicates.

Each seed mix treatment was split into two diffe-
rent management sub-plots. Management regimes
were either grazed by beef cattle or cut, each being fur-
ther split into without (typical management) or with
(extensive management) an eight-week rested period
in mid-summer to provide nectar, pollen and seed re-
sources and habitat for fauna. Grazed plots were 0.1 ha
and cut plots 0.07 ha.

The seed beds were established either by conven-
tional ploughing following a herbicide application (P)
or minimal cultivation (MC) by harrowing to a depth of
5 cm creating 40-50% bare ground. Only control plots
received inorganic fertiliser (50 kg N ha') each spring.

OVERVIEW OF OUR PRINCIPAL FINDINGS

e Ploughing achieved a greater establishment of
sown species compared with MC highlighting
how the established competitive species can
impose a constraint for emerging seedlings hin-
dering restoration in improved grasslands. This
agrees with the findings of Pywell et al. (2010)
who reported an increase in cover of grasses and
non-legume forbs following herbicide applica-
tion and deep cultivation.

e Minimal cultivation used in conjunction with
herbicide could potentially improve seedling re-
cruitment.

e The cutting management enhanced legume and
forb cover in the establishment year compared
with grazing management suggesting preferen-
tial grazing of these plant groups, and coinci-
ding with the pattern reported by Pywell et al.
(2010) who observed that cutting increased
cover of legumes and non-legumes compared
with grazing. The cutting management conti-
nued to support higher forb abundance in sub-
sequent years than grazing whereas the reverse
occurred for legume persistence. The cover of
legumes decreased over the four-year period,
whereas forb cover increased in the second year
before declining.

e Peak herbage DM yield occurred in the first year
(2009) where both legumes and forbs were in-
cluded in the mix in the typically managed ploug-
hed treatments, evidence of increased diversity
causing overyielding as suggested by Tilman
et al. (2006) who found that greater diversity
leads to overyielding in grasslands. In 2009 the
typically managed ploughed GLF plots produced
50% more total DM yield than the equivalent
‘grass only’ plots. However, on the second year,
yield in GLF plots dramatically declined by 31%
reflecting reduced legume abundance. The sown

legumes and some of the forbs were agricultu-
ral cultivars which may have selection trade-offs
between productivity and longevity. This result
illustrates that to maintain diverse swards, asso-
ciated productivity and other ecosystem servi-
ces benefits a viable AES would have to include
an option to re-sow.

e The inclusion of legumes and forbs in seed mi-
xes enhanced flower density which boosted to-
tal pollinator (bees, butterflies and hoverflies)
abundance. A similar result was obtained at the
“sister” experiment at Berkshire (Woodcock et
al, 2014). Beetle biomass, an indicator of po-
tential food availability for insectivorous birds
was also positively associated with more diverse
swards.

e Both pollinators and beetle biomass declined
over the four-year period in response to the
reduction in legume and forb cover. Beetle bio-
mass and winter seed resources for birds and
insects were both enhanced when swards were
rested in mid-summer as shown by Woodcock et
al. (2013).

e This study demonstrated that a resting period
from cutting and grazing during the mid-sum-
mer has important beneficial effects on enabling
plants to reach full phenological development
and that the lack of disturbance provided suita-
ble conditions for beetle populations to increase.
Although pollinators did not benefit from a res-
ted management at North Wyke site, less inten-
sive management coinciding with peak pollina-
tor activity could benefit pollinator abundance
and species richness as observed demonstrated
at the “sister” experiment at Berkshire (Wood-
cock etal, 2014).

e The study also demonstrated that it is possible
to achieve modest enhancement of plant diver-
sity with associated positive effects on a variety
of ecosystem services using inexpensive, simple
seed mixes and management techniques in low-
input grasslands.

e Total Carbon and Total Nitrogen in the top 7.5 cm
of soil were influenced by seed bed preparation
with higher concentrations under MC relative to
ploughing which inverts the topsoil.

e Following the cessation of inorganic fertiliser
applications soil total phosphorus (TP) levels
declined over time. Higher levels of TP were
found under grazing compared with the cutting
management.

IMPLICATIONS AND DEVELOPMENT OF POLICIES

Results from this study, in conjunction with the
Berkshire site results, facilitated the development of
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inexpensive and practicable AES legume and forbs-rich
swards options within the Environmental Stewardship
Scheme (ES) in 2013 (EK21; EFTEC, 2015). The ES
scheme was superseded in 2015 by the Countryside
Stewardship Scheme (CS) however, there are currently
145 active ES agreements which include legume and
herb-rich sward options covering 1,640.64 ha (Natural
England, 2018).

The CS scheme has two options derived from the
results of this experiment; GS4: Legume and herb-rich
swards for conventional farms and OP4: Multi-species
ley for organic farms. Both of these options prescribe
the use of simple GLF seed mixes, prohibit the use of in-
organic nitrogen fertilisers, can be managed by cutting
or grazing and have a rested management in summer.
It is permitted in option GS4 to re-sow the sward or
move to a different area to compensate for poor agri-
cultural cultivar persistence.

In April 2018 there were 269 active CS agreements
which include 239 agreements in option GS4, with
2,072.61 ha being managed under that option, and 30
agreements in option OP4, covering 267.38 ha. Uptake
of these options demonstrate that is feasible to achieve
wide-scale enhancement of biodiversity whilst suppor-
ting commercial livestock production by creating low
cost multifunctional grasslands.
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