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1 ABSTRACT

The Sustainable Arable Farming For an Improved Environment (SAFFIE) project
started in 2002 and experimental work continued until the end of 2006. When the
project was conceived, arable farmers needed to optimise inputs and improve
efficiency, and the UK was committed to increase biodiversity, especially for farmland
birds. The SAFFIE project aimed to reconcile these pressures by developing new
crop and margin management techniques for winter cereals and quantifying the
associated costs and environmental benefits.

The SAFFIE project developed Skylark Plots, confirmed the benefits of adding
wildflowers to grass margins, evaluated a range of in crop weed control programmes
and tested two margin management techniques (graminicides and scarification) that
had potential to create new habitats. The studies quantified: (a) the impact of these
techniques on key species of grasses and flowering plants, beetles, bugs, flies,
grasshoppers, soil invertebrates, spiders, bees, butterflies and birds; and (b) the
costs of the techniques. Key findings included the following.

Plants

o Weed cover was increased by the use of selective herbicides and this benefited
wider biodiversity. Selective herbicide applications in spring left more plant cover
than application sequences, benefiting arthropod abundance. However, weed
management must be site-specific and this approach is not appropriate where
pernicious weeds are common or where there are herbicide resistant weeds.

e Plant species diversity in margins decreased over the five years, regardless of
seed mix and treatment.

o Plots sown with a seed mix of fine grasses and wild flowers generally had the
greatest abundance of reproductive resources (buds, flowers, seed/fruit) and
plots sown with a grass seed mix generally had the lowest values.

o Compared with other margin management treatments, margins scarified in

March/April had:

o the greatest percentages of bare ground (21%, compared to 3% with cutting
and 4% with graminicide),

e enhanced plant species diversity at some sites,

e plant diversities converging between margins sown with different seed mixes,

e lower values of architectural complexity (especially of the dead litter, fine
grass and legume components), and

e reduced values of reproductive resources.

e In margins that had an application of a graminicide, plant communities included
more sown wildflower species than margins that were scarified or cut.

Invertebrates

e The grass seed mix provided a good resource for those invertebrate species that
are dependent on sward architectural complexity; however, it is a poor resource
for phytophagous species, particularly where their host plants are wildflowers.

o A seed mix of tussocky grasses and wild flowers provided an architecturally
complex sward and host plants vital for many invertebrate species.

o For a variety of invertebrate taxa there was evidence that abundance and species
richness will reach a maximum 2-3 years after margin establishment.

e Sowing a diverse seed mixture of perennial wildflowers was the most effective
means of creating foraging habitat for bees and butterflies on arable field



margins. Inclusion of forbs in the seed mixture resulted in increases in abundance
and diversity of pollen and nectar resources, bumblebees and butterflies.

Invertebrate species that required either an architecturally complex sward or
dense grass responded poorly to scarification, e.g. planthoppers, spiders and
Symphyta/ Lepidoptera larvae. In contrast, improved establishment of some
wildflower species in response to scarification benefited some phytophagous
invertebrates, e.g. weevils and leaf beetles.

In scarified margins there were fewer species and lower abundances of isopods
than in other margins. Species assemblages in the scarified plots consisted of
species commonly associated with cropped or exposed habitats.

Graminicide application is a practical option for enhancing the value of the large
area of species-poor grass margins for pollinators.

irds

Creating bare ground and foraging access in wheat crops and field margins were
the most important management treatments, and gave a significant (up to 4 fold)
increase in bird densities and breeding territories for both field and boundary
nesting species. Open ground can be achieved at relatively low cost by
scarification in margins, and by creating undrilled patches in winter cereal crops.

In wheat fields with undrilled patches, skylark territory densities were higher
(particularly in the crucial late-season breeding period) and the number of skylark
chicks reared was nearly 50% greater than in fields without undrilled patches.

Wheat sown with wide-spaced rows provided some wildlife benefits (particularly
for skylarks) but effects were smaller and less consistent than for crops with
undrilled patches.

For all species and species groups, bird densities and territories were
consistently higher (1.3 - 2.8 times) in fields with margins and undrilled patches,
than in fields with a conventional crop. This response was consistent also for
Farmland Bird Index species and Biodiversity Action Plan species.

In fields with undrilled patches and un-cropped field margins there were
indications that skylarks experienced reduced breeding success and productivity
compared with conventionally managed wheat. This was attributed to increased
mammalian predator activity. It is recommended that wherever practical undrilled
patches should not be situated within 50 m of a margin.

For birds, margin sward content in terms of the grass/flower mix, was best
managed to encourage beetles (especially Carabidae) and spiders (Arachnidae).

Costs

Undrilled patches receiving Defra Entry Level Scheme (ELS) payments had a net
benefit to farmers of £7.00 to £8.50 /ha, if made by lifting the drill and there was
no additional weed control. If undrilled patches were made using an herbicide
after crop emergence, and there was the unlikely need for additional weed
control, the net cost to farmers would be £3.50 to £5.00 /ha.

Field margins established with wild flowers in the seed mixes were ten times
more expensive than grass-only seed mixes, and these costs are unlikely to be
met by current agri-environment schemes. Higher wheat prices increase costs to
the farmer because of greater production loss. Additional agri-environment
scheme payments for floristic enhancement of margins are likely to be required if
take-up is to be substantially improved.



HGCA Project Report No. 416 June 2007 £30.00

®
collaborative
u research V

The Voluntary Initiative

The SAFFIE Project Report

Chapter 2 — Executive Summary
(Pages 7 — 15)

/
SAFFIE ©
Enhancing Biodiversity 03'
9/)/ “(0
Mproved EnVV¥®




2 EXECUTIVE SUMMARY

2.1 INTRODUCTION AND OBJECTIVES

The Sustainable Arable Farming For an Improved Environment (SAFFIE) project
started in 2002 and experimental work continued until the end of 2006. When the
project was conceived there were competing economic and environmental pressures.
Arable farmers had a need to optimise inputs and improve efficiency, and the UK had
a commitment to increase biodiversity, especially farmland bird populations. The
SAFFIE project aimed to reconcile these pressures by quantifying costs and
environmental benefits of new techniques for farmers and policy-makers.

The SAFFIE project evaluated practical techniques to improve biodiversity in the
cropping environment by quantifying: (a) the impact of the techniques on key species
of birds, grasses and flowering plants, bees, butterflies, beetles, bugs, flies,
grasshoppers, subsoil invertebrates and spiders; and (b) the costs of the techniques.
Specific objectives of the SAFFIE project were:

1. Manipulate agronomy of wheat to increase biodiversity (see 2.2 and Chapters
4 and 5),
Manage margin vegetation to maximise biodiversity (see 2.3 and Chapter 6),

Assess the integrated effects of ‘best’ crop and margin management practices
(see 2.4 and Chapter 7),

4, Conduct a cost: benefit analysis of the best practices (see 2.5 and Chapter 8),
and
5. Interact with the farming community to focus the work and promote findings

(see 2.6 and Chapter 9).

2.2 OBJECTIVE 1: MANIPULATE AGRONOMY OF WHEAT TO INCREASE
BIODIVERSITY

221 Experiment 1.1 — Crop management to increase biodiversity
(Chapter 4)

Wheat crops with normal row spacing, or with wide-spaced rows, or with undrilled
patches (called Skylark Plots in ELS) and normal-spaced rows, were evaluated in
winter wheat fields on 10 farms in 2002 and 2003, to determine effects on abundance
and availability of food and nest sites for birds. Invertebrates, plants and birds were
monitored during April-August, with emphasis on the breeding success of skylarks.

The treatments were:

CONV: The experimental control, conventional husbandry with normal row
spacing and management.

UP: Undrilled Patches established at a density of 2 undrilled patches per ha;
with the dimensions of each individual undrilled patch being
approximately 4 m x 4 m.

WSR: Wide-spaced drill rows sown at double the normal width.

The experimental design aimed to locate the treatments within the same set of fields
in both years of the study, with the location of individual treatment blocks randomly



switched between years. Treatment blocks were then monitored for two years to
provide data on agronomic implications of the treatments and their effects on various
aspects of biodiversity, including arable plants, invertebrate taxa and birds (typified
by a crop-nesting species: the skylark, Alauda arvensis).

At a local level within the UP treatments, differences in vegetation cover, structure
and seed production were often marked, although there was variation between sites
and years. Compared to the surrounding crop, the vegetation in undrilled patches
was shorter, sparser and patchier, with higher weed cover including species
important in the diet of birds, and a few invertebrate species or families were more
abundant in the UP treatment. Although the UP treatment did not deliver consistent
increases in bird-food abundance or biomass, the vegetative structure of undrilled
patches was likely to have substantially increased access to the chick-food resources
that were present. Probably as a result of this, in the UP treatment, skylark territory
densities were higher (particularly in the crucial late-season breeding period) and the
number of skylark chicks reared was nearly 50% greater than in the CONV
treatment. The WSR treatment provided some wildlife benefits (particularly for
skylarks) but effects were not as consistent or as pronounced as for the UP treatment
and a yield decrease was noted on some sites.

The striking success of the UP treatment for skylarks suggests that, if widely adopted
alongside other ‘skylark-friendly’ options (e.g. over wintered stubbles to provide the
other resources needed for skylarks to complete their life-cycle), it could benefit
skylark populations. In England (which has about 80% of the UK arable land with
winter-sown rotations), this measure is now available as the ‘Skylark Plots’ option in
the Environmental Stewardship Scheme, providing funding for farmers wishing to
introduce Skylark Plots to their winter cereal fields. However, take-up so far has been
low (<3% agreements at the end of 2006), as it does not accrue a high points total
(compared with some other options) or have the familiarity of management
associated with some other Stewardship options.

The successful development and experimental testing of the UP treatment, and
subsequent, rapid integration into national agricultural policy, represents a rare
example of a targeted and practicable conservation initiative that could protect the
population of a widespread, but declining, species throughout much of its range. The
development and deployment of such ‘smart’ research-based schemes, along with
continued financial support of agri-environment schemes, represents a very practical
way that the UK Government can reach its 2020 target to reverse farmland bird
declines.

222 Experiment 1.2 — Weed management to increase beneficial weeds
(Chapter 5)

Small-scale plot experiments were established at three sites in harvest years 2003,
2004 and 2005, to look at combinations of herbicide treatments, row spacing and
hoeing, to maximise the diversity of plant species and associated insects within
wheat crops, without compromising yield.

A factorial design combined row spacing and cultivation treatments with targeted
herbicide programmes. Conventional row spacing was compared to wide-spaced
rows (WSR) and WSR plus a cultivation between the rows in spring. Herbicide
treatments included a range of selective and broad-spectrum herbicides that were
applied individually and in combination. The study was conducted for three years at
three sites with contrasting soil types. Herbicide treatments were different at one site
reflecting the different weed spectrum.



Vegetation cover and arthropod abundance (sampled using a Dvac suction sampler)
were recorded in mid June. Seed production was measured on a subset of
treatments by pre-harvest seedhead and soil surface samples. Fertile tiller number,
yield and grain quality were recorded. Data were analysed using a two factor
analysis of variance for each site/year individually. Plant species were grouped
according to their desirability with respect to both agronomic issues and biodiversity
benefits. Arthropods were analysed by both taxonomic and functional groupings.
Plant and arthropod communities were also analysed using multivariate techniques
to investigate relationships between the two species assemblages.

Row spacing had a significant effect on fertile tiller number and yield at some sites
and in some years, although crop cover was consistently lower under wide-spaced
rows compared to conventional. Overall, the use of wide-spaced rows significantly
reduced yield by 4% compared to conventional spacing. Using a spring cultivation
with the wide-spaced rows significantly reduced yield by 4% over wide-spaced rows
alone. Yields were significantly lower in untreated plots compared to those that
received herbicides in five of the nine site and year combinations. However,
differences between herbicide treatments were only recorded at one site in one year.

Weed and arthropod populations were different at each site and in each year,
reflecting the different soil types, fields and climatic conditions. There were few
effects of the spacing/cultivation treatments on either vegetation or arthropods; where
differences were recorded, the effects were not consistent across sites or years.

Herbicide treatment had a significant effect on all individual weed species and
groupings analysed, except where weed cover was very low (<0.5% on untreated
plots). Highest weed cover and diversity were usually recorded on untreated plots.
Generally, single product applications left more plant cover than sequences; different
sequences controlled weeds equally effectively, except at Boxworth in 2004, where
some species were not fully controlled in the absence of a pre-emergence herbicide.
In most cases, of treatments receiving herbicide, a spring application of
amidosulfuron allowed the most weeds to survive. Where desirable species
remained, undesirable species were sometimes poorly controlled, but in cases where
Galium aparine (cleavers) was the most important undesirable species, a spring
application of amidosulfuron effectively controlled this species, but left appreciable
cover of desirable species. Effects of herbicide on seed production were similar to
those on weed cover.

There was variation in the degree to which arthropod groups were affected by
differences in vegetation cover under differing herbicide regimes, but untreated plots
usually supported greatest arthropod populations, and herbicide sequences the
lowest. Of the single herbicide applications, arthropod abundance was generally
highest where there was a spring application of amidosulfuron, benefiting a range of
groups including nectar feeders, omnivores, Diptera, Heteroptera and species
comprising skylark food items. This effect was pronounced at High Mowthorpe in
2005 and Boxworth in 2004.

Weed cover and arthropod abundance were only related where weed cover was
relatively high (>25% on untreated plots), as were the species assemblages. The
species composition of the weed assemblage was affected by herbicide application;
most applications reduced the complexity of the weed spectrum. In contrast with the
weed community, the species assemblage of the arthropods responded to row
spacing and cultivation. At Gleadthorpe in 2003, wide-spaced, cultivated rows
supported a greater proportion of beetles, bugs and spiders, which are all
components of chick food.



The results of this study suggest that, in certain circumstances, it is possible to
increase weed cover by the use of selective herbicides and this can result in positive
benefits for wider biodiversity. However, management must be site specific and
reactive and this approach is not appropriate where pernicious weeds are common or
where herbicide resistance is present.

2.3 OBJECTIVE 2: MANAGE MARGIN VEGETATION TO MAXIMISE
BIODIVERSITY

2.3.1 Experiment 2. — Margin management to maximise biodiversity
(Chapter 6)

Three grass seed mixtures comprising a grass mix (CS, typical of countryside
stewardship), a mixture of tussock grasses and flowers (TG, to increase ground-
dwelling invertebrates), and a mixture of fine-leafed grasses and flowers (FG, to
increase insect diversity, including pollen and nectar feeders), were sown as 6 m
wide margins, at three sites in during October 2001-March 2002. Three different
spring management treatments (cutting, scarification and a low rate of a selective
graminicide) started in 2003, and were applied annually to each margin type, to
manipulate the architecture of the vegetation. The resulting vegetation, invertebrates
and birds were monitored until 2006.

2311 Agronomic implications

There was no evidence that plants sown in the margin became weeds in the adjacent
crop, and there was no increase in crop pest incidence adjacent to margins.

2.3.1.2 Plant biodiversity

Plant species diversity in margins decreased over the five years regardless of seed
mix and treatment.

Values of coarse grain vegetation structure (based on height measurements) were
highly variable with respect to treatment, site and year. Scarification, graminicide and
the FG mix treatments were generally associated with the lowest values.

Seed mix

Distinct plant communities developed in the establishment year in relation to seed
mix, but no effects on bare ground, litter cover and coarse grain vegetation structure
were found. A greater species number and diversity resulted from sowing diverse
seed mixes. Analysis across all sites revealed that plant diversity was lowest in plots
sown with the CS mix in all years.

Plots sown with the CS mix generally had the lowest abundance of reproductive
resources (buds, flowers, seed/fruit) and plots sown with the FG mix generally had
the greatest values.

Analysis across all sites revealed that seed mix had no effect on values of coarse
grain vegetation structure (vegetation height) recorded in June. In contrast, analysis
across sites for September revealed that seed mix had a strong influence on coarse
grain structure, with shorter vegetation in plots sown with the FG mix.

Key species depending on seed mix were determined for each site. At all sites,
grasses were major determinants of sward composition, with Festuca rubra (red
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fescue) being strongly associated with plots sown with the FG mix. Dactylis
glomerata (cock’s foot), Festuca pratensis (meadow fescue) and Phleum pratense
(timothy) were key grass species for the TG mix. The CS mix was mainly associated
with unsown species, especially in 2003. These included, Poa annua (annual
meadow-grass), Poa trivialis (rough meadow-grass), Cirsium arvense (creeping
thistle) and Tripleurospermum inodorum (scentless mayweed), but responses were
site specific. At Boxworth, Leucanthemum vulgare (ox-eye daisy) and Dipsacus
fullonum (teasel) were key wildflower indicator species, while at Gleadthorpe, L.
vulgare, Lotus corniculatus (bird’s-foot trefoil) and Achillea millefolium (yarrow) were
important species. At High Mowthorpe, L. vulgare was a key wildflower species
during 2003 and 2004, but in 2006, L. corniculatus, Plantago lanceolata (ribwort
plantain), Ranunculus acris (meadow buttercup) and Galium mollugo (hedge
bedstaw) were an important determinant of community composition.

Margin management

Across all sites, diversity values were similar in 2003, with respect to management
treatments, but in 2004 and 2006, there was greater diversity in scarified plots.
Sward scarification in March (or April if applied late) had the following effects:

e it was associated with the greatest values of bare ground cover (compared with
other treatments) in both June and September;

e it helped to maintain sown species in the sward and enhance plant species
diversity, but this effect was site specific;

e |t instigated a convergence in plant community composition between the different
seed mixes, but the extent of this was site specific;

e it was generally associated with lower values of architectural complexity,
especially of the dead litter, fine grass and legume components;

e it was associated with reduced values of reproductive resources, but tended to
promote the resource abundance of the unsown components.

Graminicide application produced plant communities depicted by sown wildflower
species.

Cutting was associated with greater values of tussock grass architectural complexity.
Cutting was generally associated with greater values of reproductive resources,
although in plots sown with the TG mix, values were greater in the graminicide
treatment.

2.3.1.3 Invertebrate biodiversity

For a variety of invertebrate taxa there is evidence that abundance and species
richness reached a maximum 2-3 years after margin establishment.

Seed mix
The CS seed mix provided a good resource for those invertebrate species that are

dependent on sward architectural complexity; however, it can be a poor resource for
phytophagous species, particularly where their host plants are wildflowers.
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The TG seed mix provided an architecturally complex sward and wildflowers and
grasses that are vital as hosts for many invertebrate species. When considered
across a variety of non-pollinator invertebrates this was superior to both the CS and
FG seed mix.

There was no significant effect of seed mix on the diversity of soil macrofauna.
The abundance and diversity of soil- and litter-feeders did not respond to seed mix.

Sowing a diverse seed mixture of perennial wildflowers was the most effective means
of creating foraging habitat for bees and butterflies on arable field margins. Inclusion
of wildflowers in the seed mixture resulted in the largest increases in abundance and
diversity of pollen and nectar resources, bumblebees and butterflies. The rare
bumblebee species, Bombus ruderatus, utilised the margins sown with wildflowers in
all five years at the Boxworth site.

Margin management

The importance of margin management often showed strong contrasts between taxa.
Species that required either an architecturally complex sward or dense grass
vegetations responded poorly to scarification, e.g. planthoppers, spiders and
Symphyta/ Lepidoptera larvae. In contrast improved establishment of some key floral
species in response to scarification benefited some phytophagous invertebrates, e.g.
the weevils and leaf beetles.

Isopods responded significantly to management: there were fewer species (typically
2 per m?) in the scarified plots than in the cut and graminicide plots (typically 3 per
m?), and lower abundances in the scarified plots (about 20 per m?) than in the other
plots (90-110 per m?. Assemblages in the scarified plots consisted of species
commonly associated with cropped or exposed habitats.

The abundance and diversity of soil-feeders were significantly influenced by
management treatment. The abundance of soil-feeders in the scarified plots in the
spring was low (c150 individuals per m?), but by autumn these then increased to
levels equal to, or greater than, the other management treatments (>180 per m?).
Litter-dwelling species, with their requirement for surface residue to provide cover
and food, also had low densities in the scarified plots (50 per m?) in spring, though
this increased to about 200 individuals per m? in the autumn.

For pollinating insects (bees and butterflies), margin management effects were
secondary: soil disturbance by scarification increased diversity of flowering plants;
graminicide application reduced competition from grasses, and increased flower
abundance and species richness of bees. Graminicide application was a practical
option for enhancing the value of the large area of species-poor grass margins for
pollinators.

2.3.1.4 Birds

There was a shallow but positive response by birds to treatments that had higher
prey densities (of ground beetles in particular; r* = 0.06) and greater vegetation
density (r* = 0.03). However, bird densities were, on average, over twice as high in
the scarification and graminicide treatments, compared with cutting.

12



Compared with margin management the response of birds to seed mix was weak but
significant after five years, birds being more strongly associated with the tussock and
fine grass mixes than the CS mix.

2.4 OBJECTIVE 3: ASSESS THE INTEGRATED EFFECTS OF ‘BEST’ CROP
AND MARGIN MANAGEMENT PRACTICES

241 Experiment 3 — Integrated effects of ‘best’ crop and margin
management (Chapter 7)

The best results from Experiments 1.1 and Experiment 2 were evaluated in winter
wheat crops on 26 commercial farms in England and Scotland, starting in 2004.
Undrilled patches were established on all sites as the best within-crop option from
Experiment 1.1. Two margin types, tussock grasses + flowers (TG) and fine grasses
+ flowers (FG) were used on each site in equal lengths. The best margin
management treatment from Experiment 2, scarification, was tested in the springs of
2005 and 2006.

The four treatments comprised: (1) conventional wheat and no margins; (2) wheat
with undrilled patches and margins; (3) conventional wheat and margins; (4) wheat
with undrilled patches and no margins.

The 26 field sites were located on typical arable farms in England and Scotland. The
farms were located in five clusters, the most northern sites in East Lothian, Scotland
and the most southern in south Essex. In the west there was a cluster of five farms
in Herefordshire and Shropshire and in the east several sites in Suffolk and Essex.
Experiment 3 covered a total area of 856 ha, located on predominantly clay-based
soil types, with between 25 and 45 ha on each individual farm. Crop rotations were
predominantly winter cropped (70%) with first and second wheat the most common
crops. A range of break crops was grown including, winter oilseed rape, barley,
peas, onions and potatoes, and set-aside was included in some rotations. All crops
were managed by the host farmer, using typical management for the location and
season.

In spring 2003, 28 km of margin were sown on the sites between 18 March and 26
May. Drilling was delayed in Scotland due to wet weather. Margins were 6 m wide
and accounted for 4% of the field area in which they were drilled. After an
establishment year, margins were scarified in spring 2004 by cultivation with a power
harrow to a depth of 2.5 cm to achieve a target of 60% disturbance of the soil surface
area.

There was no evidence of adverse effects on crop weed, pest or disease levels from
incorporating margins and undrilled patches into a winter dominated arable rotation.

For all species and species groups, bird densities and territories were consistently
higher (1.3 - 2.8 times) in fields with margins (4% of field area) and two undrilled
patches per hectare than in fields with a conventional crop. This response was also
consistent for Farmland Bird Index species and Biodiversity Action Plan species, for
which farmland recovery is particularly desirable. Factors that affected these
increases in density and population size included: (a) in margins, the combined
elements of higher beetle and spider abundances, and more complex swards, and
(b) in wheat crops, the presence of undrilled patches (large-scale open ground) and
bare ground at a fine-scale and at foraging locations. In crops, there were only weak
links to invertebrate abundance.

13



Creating bare ground and foraging access in dense crops and field margins was the
single most important management treatment to give the 1.3 —2.8 times increase in
bird densities and breeding territories for both field and boundary nesting species.
Open ground can be achieved at relatively low cost by scarification in margins, and
by creating undrilled patches in wheat crops. For birds, margin sward content in
terms of the grass/flower mix, was best managed to encourage beetles (especially
carabidae) and spiders (Arachnidae).

Overall the sown margins and UPs had relatively few effects on the numbers of
invertebrates within the crop and, therefore, the abundance of food available to
farmland birds. There was some evidence that invertebrates were remaining within
the margins rather than dispersing into the adjacent crop. The low levels of weeds
within the crop may also have limited colonisation by phytophagous invertebrates
and their associated predators. Conversely, invertebrate predation may have been
higher where margins and patches were present, so that the effects of the margins
were obscured.

There were indications that where undrilled patches and margins were present in the
same field, skylarks experienced reduced breeding success and productivity than in
conventionally managed wheat. This was attributed to increased mammalian
predator activity. It is recommended that undrilled patches should not be situated
within 50 m of a margin.

2.5 OBJECTIVE 4: CONDUCT A COST:BENEFIT ANALYSIS OF THE BEST
PRACTICES

The approach to the cost-benefit analysis (Chapter 8) was to estimate the additional
costs to a farmer of providing the management system in question. These included
costs of field operations, inputs (such as seed for margin establishment) and
production loss where land was not cropped. These costs were related to possible
income from current agri-environment schemes, and to biodiversity benefits by cross-
referencing to results of the field studies. As financial values for costs varied between
sites and years, they have been shown as ranges, rather than absolute values.

Undrilled patches receiving Department for Environment, Food and Rural Affairs
(Defra) Entry Level Scheme (ELS) payments were generally regarded by farmers as
easy to create and were beneficial to birds. They were found to have a net financial
benefit to the farmer of £7.00 to £8.50 per ha if the undrilled patches were made by
lifting the drill (rather than spraying after emergence) and no additional weed control
was required. However, if the undrilled patches were made by knapsack application
of an herbicide after crop emergence, and there was the unlikely need for additional
weed control (by knapsack sprayer), the net cost to farmers would be £3.50 to
£5.00 /ha.

In practice, in the SAFFIE experiments on 26 farms over 3 seasons, an application of
an herbicide by knapsack sprayer was never required to control weeds in undrilled
patches. Thus, in this work, undrilled patches were always profitable. However,
undrilled patches may be unsuitable (for crops and biodiversity) in fields where
herbicide-resistant weeds are a known agronomic problem.

Despite the potential of undrilled patches to deliver a cheap but effective solution for
skylarks, take-up in ELS has been poor. Farmers perceived that undrilled patches
may require additional management (localised weed control using a knapsack
sprayer), which could be time-consuming and costly, relative to the ELS points
awarded for this ELS option. It is likely that undrilled patches will need to be further
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incentivised in future agri-environment scheme reviews to attain a level of take-up
that may be beneficial at the population level.

Weed control strategies using a single application of amidosulfuron in the spring,
indicated that, in some fields with low populations of pernicious weeds, there might
be scope to reduce herbicide use (and thus input costs) without either significantly
decreasing yields or increasing non-desirable weeds.

Field margins established with a component of wild flowers in the seed mixes were
ten times more expensive than grass-only seed mixes, commonly used in agri-
environment schemes such as Countryside Stewardship and ELS. However, the
biodiversity benefits, measured at the plant community level, of including wildflowers
in the seed mixes were large.

The costs of creating margins using the seed mixes that contain wild flowers, as used
in SAFFIE experiments, are unlikely to be met by current agri-environment scheme
payments. Simplification of seed mixes, via the removal of species that rarely
established, could reduce the cost of establishing wildflower margins while retaining
the biodiversity benefits. However, the cost calculations are highly sensitive to the
price of wheat. For a farmer to break even (without covering overheads), at a wheat
price of £85/tonne, £25 to £170 per ha of margin (depending on establishment and
management costs) would be available for seed. At £95/tonne the greater value of
lost production would result in a loss of £255 to £400, plus the seed cost. However,
at £65/tonne (similar to the wheat price early in the SAFFIE project), £880 to £1,025
would be available to cover seed costs (assuming no overheads or profit). These
calculations assume the benefit of current ELS payments. To put these values into
context, costs of the seed mixtures used in the SAFFIE project ranged from £124 (for
a grass mix) to £1,302 per ha of margin.

Additional agri-environment scheme payments for floristic enhancement of margins
are likely to be required if take-up is to be substantially improved.

The three margin management techniques incurred similar costs, which were small
compared to the costs of the seed mixes. The novel treatments (scarification and
selective graminicide) had considerably greater biodiversity benefits than cutting,
which is the method currently prescribed to manage margin swards in most agri-
environment schemes.

2.6 OBJECTIVE 5: INTERACT WITH THE FARMING COMMUNITY TO FOCUS
THE WORK AND PROMOTE FINDINGS

Communication activities (Chapter 9) have included publication of refereed scientific
papers, conference presentations and papers, trade and popular press articles,
meetings and workshops with farmers and policy makers, field demonstrations and
open days, a project web site, and publication of best practice guides.
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3.1 BACKGROUND

There is now widespread consensus that agricultural intensification is, directly or
indirectly, the main cause of widespread biodiversity loss observed on lowland
farmland in the UK and over much of Europe during the last 30-40 years (e.g. Pain &
Pienkowski 1997, Krebs et al. 1999, Robinson & Sutherland 2002, Newton 2004).
‘Intensification’ is diverse and difficult to define precisely, and differs between arable
and pastoral systems. Changes in arable crop varieties, husbandry, nutrition, pest
and disease control, harvesting methods, and the subsidies available for these
activities, are all likely to have contributed to a simplification of arable crop structure
and diversity and, consequently, the associated biodiversity (Fuller 2000).

During this period, population declines have been well documented for many
farmland birds (e.g. Donald et al. 2001, 2006, Newton 2004), including many species
of conservation concern, such as the skylark, Alauda arvensis, for which a
substantial proportion of the population breed and feed in cropped habitats (Donald
2004). Agricultural habitats now support more bird species of European conservation
concern than any other broad habitat type (Tucker & Evans 1997). These declines
have not only affected birds; although not as well-documented, declines in the
abundance and species diversity of mammals (Flowerdew 1997), arthropods and
flowering plants (Sotherton & Self 2000, McCracken et al. 2004) on farmland have
also been severe. Many of these taxa are important as bird food resources (Wilson et
al. 1999, Holland et al. 2006).

In response to these declines, the UK government now regards birds as a primary
quality of life indicator (with a suite of 19 farmland species contributing to the indictor)
and is committed to several Biodiversity Action Plan (BAP) targets. Specifically, the
Department for Environment, Food and Rural Affairs (Defra) has a public service
agreement to reverse the long-term decline in a suite of farmland bird species
(including skylark, grey partridge, yellowhammer, corn bunting and reed bunting) by
2020 (Gregory et al. 2004). Defra is also committed to a number of BAP targets for
individual farmland bird species, and a BAP target to increase the area of cereal field
margin under conservation management to 15,000 ha by 2010. Although the BAP
target for the area of margins has already been achieved, the diversity of wild plants
is still in decline in fields and margins, so it is important to consider the quality of an
environmental measure as well as the quantity (Vickery et al. 2004).
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While seeking to deliver biodiversity and quality-of-life targets, the UK government,
environmental non-governmental organisations (NGOs) and other interested parties
acknowledge that there are strong economic pressures on UK cereal growers and
that an economically viable farming industry is essential to deliver sustainable
agricultural systems in which biodiversity can flourish. Hence, proposals to deliver
biodiversity are most likely to succeed if they are easy to implement at a minimal cost
to the farmer or, if the cost is remunerable, e.g. through agri-environment payments.

The Entry Level Scheme (ELS) component of the new Environmental Stewardship
Scheme was launched in the spring of 2005, giving all farmers in England the
opportunity to help to redress the balance of wildlife and cropping on their farms.
Many arable farmers are how managing the environment as part of their farming
businesses, through agri-environment schemes. This revenue will increase in
importance as Single Payment Scheme funds are gradually diverted into the agri-
environment schemes through the CAP reform measures (Barnett 2007). Thus,
selecting the best environmental options for the farm will become as important as
choosing, for example, the best variety of a crop species.

3.2 THE SAFFIE PROJECT

The Sustainable Arable Farming For an Improved Environment (SAFFIE) project
started in 2002 and experimental work continued until the end of 2006. When the
project was conceived there were competing economic and environmental pressures.
Arable farmers had a need to optimise inputs and improve efficiency, and the UK had
a commitment to increase biodiversity, especially farmland bird populations. The
SAFFIE project aimed to reconcile these pressures by quantifying costs and
environmental benefits of new techniques for farmers and policy-makers.

3.2.1 Objectives

The SAFFIE project evaluated practical techniques to improve biodiversity in the
cropping environment by quantifying: (a) the impact of the technigues on key species
of birds, grasses and flowering plants, bees, butterflies, beetles, bugs, flies,
grasshoppers, subsoil invertebrates and spiders; and (b) the costs of the techniques.
Specific aims of the SAFFIE project were:

1. Manipulate agronomy of wheat to increase biodiversity (see Chapters 4
and 5),

2. Manage margin vegetation to maximise biodiversity (see Chapter 6),

3. Assess the integrated effects of ‘best’ crop and margin management practices

(see Chapter 7),
Conduct a cost:benefit analysis of the best practices (see Chapter 8), and
Interact with the farming community to focus the work and promote findings
(see Chapter 9).
3.2.2 Approaches
3.2.21 Field experiments

Experiment 1.1 — Crop management to increase biodiversity (Chapter 4)

Wheat crops with normal row spacing, or with wide-spaced rows, or with undrilled
patches (called Skylark Plots in ELS) and normal-spaced rows, were evaluated in
winter wheat fields on 10 farms in 2002 and 2003, to determine effects on abundance
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and availability of food and nest sites for birds. Invertebrates, plants and birds were
monitored, with emphasis on the breeding success of skylarks.

Experiment 1.2 — Weed management to increase beneficial weeds (Chapter 5)
Small-scale plot experiments were established at three sites in harvest years 2003,
2004 and 2005, to look at combinations of herbicide treatments, row spacing and
hoeing, to maximise the diversity of plant species and associated insects within
wheat crops, without compromising yield.

Experiment 2. — Margin management to maximise biodiversity (Chapter 6)

Three grass seed mixtures comprising a typical Countryside Stewardship grass mix,
a mixture of tussock grasses and flowers (to increase ground-dwelling invertebrates),
and a mixture of fine-leafed grasses and flowers (to increase insect diversity,
including pollen and nectar feeders), were sown as 6 m wide margins, at three sites
in during October 2001 — March 2002. Three different spring management
treatments (cutting, scarification and a low rate of a selective graminicide) started in
2003, and were applied annually to each margin type, to manipulate the architecture
of the vegetation. The resulting vegetation, epigeal invertebrates, bees, butterflies
and birds were monitored until 2006.

Experiment 3 — Integrated effects of ‘best’ crop and margin management (Chapter 7)
Results from the studies above were evaluated in winter wheat crops on 26
commercial farms in England and Scotland, starting in 2004. Undrilled patches were
established on all sites as the best within-crop option from Experiment 1.1. Two
margin types, tussock grasses + flowers and fine grasses + flowers were used on
each site in equal lengths. The best margin management treatment from Experiment
2, scarification, was tested in the springs of 2005 and 2006. The four treatments
comprised: (1) conventional wheat and no margins; (2) wheat with undrilled patches
and margins; (3) conventional wheat and margins; (4) wheat with undrilled patches
and no margins.

3.2.2.2 Cost-benefit analysis

The approach to the cost-benefit analysis (Chapter 8) was to estimate the additional
costs to a farmer of providing the management system in question. These included
costs of field operations, inputs (such as seed for margin establishment) and
production loss where land was not cropped. These costs were related to possible
income from current agri-environment schemes and to biodiversity benefits by cross-
referencing to results of the field studies.

3.2.2.3 Communication activities

Communication activities (Chapter 9) have included publication of refereed scientific
papers, conference presentations and papers, trade and popular press articles,
meetings and workshops with farmers and policy makers, field demonstrations and
open days, a project web site, and publication of best practice guides.

3.2.3 Application

Despite the development of agri-environment schemes over the life of the SAFFIE
project, there are still competing economic and environmental pressures on farmers
and government. The outputs of the SAFFIE project presented in this report remain
very relevant to future interactions between farmers and government in agri-
environment policy development and implementation. This report provides a detailed
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record of SAFFIE project activities and findings as a resource to help future decision
making.
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4.1 SUMMARY

This experiment investigated the impacts of novel habitat management on the in-crop
biodiversity of winter-sown wheat crops. Field trials were carried out during April-
August 2002 and 2003, on 10 sites in each year with a representative range of soil
types. On each site, wheat crops were established with three treatments:

CONV: The experimental control, conventional husbandry with normal row
spacing and management.

UP: Undrilled Patches established at a density of two undrilled patches per
ha; with the dimensions of each individual undrilled patch (PA) being
approximately 4 m x 4 m.

WSR: Wide-spaced drill rows sown at double the normal width.

The experimental design aimed to locate the treatments within the same set of fields
in both years of the study, with the location of individual treatment blocks randomly
switched between years. Treatment blocks were then monitored in both summers to
provide data on agronomic implications of the treatments and their effects on various
aspects of biodiversity, including arable plants, invertebrate taxa and birds (typified
by a crop-nesting species: the skylark, Alauda arvensis).

Results indicated that the experimental treatments mostly failed to deliver consistent
increases in bird-food abundance or biomass, although a few invertebrate species or
families were more abundant in the UP treatment. At the field-scale, treatments also
had few effects on vegetation. However, at a local level within the UP treatments,
differences in vegetation cover, structure and seed production were often marked,
although there was variation between sites and years. Compared to the surrounding
crop, the vegetation in PAs was shorter, sparser and patchier, with higher weed
cover including species important in the diet of birds. The vegetative structure of PAs
was likely to have substantially increased access to the chick-food resources that
were present. Probably as a result of this, in the UP treatment, skylark territory
densities were higher (particularly in the crucial late-season breeding period) and the
number of skylark chicks reared was nearly 50% greater than in the CONV
treatment. The WSR treatment provided some wildlife benefits (particularly for
skylarks) but effects were not as consistent or as pronounced as for the UP treatment
and a yield decrease was noted on some sites.

The striking success of the UP treatment for skylarks suggests that, if widely adopted
alongside other ‘skylark-friendly’ options (e.g. overwintered stubbles to provide the
other resources needed for skylarks to complete their life-cycle), it could benefit
skylark populations. In England (which has most of the UK arable land with winter-
sown rotations), this measure is now available as the ‘Skylark Plots’ option in the
Environmental Stewardship Scheme, providing funding for farmers wishing to
introduce Skylark Plots to their winter cereal fields. However, take-up so far has been
low (<3% agreements at the end of 2006), as it does not accrue a high point total or
have the familiarity of management associated with some Stewardship options.

The successful development and experimental testing of the UP treatment, and
subsequent, rapid integration into national agricultural policy, represents a rare
example of a targeted and practicable conservation initiative which could protect the
population of a widespread, but declining, species throughout much of its range. The
development and deployment of such ‘smart’ research-based schemes, along with
continued financial support of agri-environment schemes, represents the only
practical way that the UK Government can reach its 2020 target to reverse farmland
bird declines.
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4.2 INTRODUCTION
4.2.1 Background

An example of the potential conflict between maintaining biodiversity and profitable
arable farming is provided by the trend to sow more cereal crops in the autumn
(‘winter-sowing’) rather than in the spring. This trend, brought about by a variety of
mechanisms, including the development of new grass herbicides, cultivation
techniques and plant breeding, accelerated rapidly from the late 1960s. In England
and Wales, 80% of tilled land was spring-sown in the early 1960s but this had been
reduced to 20% by 2000. In some areas, e.g. Cambridgeshire, where heavy-soll
conditions mean that spring cultivation is regarded as high risk, winter wheat
accounts for nearly 90% of all cereals, just 4% of which are now spring sown (Shrubb
2003, Anon 2004a). It has long been postulated that the switch from spring-sown to
winter-sown cereals has been associated with a decline in farmland biodiversity
(O’Connor & Shrubb 1986, Fuller 2000). The taller and denser structure of modern
winter wheat crops makes them unsuitable for ground-nesting birds, such as lapwing,
Vanellus vanellus, and skylark, Alauda arvensis (Hudson et al. 1994, Donald et al.
2001a). Moreover, non-crop flora that encourages invertebrates is subject to
increased competition from crop plants that mature earlier, and to associated
herbicide regimes. These effects compound the loss of over-winter stubble fields,
which are now ploughed in autumn, prior to the establishment of a new crop, with the
consequent loss of winter refugia and food (Evans et al. 2004). Although some
attempt has been made to redress the loss of spring-sown cereals through the
provision of agri-environment funding (e.g. Department for Environment, Food and
Rural Affairs (Defra) Entry Level Scheme (ELS) Option EG1), such prescriptions are
relatively expensive to the taxpayer and are still deemed unfavourable in certain crop
rotations and soil conditions. Thus, they are unlikely to be taken up on a sufficiently
large scale to benefit widely dispersed species.

However, it may not be necessary to depend on reversing the original causes of
declines to encourage biodiversity or population recovery in target species. To this
end, SAFFIE experiment 1.1 sought to address a clear scientific challenge: how to
adjust the agronomy of winter wheat production to make it sustainable in terms of
biodiversity while minimising impact on crop husbandry and profitability.

4.2.2 Objective of SAFFIE Experiment 1.1

‘To enhance farmland biodiversity by integrating novel habitat management
approaches within the crop’.

Previous arable farming system studies suggested that input reductions help protect
existing biodiversity, but produce relatively small improvements on their own (Holland
et al. 1998, Young et al. 2001). Nor did these studies (e.g. LINK Integrated Farming
Systems, MAFF-funded SCARAB and TALISMAN projects) focus on the combined
objectives of delivering increased biodiversity and profitable production.

To address these issues, SAFFIE Experiment 1.1 adopted an alternative novel
approach to enhance biodiversity in the farmed landscape through solely
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manipulating the crop structure (also known as vegetation architecture'). This
enabled a study of the potential interaction with associated invertebrates and taxa
higher up the food chain, coupled with a sound agronomic evaluation of the most
practical and cost-effective techniques. The aim was to show how low cost changes
in sowing and physical management of the crop could affect the vegetation
architecture of winter-sown cereals, bestowing similar advantages to wildlife to those
expected from spring cropping. The experiment therefore required an innovative
approach to the manipulation of vegetation structure, comparing the impact of
‘normal-practice’ wheat (CONV), the experimental control, to two novel options:
creating undrilled, also known as ‘skylark scrapes’ or ‘skylark plots’ within the crop
patches (we use the abbreviations UP for this treatment, and PA for an undrilled
patch within the experiment fields), and establishing the crop with wide-row spacing
(WSR). Previous research has indicated that canopy closure is later in crops with
WSR than in a conventionally sown wheat crop.

The hypothesis was that:

¢ manipulating vegetation architecture in the crop areas (i.e. providing PAs and
WSR) would create a diverse sward, thus increasing farmland biodiversity in
general and, by enhancing the diversity, abundance and availability of arable
plant and invertebrate food, and the provision of nesting habitats, would benefit
farmland birds.

4.3 MATERIALS AND METHODS
431 Field Sites

Field trials were carried out in April-August 2002 and 2003, on 10 sites in each year.
Nine sites were constant between years, the other being replaced due to repeated
vandalism of the experimental layout in 2002. All sites were winter-sown, wheat-
based cropping systems, covering a representative range of soil types. Participating
sites are listed in Table 4.1. Further details of each site are available in Appendix 1.

' Vegetation architecture refers to the three-dimensional structure of vegetation and
is relevant at scales from individual plants to the entire crop sward. Key components
of farmland biodiversity, including resources for birds, are influenced by vegetation
architecture (Lawton 1983, Morris 2000, Wilson et al. 2005; Butler & Gillings 2004).
The patchiness (including bare ground), height, structural and species diversity of the
vegetation are all components of vegetation architecture. These features vary both
seasonally and spatially.
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Table 4.1. Experiment 1.1 sites.

Farm Code Location Notes

HM North Yorkshire

GD/LD Oxfordshire UP sprayed out in 2003
LE Oxfordshire

WP Cambridgeshire

PH Norfolk

PX East Yorkshire,

GK Cambridgeshire

SL Wiltshire No WSR in 2003

WF Wiltshire Bird data only from 2003
WH Suffolk 2002 only

BX Cambridgeshire 2003 only

The sites were sown with winter wheat in both years of the study, giving a total of 20
replicates (site / year pairings). Fields adjacent to the treatments were sown with a
variety of crops; including other cereals, oilseed rape, sugar beet, potatoes, field
vegetables, pulses and grass.

4.3.2 Treatments
On each site, winter-sown wheat crops were established with three treatments:

CONV: The experimental control, conventional husbandry with normal row
spacing and management.

UP: Undrilled Patches established at a density of 2 undrilled patches per ha;
with the dimensions of each individual undrilled patch (PA) being
approximately 4 m x 4 m.

WSR: Wide-spaced drill rows sown at double the normal width.

Treatment areas were selected with characteristics likely to maximise densities of
crop-dwelling organisms key to this study, notably skylark (Wilson et al. 1997). Thus,
each treatment area was >5 ha and had a relatively open aspect, with minimal
influence from surrounding tall hedges, tree lines and woodland.

The experimental design aimed to locate the treatments within the same set of fields
in both years of the study, with the location of individual treatment blocks randomly
switched between years. However, on three sites, soil condition in autumn 2002
meant that it was not possible to establish a second winter-sown wheat crop on the
original treatment areas, and consequently, the 2003 treatments were moved to the
nearest available area of winter-sown wheat, matching the above criteria. In addition,
one site had to be replaced completely between years (see 4.3.1) and, in 2003, one
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site was unable to drill WSR, while the UP treatment at another site was established
by spraying with glyphosate.

Due to constraints on the availability of the correct crop rotations with suitable
associated habitat requirements within the same farm, treatments could be either
whole or split fields. In four replicates, all three treatments were in a single large field;
in two replicates, the treatments were in three separate fields; in the remaining 14
replicates, the three treatments were in two fields (one whole and one split). In all but
two sites (WP, both years; PX, 2003 only), the treatments were adjacent to each
other. For details of crop establishment and management, see 4.3.3.2.

4.3.3 Methods of data collection
4.3.3.1 General habitat information

Using information supplied to ADAS by the landowner/tenants, and mapping visits by
RSPB staff, the following data were recorded for all treatments:

e Size (ha) and crop present in each treatment.

e A boundary-height index was calculated for each treatment. These were used to
calculate the degree of enclose; a factor known to influence field occupancy by
skylarks (Wilson et al. 1997) and which may have a bearing on dispersal into the
crop by other taxa (e.g. arable plants and invertebrates). Each boundary segment
was categorised by visual observation as belonging to one class of a 5-level
factor, adapted from the classification of Wilson et al. (1997): 1 = no structure; 2 =
low hedge <2 m; 3 = tall hedge >2 m; 4 = line of trees; 5 = tall habitat block e.g.
woodland edge or buildings. Normally, a single boundary segment equated to
one side of a field. However, two or more separate segment scores per side were
made if the nature of the boundary changed dramatically along the same side of
a field. Each boundary segment was then assigned an individual score, based on
its physical structure multiplied by its length. Individual scores for all boundary
segments bordering a treatment were then summed and divided by the total
length of the treatment perimeter to give the ‘boundary index’ for that treatment.

o Crop-types, or other habitats, present in all areas adjacent to each treatment.
These were used to calculate ‘adjacent habitat scores’ by assigning a score to
each individual habitat block adjacent to a treatment. The scores were based on
the habitat suitability scores for skylarks given by Browne et al. (2000), multiplied
by the length of the treatment perimeter adjacent to the block. The individual
scores for all adjacent habitat blocks were then summed and divided by the total
length of the treatment perimeter to give the ‘adjacent habitat score’ for that
treatment. Values greater than 1.05 (Browne’s score for winter cereals) indicated
that the surrounding habitat was relatively better for skylarks than in the treatment
(usually because there was a high percentage of spring-sown crops surrounding
it). Values less than 1.05 indicated the surrounding habitat was less suitable than
in the treatment (often because there was a high percentage of tall, dense crops,
such as oilseed rape or intensively managed grassland).

4.3.3.2 Agronomy

All treatments on the same site were drilled with the same variety of winter wheat,
and managed identically (cultivations, crop protection etc.), to the prevailing best
Integrated Crop Management (ICM) practice (Anon 2002). They were either 1st year
winter wheat or ‘2" wheats’ (winter wheat following a crop of winter wheat). Details
are given in Appendix 1.
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WSR treatments were sown at double the normal seed-drill width (c. 25 cm row
spacing), at the normal seed rate (i.e. double rate in each row) by blocking off
alternate drill coulters.

During 2001, RSPB ran a pilot project on a limited number of sites, testing UP
against CONV wheat crops. This pilot helped refine the design but UP still required
full evaluation on further farms and comparison with WSR as an alternative solution.
In SAFFIE Experiment 1.1, patches were created by turning off or lifting up the seed
drill temporarily during sowing to leave an unsown area (Anon, 2004b). Most
patches measured c. 4 m x 4 m, although there was local variability, due to
differences in type and operation of seed-drills. To account for this variation, the
dimensions of all PAs were individually measured. On all sites, PAs were established
at a density of two per ha, within an otherwise conventional row spacing and
husbandry (i.e. the PAs received the same chemical inputs as the rest of the crop).

The following measures of pre-sowing conditions, and crop establishment,
management and agronomic performance, were also taken for each treatment:

e Soil type and series. Details are given in Appendix 1.

Straw disposal method.

e Pre-sowing cultivations.

e Drill date. Details are given in Appendix 1.
e Seed rate.

e All pesticide and fertilisers applications (dates and application rates). A summary
is given in Appendix 1.

e Plant population (March), in 20 lengths of row, 0.5 m each, per treatment.

¢ Row width (March) in each treatment, by measurement in the field to confirm drill
width.

e Pest monitoring (March and early July). If pests were observed to be present, 25
stems per plot were taken when the assessment was a count or percentage area
infested, or 50 tillers or plants per plot, when the assessment was on a
presence/absence basis.

e Visual assessment of weed levels (March and early July). Two tramlines were
walked in each treatment with 25 stops. Weed levels were noted at each stop.

o Number of fertile tillers (early July). An assessment of the number of fertile tillers
in 20 lengths of row of 0.5 m each, or 20 quadrats of 0.1 m? each, per treatment.

e Disease monitoring was done in early July. Two tramlines were walked in each
treatment with 25 stops. Assessments were made of percentage infection by
each recorded disease, identified and recorded on leaves 1, 2 and 3 (numbered
from the flag leaf down) separately. Green leaf area was estimated for each of
leaves 1-4 at five stops per plot. The percentages of crop affected by lodging and
leaning were assessed by visual assessment in each treatment prior to harvest.

e Crop yield (August/September), measured with the help of the farmer using the
farm combine. Yields were measured using the farm weighbridge, or by total
weight taken by haulier from the field, divided by field area.
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4.3.3.3 Vegetation

Plant species composition, reproductive status and structure were assessed in the
cropped areas of each treatment and also within PA. Flexicanes were used to mark
specific locations where both vegetation monitoring and vacuum sampling took place.
Vegetation was assessed on two occasions in mid-May and early-July. Twenty-four
quadrats, each 0.25 m? (0.5 m x 0.5 m), were sampled from each treatment, plus an
additional 24 PA quadrats in UP. Quadrats were placed in eight groups of three, with
approximately 1 m between quadrats within a group. Two groups were randomly
located adjacent to each of four randomly-chosen tramlines. Similarly, two PAs were
randomly selected from the vicinity of each of four randomly-chosen tramlines.

Percentage cover of each plant species was recorded, plus crop, bare ground
(viewed from below the canopy) and litter. Cover was recorded in the following
categories, with the midpoint value used for analysis: 0-1%, >1-2%, >2-5%, >5-10%,
>10-20% and then in 10% bands up to >90-100%. Total plant cover could sum to
more than 100% because vegetation was present at different heights in the canopy,
causing overlap.

As vegetation structure may be an important factor in the use of cropped areas by
other organisms such as invertebrates and birds, a graduated board method was
used to assess the overall vegetation structure. Estimates of the proportion of the
board obscured by crop and weeds were made at different heights in order to build
up a profile of vegetation density. Assessments were made in mid-May and early-
July in the three treatments and separately for PAs, for eight quadrats per treatment
(one quadrat from each group of three). A graduated board (1 m x 0.25 m) was
placed vertically, perpendicular to the crop rows, with a crop row in the centre of the
board. The board was divided into 10 sections, each 10 cm high, and the proportion
of each section obscured was estimated by viewing the board horizontally from a
distance of 1 m. The board was placed 25 cm from the quadrat and viewed through
the quadrat with 25 cm in front and behind.

To obtain an estimate of potential seed availability as a food source over the autumn
and winter, seed production was assessed pre-harvest in late July/early August. All
weed vegetation was removed from eight quadrats per plot (with one from each
group of three used to assess vegetation structure) and recently shed seeds were
sampled from the soil surface using a portable vacuum collector. In the laboratory,
seeds were separated from vegetative matter by hand, then identified and counted.
Seeds were extracted from the soil surface sample by washing the soil through a
500 um mesh sieve to remove the fine soil particles followed by floating off the
organic matter using a saturated solution of CaCl,. Seeds were then removed from
other organic matter by hand under x2 magnification, identified and counted. Seed
numbers of both mature seed (assumed to be viable) and immature seed were
assessed. Because sampling was carried out before harvest, some of the immature
seed would have become viable before the crop was harvested. Also, immature
seed may still form a potential food source for other species.

This assessment of seed production will not represent total seed production through
the season. Some seed shed before sampling would have become incorporated into
the soil and some would already have been taken by granivorous species. However,
this approach provided a comparison between treatments and indicated the potential
food source available to other species after harvest.

4.3.3.4 Invertebrates

The main objective of the in-crop invertebrate sampling was to determine levels of
key invertebrate bird food through implementation of WSR and UP treatments. Three
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collection methods were employed to sample all the key invertebrate groups (vacuum
sampling, sweep netting and pitfall trapping) and these methods were largely
complementary in terms of target groups collected. Sampling was mid-field, avoiding
headland (minimum of 30 m from nearest field boundary) in all three treatments and
also within the undrilled patches. The methods used were: (1) vacuum sampling (2)
sweep netting and (3) pitfall traps. The sampling regime was seasonal, based upon
the main breeding period for skylarks, the availability of invertebrates as potential
food sources for birds and the key periods of abundance of each group (Table 4.2).
Groups were identified to the taxonomic level given in Table 4.3.

For vacuum sampling, a Dvac suction sampler was used (Dietrick 1961). This device
was chosen because it is the only type capable of sampling a mature cereal crop, it
causes minimal crop damage (the same location has to be sampled on three
occasions) and a relatively large area is sampled (invertebrates occur at lower
densities within crops compared to non-crop habitats). Insect sampling was
conducted at exactly the same locations as the vegetation recording (see 4.3.3.3).

Sweep netting was conducted on only the CONV and WSR treatments. Nets were
standard D-frame kite net (Watkins and Doncaster E679). The sampling approach
provided two samples per plot (labelled 1 and 2) by:

1. randomly selecting two tramlines and randomly selecting one location along
each of these;

2. at each location, two sweep net samples of 20 sweeps were taken and the
contents of sweep net placed in one bag.

Pitfall trapping was conducted using a 6 cm diameter, white plastic pitfall trap, half
filled with 50% ethylene glycol (antifreeze) and unscented detergent, supplied by A W
Gregory & Co Ltd. (product: No. 8 white). Semi-permanent sleeves were in place
during each sampling season to facilitate setting and collection of traps and were
removed from the appropriate plots prior to harvest.

Table 4.2. Methods of invertebrate sampling.

Technique  Sampling time Rationale

Vacuum early May (weeks 2-3), Method which collects the widest range of key groups
June (weeks 2-3), early fed to nestlings. Sampling period encompasses
July (weeks 1-2) nesting period of skylarks.

Sweep early-May, mid-June Collects a similar range of groups as vacuum sampling

but on the standing vegetation only; particularly larger
insects such as sawfly and lepidopteran larvae, which
are most abundant during May and June.

Pitfall mid-June Estimates activity/density of ground-active
invertebrates which peak during June.
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Table 4.3. Invertebrate groups, sampling method and taxonomic approach.
Group Common name Sampling method Taxonomic level
Araneae Spiders Vacuum + pitfall Family

Opiliones Harvestmen Vacuum + pitfall Order

Hemiptera Bugs Vacuum + sweep Family
Heteroptera True bugs Vacuum + sweep Family
Auchenorrhynca Hoppers Vacuum + sweep Family (not nymphs)
Sternorrhyncha Aphids Vacuum + sweep Family

Diptera Flies Vacuum + sweep Family
Orthoptera Grasshoppers Sweep Order
Hymenoptera Bees, wasps, ants Sweep + vacuum Order
Lepidoptera Butterflies, moths Sweep Order (larvae)
Neuroptera Lacewings Sweep + vacuum Order
Coleoptera Beetles Vacuum + pitfall Family

Chrysomelidae

Curculionidae

Carabidae

Staphylinidae

Leaf beetles

Weevils

Ground beetles

Rove beetles

Vacuum

Vacuum

Vacuum and pitfall

Vacuum and pitfall

Species (if abundant) to
family (otherwise)

Species (if abundant) to
family (otherwise))

Species

Species

For each treatment block, samples were taken from the eight locations used for Dvac
sampling. Two pitfall traps were installed at each location in line with vegetation
quadrats 1 & 3 (see 4.3.3.3). Data from the two traps at each location were pooled
for analysis. Each trap was left open for 7 days. This provided eight samples per plot

(labelled 1 to 8).

The sampling approach for UP was to randomly select eight PA per UP treatment
block. Within each selected PA, two pitfall traps were installed, 3 m apart and at least
1 m from the edge of the patch. Each trap was again left open for 7 days.

This provided a total of 16 pooled samples per UP treatment; eight from the crop and
8 PA samples. A summary of the sample sizes is given in Table 4.4.
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Table 4.4. Total number of invertebrate samples by method, for each treatment,
site, sampling occasion and year.

Method No. per plot No. per site No. per occasion No. per year
Vacuum 8 (16 where UP) 32 320 960
Sweep 2 4 40 80
Pitfall 8 (16 where UP) 32 320 320

4.3.35 Birds

Assessments focused on a ground-nesting species, skylark, which occurred in
sufficient numbers on all sites to permit adequate data collection. Collection of all bird
data was carried out by fieldworkers trained in the relevant techniques.

Standardised Area Watches (SAWSs) were used to assess the density of territorial
birds present at different times in the breeding season. This method was modified
from that of Vickery et al. (1992). 5 ha plots were measured out using pedometers or
land measuring wheels, and then delimited with flexicanes. Each area was watched
for 30 min weekly throughout the breeding season (early April to early August). On
each visit, birds seen during a 30 min observation period were mapped using
standard Common Birds Census activity codes to give an indication of the number of
birds present and proportion of birds actively holding territory. Birds were deemed to
be holding territory if they were engaged in song flights, prolonged territorial disputes,
or if there was an indication of an active nest (carrying of nest material or chick-food).
An estimate of territory density was obtained, based on methods for analysing
mapped data (Marchant et al. 1990). All observations were conducted during the
morning in dry, still weather conditions.

During these watches, indications of breeding behaviour in and around the SAW
plots were also noted. If such activities were observed, supplementary searching was
then used to locate the nests. Nest visits were made in good weather conditions at
two to four day intervals, to allow for effective monitoring of the contents without
causing excessive disturbance. On each visit, nest contents were recorded according
to the criteria below.

¢ Nest under construction, containing no eggs or nestlings.

e [Eggs — clutch size. It was possible to determine a known clutch size if the nest
contained the same number of eggs on more than one date or if the maximum
observed clutch size 24, the usual maximum reported for arable crops in England
(although around 2% of nests in this and similar studies contained five eggs;
Donald 2004). Where these criteria were not met, an estimated clutch size was
recorded, based on the maximum number of eggs or nestlings observed.

e Nestlings — brood size. A known brood size was recorded for nests where the
maximum number of nestlings equalled the maximum number of eggs or, if not
found until after hatching, if the brood size was =4 (the usual maximum reported
brood size). Otherwise, an estimated brood size was recorded, based on the
maximum number of nestlings observed.

e Fledged — empty nests previously known to have contained one or more
nestlings, which would subsequently have been old enough (=7 days) to have
successfully left the nest. In such cases, the area around the nest was then
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searched to obtain evidence that mobile, but unfledged, juveniles were present
(e.g. fresh faecal sacs or feather scales present around the entrance to nest, with
a well-flattened and undisturbed nest-lining, or adults carrying food or giving
alarm calls nearby)

e Predated — failed nests, with evidence of the entire clutch or brood having been
taken by a predator. Most predations were accompanied by visible damage to the
structure of the nest and, sometimes, remains of eggshells or chicks, allowing
confident diagnosis of nest failure. In cases where the nest was found to be
empty more than one day before the normal nestling leaving dates, predation was
assumed, unless there was evidence to the contrary.

e Abandoned - failed nests with no visible evidence of predation or destruction.
Recorded as (i) deserted without ever laying eggs; (ii) deserted at egg stage, due
to death of or abandonment (e.g. in bad weather) by parents, or due to infertile or
chilled eggs; (iii) death of the whole brood due to insufficient food or death of (or
abandonment by) the parents.

e Accidental destruction — failed nests, which were accidentally destroyed by
agricultural operations.

e Unknown — nests with an unknown outcome.

Nest data collected using these criteria were used to calculate measures of nesting
success and productivity (see 4.3.4.4).

Partial reductions in clutch or brood size (i.e. the death or removal of one or more
eggs/nestlings but not the loss of the entire nest contents) were also noted. Partial
reduction in brood size was used as an indication that insufficient nestling-food was
available to sustain the whole brood, as starvation is the main cause of partial brood
loss in skylarks during the nestling stage (Donald 2004). Partial brood loss to
predators appears to be very rare and was not suspected in this study (see Chapter
7), probably occurring only when a predator is disturbed in the act of predation.
Partial loss to disease also appears to be very rare, and ectoparasites on chicks are
virtually unknown (Donald 2004). Partial brood reduction due to accidental damage
by machinery is known (David Buckingham - unpublished data) but was not recorded
in the SAFFIE study. Nest location (in the crop; on a tramline; in or within 10 m of an
undrilled patch) was recorded to ascertain whether this varied with treatment or time
of year.

For nestlings, biometric measurements of body weight and tarsus length (from the
depression in the angle of the inter-tarsal joint to the end of the folded foot) were,
where circumstances allowed, taken on two dates when the chicks were aged from 3
to 8 days old. Weight (to the nearest 0.1 g) was measured with a Marsden electronic
mini balance and the tarsus length measured with dial callipers (to the nearest
0.1 mm). The age, in days, of the nestlings was calculated from the date of hatch
when known, or by back-calculation from the first egg date. When neither was known
with certainty, nestling age was estimated from feather development. These data
were used to calculate indices of chick body condition (see 4.3.4.4). Faecal samples
collected from individual nestlings during biometric recording were preserved in 70%
ethanol for dietary analysis by the Game Conservancy Trust.

Visual observations of parents provisioning nestlings were used to assess foraging
habitat selection. Where possible, two one-hour observation sessions were made per
brood. All observations were conducted during dry weather conditions from a
concealed location. For each provisioning flight, the habitat at the foraging location,
whether it was within or outside of the same experimental treatment as the nest, and
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the distance from the nest to the feeding site, were recorded. If the flight destinations
were unobservable, they were recorded as such and discounted from the analysis.

For all bird species, during 2003, transect walks were undertaken in each treatment
to establish whether there was variation in treatment use by (i) all species combined
or (ii) between individual species or species groups. All transect routes were 1km in
length, walked at a constant speed (approximating to normal walking pace), along
alternate tramlines (c. 50 m apart) through the crop. Distance walked was measured
using a hand-held pedometer. During both years in the UP treatments, timed
watches from a concealed location were made to compare the numbers of birds
foraging within the undrilled patches and the surrounding crop.

4.3.4 Statistical analysis
4341 Agronomy

The data were analysed using General Analysis of Variance (ANOVA), using Genstat
8.1, and treating the design as a randomised block, with the 10 sites being treated as
blocks. The sites available for sampling varied between years and consequently
years were analysed separately.

4.3.4.2 Vegetation

Plant species were classified in groupings relating to their desirability with respect to
both agronomic issues and biodiversity benefits (Table 4.5) and also as grasses or
broad-leaved species. Data for these groupings were analysed, plus data for crop,
litter and bare ground cover. Where groupings have been combined for analysis they
are referred to as 'Groups12' (Group 1 + Group 2), 'Groups123' (Group 1 + Group 2 +
Group 3) and 'All weeds' (Group 1 + Group 2 + Group 3 + Group 4). Data for a small
number of species that were common across sites were analysed by individual
species. Species richness was also calculated, as the number of species recorded
per plot, and analysed.
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Table 4.5. Plant species were classified in groupings relating to their desirability
with respect to both agronomic issues and biodiversity benefits.

Group 1 — Aim to increase

Group 3 — Neutral

Chenopodium album

Fallopia convolvulus
Poa annua

Persicaria lapathifolia
Persicaria maculosa
Polygonum aviculare
Raphanus raphanistrum
Sinapis arvensis

Stellaria media

Species not included in groups 1, 2 and 4
including Cirsium vulgare, volunteer kale and
linseed.

Group 2 — Increase if possible

Group 4 — Not acceptable in the crop

Cerastium spp.

Fumaria officinalis
Matricaria discoides
Matricaria recutita
Tripleurospermum inodorum
Senecio vulgaris

Sonchus spp.

Viola arvensis

Viola tricolor

Alopecurus myosuroides
Anisantha sterilis
Anisantha diandra
Avena fatua

Avena ludoviciana
Bromus commutatus
Bromus hordaceous
Cirsium arvense
Elytrigia repens
Galium aparine
Holcus mollis

Lolium multiflorum
Lolium perenne
Phalaris paradoxa
Rumex obtusifolius

Volunteers — beans, potatoes, sunflowers,
OSR, cereals
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The sites available for sampling varied between years and consequently years were
analysed separately (nine sites only in 2003). The means of data collected in the 24
vegetation quadrats or eight seed and structure samples were calculated for each
treatment. Percentage cover data (vegetation cover and structure) were angular
transformed and count data (seeds) were logqo transformed prior to analysis. Seed
data were analysed both as ‘viable’ and as ‘total’. Data for species richness defined
as the number of species per plot were not transformed.

To determine the field-scale effect of undrilled patches on vegetation cover and seed
production, a weighted mean was calculated using samples collected from within the
PAs and the crop surrounding the PAs, to reflect the relative areas of crop and
patches within the UP treatment. This weighted mean reflected the effect of
treatment over the whole treatment area and was thus directly comparable with
samples collected from WSR and CONV treatments. Direct comparisons between
the patches themselves (PAs) and the crop surrounding PAs (CropUP) were also
made to determine the small-scale impact of the patches on the vegetation.
Information on vegetation structure is only relevant at a local scale, therefore these
data have been analysed to compare CONV with WSR and PA with the CropUP.

All analyses were carried out using General Analysis of Variance (ANOVA) with site
specified as 'block'. Vegetation cover and structure were sampled on two occasions
each year and have therefore been analysed using repeated measures ANOVA. All
analyses were carried out using Genstat 8.1, 2005, Lawes Agricultural Trust.

4.3.4.3 Invertebrates

The sites available for sampling varied between years and consequently years were
analysed separately.

Species data were bulked to give a number of variates as summarised in Table 4.6.
The groups were defined primarily to determine the experimental effects on key
invertebrate food made available to birds through implementation of the treatments.
Data collected by sweep net was sparse and consequently fewer groups were
analysed.

The arithmetic mean of data from the eight samples collected within each treatment
was calculated and data were log transformed prior to analysis. To determine the
field-scale effect of the UP treatment, a weighted mean (WUP) was calculated using
samples collected from within the undrilled patches and the crop surrounding the
patches. The WUPs represented the UP treatment over the whole field, so was
directly comparable with data from the WSR and CONV treatments.

Differences between treatment effects were analysed using General Analysis of
Variance (ANOVA), using repeated measures where appropriate (Greenhouse &
Geisser 1959); site was specified as ‘block’.

To determine the extent to which the UP treatment affected distribution of
invertebrates within the field, samples collected from within individual PA were
compared with CropUP samples. As before, data were analysed using ANOVA with
site specified as ‘block’.

At least partly, the distribution of invertebrates in arable crops is related to weed
cover (Norris & Kogan 2000, Hawes et al. 2003). The response of the predetermined
invertebrate groups to components of vegetation cover (bare ground, litter, crop
cover, broadleaf weed cover and grass cover) was determined using a Generalised
Linear Model (GLIM). For these analyses, PA samples and CropUP samples were
used as a subset of the data to further investigate the distribution of invertebrates in
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the UP treatment. We selected invertebrate groups that had shown a response to
treatment as our response variables. Normal distribution and identity link function
were used in all models. Best model was selected manually. Before analysis, a
correlation matrix of the vegetation components was calculated in order to exclude
unnecessary auto-correlated variables from the model. ANOVA, repeated measures
ANOVA and GLIM were carried out using Genstat 8.2, 2005, Lawes Agricultural
Trust.

A multivariate approach was used to determine linear relationships between the
invertebrate community and environmental variables (in this case, the components of
vegetation described above) using redundancy analysis (RDA, ter Braak & Smilauer
1997-2002). Data were logq, transformed before analysis, blocks were defined by
sites and Monte Carlo permutations were randomised within block. The
environmental variables were added manually by forward selection, their significance
was tested using 499 Monte Carlo permutations and those significant at 5% were
included. The significance of the overall model was also tested using 499 Monte
Carlo permutations.

The strength of association between faecal data and invertebrate data collected by
pitfall trap and vacuum was tested using PRIMER v 6.1.5, PRIMER-E, Plymouth. For
each year faecal data were bulked, reducing the variates to the following: Arachnid,
Hemiptera, adult Hymenoptera, Lepidoptera, carabids, other Coleoptera, Diptera,
other invertebrates. Data were bulked within site and year and then converted to
proportions. The same process was then followed for ground and crop active
invertebrate data. The resulting data matrices were converted into resemblance
matrices in PRIMER and compared using RELATE, a test for hypothesis of no
relation between multivariate pattern from two sets of samples.
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Table 4.6.

Bulked variates used in statistical analyses.

Source of Group members Pitfall Vacuum Sweep
variation net
Total Invertebrate ~ Sum total of all invertebrates v v v
Catch
CFlI Grey partridge chick-food index (Potts & v
Aebischer, 1991; updated Aebischer
pers. comm.)
SFI Sum of Skylark food items, derived from v v
faecal analysis
Generalist Groups within which the species were v v
predators predominately predatory
Phytophagous Groups within which the species were v v
groups predominately herbivorous or were
expected to be pollinators or nectar
feeders
Homoptera Sum of Homoptera (hoppers) v
Heteroptera Sum of Heteroptera (true bugs) v
Carabidae Sum of carabid (ground beetle) species v v
Carabid species Number of carabid species v
richness
Staphylinidae Sum of staphylinid (rove beetle) species v v
Staphylinid species Number of staphylinid species v
richness
Total Coleoptera Sum of Coleoptera (beetles) v v
Lycosidae Sum of Lycosidae (wolf spiders) v
Linyphiidae Sum of Linyphiidae (money spiders) v
Diptera Sum of Diptera (flies) v v
Species richness Number of species v

4344 Birds

In the analyses of skylark territories, nests, nestling body condition, parental foraging
patterns and individual parameters of nest productivity, General Linear Mixed
Modelling (GLMM) was used to identify those predictors explaining significant

variation in the response variables.

‘Site’ and ‘field’, the latter identifying individual

fields (= management units) nested within the ‘site’, were specified as random effects
to account for unmeasured spatial variation. Unlike General Linear Models, this
approach allows modelling of non-independence of ‘field’ use within a ‘site’ (Milsom
et al. 2000). In addition, because between field-site effects were controlled, the
estimated fixed effects had wider inference, thus they apply to any ‘field’, not just
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those within the study sites. GLMMs were fitted using the macro GLIMMIX, supplied
with SAS software (Littell et al. 2002). The GLIMMIX macro automatically rescaled
the model deviance to correct for under/over-dispersion. Predictors were
incorporated into the models as fixed effects using a manual step-up procedure (in
which each variable was added and then deleted from the model in turn, with the
most statistically significant variable re-fitted to the model after each iteration) to
establish the minimum adequate model (MAM). Type 3 significance tests of fixed
effects were made using Wald F tests using Satterthwaite’s approximation to the
denominator d.f.. Wald t tests were used to perform pairwise treatment comparisons.
This approach was used, as opposed to an AIC-based multi-model comparison
approach (Whittingham et. al. 2005), as this experiment tested specific hypotheses
about the effects of only a small number of predictor variables.

Predictors tested in all models as fixed effects included ‘treatment’ (three-level factor)
and ‘year’ (two-level factor). In most models, the two-level factor ‘period’ represents
data from ‘early’ (Apri-May) and ‘late’ (June-July) in the breeding season. The
division was based on observed gaps in the instigation of nesting attempts. Although
the exact dates varied slightly between years, in both 2002 and 2003 there was a
period of five to seven days in the last week of May when no new clutches were laid.
This corresponds well with a decline in nesting activity in conventional wheat crops
reported by Donald (2004), and also with the onset of canopy senescence in winter
wheat (Sylvester-Bradley 1998).

Two further predictors, ‘adjacent habitat scores’ and ‘boundary index’, were
calculated according to the methods outlined in section 4.3.3.1. These were included
in the models to test whether the treatments in the study conformed to desired
attributes; primarily winter-cereal based rotations with relatively open aspects
favoured by skylarks.

Clutch size, variations in the density of territories per 5 ha of SAW plot, and the
number of nests per treatment, were modelled with Poisson errors and log-link
functions. In the nest analysis, In area (ha) was included as an offset in the model to
control for differences in treatment size. Only nests for which the maximum clutch
size was known with certainty were included in the analysis of the number of eggs
laid.

The distance of foraging flights, the proximity of nests to the nearest undrilled patch
(UP nests only) and tramline, and the mean nestling body condition of each brood
was modelled using normal errors and identity link. To maximise the chance of
cumulative environmental effects on nestling body condition, while minimising the
bias of confounding effects related to nestling age, log mean brood mass from the
final biometric measurement of nestlings aged 4-9 days was stipulated as the
response variable, with log mean tarsus length included in the model as a covariate
(Garcia-Berthou 2001). The use of the final biometric measurement of broods about
to leave the nest provided a close approximation of fledging condition, an important
measure of fithess because it correlates with subsequent survival in many species
(e.g. Magrath 1991). Any broods in which there was reduction before the
measurement used to calculate the condition index were excluded from the brood
condition analysis. Brood reduction could complicate the analysis of brood condition
for two reasons. First, assuming the nestlings that die were those in poorest
condition, brood mean condition is immediately inflated relative to unreduced broods.
Second, the remaining nestlings may be able to respond to the reduced sibling
competition by increasing condition or growth rate, again inflating these measures
relative to unreduced broods (Shkedy & Safriel 1992).

Nevertheless, brood reduction is a more drastic event than a reduction in nestling
condition, so variation in brood reduction from starvation was also analysed to
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ascertain which variables explained a significant proportion of nestling mortality
arising from starvation. The model was constructed with binomial errors and a logit
link function. The proportion of nestlings starved in a brood was specified as the
response variable, with the binomial denominator specified as one (to represent the
original brood size at hatching). Depredated broods or broods of uncertain original
sizes were excluded from the analysis. Only nests for which the brood sizes at
hatching were known, were included in the analysis of nestling starvation.

Binomial errors and logit links were also used to model partial reductions in clutch
size, foraging patterns and daily failure rates (dfr) of nests, using ‘field’ means to
control for non-independence of nests in the same field. The nest failure model
represented a modification of the Mayfield method that uses data only from the
period during which a nest was under observation to estimate success. Thus it
avoids over-estimation of success, as nests found at a later stage are more likely to
succeed than those that are found earlier, because they have already survived for
part of the requisite duration (Johnson 1979). The number of failures per ‘field’ was
specified as the response variable and total exposure days of all nests in the ‘field’ as
the binomial denominator. In the foraging model, the number of foraging flights within
the treatment where the nest was situated was specified as the response and the
total number of foraging flights observed (within and outside of the treatment) from
the nest was specified as the binomial denominator.

Nest productivity figures were calculated using data on daily nest survival rates, the
numbers of eggs laid, the numbers of nestlings hatched and the numbers of nestlings
leaving the nest, as in Donald et al. (2002).

Use by foraging birds of undrilled patches within the crop was tested using a one-
sample chi-squared test, in which the observed sample was compared to anticipated
use under a theoretically derived expectation (based on the area occupied by each
habitat), specified by the null hypothesis.

4.4 RESULTS
4.4.1 Agronomy

All 10 sites were established successfully in autumn 2001 and were taken to harvest.
Autumn 2002 was wet and the delays and problems in establishing some sites were
reflected in lower overall spring plant populations (Figure 4.1). In 2002, plant
populations were significantly (P < 0.05) lower in the WSR treatment. In 2003, there
were no differences in plant population between the treatments. All fields received a
conventional pesticide regime (see Appendix 1) and there were no reported weed,
pest and disease problems.

39



450 -
400 -
350 -
300 -
250 +
200 +
150 -
100 -

50 -

02002 [ 2003

HH

HH

H

H
oo

Plant population (plants/m?)
HH

CONV WSR upP

Figure 4.1. Mean spring plant population with 95% CI.

Fertile tiller numbers were similar between treatments (Figure 4.2) and it was
interesting to note that the lower spring plant populations in 2003 had similar fertile
tiller populations to those in 2002, indicating the compensatory abilities of winter
wheat.

450 -
400 -
350 -
300 -
250 -
200 -
150 -
100 -

50 -

m 2002 72003

Fertile tillers (no./m?)

CONV WSR

Figure 4.2. Mean fertile tiller number with 95% CI.

Yields were slightly lower in 2003 than 2002. There were no differences between the
treatments (Figure 4.3).
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Figure 4.3. Mean grain yield with 95% CI.

At the end of the season, the participating farmers were asked for their opinions and
perceptions of the three treatments and these are detailed in Table 4.7.

Table 4.7. Farmer perceptions arising from SAFFIE experiment 1.1.

Farmer perception Fact

Plants were more crowded within the row in True — the seedrates used were identical for

the wide-row treatment, this resulted in all treatments so plants were crowded in the

poorer spray penetration. wide-row treatment. No differences in
disease levels were noted.

Some drills were unable to cope with putting  True — if wide rows are to be used then we
tramlines in wide-rows. need to refer back to the drill manufacturer to
refine the technique.

More weeds were present earlier in the False - no differences in weed cover were
season in the wide-spaced rows. recorded from May onwards between the
conventional and wide-spaced rows.

Weed levels were variable in the undrilled True — numbers were variable between sites
patches. and undrilled patches.
Yields were lower in wide-spaced rows. True/False — There was some evidence that

yields were lower in the wide-spaced rows
but this was not the case at all sites.

4.4.2 Vegetation

A large number of weed species were recorded but only a very small number were
common and overall percentage weed cover was generally low (Table 4.8). Only
black-grass, Alopecurus myosuroides, was recorded at more than 1% cover during
July in either year when averaged across all sites and treatments. However, as
would be expected, there was considerable variability between sites and some
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species were locally common. For example, volunteer potatoes were recorded at
>5% in July at ADAS High Mowthorpe, but were absent from all other sites.
Percentage cover of species groupings were also different at each site (Figure 4.4).
Total weed cover in July ranged from 14% at WF (2002 only) to <1% at PX (mean of
2002 and 2003). Some sites were dominated by undesirable (Group 4) species (e.g.
WEF, whereas beneficial species were much more common at PH. Weed cover in
each treatment was different in the two years, partly due to natural variation, but also
because treatments were not necessarily located in the same fields each year and
some of the sites were different in 2002 and 2003 (Figure 4.5). Differences between
years were particularly marked in the undrilled patches themselves (Figure 4.6)
where weed cover was much higher in 2002 than 2003 (July cover = 51% and 20%
respectively).

Table 4.8. Most common species recorded in July across all sites in each year. '

Recorded only at one site.

2002 2003
Species Mean % cover Species Mean % cover
Alopecurus myosuroides 3.10 Alopecurus myosuroides 213
Galium aparine 0.95 Volunteer potato’ 0.74
Poa annua 0.82 Aethusa cynapium 0.62
Volunteer potato’ 0.56 Viola arvensis 0.53
Elytrigia repens 0.39 Galium aparine 0.48
Veronica persica 0.17 Bromus commutatus 0.25
Viola arvensis 0.13 Volunteer kale 0.13
Aethusa cynapium 0.12 Fallopia convolvulus 0.13
Anisantha tectorum 0.08 Sinapis arvensis 0.1
Senecio vulgaris 0.07 Chenopodium album 0.10
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Figure 4.4. Mean weed cover (%) of species groupings for all treatments at
individual sites.
2002 data, **only 2003 data. See Table 4.5 for group definitions.
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Figure 4.6. Mean weed cover (%) in July by species groupings in patches (PA) and

surrounding crop (CropUP) in 2002 and 2003.

Unsurprisingly the vegetation structure changed markedly between May and July
(Figure 4.7 & Figure 4.8; 2003 data only presented), but the pattern of structure

through the profile was similar in both years.

The conventionally drilled crop was

apparently denser than WSR close to ground level, but the crop appeared to grow

taller in the WSR treatment.
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Figure 4.7. Vegetation structure in CONV, WSR and PA in May 2003, with +95% CI.
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Figure 4.8. Vegetation structure in CONV, WSR and PA in July 2003, with +95% CI.
Height classes are sections numbered sequentially from the ground
upwards, each 10 cm high. See section 4.3.3.3 for details.
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Analysis of weed cover data for CONV, WSR and UP indicated few differences in
vegetation cover between treatments in either year (significant treatment effects
presented in Table 4.9). For many of the variates analysed, there was a significant
difference in vegetation cover between May and July (see Appendix 2 for full details
of ANOVA output). Crop cover was not significantly different between treatments in
either year, but bare ground values were higher in WSR than the other treatments in
2002. Species richness was higher in UP than in the other treatments in both years
and, in 2002, it was higher in May than July (P = 0.002).

Comparisons of vegetation cover between the patches and the surrounding crop
indicated significantly higher weed cover in PA than CropUP for most of the variates
analysed in both years. Significant treatment effects are presented in Table 4.10.

However, for many variates there was an interaction between treatment and time of
sampling because there was a much greater increase in vegetation cover in PA than
CropUP over time (Table 4.11, Figure 4.9). Crop cover was lower in PA than
CropUP in both years. Species richness was higher in PA.

Table 4.9. Comparison of back transformed means for vegetation cover (%) and
species richness (species number per plot) across the three treatments
(repeated measures ANOVA).

Means Treatment Time

CONV UP WSR May July F P F P

2002: Treatment d.f. =2, 18; Time d.f. =1; n =60

Group 4 230 354 097 115 341 3.55 0.05023.73 <0.001
All weeds 325 512 191 190 5.08 3.75 0.04425.56 <0.001
Bare ground 78.99 78.61 80.71 79.76 79.13 5.54 0.013 0.23 0.632
Species richness 6.85 10.9 6.55 8.97 7.23 7.21 0.00511.60 0.002

2003: Treatment d.f. =2, 15; Time d.f. =1; n =52
Broad-leaved speciesf 213 0.83 1.39 094 196 3.72 0.049 4.41 0.047

Species richness 6.89 10.89 583 797 7.76 9.01 0.003 0.13 0.721
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Table 4.10. Comparison of back transformed means for vegetation cover (%) and
species richness (number of species per plot) on patches and in
surrounding crop (repeated measures ANOVA).

Means

Treatment Time

CropUP

PA  May July

2002: Treatment d.f. =1, 9; Time d.f. =1; n =40

F P F

P

Group1 0.26 250 029 239 729 0.024 571 0.028
Groups12 0.42 3.84 051 358 9.08 0.015 6.65 0.019
Grasses 2.34 11.59 250 11.36 14.74 0.00421.20 <0.001
Alopecurus myosuroides 1.24 566 150 514 543 0.04511.17 0.004
Galium aparine 0.45 141 037 156 6.91 0.02714.38 0.001
Species richness 6.30 940 8.80 6.90 12.29 0.007 597 0.025
2003: Treatment d.f. = 1, 8; Time d.f. =1; n= 36

Group1 0.12 157 022 1.29 1053 0.012 545 0.033
Group?2 0.08 0.37 0.07 040 2325 0.001 7.08 0.017
Group3 0.19 0.85 0.22 0.78 9.62 0.015 5.01 0.040
Crop 34.73 4.64 11.44 23.18 41.95 <0.00131.15 <0.001
Alopecurus myosuroides 0.72 237 059 261 9.17 0.01621.34 <0.001
Species richness 6.06 956 7.33 8.28 7.38 0.026 1.24 0.281
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Table 4.11. Comparison of back transformed means for vegetation cover (%) on patches and in surrounding crop where there was an interaction
between treatment and time.

May July Treatment Time TreatmentXTime
CropUP PA CropUP PA F P F P F P

2002: Treatment d.f. = 1, 9; Time d.f. = 1; TreatmentXTime d.f. = 1,18; n =40
Group3 0.17 0.54 0.07 1.81 22.61 0.001 1.72 0.207 5.04 0.038
Group4 1.84 5.77 5.53 29.66 18.68 0.002 35.57 <0.001 10.31 0.005
Groups123 0.51 1.66 0.76 12.84 16.14 0.003 6.93 0.017 5.26 0.034
All weeds 2.67 8.26 8.07 50.87 35.31 <0.001 51.78 <0.001 18.78 <0.001
Broad-leaved species 0.82 1.99 1.53 18.94 20.44 0.001 15.82 <0.001 10.18 0.005
Bare ground 79.67 87.85 77.52 67.43 0.00 0.989 13.57 0.002 9.08 0.007
Crop 35.05 2.72 74.70 4.68 117.38 <0.001 20.96 <0.001 12.57 0.002
2003BTreatment d.f. =1, 8; Time d.f. = 1; TreatmentXTime d.f. =1,16; n = 36
Group4 0.85 1.59 2.27 8.39 10.62 0.012 43.81 <0.001 10.12 0.006
Groups12 0.21 0.52 0.32 4.96 15.01 0.005 7.30 0.016 5.46 0.033
Groups123 0.41 0.87 0.59 7.51 18.82 0.002 9.79 0.006 7.38 0.015
All weeds 1.55 2.99 3.48 18.63 24.55 0.001 32.78 <0.001 12.83 0.002
Broad-leaved species 0.68 1.25 0.92 9.28 24.90 0.001 12.07 0.003 9.16 0.008
Grasses 0.47 1.17 1.76 6.45 8.30 0.020 33.58 <0.001 5.26 0.036
Litter 1.74 1.60 4.43 2.13 5.65 0.045 15.22 0.001 5.50 0.032
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Repeated measures analysis of variance carried out on structure data for the two
sections closest to ground level combined (0-20 cm) showed a significantly greater
vegetation density in the CONV than WSR in 2002, but no difference in 2003 (Table
4.12).

Table 4.12. Comparison of back transformed means for structure (% of board
obscured) at 0-20 cm in CONV and WSR treatments.

Treatment Time Treatment Time
CONV WSR May July F P F P
2002: Treatmentd.f. =1, 9; Time d.f.=1.n=40
91.9 75.2 80.8 88.0 23.06 <0.001 2.88 0.107
2003: Treatment d.f. =1, 7; Time d.f. =1. n = 36
69.9 64.8 68.1 66.6 2.01 0.200 0.08 0.780

Comparison of PA with CropUP indicated a significant interaction between treatment
and time of sampling in both years. At this height above ground level, vegetation
density increased between May and July in PA, but changes in CropUP were
different in each year. Vegetation was denser in the cropped areas than the patches
themselves, but the changes with time were greatest in PA (Table 4.13).

Table 4.13. Comparison of back transformed means for structure (% of board
obscured) at 0-20 cm in PA and surrounding crop (CropUP).

May July Treatment Time TreatmentX
Time
CropUP PA  CropUP PA F P F P F P
2002: Treatment d.f. = 1, 9; Time d.f. = 1; TreatmentXTime d.f. =1, 18. n =40
89.5 9.0 958 589 79.89 <0.001 40.07 <0.001 16.33 <0.001
2003: Treatment d.f. = 1, 8; Time d.f. = 1; TreatmentXTime d.f. =1, 16. n =36
83.7 8.2 785 318 4570 <0.001 7.72 0.013 18.43 <0.001

Similar to the results for vegetation cover, seed production was rarely different
between CONV, WSR and UP. In 2002, more viable seeds of broadleaf species
were produced on UP than CONV, and more viable grass seeds were produced on
UP than WSR. In 2003, more total seeds of Alopecurus myosuroides were produced
on UP than CONV. Significant results are presented in Table 4.14. Species richness
was consistently higher in UP than other treatments.
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Table 4.14. Comparison of seed production (number of seeds m?) and species
richness (number of species per plot) for the three treatments. Back
transformed means for total and viable seeds.

CONV vs.
Means Overall UpP WSR vs. UP

CONV UP WSR F P F P F P
2002 — Total Seeds: Treatment d.f. = 2; 18; Contrast d.f. =1; n =30
Groups12 20.4 52.7 10.2 2.37 0.122 1.64 0.216 4.69 0.044

Species richness 6.2 104 5.110.65<0.00112.01 0.003 19.12<0.001

2002 — Viable Seeds: Treatment d.f. = 2; 18; Contrast d.f. = 1; n =30

Group2 09 44 1.6 289 0.082 541 0.032 2.84 0.109
Groups12 48 235 4.8 3.37 0.057 5.04 0.038 5.06 0.037
Groups123 55 321 10.0 3.52 0.051 6.77 0.018 3.09 0.096
All weeds 74.9 379.2 56.5 3.12 0.069 3.91 0.063 5.34 0.033
Broad-leaved species 40 241 15.6 3.99 0.037 7.36 0.014 0.46 0.507
Grasses 40.7 228.1 11.6 4.38 0.028 3.03 0.099 8.66 0.009
Species richness 40 82 3.5 9.67 0.00112.80 0.002 16.02<0.001

2003 — Total Seeds: Treatment d.f. = 2; 15; Contrast d.f. = 1; n = 26
Alopecurus myosuroides 41 552 259 3.52 0.056 6.72 0.020 0.65 0.434

Species richness 3.7 9.1 3.733.06<0.00149.91<0.00149.27 <0.001

2003 — Viable Seeds: Treatment d.f. = 2; 15; Contrast d.f. = 1; n =26

Species richness 21 7.2 2.927.51<0.00147.12<0.001 34.41<0.001

All variates analysed (total and viable seeds and both years) indicated higher seed
numbers produced on PA than CropUP, except for total seeds of Alopecurus
myosuroides in 2002 (data presented in Appendix 2).

443 Invertebrates
44.3.1 Total catch of ground active invertebrates

The total catch of ground active invertebrates was greatest in 2003. This was
accounted for by an increase in the number of ground beetles, particularly the
predatory Pterostichus madidus, P. melanarius and Carabus spp., which together
accounted for 79% and 88% of the catch in 2002 and 2003 respectively. Spiders,
rove beetles and other beetles all occurred in lower numbers in the second year.
Pitfall traps which were used to sample ground active invertebrates are known to
detect, not only changes in density, but also activity (Winder et al. 2001) and it may
be that the higher cover of bare ground in 2003 (indicated by a slightly lower crop
yield (see section 4.4.1) and weed cover (see section 4.4.2)) resulted in greater
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activity by these species. Annual fluctuations of the order recorded here are not
unusual. The major components of the ground dwelling invertebrate catch were wolf
spiders, ground beetles (mostly Anchominus dorsalis; Pterostichus madidus and P.
melanarius) and rove beetles (mostly Philonthus cognatus; Tachyporus hypnorum
and Tachinus spp.). The catch totals are summarised in Table 4.15.

Table 4.15. Total number of invertebrates captured by pitfall trap.

Order Family Species Common name 2002 2003
Araneae Lycosidae Wolf spider 291 127
Coleoptera  Carabidae Anchominus dorsalis A ground beetle 1106 723
Agonum muelleri A ground beetle 12 0
Amara spp. Ground beetles 208 86
Asaphidion flavipes A ground beetle 11 2
Bembidion lampros A ground beetle 156 217
Bembidion obtusum A ground beetle 94 2
Calathus fuscipes A ground beetle 24 28
Carabus spp. Ground beetles 58 708
Demetrias spp. Ground beetles 5 9
Harpalus affinis A ground beetle 85 47
Harpalus rufipes A ground beetle 267 815
Loricera pillicornis A ground beetle 83 137
Nebria brevicollis A ground beetle 212 147
Notiophilus biguttatus A ground beetle 35 57
Poecilus cupreus A ground beetle 456 83
Pterostichus madidus A ground beetle 2751 11685
Pterostichus A ground beetle 18552 19225
melanarius
Trechus quadristriatus A ground beetle 32 605
Zabrus tenebriodes A ground beetle 0 2
Ground beetle larvae 113 68
Total ground beetles 24147 34578
Staphylinidae Aleocharinae spp. Rove beetles 79 0
Paederus spp. Rove beetles 3 6
Philonthus cognatus A rove beetle 608 334
Philonthus spp. Rove beetles 45 79
Stenus spp. Rove beetles 2 16
Tachinus spp. Rove beetles 529 266
Tachyporus A rove beetle 4 4
chysomelinus
Tachyporus hypnorum A rove beetle 233 124
Tachyporus nitidulus A rove beetle 0 7
Tachyporus obtusus A rove beetle 26 21
Xantholinus spp. Rove beetles 24 10
Rove beetle larvae 59 26
Total rove beetles 2318 1227
Elateridae Click beetles 11 31
Curculionidae Weevils 11 2
Coccinelidae Ladybirds 104 11
Coccinelidae 0 1
larvae
Chrysomelidae Gastrophysa polygoni A leaf beetle 7 3
Other leaf beetles 16 74
Anchominus dorsalis Other beetles larvae 1 6
Agonum muelleri Total number of 26906 36060
invertebrates
4.4.3.2 Total catch of crop active invertebrates:

The total catch of crop active invertebrates was greatest in 2002. With the exception
of aphids and money spiders, both of which occurred in greater numbers in 2003, all
groups conformed to this pattern. Vacuum samples were dominated by aphids and
flies; the majority of the flies were Nematocera, a group composed of gnats,
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mosquitoes and midges (Tipulidae excluded). Nitidulids (pollen beetles) were also
present in high numbers in 2002. Catch totals are summarised in Table 4.16.

Sweep net samples were not taken in UP fields and, in comparison with vacuum
sampling, the total catch was low. However, sweep net sampling is not an accurate
quantitative method, rather it gives an indication of presence. Despite this, the catch
totals did mirror those of the vacuum samples and the number of invertebrates
captured was lower in 2003. Catch totals are summarised in Table 4.17.
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Table 4.16. Total number of invertebrates captured by vacuum.

Order Sub-order Family Species Common Life 2002 2003
name stage
Araneae Liniphyiidae Money Adult 795 951
spiders
Lycosidae Wolf spiders Adult 0
Other spiders  Adult 41 99
Opiliones Harvestmen Adult 6 10
Meso- Snails Adult 3 27
gastropoda
Orthoptera Grasshoppers  Adult 3 1
Hemiptera Homoptera Hoppers Adult 771 900
Hemiptera Homoptera  Aphididae Metopolophium Rose grain Adult 3292 10000
dirhodum aphid
Sitobion Wheat grain Adult 948 2495
avenae aphid
Miridae Calocoris spp.  True bugs Adult 36 50
Leptoterna True bugs Adult 27 2
spp.
Sggnodemini True bugs Adult 10 3
spp.
Nabidae True bugs Adult 0 0
Anthocoridae Anthocoris True bugs Adult 14 14
spp.
i Other true Adult 38 130
bugs
Neuroptera Lacewings Larvae 50 62
Lepidoptera Butterflies Larvae 22 64
and moths
Hymenoptera Symphyta Sawfly Adult 15 14
Symphyta Sawfly Larvae 43 51
Hymenoptera Formicidae Ants Adult 0 2
Coleoptera Carabidae Ground Adult 145 259
beetle
Staphylinidae Rove beetles  Adult 568 612
Chrysomelidae Leaf beetles Adult 257 113
Curculionidae Weevils Adult 65 21
Cantharidae Soldier beetle  Adult 33 141
Elateridae Click beetle Adult 164 53
Nitidulidae Pollen beetle  Adult 2120 729
Coccinellidae Ladybird Adult 9 3
Coccinellidae Ladybird Larvae 7 13
Other beetles  Adult 1259 932
Total number  All 4627 2876
of beetles
Diptera Nematocera Tipulidae Cranefly Adult 118 166
Other Gnats, Adult 12808 9707
Nematocera mosquitoes
and midges
Brachycera Hoverfly and Adult 2228 3146
horsefly
Aschiza Flies Adult 6106 1811
Acalypterae Flies Adult 6999 4796
Calyptera Flies Adult 1182 970
Fly larvae Larvae 28 1
Total flies All 29469 20597
Total 40213 38348
invertebrates
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Table 4.17. Total catch of invertebrates captured by sweep net.

Order Sub-order Family Species Common Life 2002 2003
name stage
Araneae Linyphiidae Money Adult 75 51
spiders
Lycosidae Wolf spiders Adult 1 2
Other spiders  Adult 28 18
Opiliones Harvestmen Adult 104 0
Mesogastropoda Snails Adult 0 7
Orthoptera Grasshoppers  Adult 62 0
Hemiptera Homoptera Hoppers Adult 50 60
Hemiptera Homoptera  Aphididae Metopolophium  Rose grain Adult 4 333
dirhodium aphid
Sitobion Wheat grain Adult 592 302
avenae aphid
Heteroptera True bugs Adult 639 14
Neuroptera Lacewings Larvae 53 7
Lepidoptera Butterflies Larvae 18 24
and moths
Hymenoptera Symphyta Sawflies Adults 5 17
Symphyta Sawflies Larvae 8 42
Hymenoptera Formicidae Ants Adult 0 0
Coleoptera Carabidae Ground Adult 3 0
beetles
Staphylinidae Rove beetles  Adult 1 20
Chrysomelidae Leaf beetles Adult 64 18
Curculionidae Weevils Adult 83 21
Cantharidae Soldier Adult 56 25
beetles
Elateridae Click beetles  Adult 30 1
Nitidulidae Pollen beetles  Adult 7 38
Coccinellidae Ladybirds Adult 77 0
Coccinellidae Ladybirds Larvae 8 0
Other beetles  Adult 87 98
Total number  Adult 416 221
of beetles
Diptera Nematocera Tipulidae Cranefly Adult 145 18
Other Gnats, Adult 63 223
Nematocera mosquitoes
and midges
Brachycera Hoverflies Adult 36 147
and horseflies
Aschiza Flies Adult 329 35
Acalypterae Flies Adult 97 536
Calyptera Flies Adult 11 331
Flies Larvae 662 0
Total flies Adult 1343 1290
Total 3398 2388
invertebrates
4.4.3.3 Between site differences

It is to be expected that differences in local climate, other specific site conditions and
farm management will lead to differences in invertebrate abundance and diversity. In
this study, each farm was used as a replicate and the site differences are taken into
account in analysis. It is of general interest to note the extent of differences between
sites and summary graphs showing total catch at each farm are given below (Figure

4.10, Figure 4.11, Figure 4.12, Figure 4.13).
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Figure 4.10.Invertebrate catch by pitfall trap and vacuum at each site in 2002. See
Table 4.1 for site abbreviations.
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Figure 4.11.Invertebrate catch by sweep net at each site in 2002. See Table 4.1 for
site abbreviations.
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Figure 4.12.Invertebrate catch by pitfall trap and vacuum in at each site in 2003. See
Table 4.1 for site abbreviations.
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Figure 4.13.Invertebrate catch by sweep net at each site in 2003. See Table 4.1 for
site abbreviations.
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4.4.3.4 Treatment effects

At the field scale there was little effect of the novel treatments UP and WSR on
invertebrate abundance.

Ground active invertebrates

In 2002, there were differences in species richness, abundance of staphylinid (rove)
beetles and of lycosids (wolf spiders). Average species richness and overall
abundance of staphylinid beetles was highest in UP while lycosids were more
abundant in WSR and least abundant in CONV (Figure 4.14). The staphylinid catch
comprised largely of Philonthus cognatus, other Philonthus species, Tachyporous
chrysomelinus, Tachyporous hypnorum, Stenus spp. and Tachinus spp.;
Aleocharinae spp. and Paederus spp. were also present but in low abundance.
Table 4.18 gives summary means and the results of statistical analyses.

OCONVY mWUP EWSR

Mean abundance (per 8 pitfall samples)
()]

4 -

3

2

1

0 H —
Lycosidae Staphylinidae

Figure 4.14.Significant treatment differences for ground active invertebrates in 2002.
CONV and WSR: Means (with 95% CI) are of eight pitfall samples, open
for 7 pitfall days on three occasions. WUP: a weighted mean (with 95%
CI) of eight pitfall samples from each of CropUP and PA. See section
4.3.3.4 for details.

Crop active invertebrates:

Only ‘generalist predators’ (which included the predatory flies) responded to the
treatments; Figure 4.15 shows that significantly fewer generalist predators were
captured in the UP fields in June and July. There were no significant differences for
invertebrates captured by sweep net. Table 4.19 and Table 4.20 show mean data
and results of analyses. In general, invertebrate abundance fluctuated over time,
significantly for many species, but there were no significant treatmentXtime
interactions, reflecting the natural phenology of sampled invertebrates.
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There was no significant effect of UP or WSR on the abundance of ground or crop
active invertebrates at the field scale in 2003 (Table 4.18, Table 4.19 and Table
4.20).

OCONVY  @mUP QOWSR

Mean abundance (per O.5n12)

May June July

Figure 4.15.Significant treatment differences for total abundance of generalist
predators in 2002. Mean abundance per 0.5m? with 95% ClI.

When PA and CropUP samples were compared, differences were detected in both
years although the effect was stronger in 2003. Of the ground active species in 2002
staphylinid abundance and staphylinid species richness were both higher in the
CropUP than within PA, while Lycosidae were more abundant in PA (Figure 4.16).
Mean data and results of analyses are summarised in Table 4.21.
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Figure 4.16.Significant differences between ground active invertebrates in the
CropUP and PA in 2002. Means (with 95% CI) are of eight pitfall
samples, open for 7 pitfall days on three occasions. See section 4.3.3.4
for details.

Crop active invertebrates were sampled in UP treatments by vacuum but not sweep
net. In 2002, the number of phytophagous invertebrates (Figure 4.17), total number
of crop active invertebrates (Figure 4.18), skylark food items (SFI) (Figure 4.19) and
Heteroptera varied between CropUP and PA. There were also treatmentXtime
interactions for total invertebrates, SFI and Heteroptera. Although the analysis was
significant, Heteroptera occurred in very low numbers and no data are presented. In
May and June, there were a higher number of invertebrates in the crop but in July, as
the crop ripened and weed cover became better established in PA, invertebrates
colonised the weedy areas.
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Figure 4.17.Significant differences between phytophagous invertebrates in CropUP
and PA in 2002. Mean abundance per 0.5m? with 95% ClI.
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Figure 4.18. Significant differences between total crop active invertebrates in the
CropUP and PA in 2002. Mean abundance per 0.5m? with 95% CI.
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Figure 4.19.Significant differences between SFI in the CropUP and PA in 2002.
Mean abundance per 0.5m? with 95% CI.

In 2003, the most striking feature was the lack of invertebrates sampled within PA.
With the exception of the number of rove beetle species, all groups of ground active
invertebrates were significantly lower in PA (see Table 4.21 for means and results of
analyses).
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Figure 4.20.Significant differences between total invertebrate abundance and
abundance of generalist predators in the CropUP and PA in 2003.
Means (with 95% CI) are of eight pitfall samples, open for 7 pitfall days
on three occasions. See section 4.3.3.4 for details.
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A similar pattern emerged for the crop active invertebrates and although there were
some changes in invertebrate abundance within the crop over the sampling period,
there was no treatmentXtime interaction. Numbers of invertebrates within PA
remained negligible throughout the season. The means and results of analyses are
shown in Table 4.22. Total invertebrate abundance (Figure 4.21), SFI (Figure 4.22)
and CFI (Figure 4.23) illustrate the pattern found in other data.
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Figure 4.21.Significant differences between total invertebrate abundance in CropUP
and PA in 2003. Mean per 0.5m? with 95% CI.
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Figure 4.22.Significant differences between SFI in CropUP and PA in 2003. Mean
per 0.5m? with 95% CI.
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Figure 4.23.Significant differences between CFIl in CropUP and PA in 2003. Mean
per 0.5m? with 95% Cl
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Table 4.18. A comparison of ground active invertebrate samples collected by pitfall trap from CONV, UP and WSR treatments. Values are back
transformed means (across site, mean of 8 pitfall samples; see section 4.3.3.4 for details).

Source of variation CONV UP WSR F P
2002: d.f., 2,26 n=27

Total invertebrates 52.54 65.24 35.80 2.36 0.126
Generalist predators 57.95 68.23 38.45 2.67 0.100
Phytophagous groups 1.00 1.31 0.65 1.48 0.257
Carabidae 47.53 59.73 33.28 1.98 0.171
Number of carabid species 4.21 4.57 3.97 1.67 0.220
Staphylinidae 6.04 8.87 4.30 3.67 0.049
Number of staphylinid species 217 2.47 1.76 2.99 0.079
Lycosidae 0.37 0.43 0.90 3.73 0.047
Species richness 6.21 9.52 5.62 24 .42 <0.001
2003:d.f.=2,25 n=26

Total invertebrates 1.75 1.98 2.04 1.48 0.259
Generalist predators 4.51 5.44 5.44 1.73 0.211
Phytophagous groups 0.31 0.50 0.53 2.09 0.158
Carabidae 1.83 5.52 5.34 1.76 0.206
Number of carabid species 1.65 1.91 2.01 2.15 0.151
Staphylinidae 0.67 0.63 0.72 0.29 0.756
Number of staphylinid species 1.83 1.81 1.90 0.01 0.992
Lycosidae 0.13 0.10 0.12 0.72 0.501
Species richness 0.89 0.95 0.94 1.8 0.200
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Table 4.19. A comparison of crop active invertebrate samples collected by vacuum from CONV, UP and WSR treatment on three sampling
occasions. Values are back transformed means (across sites, per 0.5m?).

SOl:IrC.e of May June July Treatment Time TreatmentXTime
variation

CONV upP WSR CONV UP WSR CONV UP WR F P F P F P
2002: Treatment, d.f. = 2, 18; Time d.f. =2, TreatmentXTime d.f. =4, 51 n=90
Total invertebrates 6446 6162 53.79 33.36 37.12 3260 33.36 37.12 3260 0.73 0.50 32.70 <0.001 0.21 0.892
Phytophagous 4.55 4.18 427 1132 966 955 3.85 352 430 0.67 0.52 23.87 <0.001 0.09 0.976
groups
Generalist 1.68 1.18 1.12 567 3.82 493 593 419 460 4.70 0.02 30.31 <0.001 0.20 0.937
predators
Homoptera 1.25 1.02 0.91 088 064 079 0.31 033 029 1.13 0.34 9.19 0.001 0.20 0.908
Heteroptera 0.13 0.10 0.05 0.14 011 0.03 0.08 011 0.08 1.34 029 0.01 0.979 0.55 0.683
Diptera 19.30 16.01 20.23 46.02 46.02 38.39 23.92 29.14 22381 0.21 0.81 13.28 <0.001 0.50 0.727
Linyphiidae 0.29 0.23 0.22 068 045 045 2.11 113 130 233 0.13 28.01 <0.001 0.63 0.607
Total Coleoptera 1.98 1.71 1.39 236 323 314 216 218 278 042 066 3.21 0.05 0.80 0.528
Carabidae 0.03 0.12 0.04 018 022 0.15 0.15 013 0.19 0.96 040 270 0.087 0.21 0.908
Staphylinidae 1.04 0.66 0.69 043 034 037 042 042 033 0.78 047 9.07 <0.001 044 0.775
SFI 26.94 22,67 27.04 63.37 6090 53.03 30.56 3562 30.79 0.12 0.89 18.47 <0.001 0.39 0.793
CFI 0.08 0.09 0.05 0.10 012 0.13 0.06 0.07 0.09 0.96 040 1.94 0.166 0.49 0.696
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(continued)

Sogrc.e of May June July Treatment Time TreatmentXTime
variation

CONV UpP WSR CONV UP WSR CONV UP WR F P F P P
2003: Treatment, d.f. = 2,15;Time d.f. = 2, TreatmentXTime d.f. 4, 56 n=81
Total invertebrates 17.36 1506 19.30 3424 4959 50.70 3192 2595 3220 1.05 0375 122 <0.001 0.47 0.735
Phytophagous 1.13 1.28 1.28 152 165 167 064 063 055 024 0792 80.1 <0.001 0.70 0.555
groups
Generalist 2.38 2.87 2.81 849 1180 894 519 509 464 061 0556 19.77 <0.001 0.20 0.921
predators
Homoptera 0.75 0.90 0.86 057 091 065 134 100 1.07 036 0.702 347 0.053 0.74 0.538
Heteroptera 0.00 0.03 0.00 0.21 0.19 0.18 0.23 013 022 032 0728 513 0.011 0.21 0.923
Diptera 12.26 10.36  13.51 2258 3230 3645 16.31 1288 1536 132 0.296 11.55 <0.001 0.53 0.673
Linyphiidae 0.64 0.88 0.75 1.33 1.72 1.62 0.77 079 078 0.73 0499 481 0.017 0.06 0.988
Total Coleoptera 2.23 3.00 243 219 502 295 138 161 193 273 0.098 421 0.023 0.65 0.626
Carabidae 0.47 0.58 0.45 016 037 009 000 0.03 004 20 0.170 14.11 <0.001 0.47 0.686
Staphylinidae 1.09 1.53 1.22 032 062 040 037 027 029 044 065 1831 <0.001 0.43 0.711
SFI 16.64 14.39 18.32 3224 46.42 4819 30.69 2446 3052 1.04 0376 11.95 <0.001 0.49 0.719
CFI 0.11 0.12 0.11 0.07 011 004 0.07 0.08 0.07 086 0442 241 0.123 0.43 0.714
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Table 4.20 A comparison of crop active invertebrate samples collected by sweep net from CONV and WSR treatment on two sampling
occasions. Values are back transformed means (across sites, mean of two sweep samples).

Source of variation May July Treatment Time TreatmentXTime

CONV WR CONV WR F P F P F P
2002: Treatment, d.f. =1,8; Time d.f. =2, TreatmentXTime d.f.=4,16 n=18
SFI 5.19 7.14 13.78 10.90 0.05 0.831 1.92 0.185 0.29 0.595
Total invertebrates 17.70 17.30 25.85 27.30 0.02 0.903 1.12 0.305 0.01 0.922
2003: Treatment, d.f.=1,7; Time d.f.=2, TreatmentXTime d.f.=4,14 n=16
SFI 0.02 1.38 0.01 15.52 0.09 0.769 28.35 <0.001 0.38 0.55

Total invertebrates 16.60 21.20 30.05 29.62 0.15 0.713 1.90 0.189 0.15 0.708
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Table 4.21. A comparison of ground active invertebrate samples collected by pitfall trap from PA and CropUP. Values are back transformed
means (across site, mean of 8 pitfall samples; see section 4.3.3.4 for details).

Source of variation CropUP PA F P
2002: d.f.=1,17n=18

Total invertebrates 71.06 64.78 0.53 0.486
Generalist predators 57.29 66.33 0.04 0.850
Phytophagous groups 1.30 3.11 7.91 0.023
Carabidae 67.58 61.45 0.58 0.467
Number of Carabid species 717 6.32 2.62 0.144
Staphylinidae 8.87 4.29 8.93 0.017
Number of staphylinid species 5.47 4.29 20.63 0.002
Lycosidae 0.43 1.07 6.13 0.038
Species richness 15.04 13.96 1.55 0.248
2003:d.f.=1,17n=18

Total invertebrates 103.95 0.31 209.91 <0.001
Generalist predators 97.86 0.27 194.00 <0.001
Phytophagous groups 2.29 0.02 19.14 0.002
Carabidae 95.83 0.27 180.07 <0.001
Number of carabid species 5.63 0.02 1666.31 <0.001
Staphylinidae 3.31 0.01 29.99 <0.001
Number of staphylinid species 1.72 0.00 0.14 0.871
Lycosidae 0.29 0.00 5.10 0.054
Species richness 8.00 0.03 1516.06 <0.001
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Table 4.22. A comparison of crop active invertebrate samples collected by vacuum from PA and CropUP. Values are back transformed means

(across sites, per 0.5m?).

May June July Treatment Time TreatmentXTime
Source of variation  CropUP PA CropUP PA CropUP PA F P F P F P
2002: Treatment, d.f. =1, 9; Time d.f. =2, TreatmentXTime d.f. =2, 34 n=20
Total invertebrates 22.81 15.52 59.91 31.69 36.12 52.48 4.96 0.053 11.72 <0.001 3.87 0.048
Phytophagous 3.83 2.96 9.25 5.38 3.27 3.52 3.64 0.047 1716 <0.001 1.17 0.333
groups
Generalist predators 6.96 7.47 19.03 16.75 24.68 32.39 0.01 0.990 45.15 <0.001 0.43 0.769
Homoptera 1.03 0.64 0.62 0.69 0.32 0.63 0.00 0.995 1.36 0.264 1.28 0.280
Heteroptera 0.10 0.10 0.11 0.16 0.11 0.39 9.18 0.014 4.38 0.038 3.84 0.052
Diptera 16.00 10.66 44.74 22.22 28.34 38.23 5.79 0.039 12.81 <0.001 3.61 0.056
Linyphiidae 0.23 0.16 0.44 0.48 1.10 0.80 1.82 0.210 9.7 0.003 0.36 0.604
Total Coleoptera 1.71 2.03 3.14 2.87 212 3.79 0.32 0.584 1.04 0.336 0.73 0.431
Carabidae 0.12 0.28 0.21 0.23 0.05 0.10 1.57 0.242 2.22 0.126 0.6 0.552
Staphylinidae 0.66 0.49 0.34 0.31 0.41 0.29 1.52 0.249 2.82 0.076 0.2 0.810
CFlI 0.09 0.14 0.12 0.15 0.07 0.09 217 0.175 1.42 0.256 0.12 0.818
SFI 22.35 15.30 59.20 30.83 34.63 51.01 4.94 0.053 11.45 <0.001 3.96 0.046
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(continued)

May June July Treatment Time TreatmentXTime
Source of variation CropUP PA CropUP PA CropUP PA F P F P F P
2003: Treatment, d.f. = 1, 8; Time d.f. =2, TreatmentXTime d.f. =2, 32 n=18
Total invertebrates 14.48 0.18 45.48 0.88 25.81 0.38 103.68  <0.001 4.89 0.016 0.81 0.446
Phytophagous X X X X X X 76.07 <0.001 11.62 <0.001 4.82 0.019
groups
Generalist predators 2.82 0.01 10.19 0.45 5.12 0.03 14247  <0.001 5.42 0.014 1.04 0.356
Homoptera 0.95 0.00 0.85 0.05 1.00 0.01 29.07 <0.001 0.03 0.963 0.36 0.678
Heteroptera 0.03 0.00 0.19 0.00 0.15 0.00 7.64 0.025 1.15 0.302 1.12 0.31
Diptera 14.12 0.17 30.04 0.77 12.85 0.11 21598  <0.001 3.41 0.063 0.24 0.722
Linyphiidae 0.90 0.00 1.61 0.07 0.79 0.00 82.13 <0.001 2.22 0.128 1.08 0.349
Total Coleoptera 3.36 0.01 3.69 0.47 1.67 0.03 38.07 <0.001 2.61 0.108 0.84 0.413
Carabidae 0.56 0.00 0.37 0.00 0.03 0.00 15.8 0.004 4.28 0.029 4.24 0.03
Staphylinidae 1.58 0.00 0.57 0.03 0.29 0.00 23.55 0.001 8.45 0.005 8.73 0.004
CFI 0.24 0.00 0.09 0.01 0.08 0.00 15.25 0.005 1.32 0.277 1.52 0.238
SFI 13.86 0.18 42.55 0.87 24.31 0.37 102.09  <0.001 4.72 0.018 0.76 0.468
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4.4.3.5 Relationship between invertebrate groups and components of weed
cover

In 2002, the vegetation components were uncorrelated (Table 4.23) and bare ground,
litter, crop, grass cover and broadleaf weed cover were included in the models. In
2003, bare ground was negatively correlated with all other components and was
excluded from the model. Ground invertebrate data in 2003 was excluded as data
transformation and alternative error distribution models were not sufficient meet the
requirements of normal distribution and homoscedasticity.

Table 4.23. Correlation tables of vegetation components. ***=significant at 0.001,
**=significant at 0.01, *=significant at 0.1.

Bare ground Crop Broadleaf Grass

2002 Crop 0.189 1e*

Broad-leaved -0.081 -0.317 1>

Grasses -0.724 -0.308 0.041 1%

Litter -0.15 0.036 -0.19 -0.056
2003 Crop -0.58*** 1>

Broad-leaved -0.65*** 0.416* 1

Grasses -0.517*** -0.159 0.386* 1

Litter -0.578*** 0.477* 0.341* 0.173

The results in Table 4.24 indicate a positive relationship between the invertebrate
groups and vegetative cover; most groups avoid bare ground (with the notable
exception of staphylinids and carabids). In 2003, of all vegetation components,
broadleaf weed cover was the most important factor in determining invertebrate
abundance.
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Table 4.24. GLIM best model * C = crop, BG = bare ground, L = litter, G = grass, BL
Model components in order of contribution of variation

= broadleaf.
explained. (-) indicates negative relationship.

Year Group n Best model*  Variance SE P (overall
explained regression)
(%)

2002 Ground active
Staphylinids 143 C>G>BG 2240 0.41 <0.001
Phytophagous 143 BG(-)>G>BL 2580 0.32 <0.001
Crop active
Generalist 318 L(-)>BL>C>G 26.60 0.33 <0.001
predators

2003 Crop Active
Total 278 BL>C>G 31.80 0.48 <0.001
invertebrates
Total 278 BL>C 15.70 0.37 <0.001
Coleoptera
Total carabids 278 L>G (-)>C (-) 230 0417 0.030
SFI 278 BL>G>C 30.50 047 <0.001
Linyphiidae 278 BL>C 6.90 0.24 <0.001
Generalist 278 BL>G>C 2410 0.37 <0.001
predators
Diptera 278 BL>G>C 21.10 047 <0.001
Phytophagous 278 BL>G>C 3570 0.49 <0.001

4.4.3.6 Invertebrate community composition

Community composition data were analysed using RDA after examining gradient
lengths obtained from a priori DCA analysis (<3 in all cases).

Ground active invertebrates, 2002

In 2002, differences between farms explained 72% of the variance in the species
data. After this effect was removed, the environmental variables explained 45% of
the remaining variance. The overall model was significant (Trace = 0.125, F = 1.956,
P =0.004). Environmental variables that were significantly correlated with variance
in the species data were crop cover (F = 3.88, P = 0.004) and grass cover (F = 4.04,

P = 0.006).
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Figure 4.24 RDA triplot for ground active invertebrates in 2002. Symbols represent
samples collected as follows: O= crop surrounding PA, += PA, A= WR,
X= conventional. Abbreviated species key: Bemb lam= Bembidion
lampros; Cocc= Coccinelidae; Demet sp= Demetrias spp.; Elat=
Elateridae; Harp aff= Harpalus affinis; Harp ruf= Harpalus rufipes; Lori
pil= Loricera pillicornis; Lyco= Lycosidae; Nebr bre= Nebria brevicollis;
Noti big= Notiophilus biguttatus; Poe cup= Poecilus cupreus; Phil cog=
Philonthus cognatus; Phil sp= Philonthus spp.; Pter mad= Pterostichus
madidus; Staph_ad= Staphylind adults; Tach sp= Tachinus spp.; Tre
qua= Trechus quadristriatus; Xant sp= Xantholinus spp.

Grass cover was associated with the samples from PA, and phytophagous beetles
such as Harpalus rufipes, Harpalus affinis and Amara spp. These carabid species
were likely to colonise grass where it occurred and that this was frequently in the
patches. Crop was associated with some of the predatory species such as the
carabids Demetrias spp. and Trechus quadristriatus.

Crop active invertebrates, 2002

As for crop active invertebrates, between site variation explained a high percentage
of the variance (79%). Of the remaining variance, 47% was explained by the
environmental variables. Significant variables were May and July (F = 36.31, P =
0.002), forb cover (F = 8.20, P = 0.002) and grass cover (F = 2.49, P = 0.008), PA
was of borderline significance but included (F = 2.19, P = 0.06). The overall test was
significant (Trace = 0.372, F = 6.028, P = 0.002). The ftriplot (Figure 4.25) suggests
that in May the invertebrate community was similar across all treatments but by July
there was some separation between PA and other samples. Broadl-leaved weeds

74



and grasses colonised the patches, the length of the arrows indicating that broadleaf
cover was higher. Heteroptera (largely phytophagous bugs) and Nitidulidae (pollen
beetles) were closely correlated with broadleaf cover. Grass cover was also
correlated (though less closely) with these invertebrates as well as flies of the sub-
order Acalyptera. In general, the results suggest that although colonisation by broad-
leaved weeds and grasses was important, other factors, such as season, were more
influential.

Ground active invertebrates, 2003

In 2003, differences between farms explained 38% of the variance in community
composition; with environmental variables explaining 67% of the remaining variance.
Only PA was significant (F = 29.70, P = 0.002). The overall model was significant
(Trace = 412, F = 4.63, P = 0.002). The ftriplot (Figure 4.26) illustrates very clearly
that the most influential factor in 2003 for ground active invertebrates was the
absence of vegetative cover in the patches. The only species associated with PA in
this year was Gastrophysa polygoni, a small leaf beetle frequently found on
Polygonum spp.

Crop active invertebrates, 2003

Differences between farms explained only 16% of the variance. Of that remaining,
the environmental variables explained 66.5%. Significant environmental variables
were: May and July (F = 16.11, P = 0.002), crop cover (F = 35.47, P = 0.002), PA (F
= 31.47, P = 0.002) and broadleaf cover (F = 19.94, P = 0.002). The overall model
was significant (Trace = 0.656, F = 11.75 P = 0.002). The lack of vegetation in PA is
evident in the triplot (Figure 4.27). Furthermore, there are differences over the
season, both broadleaf cover and crop cover increased in July and the analysis
suggests that broadleaf cover was more likely to be among the crop (or perhaps
tramlines) than in the patches. The maijority of invertebrates are associated with the
vegetative cover in July including aphids, plant bugs and flies such as Aschiza and
Brachycera.
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Figure 4.25 RDA triplot for crop active invertebrates in 2002. Symbols represent
samples collected as follows: O= crop surrounding PA, += PA, A= WR,
X = conventional. Abbreviated species key: Aphi met=Metopolophium
dirhodium; Aphi sit= Sitobion avenae; Acal= Acalyptera; Aran lin=
Linyphiidae; Asch= Aschiza; Brach= Brachycera; Caly=Calyptera;
Canth= Cantharidae; Chrys= Chrysomelidae; Cocc_ad= Coccinelidae
adult; Cocc_lar= Coccinelidae larvae; Curc= Curculionidae; Elat=
Elateridae; Heterop= Heteroptera, Homopt= Homoptera; Lepid la=
Lepidoptera larvae; Neur_lar= Neuroptera larvae; Nitid= Nitidulae; Oth
Aran= Other Araneae; Other coleop= Other Coleoptera; Staph=
Staphylinid spp.; Symp_ad= Symphyta adults; Symp_lar= Symphyta
larvae.
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Figure 4.26 RDA triplot for ground active invertebrates in 2003. Symbols represent

samples collected as follows: O= crop surrounding PA, += PA, A= WR,
X= conventional. Abbreviated species key: Anch dor= Anchomenus
dorsalis; Bemb lam= Bembidion lampros; Cal fus= Calathus fuscipes;
Elat= Elateridae; Gast pol= Gastrophysa polygoni; Harp aff= Harpalus
affinis; Harp ruf= Harpalus rufipes; Lori pil= Loricera Lyco= Lycosidae;
Nebr bre= Nebria brevicollis; Noti big= Notiophilus biguttatus; Poe cup=
Poecilus cupreus; Phil cog= Philonthus cognatus; Phil sp= Philonthus
spp.; Pter mad= Pterostichus madidus; Pter mel= Pterostichus
melanarius; Staph_ad= Staphylinid adults; Sten sp= Stenus spp.; Tach
chy= Tachyporus chrysomelinus; Tach hyp= Tachyporus hypnorum;
Tach nit= Tachyporus nitidulus; Tach obt= Tachyporus obtusus; Tach
sp= Tachinus spp.; Xant sp= Xantholinus spp.
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Figure 4.27 RDA triplot for crop active invertebrates in 2003. Symbols represent
samples collected as follows: O= crop surrounding PA, += PA, A= WR,
X = conventional. Abbreviated species key: Aphi met=Metopolophium
dirhodum; Aphi sit= Sitobion avenae; Acal= Acalyptera; Aran lin=
Linyphiidae; Asch= Aschiza; Brach= Brachycera; Caly=Calyptera;
Canth= Cantharidae; Chrys= Chrysolmelidae; Cocc_lar= Coccinelidae
larvae; Curc= Curculionidae; Heter= Heteroptera; Homop= Homoptera;
Lepid_la= Lepidoptera larvae; Neur lar= Neuroptera larvae; Oth Aran=
Other Araneae; Other coleop= Other Coleoptera; Stap_sp= Staphylinid
spp.; Symp_ad= Symphyta adults; Symp_lar= Symphyta larvae.

4.4.3.7 Faecal data

Faecal samples were collected from nests in each of the treatments. Figure 4.28
shows the relative proportion of insect food consumed by skylark nestlings as
determined by identification of invertebrate remains in faecal samples. Data was
bulked across nests and time. The graph suggests that between year differences are
greater than between treatment differences. The proportion of ‘other invertebrates’
was larger in 2003, while the proportion of carabids was reduced. In 2002, the
invertebrate data collected by vacuum were positively correlated with the contents of
faecal samples; invertebrate data collected by pitfall sample were not (Table 4.25).
In 2003, invertebrates sampled by both methods were uncorrelated with the faecal
material.
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Figure 4.28. Summary of the composition of skylark chick faecal samples in 2002 and
2003.

Table 4.25. Association between skylark faecal data and invertebrates sampled by
pitfall trap and vacuum.

Relate Rho Significance

Faecal data 02
Ground dwelling invertebrates 0.148 0.90

Crop dwelling invertebrates 0.542 0.01

Faecal data 03

Ground dwelling invertebrates 0.058 0.27
Crop dwelling invertebrates -0.204 0.93
4.4.4 Birds

In the skylark models, in no case did ‘adjacent habitat score’ or ‘boundary index’
significantly affect the response variables and they were dropped from the models.
This was hoped for, given that sites were chosen to try to minimise variation in these
factors. ‘Year’ was only significant in the within-treatment foraging model and was
dropped from the other models.

Skylark territory density in the 5 ha SAW plots varied significantly with treatment,
period and treatmentXperiod interaction. Overall, densities were greater in the early
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breeding season (April-May) and were greatest on UP. The interaction term indicated
that territory densities were similar between the three treatments early in the
breeding season (April-May) but later, densities were maintained in UP and WSR but
fell in CONV. The highest density was recorded in late UP (Table 4.26).

Table 4.26. GLMM MAM - significant predictors of skylark territory density per 5 ha
SAW & back-transformed least squared means for fixed effects.

Predictor Least squares Significance tests
means
Period F1185 7.99 P =0.048
Early 1.1
Late 0.99
Treatment F 5202 6.32 P =0.002
CONV 0.91
up 1.22
WSR 1.04
TreatmentXPeriod F ;4185 5.28 P = 0.006
CONV Early 1.09
CONV Late 0.76
UP Early 1.18
UP Late 1.26
WSR Early 1.07
WSR Late 1.02

Differences in the least squared means of the treatmentXperiod interaction, showed
that later in the breeding season UP and WSR held significantly more territories
(+40% and +25% respectively) than CONV, while UP held borderline-significantly
more (+24%) territories than WSR (Figure 4.29).
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Figure 4.29.Percentage differences in least squared means between factor levels for
treatment, period and their interaction in the skylark territory density
GLMM. Values <1 indicate a greater density of territories in the second
factor-level; values >1 indicate greater density in the first factor level —
e.g. in the CONV E v CONV L contrast, a value of 1.42 equates to 42%
more territories in the early period than in the late period in conventional
wheat; in the CONV v UP contrast, a value of 0.75 equates to 25% less
territories in CONV than in UP. Contrasts were significant at P <0.05 if Cl
bars do not overlap the origin line on the graph (1 on Y axis).

Over the entire breeding season, period was the sole significant predictor of skylark
nest density per 10 ha, with a decrease in density later in the breeding season. Non-
significant differences in the least squares means for periodXtreatment interaction,
showed that early-season densities on CONV and UP were similar and there was a
trend for them to be higher than on WSR. Densities in all treatments decreased
(again, non-significantly) later in the season, with the decreases averaging 55% in
CONV, 21% in UP and just 5% in WSR. Late season nest densities in CONV
averaged only 44% of those in WSR and 49% of those in UP (Table 4.27). However,
there were variations between sites and individual fields, which meant that these
overall mean differences between treatments were not significant — e.g. 53% of all
late WSR nests were found on a single site, with 42% found on a single field within
that site in 2003. When WSR nests were dropped from the analysis, a comparison of
late-season CONV and UP nest densities showed significantly greater densities per
10 ha on UP (Back-transformed Means: CONV = 0.47; UP =1.01: F=5.25d.f.=1P
= 0.029).
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Table 4.27. GLMM MAM — predictors of skylark nest density per 10 ha and back-
transformed least squared means for fixed effects.

Predictor Least squares means Significance tests
Period F173.99, P=0.049
Early 1.07
Late 0.75
Treatment ns

CONV 0.73

UP 1.08
WSR 0.90
TreatmentXPeriod Early Late ns
CONV 1.1 0.49
upP 1.22 0.96
WSR 0.93 0.88

The mean first egg date in 2003 was ten days later than in 2002 (31 and 21 May
respectively), probably because of very dry conditions and cool nights in March and
early April 2003.

There was a weak non-significant trend for later nests in UP treatments to be situated
closer to the patches but mean distance from the nest to the nearest patch continued
to be over 20 m. Only 17% of nests were within 10 m of a patch. Based on an
estimate of the available area of the patches and the surrounding crop within 10 m of
the patch edge, PA and the surrounding crop-edge were not significantly selected in
relation to their availability for the purpose of nesting (x* = 2.49 df. =1 P =0.11).
Later nests in CONV were situated significantly nearer to tramlines but there was
only a weak non-significant trend for late nests in UP and WSR to be closer to the
tramlines.

There was no indication that mean brood weight varied with any predictor other than
a positive relationships with the covariate ‘tarsus’, included in the model to account
for nestling age (F,5:=351.52 P < 0.0001).

Most of the constituent estimates of nest productivity were similar between
treatments both for (i) the entire breeding season and (ii) by period, for early and late
summer. Failure of eggs to hatch through causes other than physical destruction and
nestling starvation were both rare events (<10% of total laid/hatched) and neither
were influenced by any predictors in the models. Nest daily failure rate was highest
for late season CONV nests but there was no significant effect of treatment overall,
or of the treatmentXperiod interaction. Predation rates of nestlings did not vary
between treatments. However, clutch size did vary slightly, although significantly,
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with treatment (F;9 =3.1 P = 0.05), with mean number of eggs laid per clutch being
greater in UP than CONV (Figure 4.30).

no. eggs per clutch

CONV UP WSR
Treatment

Figure 4.30. Skylark mean number of eggs per clutch (with 95% CI) by treatment.

In UP and WSR, the larger initial clutch sizes, combined with the non-significant
trends for greater nest survival, meant that the number of skylark chicks produced
per nesting attempt was greater than in CONV, especially for later nests. Over the
entire breeding season, per breeding attempt UP nests produced an average of 0.5,
and WSR nests 0.25, more chicks than CONV. During the late period, per breeding
attempt UP nests produced an average of 1.5 more chicks than CONV nests and
over one more chick than WSR nests. Late-season UP nests had a slightly (but non-
significantly) higher survival rate and a lower partial brood loss per breeding attempt
compared with CONV and WSR nests. There was also a non-significant late-season
trend for larger clutch sizes in UP than in WSR. WSR nests produced 0.4 more
chicks per attempt more than CONV nests and, over the entire breeding season,
produced an average of only 0.25 chicks less than UP nests. Early period
productivity per attempt was very similar (1.5 chicks) in CONV and UP and slightly
higher (1.8 chicks) in WSR (Figure 4.31), although the latter comprised of a relatively
small sample size.
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Figure 4.31.Skylark estimated productivity, in terms of chicks produced per nesting
attempt per treatment for: (i) the entire breeding season and (ii) by
period, for early & late summer.

Skylark foraging patterns varied significantly with year and the treatmentXperiod
interaction. Results from WSR should be treated with some caution, as the sample
sizes were small. Between April-May (early) and June-July (late), the proportion of
flights by parents provisioning nestlings within the field where the nest was situated
significantly decreased in CONV, remained the same in UP and significantly
increased in WSR. During June-July, UP and WSR had a significantly greater
percentage of foraging within the treatment where the nest was situated than CONV
(Table 4.28).

Foraging distance did not differ significantly with treatment or the treatmentXperiod
interaction but this may be attributable to low accuracy of distance estimates for
some of the longer foraging flights off-treatment.

Undrilled patches were significantly selected by foraging skylarks compared to their
availability (X? = 1376.71; d.f. = 1; P <0.001). On a subset of sites with good overall
visibility, at least 17% of foraging flights to a known destination (24% of foraging
within the treatment) were to undrilled patches. This compared to 0.42% of the
treatment area covered by the patches. This figure represents minimum usage, as,
even on sites with good overall visibility, it was impossible to accurately observe all
the locations of patches during the watches.

The use of the cropped area by species other than skylark was rare and did not vary
with treatment. In 2003, transect walks through the crop recorded an average of just
one non-skylark per 1 km. In a total of 72 km walked, pheasant (Phasianus
colchicus) and yellowhammer (Emberiza citrinella) were the only other species for
which more than 10 individuals were recorded. During 27 hours of foraging watches
on undrilled patches and the surrounding crop and tramlines, 13 species other than
skylark were recorded, of which 10 made use of the undrilled patches. For these
species, foraging within the patches comprised 33% of all visits (n = 80) to the
cropped area. Linnet (Carduelis cannabina) was the most frequently recorded
species (9 individuals on 4 occasions), all of which foraged within the patches.
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Table 4.28. GLMM MAM — Predictors of the proportion of foraging flights, by skylarks

provisioning nestlings, within the treatment where the nest was situated.
Back-transformed least squares means for fixed effects and significant
differences in and direction of factor-level pairwise comparisons: < =
greater use in the first factor-level, significant at P = 0.05; << = greater
use in the first factor-level, significant at P = 0.01; > = greater use in the
second factor-level, significant at P = 0.05; >> = greater use in the
second factor-level, significant at P = 0.01; >>> = greater use in the
second factor-level, significant at P <0.001.

Predictor Least squares Significance tests for fixed
means effects & pairwise comparisons
Year F;397.00 P=0.01
2002 91% significance differences between
factor levels:
2003 2%
2002 > 2003
Period ns
Treatment ns
TreatmentXPeriod F,279.69 P <0.001
CONV Early 0.90 significant differences between
factor levels:
CONV Late 0.53
CONV Early v CONV Late <<
UP Early 0.72
CONYV Late v UP Late >
UP Late 0.86
CONYV Late v WSR Late >>>
WSR Early 0.78
UP Early v WSR Late >>
WSR Late 0.97

WSR Early v WSR Late >>

4.5 DISCUSSION

45.1 Agronomy

There were no overall differences between the treatments in terms of spring plant
population, fertile tiller number and yield. For wheat crops, increasing crop row
spacing from normal practice (10 — 12.5 cm) to wide rows (20 — 30 cm) can result in
a significant reduction in yield of the order 5-10 % (Welsh et al. 2002). Some farms
in this study experienced a yield decrease but the overall trend was for similar yields
between the treatments. Previous research has shown that varieties that perform well
in wide rows tend to be either tall by nature or grow tall due to favourable weather.
They also have a non-erect growth habit that allows them to fill in the wide row
middles, and also compensate for low population (Beuerlein 2002). However, tall
canopies and in-filling, which may create a dense sward, may be detrimental to
biodiversity such as arable weeds and birds.
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UP did not result in a yield decrease over CONV but some comments were made on
the unacceptable levels of cleavers. Galium aparine, and black-grass, Alopecurus
myosuroides, in a small minority of PA. Most wheat herbicides rely on competition
from the crop to achieve total weed suppression. Where this competition is removed,
some weeds are able to succeed in germinating and developing even though they
have been sprayed. It is preferable that any PA with heavy weed cover is spot-
treated with a non-specific herbicide such as glyphosate. UP is unlikely to be suitable
option for fields with a uniform heavy weed burden of the more competitive species
such as black-grass, wild-oats Avena spp. and cleavers.

45.2 Vegetation

PA had very different vegetation cover compared to CropUP, with lower crop cover,
generally higher weed cover and consistently greater seed production. Weed
species composition did not generally change, but total weed cover increased in the
absence of competition from the crop. However there was considerable variability
between sites and years, although these differences were not statistically analysed.
Differences between years could have been due to seasonal weather conditions,
establishment and management of the crop, method of patch creation or to a
combination of factors. Further work is needed on the impact of patch establishment
method and subsequent management on the weed flora.

The impact of individual PA in subsequent years was not studied here. Greater seed
production in PA than in CropUP indicates that there is the potential to generate
localised weed problems. However, the absence of field-scale impacts suggests that
any small-scale effects will not generate widespread problems but the presence of
undrilled patches is likely to raise awareness of an existing weed problem. In fields
where competitive weed species such as Alopecurus myosuroides are already an
issue, UP may not be an appropriate measure. In such situations, PA infested with
competitive weeds are also unlikely to be of value to ground-foraging birds because
they often form dense vegetative mats that deny access and do not generally form an
important component of bird diet.

At the field scale, manipulating the crop architecture had little impact on the crop and
weed cover in late May and early July or on the subsequent seed production.
However, between-site variability was high and this could have obscured treatment
differences. In the WSR treatment, the crop canopy may be more open early in the
season. However, autumn germinating species are usually controlled by herbicides,
and the more open canopy does not result in germination and establishment of weed
species later in the season, which are limited by the crop canopy and a lack of soil
disturbance, since seeds of many species require light to stimulate germination.

Despite the significantly higher weed cover and seed production in individual PA, the
UP treatment did not have an impact on weed cover at the field scale. This is
because the area represented by the patches is small and even high cover values on
a small area will not translate to an overall increase when averaged over a much
larger area. Seed production has the potential to result in much larger differences
between treatments. However, when averaged over the total area, there were very
few differences between treatments.

453 Invertebrates
In recent years, the simplification of arable farming associated with agricultural

change has reduced crop diversity and led to the loss of non-crop habitats; these
factors, in combination with modern herbicide and pesticide regimes, have
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contributed to a decline in invertebrate diversity on arable land (Potts 1991, Stoate et
al. 2001). Furthermore, a switch from spring sown to winter sown crops has had an
effect on weed flora by selectively encouraging autumn-germinating species
(Chancellor 1985, Hald 1999) and this has led to reduced diversity of weeds and
possibly associated invertebrates (Marshall et al. 2003). Evidence of decline has
been published for polyphagous predators, staphylinid beetles (rove beetles),
chrysomelids (leaf beetles), parasitoid wasps, moths, localised Lepidoptera (butterfly)
species, Araneae (spiders) and Opiliones (harvestmen) (Donald 1998, Aebischer
1991).

One aim of implementing UP and WSR was to reverse this trend by opening up
areas to be colonized by weeds and associated invertebrates in winter wheat fields.
Although we found no consistent effect of treatment on invertebrate abundance or
diversity, there were some limited effects on a small number of predatory species in
2002. UP increased both species richness and abundance of staphylinid (rove)
beetles, which are the second most important group of epigeic invertebrates in
agricultural environments (after Carabidae), representing 19% of all beetles in terms
of abundance (Bohac 1999). Within arable fields, staphylinids are important
predators of pests such as aphids, caterpillars and wire worms (Chiverton 1987;
Dennis et al. 1994, Bohac 1999). An increase in the abundance of these beetles is
likely to be an advantage for farmers and they are also a component of chick-food.
However, the effect was not carried over into 2003 when no field-scale effects of
treatment were found.

For invertebrates, the effect of introducing WSR was negligible and, for most species,
the effect of introducing UP was localised. In 2002, there was some indication that
the patches may have encouraged phytophagous ground active species in late
summer, when colonised by weeds. There was a dramatic difference in 2003, when
many PA remained bare, possibly due to a dry summer and, on a few sites, perhaps
also partly because the patches were ‘sprayed out’ with glyphosate in the spring
rather than being created by not drilling the area in the previous autumn.

The principle that weed cover encourages invertebrates is well established and it has
long been suggested that small islands of grass within a crop could maintain a
population of carabids (Thomas et al. 1991). The effectiveness of this idea is
demonstrated by the success of beetle banks as an overwintering site for beetles and
through their encouragement of chick-food invertebrates in the summer (Thomas et
al. 2001). Weed cover, particularly grass cover, has been shown to increase the
abundance of generalist predators such as ground beetles and spiders (Speight &
Lawton 1976, Norris & Kogan 2000). However, it is likely that a certain threshold
must be reached before any significant effect is detected. Speight & Lawton (1976)
showed a linear relationship between the number of carabid beetles and the cover of
Poa annua and Sotherton (1982) demonstrated that although the chrysomelid
Gastrophysa polygoni depends on Polygonum (knotgrass), there must be at least
eight plants per metre to attract ovipositing females. The results from this study
confirm the relationship between weeds and invertebrates: even with relatively low
weed cover some plant-insect interactions were detected. Using 2002 data, RDA
demonstrated an association between Heteroptera and broadleaved weed cover
while phytophagous staphylinids were associated with grass cover. The GLIM
analysis also suggests that an increase in weed cover would benefit many
invertebrate species. It seems that a major limitation for invertebrates on the
experimental farms was low weed cover. Whether farmers could tolerate the
threshold at which weed cover would be beneficial for invertebrate abundance within
the crop is a matter for debate.
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Although dry weather in 2003 undoubtedly played some part in the low abundance of
invertebrates, farm management was also influential. Part of the ethos of SAFFIE
was to maintain ICM on the experimental farms, a management practice which uses
herbicide and pesticides. Herbicide applied to winter wheat has been shown to
reduce the number of Araneae, Auchenorrhyncha, Heteroptera, Curculionidae, total
Coleoptera and key chick-food items, (Moreby 1997). Insecticides have been shown
to have a negative effect on the abundance of non-target species such as Coleoptera
(including Curculiondae, Chrysomelidae, Carabidae, Elateridae and Staphylinidae),
Diptera and Lepidoptera (Wilson et al. 1999, Dover et al. 1990, Purvis & Bannon
1992). Conversely, conservation headlands that are selectively sprayed with
herbicides increased the abundance and fecundity of many chick-food insects and
polypagous predators (Chiverton & Sotherton 1991 Moreby & Southway 1999).
Opening up crop structure by implementing UP and WSR may well provide gaps for
weeds and invertebrates but chemical controls may mitigate the effect; the more
open structure may even render these controls more effective.

In conclusion, there was little overall effect of the experimental treatments on
invertebrate abundance and diversity. The effects of introducing UP were largely
localised and, in 2003, UP positively discouraged invertebrates due to low weed
cover. The plant-insect analyses suggest that a higher establishment of weeds
would benefit the invertebrate community. Better management may improve the
effectiveness of UP for invertebrate biodiversity, preferably by the reduction of
chemical controls, however this may not be acceptable for farmers and land-
managers.

The lack of correlation between the faecal material and the invertebrates sampled in
the field suggests that the skylarks were not necessarily foraging exclusively within
the treatments, especially in the second year when invertebrate numbers were
relatively low. This corresponds with the observed foraging patterns (see 4.5.4).

454 Birds

The discovery of the importance of crop structure, particularly the unfavourable
nature of the sward structure of winter-cereals, to skylarks and other species (Donald
et al. 2001a, Wilson et al. 2005), suggested that measures to open up the sward of
winter-cereals might mimic some of the benefits of spring-sown cereals, while
maintaining the high yields of the winter-sown varieties. The findings of SAFFIE
Experiment 1.1 support these conclusions.

The lack of variation explained by the habitat surrounding the treatments suggests
that the pre-selection of sites based on criteria chosen to ensure a uniform breeding
habitat for skylarks was largely successful and that results observed within the
treatments were unlikely to have been influenced by the surrounding landscape.
Breeding skylarks were present on all farms in the study but although fields were
selected to meet landscape criteria favoured for breeding (Wilson et al. 1997), 21%
held no proven breeding records. This could suggest that the steep decline in
breeding numbers observed over the last thirty years has resulted in a situation
where not all available breeding habitat is occupied.

There was little variation between the two years of the study. Only in the foraging
pattern model, was there a significant effect of year, with less use of the treatment
blocks (and PA) in 2003. This mirrors the reduced availability of arable weeds and
associated invertebrate food in 2003 (see 4.5.2 and 4.5.3), probably due to very hot,
dry weather conditions.
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As with previous studies of skylarks in intensive modern arable farmland (e.g.
Daunicht 1998, Donald et al. 2001a), this research showed that skylark activity in
winter wheat decreased by the beginning of June, corresponding to the time when
canopy expansion reaches its maximum and crop height exceeds 60 cm (Sylvester-
Bradley 1998). The two experimental treatments maintained the early season
territory densities, while those in CONV decreased significantly. The maintenance of
late-season territorial activity in the experimental treatments reflects the previous
finding that crop structure diversity and territory densities were positively correlated
(Donald et al. 2001a). Although, as expected, the greatest differences between the
two experimental treatments and CONV occurred in late-season (when virtually all of
the vegetation in the CONV treatments reaches a sub-optimal height), there were
also indications that UP held slightly more territorial birds than either of the other two
treatments when the crop was less developed. This suggests that the PA afford
some kind of additional benefit to skylarks throughout the breeding season, although
this is greatest later on. Nest densities showed a similar pattern, although in this
case the effect in the three-treatment model was non-significant, as there was (i)
much variation in WSR and (ii) general decrease in late-season nest density in all
treatments, suggesting some deterioration in the suitability of nesting habitat even
the experimental treatments. However, decreases in UP and WSR were less than in
CONV and a comparison of late-season nest density in CONV and UP revealed
significantly greater densities in the latter.

Previous research has demonstrated that bare areas within the crop provide no
guarantee of suitable nesting sites. For example, tramlines make poor nesting habitat
for skylarks because of the high rates of nest predation from opportunistic predators
using the tramlines to traverse the dense crop (Donald et al. 2002). It was hoped that
the PA, which were isolated from tramlines to minimise the risk from opportunistic
mammalian predators, would provide suitable and safe nesting sites for skylarks.
However, they were rarely used for nesting. It is uncertain why skylarks made
relatively little use of PA as nest sites. One possible explanation is that the very
small, but enclosed and (at least in 2003) sparsely vegetated areas are perceived as
being of high predation risk. A shortage of cover from aerial predators, coupled with
the tall dense crop on all sides, which offers concealment close to the nest for
mammalian predators, may mean that incubating or brooding adults and nestlings
are vulnerable. No data are available for incubating or brooding passerines, but
studies suggest that foraging individuals surrounded by dense vegetation are slower
to respond to predator attacks (Whittingham et al. 2004). Nests situated on tramlines
also provide plenty of surrounding cover for predators, but their linear nature may
mean that adults and older nestlings are able to run (or, in the case of adults, flutter)
off the nest to escape attacks. On tramlines, adults may also adopt tactics to disguise
the exact position of the nest by flying into the tramline some distance from the nest
and then running along the bare area to the actual nest location; although this
strategy is ineffective against opportunist nest predators. This is not possible in PA,
were the small amount of open ground means that adults would constantly have to
land very close to the nest. In late-season UP, there was a trend, although a
relatively weak one, for nests to be located closer to PA. This, together with some
foraging observations, suggests that a minority of pairs were building nests in the
crop relatively close to PA, which were used as landing areas by adults feeding the
nestlings; the provisioning birds were then running up to 10 m to the more concealed
nest sites.

Given the limited use of PAs, it is unsurprising that there was a late-season decrease
in nest densities in UP, as most of the treatment area was by then covered by crop
with a sub-optimal structure. There were few indications that WSR provided
enhanced nesting opportunities. Although nest densities differed little between early
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and late summer, except on one or two sites, nest densities were low to start with
and 42% of WSR treatments had no proven breeding attempt; a higher ratio even
than CONV. This suggests that WSR are no more attractive than CONV at the start
of the breeding season, when perhaps the crop on some sites is too sparse. The
WSR treatment performed well in retaining early season densities but later on, they
did not seem to attract pairs displaced from other cropped habitat; perhaps because
by June, although the rows remained open at ground-level, the canopy was tall and
had largely closed over the rows on many sites. Although neither of the experimental
treatments provided prime late-season nest sites, they were more effective than
CONYV in retaining breeding pairs and in reducing the extent of the shift towards
nesting nearer to the high-predation-risk tramlines.

Despite the limited success as nest sites, the results indicated that the experimental
treatments, particularly UP, had a strong positive effect on Skylark reproduction.
During the early part of the breeding season, while conditions in winter-cereals crops
were still suitable, there was little difference in skylark breeding performance
between the three treatments. However, in the all-important period from June
onwards (when the great majority of skylark nesting attempts were once made), the
number of chicks raised per nesting attempt was greatest in UP. Nest productivity in
UP increased between the early and late periods, in contrast to CONV and WSR.
Significantly greater clutch sizes laid in both UP and WSR, indicating that females in
the experimental treatments were in better breeding condition than those in CONV,
probably as a result of being able to obtain better quality food; or, more likely, the
increased availability of food (see below). As this was a treatment effect (rather than
the treatmentXperiod interaction), it suggests that the experimental treatments had
positive impact on feeding opportunities for females throughout the season. Clutch
size also showed a non-significant trend to be greater in UP than WSR during late-
season. Other than clutch size, no individual constituents (partial clutch loss, partial
brood loss, daily nest failure rates) of breeding performance varied significantly
between treatments, although there were general trends for failure rates and partial
brood loss to be lowest in late-season UP, probably as a result of better feeding
opportunities. However, when taken together, a combination of these breeding
parameters resulted in notable differences in productivity per nest. In UP, an average
of 0.5 more chicks per breeding attempt (and 1.5 more later in the breeding season)
left the nest than in CONV, with WSR nest performance being intermediate.

The per-attempt breeding performance figures, along with the greater late-season
territory densities and a trend for retaining more nesting pairs into the summer,
showed that the experimental treatments, particularly UP, have great potential to
improve winter-wheat as a breeding environment for skylarks. Together, these data
suggest that UP in winter wheat could increase the number of chicks reared by 49%.

However, given the limited impact as nest sites, clearly UP and WSR were providing
benefits to nesting larks via another mechanism. The results of the foraging analyses
suggest that this mechanism relates to feeding. During late-season breeding in UP
and WSR treatments, the high (and increasing) proportion of foraging flights within
treatments where the nest was situated indicated that birds were better able to
exploit some facet of the local food resource than in CONV, where foraging visits
dropped by nearly 40% and almost half of all foraging was outside the treatment.
Possible explanations could relate to better quality or greater abundance or
accessibility of food in the experimental treatments.

For both experimental treatments, results from the analyses of plant and invertebrate

communities and the diet of skylark nestlings suggest that the overall abundance of
invertebrate food was not significantly greater than in CONV; nor were the
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commonest invertebrates in the nestling diet mostly associated with UP or WSR.
Therefore, greater accessibility to food is the likely cause of the increased nest
productivity. Within the UP treatment, PA were significantly selected by foraging
birds. The short, sparse ground cover recorded in PA, and the wider spacing of the
drill rows in WSR, indicated that adults are likely to be able to detect and capture
insect chick-food more easily than in a dense crop. In PA, the crop edge (and
sometimes weeds in the centre) still provided some cover from predators.

Increased ability to access food may benefit several aspects of nest productivity.
Increased feeding opportunities for females, and less effort in provisioning nestlings,
showed that they were likely to attain, and retain, better breeding condition, resulting
in the greater clutch size observed in this study. An inadequate local food supply can
lead to reduced chick survival via several mechanisms. In extreme cases, lack of
sufficient food can lead to the starvation of whole broods. This is an unusual outcome
for skylark nests (Donald et al. 2002), with only six cases recorded in this study.
However, four of those were on CONV. Lack of food may also indirectly lead to nest
failure, through increased predation. Increased begging intensity can make broods
more vulnerable to predation (Haskell 1994) and while skylark nestlings are usually
silent, hungry older chicks can be audible several metres away. However, in this
study nest predation rates did not differ between treatments. A commoner
occurrence is for partial brood loss (the starvation of one or more nestlings), for
which there was a trend for lower rates of loss on late-season UP. For some species,
a lack of food can also result in decreased body condition, which may translate to a
greater mortality on leaving the nest (Magrath 1991). Previous skylark research
(Donald et al. 2001b, Bradbury et al. 2003) and this study found no relationship
between nestling condition and habitat. However, this and the above studies indicate
that quite frequently one or more nestling(s) in a brood exhibit very poor condition
and die in the nest. The exclusion of such broods from the analyses (see section
4.3.4.4.) may indicate that analyses consider only nests that retain adequate local
food resources. Additionally, nestling food availability could be limiting but parents
compensate by working harder to find food. Organisms trade-off current reproductive
success against their own body condition and survival and, thus, future reproductive
success (Forbes & Mock 2000). For skylarks, where the probability of survival to the
next season is generally low, it may be expected that parents buffer the effects of
breeding in poor habitat by working harder and thus compromising their own survival
probability or at least the capacity to have further broods. Interestingly, although the
WSR treatment appeared to be very effective in providing a well-used foraging
habitat in late-season?, nest productivity decreased slightly from the early-season
and was well below that of late-season UP. It is uncertain why this was the case.
Possible explanations are that while the relatively open crop-base was superficially
attractive to foraging skylarks, low abundance of invertebrate food, and/or low
detection and capture rates under the tall, shaded canopy, were below those of the
more open environment in PA. Another is that birds spend less time on food
gathering and more time on predator vigilance in more enclosed areas (Whittingham
et al. 2004). More time spent away from the nest searching for food can increase
nestling mortality (Brickle et al. 2000) and in this study there was a trend for greater
losses in WSR than in UP during late-season breeding.

Yellowhammer and linnet were the only other bird species to make use of PA on a
regular basis. Yellowhammers have similar foraging requirements to skylarks for
much of the breeding season, but also feed on grain taken from the ears of cereal
crops later in the summer. Some of the linnets observed in PA were feeding on the

2 Although we caution that WSR sample size for this analysis was relatively small compared
with the other treatments.
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seeds of low vegetation, e.g. groundsel (Senecio vulgaris), but others fed on taller
vegetation, e.g. charlock (Sinipis arvensis), which had overrun a small number of PA.
Recent studies of yellow wagtail, Motacilla flava, another cereal-dwelling species with
habitat requirements similar to skylark, suggest that they may also benefit from the
provision of UP (see Chapter 7, Gilroy 2007). However, few of the Experiment 1.1
study sites held breeding yellow wagtails and it was not possible to test for possible
association in this experiment. No bird species was strongly associated with WSR.

4.6 CONCLUSIONS & RECOMMENDATIONS

Although the experimental treatments mostly did not deliver consistent increases in
bird-food abundance or biomass, and treatments had few effects on the vegetation at
the field-scale, the vegetative structure of PA was likely to have substantially
increased access to bird food resources. At a local level within the UP treatment,
differences in vegetation cover, structure and seed production were marked,
although weed cover in PA was variable between sites and years. Compared to the
surrounding crop, the vegetation in PA (including any crop-cover) was shorter,
sparser and patchier.

As a result of this localised increase in food accessibility, UP winter wheat could
increase the number of skylark chicks reared by nearly 50%, an increase in
productivity of a magnitude potentially capable of reversing recent declines in this
species. It is known that the provision of UP can produce benefits at the local scale.
Since the introduction of UP at the RSPB’s demonstration farm in Cambridgeshire
(one of the experimental sites in this study), the skylark population has nearly trebled
and there is also evidence that they moved out of CONV wheat in favour of UP
(Donald & Morris 2005, Stoate & Moorcroft 2007). WSR provided some wildlife
benefits (particularly for skylarks) but effects were not as consistent or as
pronounced as for UP and yield reduction was reported on some sites.

The striking success of the UP treatment suggested that, if widely adopted alongside
other ‘skylark-friendly’ options that deliver the other resources needed for skylarks to
complete their life-cycle (e.g. overwintered stubbles), it could greatly benefit the
skylark population. However, to ensure adoption of this technique, farmers must be
compensated for the extra work and loss of yield that UP would inevitably incur. The
successful demonstration of the effectiveness of UP by this study, has provided a
scientific basis for the inclusion of ‘Skylark Plots’ in Defra’s Entry Level
Environmental Stewardship Scheme (ELS) in England (where most of the winter-
sown rotations in the UK are concentrated). The option (EF8) is currently worth 5
points per plot. This allows farmers wishing to introduce Skylark Plots to their winter
cereals to receive the funding to do so. As the option is easily adopted during existing
farming operations, it is likely to be profitable for farmers in the vast majority of cases
(see cost:benefit analysis, Chapter 8). However, so far take-up of Skylark Plots in
ELS has been low (<3% agreements), as they do not accrue a high point total or
have the familiarity of management associated with some other stewardship options.
Current ELS requirements and guidelines are:

» Each year, select a field that is to be sown with a winter cereal, more than 5 ha in
area and of an open aspect. A good guide is the presence of skylarks singing
over the field in previous years.

» Avoid fields bounded by tree lines or adjacent to woods unless the field is greater
than 10 ha.
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» To create the plot, turn off the drill during sowing in order to leave an unsown
area. This area should be no less than 3 m in length or width and no more than
12 m in length or width. The precise size and shape within these limits depends
on what is practical with the drill. After drilling, there is no requirement to manage
the plots differently to the remainder of the field (i.e. they can be over-sprayed,
receive fertiliser applications, etc.). Following the Environmental Stewardship
scheme review in autumn 2007, creation of plots by spraying-out with a broad-
spectrum herbicide before Christmas is likely to be allowed as another method of
establishment.

= Do not create the plots so that they are connected to tramlines and make sure
they are well away from field boundaries.

= Space the plots across the field, creating no more than two plots per hectare.
» There must be no mechanical weeding of the plots between 1 April and harvest.
» There is no requirement to keep the plots weed-free.

= This option is a ‘rotational option’. This means that the plots may move around
the farm with the normal arable rotation, but the same total number of plots must
be maintained.

The successful development and trialing of UP, and their subsequent rapid
integration into national agricultural policy, represents a rare example of a targeted
and practicable conservation initiative that could protect the population of a
widespread but declining species throughout much of its range. Attempts to protect
such widespread species through, for example, the creation of nature reserves could
not protect anything more than a tiny proportion of their populations. SAFFIE
Experiment 1.1 has set a template for similar schemes to develop, test and
implement novel options for other declining farmland species. The development and
deployment of such ‘smart’ research-based schemes, along with continued financial
support of agri-environment schemes, represents the only practical way that the UK
Government can reach its 2020 target to reverse farmland bird declines.
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APPENDIX 1

Table 4.A1 a) Experimental site details 2001/2002

Farm Code Location Soil type Variety Drill date Fungicides Herbicides Insecticides Other Wheat
Pesticides

HM North Yorkshire ~ZyCL Hereward 8 Oct. 5 3 2 0 1

PX East Yorkshire, Mixed clay patches Soissons 13 Oct. 4 3 1 1 1t

WH Cambridgeshire C Claire 23 Sept. 5 9 4 1 1%

GK Cambridgeshire C Claire 10 Sept - - - - 1%

WH Suffolk Cc Consort & 15 Oct. 14 9 4 9 2"
Claire

PH Norfolk Cc Claire 13 Dec. 5 4 2 5 1

GD/LD Oxfordshire - Consort & 12 Oct. 4 7 0 0 1
Claire

WF Wiltshire - Malacca 26 Sept. 4 8 2 2 1

LE Oxfordshire ZyCL Malacca 19 Oct. 5 2 0 0 1%

SL Wiltshire Chalky Claire 12 Oct. 6 5 2 2 2

BX Cambridgeshire C - - -
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Table 4.A1 b) Experimental site details 2002/2003

Farm Code Location Soil type Variety Drill date  Fungicides Herbicides Insecticides Other Wheat
Pesticides

HM North Yorkshire ZyCL Napier 8 Oct. 2 4 0 1 2
PX East Yorkshire, Mixed clay patches Claire & Soissons 10 Sept. - - - - 1%
WP Cambridgeshire C Malacca 1 Oct. - - - - 2
GK Cambridgeshire  C Consort 20ct. 8 4 3 6 2
WH Suffolk Cc - - - - - - -
PH Norfolk C Consort 5 6 2 2 2"
GD/LD Oxfordshire - Claire 10 Dec. 3 5 3 4 2"
WF Wiltshire - - - - - - - -
LE Oxfordshire ZyCL - 26 Sept. - - - - 1°!
SL Wiltshire Chalky - - - - - - -
BX Cambridgeshire C Malacca 1 Oct. 4 9 1 5 2
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APPENDIX 2

Table 4.A2. Comparison of back transformed means for vegetation cover (%) and

species richness (number of species
treatments (repeated measures ANOVA).

per plot) across the three

Means Treatment Time
CONV UP WSR May July F P F P

2002: Treatment d.f. =2, 18; Time d.f. =1; n =60

Group1 0.09 029 0.16 012 0.24 091 0419 1.21 0.281
Group2 0.11 0.08 0.14 0.10 0.11 0.57 0.577 0.08 0.782
Group3 022 0.13 023 0.22 0.16 0.58 0.571 0.62 0.438
Group4 230 354 097 115 341 3.55 0.05023.73 <.001
Groups12 026 045 034 026 044 0.37 0695 1.26 0.271
Groups123 0.57 0.67 0.71 054 0.77 0.15 0.860 0.96 0.337
All weeds 325 512 191 190 5.08 3.75 0.04425.56 <.001
Broad-leaved species 1.04 121 084 0.76 1.32 0.32 0.728 4.37 0.046
Grasses 152 240 0.73 0.68 255 1.57 0.23421.83 <.001
Bare ground 78.99 78.61 80.71 79.76 79.13 5.54 0.013 0.23 0.632
Litter 127 141 1.02 141 1.05 1.17 0.332 580 0.023
Crop 55.40 55.05 48.43 34.22 71.29 290 0.08149.4 <.001
Alopecurus myosuroides 066 125 0.21 030 110 1.61 0.22813.59 0.001
Galium aparine 0.26 046 0.07 015 0.33 1.72 0.208 5.62 0.025
Poa annua 0.02 0.11 0.02 0.01 0.10 0.75 0.486 2.97 0.096
Species richness 6.85 10.9 6.55 8.97 7.23 7.21 0.00511.60 0.002
2003:Treatment d.f. =2, 15; Time d.f. =1; n =52

Group1 027 0.14 031 021 026 1.05 0.374 0.30 0.589
Group2 0.20 0.08 0.06 0.06 0.16 0.90 0.426 2.46 0.130
Group3 0.58 0.20 035 0.30 043 1.12 0.352 0.64 0.433
Group4 076 149 216 063 250 149 0.25723.73 <.001
Groups12 067 029 045 034 058 148 0.259 232 0.141
Groups123 143 053 091 072 114 203 0.166 1.76 0.197
All weeds 269 246 374 166 457 0.87 0.43920.88 <.001
Broad-leaved species 213 0.83 139 094 196 3.72 0.049 441 0.047
Grasses 0.23 1.04 127 034 137 191 0.18331.16 <.001
Bare ground 81.52 81.83 81.14 86.15 76.33 0.13 0.88358.63 <.001
Litter 3.85 293 4.02 269 4.60 0.68 0.520 9.78 0.005
Crop 32.51 34.63 29.74 23.74 4144 235 0.13074.46 <.001
Aethusa cynapium 0.12 0.07 012 0.05 0.18 0.21 0.815 4.61 0.042
Alopecurus myosuroides 0.05 0.73 0.78 0.19 0.75 2.60 0.10713.79 0.001
Galium aparine 015 0.12 0.23 0.10 0.24 0.38 0.687 7.75 0.011
Sinapis arvensis 0.02 0.03 0.07 0.04 0.03 0.68 0.522 0.06 0.815
Species richness 6.89 10.89 583 797 7.76 9.01 0.003 0.13 0.721
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Table 4.A3. Comparison from repeated measures ANOVA of back transformed
means for vegetation cover (%) and species richness (number of species
per plot) on patches (PA) and in surrounding crop (CropUP).

Means Treatment Time
CropUP  PA May July F P F P

2002: Treatmentd.f.=1,9; Time d.f. =1; n=40

Group1 0.26 250 029 239 729 0.024 571 0.028
Group2 0.07 0.64 014 048 3.65 0.088 1.89 0.187
Groups12 0.42 3.84 051 358 9.08 0.015 6.65 0.019
Grasses 234 1159 250 11.36 14.74 0.00421.20 <.001
Litter 1.41 084 119 1.02 253 0.146 0.38 0.543
Alopecurus myosuroides 1.24 566 150 5.14 543 0.04511.17 0.004
Galium aparine 0.45 141 037 156 6.91 0.02714.38 0.001
Poa annua 0.11 0.73 0.06 089 248 0.149 2.81 0.111
Species richness 6.30 940 8.80 6.90 12.29 0.007 5.97 0.025
2003:Treatment d.f. =1, 8; Time d.f. = 1; n = 36

Group1 0.12 157 0.22 1.29 1053 0.012 545 0.033
Group2 0.08 0.37 0.07 0.40 23.25 0.001 7.08 0.017
Group3 0.19 0.85 0.22 0.78 9.62 0.015 5.01 0.040
Bare ground 81.82 86.62 89.17 78.69 4.37 0.07067.49 <.001
Crop 34.73 464 1144 23.18 4195 <.00131.15 <.001
Aethusa cynapium 0.07 026 0.04 0.33 2.63 0.143 3.91 0.066
Alopecurus myosuroides 0.72 237 059 261 917 0.01621.34 <.001
Galium aparine 0.12 026 0.14 023 1.09 0.326 2.79 0.114
Sinapis arvensis 0.02 0.70 0.06 0.58 5.16 0.053 2.98 0.104
Species richness 6.06 956 7.33 8.28 7.38 0.026 1.24 0.281
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Table 4.A4. Comparison of back transformed means for vegetation cover (%) on patches (PA) and in surrounding crop (CropUP) where there
was an interaction between treatment and time.

May July Treatment Time TreatmentXTime
CropUP PA CropUP PA F P F P F P

2002:Treatment d.f. = 1, 9; Time d.f. = 1; TreatmentXTime d.f. = 1,18; n =40
Group3 0.17 0.54 0.07 1.81 22.61 0.001 1.72 0.207 5.04 0.038
Group4 1.84 5.77 5.53 29.66 18.68 0.002 35.57 <.001 10.31 0.005
Groups123 0.51 1.66 0.76 12.84 16.14 0.003 6.93 0.017 5.26 0.034
All weeds 2.67 8.26 8.07 50.87 35.31 <.001 51.78 <.001 18.78 <.001
Broad-leaved species 0.82 1.99 1.53 18.94 20.44 0.001 15.82 <.001 10.18 0.005
Bare ground 79.67 87.85 77.52 67.43 0.00 0.989 13.57 0.002 9.08 0.007
Crop 35.05 2.72 74.70 4.68 117.38 <.001 20.96 <.001 12.57 0.002
2003: Treatment d.f. = 1, 8; Time d.f. = 1; TreatmentXTime d.f. = 1,16; n = 36
Group4 0.85 1.59 2.27 8.39 10.62 0.012 43.81 <.001 10.12 0.006
Groups12 0.21 0.52 0.32 4.96 15.01 0.005 7.30 0.016 5.46 0.033
Groups123 0.41 0.87 0.59 7.51 18.82 0.002 9.79 0.006 7.38 0.015
All weeds 1.55 2.99 3.48 18.63 24.55 0.001 32.78 <.001 12.83 0.002
Broad-leaved species 0.68 1.25 0.92 9.28 24.90 0.001 12.07 0.003 9.16 0.008
Grasses 0.47 1.17 1.76 6.45 8.30 0.020 33.58 <.001 5.26 0.036
Litter 1.74 1.60 4.43 2.13 5.65 0.045 15.22 0.001 5.50 0.032
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Table 4.A5. Comparison of seed production (seeds m?) and species richness
(number of species per plot) on the three treatments. Back transformed
means for total and viable seeds.

Means Overall CONVvs UP WSRvs UP
CONV UP WSR F P F P F P

2002 — Total Seeds: Treatment d.f. = 2; 18; Contrast d.f. = 1; n = 30
Group1 8.8 145 3.8 135 0.284 043 0522 2.67 0.120
Group2 45 10.7 3.1 160 0229 156 0.228 3.01 0.100
Group3 34 75 119 083 0452 064 0435 0.23 0.640
Group4 185.2 488.8 113.8 0.86 0.442 0.72 0.408 1.65 0.215
Groups12 204 527 102 237 0.122 1.64 0.216 4.69 0.044
Groups123 36.2 822 219 164 0222 126 0.276 3.21 0.090
All weeds 415.9 1229.3 337.8 1.32 0.292 1.59 0.223 2.30 0.147
Broad-leaved species 33.7 881 292 143 0265 182 0.194 244 0.136
Grasses 124.9 644.7 106.2 1.26 0.308 1.71 0.208 2.05 0.169
Alopecurus myosuroides  44.7 66.6 176 0.62 0.551 0.10 0.756 1.17 0.294
Species richness 6.2 104 5.1 10.65 <0.001 12.01  0.003 19.12 <0.001
2002 - Viable Seeds: Treatment d.f. = 2; 18; Contrast d.f. = 1; n = 30
Group1 25 7.3 1.6 192 0.176 1.99 0.175 3.54 0.076
Group2 09 44 1.6 2.89 0.082 541 0.032 2.84 0.109
Group3 08 44 42 234 0.125 354 0.076 0.00 0.986
Group4 43.7101.3 16.8 1.29 0.300 0.58 0456 2.58 0.126
Groups12 48 235 48 3.37 0.057 5.04 0.038 5.06 0.037
Groups123 55 321 10.0 3.52 0.051 6.77 0.018 3.09 0.096
All weeds 7493792 56.5 3.12 0.069 391 0.063 534 0.033
Broad-leaved species 40 241 156 3.99 0.037 7.36 0.014 0.46 0.507
Grasses 40.7 2281 11.6 4.38 0.028 3.03 0.099 8.66 0.009
Alopecurus myosuroides  20.4 29.9 7.5 0.76 0483 012 0.729 1.44 0.246
Species richness 40 82 3.5 9.67 0.001 12.80 0.002 16.02 <0.001
2003 — Total Seeds: Treatment d.f. = 2; 15; Contrast d.f. = 1; n = 26
Group1 13.8 5.3 9.7 059 0566 1.16 0.298 044 0.518
Group2 42 33 1.9 0.27 0.766 0.07 0.790 0.21 0.654
Group3 08 1.8 21 028 0.760 0.33 0.575 0.02 0.898
Group4 59.3 168.8 212.8 0.84 0451 098 0.338 0.05 0.822
Groups12 36.2 122 199 067 0525 1.34 0.265 025 0.624
Groups123 40.7 16.0 285 046 0.643 0.89 0.360 0.35 0.562
All weeds 22812229 601.6 054 0592 0.00 0.975 084 0.374
Broad-leaved species 50.3 26,5 241 050 0614 0.65 0431 0.01 0.914
Grasses 26.5103.7 127.8 1.29 0.303 1.62 0.223 0.05 0.831
Alopecurus myosuroides 41 552 259 352 0.056 6.72 0.020 0.65 0.434
Species richness 3.7 91 3.7 33.06 <0.001 49.91 <0.001 49.27 <0.001

104



(continued)

Means Overall Convvs UP  WSRvs UP
CONV UP WSR F P F P F P

2003 — Viable Seeds: Treatment d.f. = 2; 15; Contrast d.f. = 1; n = 26
Group1 49 1.8 42 047 0.634 080 0.385 0.60 0.452
Group2 27 11 0.8 0.47 0.632 0.57 0.464 0.03 0.875
Group3 0.0 0.7 0.8 1.53 0.248 1.97 0.181 0.04 0.840
Group4 209 23.0 621 0.61 0556 0.01 0933 0.83 0.376
Groups12 156 3.6 75 0.79 0472 158 0.228 0.36 0.556
Groups123 156 44 8.3 0.58 0571 116 0.298 0.27 0.611
All weeds 78.4 427 113.8 0.32 0.730 0.23 0.637 0.63 0.438
Broad-leaved species 185 59 8.1 0.68 0524 1.27 0.278 010 0.756
Grasses 145 224 379 032 0.728 0.13 0.720 0.19 0.667
Alopecurus myosuroides 22 116 85 171 0.214 3.05 0.101 0.12 0.733
Species richness 21 7.2 2.9 27.51 <0.001 47.12 <0.001 34.41 <0.001
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Table 4.A6. Comparison of seed production (seeds m?) and species richness
(number of species per plot) in patches (PA) and surrounding crop
(CropUP). Back transformed means for total and viable seeds.

Treatment
CropUP PA F P

2002 — Total Seeds: Treatmentd.f. =1, 9; n =20

Groupl 8.5 268.2 12.67 0.006
Group2 6.2 176.8 12.39 0.007
Group3 3.1 233.4 16.44 0.003
Group4 322.6 5369.3 9.99 0.012
Groups12 29.2 1994.3 29.41 <0.001
Groups123 32.1 5247 1 38.83 <0.001
All weeds 932.3 29511.1 30.49 <0.001
Broad-leaved species 36.2 5369.3 38.68 <0.001
Grasses 425.6 15134.6 22.87 <0.001
Alopecurus myosuroides 62.1 203.2 4.30 0.068
Species richness 6.0 8.6 7.04 0.026
2002 — Viable Seeds: Treatment d.f. =1, 9; n = 20

Group1 4.8 116.5 11.84 0.007
Group2 2.2 96.7 15.04 0.004
Group3 2.2 74.9 9.88 0.012
Group4 88.1 932.3 12.32 0.007
Groups12 11.9 890.3 25.24 <0.001
Groups123 13.1 1697.2 30.15 <0.001
All weeds 315.2 7942.3 29.43 <0.001
Broad-leaved species 10.2 1583.9 41.84 <0.001
Grasses 168.8 4167.7 18.87 0.002
Alopecurus myosuroides 29.4 921 7.04 0.026
Species richness 3.8 71 21.26 0.001
2003 — Total Seeds: Treatmentd.f. =1, 8; n=18

Group1 3.3 337.8 87.96 <0.001
Group2 2.2 51.5 11.10 0.010
Group3 0.6 37.0 9.40 0.015
Group4 108.6 4896.8 25.61 <0.001
Groups12 8.1 500.2 50.26  <0.001
Groups123 8.5 811.8 4567 <0.001
All weeds 137.0 6917.3 26.90 <0.001
Broad-leaved species 14.5 999.0 30.07 <0.001
Grasses 65.1 2883.0 21.28 0.002
Alopecurus myosuroides 491 548.5 11.17 0.010
Species richness 4.1 8.3 23.97 0.001
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(continued)

Treatment
CropUP PA F P

2003 — Viable Seeds: Treatmentd.f.=1,8; n=18

Group1 0.8 122.0 40.10 <0.001
Group2 0.8 20.9 10.96 0.011
Group3 0.5 13.5 11.06 0.010
Group4 14.5 1022.3 3495 <0.001
Groups12 2.1 203.2 58.58 <0.001
Groups123 2.5 287.4 67.39 <0.001
All weeds 23.0 2137.0 34.79 <0.001
Broad-leaved species 3.5 345.7 59.46  <0.001
Grasses 14.1 723.4 21.04 0.002
Alopecurus myosuroides 8.8 181.0 11.33 0.010
Species richness 2.1 6.7 37.15 <0.001
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11 SUMMARY

A small-scale study was undertaken to explore methods of enhancing biodiversity
within winter wheat crops by increasing the abundance of beneficial plant species
and associated invertebrates. A factorial design combined row spacing and
cultivation treatments with targeted herbicide programmes. Conventional row
spacing was compared to wide-spaced rows and to wide-spaced rows plus
cultivation between the rows in spring. Herbicide treatments included a range of
selective and broad-spectrum herbicides applied individually and in combination.
The study was conducted at three sites with contrasting soil types over three years.
Herbicide treatments were different at one site reflecting the different weed spectrum.

Vegetation cover and arthropod abundance (sampled using a Dvac suction sampler)
were recorded in mid-June. Seed production was measured on a subset of
treatments by pre-harvest seedhead and soil surface samples. Fertile tiller number,
grain yield and grain quality were recorded. Data were analysed using a two-factor
analysis of variance for each site/year individually. Plant species were grouped
according to their desirability with respect to both agronomic issues and biodiversity
benefits. Arthropods abundance was analysed by both taxonomic and functional
groupings. Plant and arthropod communities were also analysed using multivariate
technigues to investigate relationships between the two species assemblages.

Row spacing had a significant effect on fertile tiller number and yield in some, but not
necessarily the same, sites/years, although crop cover was consistently lower under
wide-spaced rows compared to conventional. The use of wide-spaced rows
significantly reduced yield by 4% compared to conventional spacing in three site
years, because of intra-row competition. Using a spring cultivation with the wide-
spaced rows significantly reduced yield by 4.7% over wide-spaced rows alone in two
site years. Yields were significantly lower on untreated plots compared to those that
received herbicides in five of the nine site-year combinations; however, differences
between herbicide treatments were only recorded in one site/year. Grain quality was
generally unaffected by the treatments.

Weed and arthropod populations were different at each site and in each year,
reflecting the different soil types, fields and weather. There were few effects of the
spacing/cultivation treatments on either vegetation or arthropods; where differences
were recorded, the effects were not consistent across sites or years.

Herbicide treatment had a significant effect on all individual weed species and
groupings analysed, except where weed cover was very low (<0.5% on untreated
plots). Greatest weed cover and diversity were usually recorded on plots untreated
by herbicides. Generally, single-product herbicide applications left more plant cover
than sequences; different sequences controlled weeds equally effectively, except at
Boxworth in 2004, where some species were not fully controlled in the absence of a
pre-emergence herbicide. In most sites/years a spring application of amidosulfuron
allowed the greatest number weeds to survive of those treatments receiving
herbicide. Where desirable species remained, undesirable species were sometimes
poorly controlled. Although in some sites/years, where Galium aparine was the most
important undesirable species, a spring application of amidosulfuron effectively
controlled this species, but left appreciable cover of desirable species. Effects of
herbicide on seed production were similar to those on weed cover.

The indirect effect of herbicide on arthropod abundance varied between groups, but

significant effects were more common at sites/years with greater weed cover. There
was variation in the degree to which groups were affected by different herbicide
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regimes, but in response to vegetation cover, untreated plots usually supported
greatest, and herbicide sequences led to the lowest, arthropod populations. Of the
single herbicide applications, arthropod abundance was generally greatest where
there was a spring application of amidosulfuron, benefiting a range of groups
including nectar feeders, omnivores, Diptera, Heteroptera and species comprising
skylark food items. This effect was pronounced at High Mowthorpe in 2005 and
Boxworth in 2004. However, treatment effects were much more variable than for the
vegetation.

Weed cover and arthropod abundance were only related where weed cover was
relatively high (>25% on untreated plots), as were the species assemblages. The
species composition of the weed community was affected by herbicide application;
most herbicide treatments reduced the complexity of the weed spectrum. There was
also an effect on arthropod species assemblage, but there was less differentiation, as
might be expected, because herbicides have an indirect effect on arthropods. In
contrast with the weed community, the species assemblage of the arthropod
community responded to row spacing and cultivation. At Gleadthorpe in 2003, wide-
spaced, cultivated rows supported a greater proportion of beetles, bugs and spiders,
which are all components of chick food.

The results of this study suggest that, in certain circumstances, it is possible to
increase weed cover by the use of selective herbicides and this can result in positive
benefits for wider biodiversity. However, management must be site specific and
reactive and this approach is not appropriate where pernicious grass weeds are
common or where herbicide resistance is present.

1.2 INTRODUCTION

1.2.1 Background

Over the past few decades there has been a decline in the biodiversity associated
with arable land (e.g. Pain & Pienkowski, 1997). Intensive production methods aim
to minimise weed flora by the use of herbicides, competitive crop varieties and
cultivations, resulting in a loss of plant biodiversity and reduced resource availability
for groups at higher trophic levels. Also, a much greater proportion of cereal crops
are now planted in the autumn. The result has been to encourage autumn
germinating species compared to spring germinators (Hald, 1999). This has both
reduced plant biodiversity and compounded the impact of other intensive methods on
many other trophic groups, because many weed species that are considered most
valuable as a food source are those which germinate in spring. Evans (1996) has
highlighted the impact on birds of the loss of seed food over winter as a result of the
switch from spring to autumn sown cereals and their treatment with herbicides.
Diversity of invertebrates associated with the weed flora may also have been
reduced (Marshall, 2003).

The aim of this study was to investigate the possibility of increasing populations of
beneficial weeds, without increasing populations of agronomically important
undesirable species. Beneficial weeds were considered to be those which are
valuable to wider biodiversity but which are less competitive and do not represent a
significant loss of yield except at high densities. The study combined a range of
herbicide programmes with wide-spaced rows and a spring cultivation. Selective
herbicides were chosen to investigate whether herbicide programmes can be used to
allow the less competitive species to remain at levels which do not compromise
production but which benefit wider farmland biodiversity. Lower crop competition
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under WSRs may allow germination later in the season and encourage greater weed
cover between rows. They also allow a spring cultivation between rows which may
initiate germination of beneficial species.

1.2.2 Objective

To increase the abundance and availability of plant species, such as spring
germinating weeds, and associated invertebrates.

13 MATERIALS AND METHODS

13.1 Experimental design

The study was carried out at three ADAS sites representing a range of soil types,
over three years (Table 5.1), moving to a different field each year. The study
combined a range of herbicide treatments with three row spacing and cultivation
treatments in a factorial design. The experiment was a completely randomised
design except at Boxworth in 2005 where the study was a split plot design with
herbicide treatments nested within spacing and cultivation treatments. Herbicide
treatments were different at Boxworth to those at Gleadthorpe and High Mowthorpe
reflecting the different weed communities. In the first year, a larger number of
herbicide treatments were studied than in the following years. The results from the
first year were used to refine the treatment list with the most interesting treatments
chosen for the following two years of the trial. For simplicity, only those treatments
that were applied in all three years have been included in the analyses presented
here. At Boxworth, two of the 2003 treatments were different to subsequent years
and in 2004 and 2005 clodinafop-propargyl was applied to all treatments to control
grass weeds (Table 5.2). The row spacing/cultivation treatments were conventional
spacing (Conv), wide-spaced rows (WSR) and wide-spaced rows with a spring
cultivation after spring herbicide application (WSR+Cult). Wide-spaced rows were
created by blocking off every other drill coulter, but the overall seed rate was the
same as for Conv. In the first year, there were three replicates of each treatment.
This was increased to five in subsequent years. Plots were three or four metres wide
by 24 metres long. Experimental crops were managed to the ICM standard following
guidelines in "Arable cropping and the environment — a guide" HGCA/DEFRA 2002.
Varieties were selected from the HGCA recommended lists. Full details are given in
Appendix 1.

Table 5.1 Summary of site details.

Site Soil type Row width No. of herbicide  Plot width
Conv/WSR (cm) treatments (m)
Boxworth (BX) clay 12/24 8 3
Gleadthorpe (GT) sand 12/24 7 4
High Mowthorpe (HM) chalk 12/24 7 3
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The range of herbicide treatments applied included 'untreated’, 'full weed control' and
a range of pre-emergence, post-emergence and spring herbicides which were
applied in combination or individually (Table 5.2 & Table 5.3). Details of products
used and target weed species are presented in Table 5.4. Generally, products were
applied at manufacturers’ recommended rates. The exception was at Boxworth
where pendimethalin + flufenacet was applied both at full rate and at 75% of full rate
in combination with clodinafop-propargyl. Full details of crop management are
presented in Appendix 1. At High Mowthorpe, Avena spp. were removed from plots
by hand in June 2003.

Table 5.2 Herbicide treatments applied at Boxworth.
Treat. Pre-em. herbicide Post-em. herbicide March herbicide
a
b  pendimethalin + flufenacet
C flupyrsulfuron-methyl
d amidosulfuron
e pendimethalin + flufenacet flupyrsulfuron-methyl

@ 75% recommended rate

f pendimethalin + flufenacet flupyrsulfuron-methyl
g flupyrsulfuron-methyl amidosulfuron
h®  pendimethalin + flufenacet flupyrsulfuron-methyl amidosulfuron

!Clodinafop-propargy! applied post-emergence to all treatments (including ‘untreated) in 2004
and 2005. In 2004, clodinafop-propargyl @ 125 ml ha™ + Toil adjuvant @ 1 | ha™. In 2005
clodinafop-propargyl @ 125 ml ha™ + Fortune adjuvant @ 0.75 | ha™.

22003 treatment included a pre-emergence application of Avadex @ 15 kg/ha.

% 2003 treatment included Ally @ 30 g/ha plus Starane @ 2.0 I/ha in April/May, not
amidosulfuron in March.

Table 5.3 Herbicide treatments applied at Gleadthorpe and High Mowthorpe.

Treat. Pre-em. herbicide Post-em. herbicide March herbicide
a
b diflufenican + trifluralin
c diflufenican + isoproturon
d amidosulfuron
e diflufenican + isoproturon amidosulfuron
f diflufenican + isoproturon florasulam
g diflufenican + isoproturon mecoprop-p
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Table 5.4 Weeds controlled and products applied.

Active ingredients Target weeds Product Rate of
application
pendimethalin + flufenacet  grasses + dicots including Galium aparine Crystal 41/hat
flupyrsulfuron-methyl dicots + Alopecurus myosuroides Lexus 20 g/ha
amidosulfuron Galium aparine + other dicots Eagle 30 g/ha?
clodinafop-propargyl Alopecurus myosuroides + Avena spp. Topik 125 ml/ha
clodinafop-propargyl + Alopecurus myosuroides, Avena spp., Hawk 2.51/ha
trifluralin dicots
diflufenican + trifluralin Poa annua + dicots including Galium Ardent 2.51/ha
aparine
diflufenican + isoproturon grasses + dicots including Galium aparine Panther 2.0l/ha
florasulam grasses + dicots including Galium aparine Boxer 0.75 I/ha®
mecoprop-p Stellaria media, Galium aparine + other ~ CMPP-p 2.0 I/ha*
dicots
tri-allate grasses Avadex 15 kg/ha
metsulfuron-methyl dicots and Stellaria media Ally 30 g/ha
fluroxypyr Galium aparine + other dicots Starane 2.0l/ha

@ 3 I/ha on treatment e at Boxworth
2 @ 40 g/ha in 2003

3 @ 0.15 I/ha in 2003

* @ 5.6 I/ha in 2003

1.3.2 Data collection

Plots were split into two areas for the purposes of monitoring with 2 m buffer areas
between and at each end of the plot. All destructive monitoring including biodiversity
sampling was undertaken in a 6 m length of the plot with 12 m reserved for yield
estimation.

13.2.1 Agronomy

Plant/tiller population (March)

In the spring, plant/tiller populations were assessed in 10 x 0.5 m lengths of row per
plot on the untreated and selected autumn treatments.

Row width (March)

A record of row width was made in each treatment by measurement in the field.

Disease monitoring (around 23 June)

Disease was assessed on untreated plots in mid-late June, but earlier if leaf 4 was
greater than 50% dead. Percent infection of each disease and green leaf area were
assessed on leaves 1, 2 and 3 separately on mainstems or tillers. This was done at
10 stops per plot. Any field-scale disease problems were recorded if patchy in
nature. Where stem base diseases such as eyespot or take all were present 25
tillers were taken from each plot and assessed for presence or absence of disease.
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Number of fertile tillers (early July)

Numbers of fertile tillers were assessed by counting the total number on both sides of
five 0.5m lengths, along the row, per plot.

Crop vield

Grain was harvested using a plot combine. A sample of grain was assessed for
moisture content, thousand grain weight (TGW) and specific weight (Spwt) in the
laboratory.

Trash levels in harvested seed

After experiencing high levels of trash in the 2004 harvest year, grain samples with
high levels of weeds in 2005 were assesses for level of trash.

Other records
A field diary containing site and input details was recorded.
1.3.2.2 Vegetation

Vegetation was monitored on one occasion in late June to assess the overall effects
of the treatments. Five randomly positioned 0.25 m? quadrats (0.5 x 0.5 m) were
sampled on each plot. Percent ground cover of each weed species was recorded
plus crop ground cover, bare ground (viewed from below the canopy), bare ground
(viewed from above the canopy) and litter. Cover was recorded in the following
categories, with the midpoint value used for analysis: 0-1%, >1-2%, >2-5%, >5-10%,
>10-20%, etc to >90-100%. Total plant ground cover could total more than 100%
because vegetation was present at different heights in the canopy.

In order to estimate food resources available to other trophic groups, the reproductive
status of each species was recorded using the following categories: vegetative
growth only, flower shoots and buds present, flowering, seeds present/dehiscing.
These categories were recorded at proportions of 1-25%, 26-50%, 51-75% and 76-
100%.

To obtain an estimate of potential seed availability as a food source for birds over the
autumn and winter, seed production was assessed in late July, pre-harvest, in a
subset of herbicide treatments under conventional spacing (Boxworth: a 'untreated’, b
‘pre-em only', d 'spring only' and h 'full weed control'; Gleadthorpe & High
Mowthorpe: a 'untreated’, d 'spring only' g ' post-em followed by spring' NB. different
spring herbicide in 2003). Three randomly located 0.25 m? quadrats were sampled
per plot and samples bulked. All weed vegetation was removed from the quadrats
and recently-shed seeds were sampled from the soil surface using a portable
vacuum. In the laboratory, seeds were separated from vegetative matter by hand,
identified and counted. Seeds were extracted from the soil surface sample by
washing the soil through a 500 um mesh sieve to remove the fine soil particles
followed by floating off the organic matter using a saturated solution of CaCl,. Seeds
were then removed from other organic matter by hand under x2 magnification,
identified and counted. Numbers of both mature seed (assessed as viable by visual
inspection or squeezing between forceps; Ball & Miller, 1989) and immature seed
were assessed. Because sampling was carried out before harvest, some of the
immature seed would have become viable by harvest. Also, immature seed may still
form a potential food source for other species.
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This assessment of seed production does not represent total seed production
through the season. Some seed shed before sampling would have become
incorporated into the soil and some would already have been taken by granivorous
species. However, this approach will indicate the potential food source available to
other species after harvest.

1.3.2.3  Arthropods

Arthropods were sampled using a Dvac suction sampler, between 2 and 7 days after
vegetation sampling. In each site/year a subset of treatments were sampled based
on preliminary vegetation data in order to sample the most potentially interesting
treatments. One sample was collected from each plot consisting of five sub-samples
each taken over ten seconds, thereby sampling a total area of 0.5 m?. Arthropods
were identified to family. Individuals were counted and are presented as number of
individuals termed ‘abundance’.

1.3.3 Statistical analysis

Each site/year was initially analysed separately. Percent ground cover data
(vegetation) were angular transformed and count data (seeds and arthropods) were
logio (x+1) transformed prior to analysis. Data for species richness (humber of
species per plot) were not transformed. Data were analysed using a two factor
analysis of variance to determine the effects of herbicide treatment,
spacing/cultivation treatment and the interaction between them. Analysis of contrasts
was used to compare:

e conventional spacing vs wide-spaced rows
e wide-spaced rows vs wide-spaced rows + cultivation

Where there was no interaction between treatments, the interaction term was
dropped from the model and the data reanalysed to include analysis of all pairwise
comparisons of herbicide treatment means using Duncan’s multiple range test.

Seed data was collected only from the conventional spaced treatment, therefore a
one factor analysis of these data was carried out. Seed data were analysed both as
'viable' and 'total'. All analyses were carried out using General Analysis of Variance
(ANOVA) with blocks specified as 'block’. All analyses were carried out using
Genstat 8.1, 2005, Lawes Agricultural Trust. Error bars represent +/- SEMs
throughout.

Plant species were classified in groupings relating to their desirability with respect to
both agronomic issues and biodiversity benefits (in terms of benefits to birds and
arthropods) (Table 5.5) and also as grasses or broad-leaved species. Desirability
groupings were also combined into all desirable species (Groupl + Group2; named
'‘Groups12’) and all neutral/desirable species (Groupl + Group2 + Group3; named
'‘Groups123'). Unless numbers were very low, all these groupings were analysed,
plus crop, litter, bare ground cover and total weed cover (sum of all individual
species). For each site/year, a small number of common species were analysed as
individual species.
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Table 5.5 Plant groupings relating to their desirability with respect to both

agronomic issues and biodiversity benefits.

Very desirable
(Groupl)

Desirable
(Group?2)

Undesirable
(Group4)

Chenopodium album
Fallopia convolvulus
Poa annua

Persicaria lapathifolia
Persicaria maculosa
Polygonum aviculare
Raphanus raphanistrum
Sinapis arvensis

Stellaria media

Cerastium spp.

Fumaria officinalis
Matricaria discoides
Matricaria recutita
Tripleurospermum inodorum
Senecio vulgaris

Sonchus spp.

Viola arvensis

Viola tricolour

Alopecurus myosuroides
Anisantha spp.

Avena spp.

Bromus spp.

Cirsium arvense
Elytrigia repens

Galium aparine

Lolium spp.

Rumex obtusifolius

Volunteers

Group 3 = Neutral species — all other species recorded which were considered neither
particularly desirable nor undesirable.

Arthropods were analysed by taxonomic group (Table 5.6), in six functional groups
(Table 5.7), and as total arthropods.
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Table 5.6 Arthropod taxonomic groups for analysis.

Order Sub-order Family Common name Life stage
Araneae Spiders Adult
Opiliones Harvestmen Adult
Hemiptera  Homoptera Hoppers Adult
Hemiptera  Heteroptera True bugs Adult
Neuroptera Lacewings Larvae
Lepidoptera Butterflies and moths Larvae
Coleoptera Carabidae Ground beetle Adult
Staphylinidae Rove beetles Adult
Cantharidae  Soldier beetle Adult
Elateridae Click beetle Adult
Other beetles Adult
Diptera Nematocera Tipulidae Cranefly Adult
Other Nematocera Gnats, mosquitoes and Adult
midges
Brachycera Hoverfly and horsefly Adult
Aschiza Flies Adult
Acalypterae Flies Adult
Calyptera Flies Adult
Fly larvae Larvae
Total number of flies All
Total number of beetles All

Total number of invertebrates All

Table 5.7 Arthropod composite variates for analysis.

Composite variate

Components

Nectar feeders

Herbivores

Omnivore/mixed

Predators

CFlI

Skylark Food Items

Aschiza, Elateridae, Lepidoptera (adults)

Homoptera, Orthoptera, Symphyta larvae, Lepidoptera larvae,
Curculionidae, Chrysomelidae

Heteroptera, Nematocera, Carabidae, Staphylinidae, Acalyptera,

Calyptera

Brachycera, Cantharidae, Neuroptera larvae

Homoptera, Heteroptera, Aphids, Neuroptera larvae, Lepidoptera
larvae, Carabidae, Curculionidae, Symphyta larvae, Elateridae

Araneae, Opiliones, Homoptera, Hemiptera, Neuroptera, Lepidoptera,

Carabidae, Chrysomelidae, Staphylinidae, Cantharidae, Elateridae,

Tipulidae
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1.3.31 Community composition

The aim of this analysis was primarily to establish whether there was a relationship
between weed and arthropod species assemblage, therefore only weed data from
the subset of plots selected for arthropod sampling have been analysed. Data were
analysed using a suite of analyses in PRIMER 6 (PRIMER-E Ltd, 2006). Weed data
were normalised using angular transformation and arthropod data was logio (x+1)
transformed. Differences between treatments were analysed using a two-way
crossed ANOSIM based on similarity matrices calculated using the Bray-Curtis
similarity co-efficient. SIMPER was then used to identify the species which
accounted for the differences between treatments. In order to establish if there was
a correlation between the species matrices of weeds and arthropods the data were
correlation using RELATE; where a significant correlation was found BEST was run
to determine which weed species most influenced arthropod community composition.

14 RESULTS

14.1 Crop development, yield and quality
1411 Disease monitoring

Disease was monitored regularly throughout the season at all sites and no
differences were seen between the treatments at any site in any year. This was not
surprising given that conventional fungicide programmes were applied.

1.4.1.2 Fertile tillers

Fertile tiller numbers were only affected significantly (P < 0.05) by herbicide at High
Mowthorpe in 2004. At this site during this year, there were large numbers of weeds:
the effects of this are discussed later.

Fertile tiller numbers were affected to a greater degree by row spacing; in six
sites/years out of nine there were significantly (P < 0.05) fewer in the wide-spaced
rows than in the conventional (Figure 5.1). Generally, lower seed rates were not
used for the wide-spaced treatments, except at Gleadthorpe in 2003 when a 20%
lower seedrate was used. The reduction in fertile tiller numbers was probably due to
increased competition between plants within the wide-spaced rows. Overall, fertile
tiller numbers were 25% fewer in the wide-spaced rows (range 10-49%).
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Figure 5.1 The effect of conventional row spacing (Conv) and wide-spaced rows
(WSR) on fertile tiller number.

1.4.1.3 Yield
Herbicides

There were significant lower yields from the untreated at Boxworth in 2004 and 2005,
Gleadthorpe in 2004, and High Mowthorpe in 2004 and 2005.

At Boxworth in 2004, yield was closely correlated with fertile tiller number (Figure
5.2). Yields were significantly (P < 0.05) lower in (a) untreated, (b) where only a pre-
emergence application of pendimethalin + flufenacet was applied and (d) where a
single application of amidosulfuron was applied in March. Yield reductions were
related to higher weed levels in these treatments.

At Boxworth in 2005, yields in the herbicide treatments (b-h) yielded on average 0.5
t/ha more than the untreated, probably due to good weed control. Similarly, at High
Mowthorpe in 2005, all herbicide treatments (b-g) yielded more (2.4 t/ha) than the
untreated.
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Figure 5.2 The effect of herbicide on yield of grain and fertile tiller number:

Boxworth, 2004.

Row width and cultivation

Over the nine sites/years of the experiment there were significant (P < 0.05) effects
of row spacing/cultivation treatments on three occasions.
linked to significant (P < 0.05) differences in fertile tiller numbers.

The use of wide-spaced rows significantly reduced yield at Boxworth in 2005 and
Gleadthorpe in 2004 and 2005. The mean yield decrease of these three site years
due to the use of wide-spaced rows was 4% (Figure 5.3). Using a spring cultivation
with the wide-spaced rows significantly reduced yield at Boxworth and Gleadthorpe in
2005, with a mean yield decrease of 4.7% over wide-spaced rows alone in these two

site years (Figure 5.4).
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1.4.1.4  Grain quality

Generally, specific weight and thousand grain weight were unaffected by herbicide
treatment, but significant effects (P < 0.05) were seen at High Mowthorpe in 2004
and 2005 where cultivations had been made. These effects were not related to yield
or fertile tiller number.

1.4.2 Vegetation
1421 Overview

Total weed ground cover on plots untreated with herbicide was very different
between years and different sites (Figure 5.5) reflecting the different soil types, fields,
and weather. Most weed ground cover represented species that were considered
either 'beneficial’ or 'undesirable’, except at High Mowthorpe in 2005, where Papaver
spp. (a neutral species) was common on untreated plots. Ground cover of
undesirable species was always lower than of other species combined, particularly at
Gleadthorpe. At Boxworth, few weeds were recorded in 2003 and 2005, however, in
2004 weed cover was nearly 100% on plots untreated with herbicide.
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= 60
g GT
o
o
©
© 40 - [ HM
s E
20 - o LA H
0

I I I I I I I I I I 1
2003 2004 2005 2003 2004 2005 2003 2004 2005

Figure 5.5 Total weed ground cover, by species grouping, on untreated plots
(treatment a) (mean of 3 spacing/cultivation treatments).

At Boxworth in 2004, volunteer beans and Anisantha sterilis were the most common
undesirable species, and Stellaria media and Sinapis arvensis the most common
desirable species (Figure 5.6). In 2005, G. aparine and Alopecurus myosuroides
were the most common undesirable species. At Gleadthorpe, cover of undesirable
species was very low in all three years (Figure 5.7). Poa annua consistently
represented around 15% cover, and in 2005 S. media was also common. At High
Mowthorpe, G. aparine was the most common undesirable species in all three years,
and similar to Gleadthorpe, P. annua was always an important component of the
weed community (Figure 5.8). Papaver spp. were the most common species in
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2005. At both Gleadthorpe and High Mowthorpe, the diversity of desirable species
decreased between 2003 and 2005.
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20 - B Sinapis arvensis
O Stellaria media
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Figure 5.6 Weed ground cover and species composition on untreated plots
(treatment a) (mean of 3 spacing/cultivation treatments): Boxworth.
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Figure 5.7 Weed ground cover and species composition on untreated plots
(treatment a) (mean of 3 spacing/cultivation treatments): Gleadthorpe.
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Figure 5.8 Weed ground cover and species composition on untreated plots
(treatment a) (mean of 3 spacing/cultivation treatments): High
Mowthorpe.

1.4.2.2 Effect of row spacing/cultivation treatment on weed vegetation

There were few differences in weed populations between row spacing/cultivation
treatments. Table 5.8 lists variates for which there was a significant effect of row
spacing/cultivation, with no interaction between main factors. At Boxworth in 2004,
cover of broadleaf species was apparently reduced by cultivation. At Gleadthorpe,
cover of Group 1 species in 2003, cover of broadleaf species in 2004 and species
richness in 2004 were all significantly higher in WSR than Conv. At High Mowthorpe
in 2005, cover of Group 2 species, and all weeds, was significantly higher on WSR
compared to WSR+Cult. Also, species richness was higher on WSR+Cult compared
to WSR. In addition, where there was an interaction with herbicide treatment, a
further three variates at Gleadthorpe and nine at High Mowthorpe showed a
significant effect of row spacing/cultivation (see Appendix 3). Results were similar to
those where there was no interaction, with greater cover under WSR compared to
Conv at Gleadthorpe and WSR compared to WSR+Cult at High Mowthorpe.

1.4.2.3 Effect of herbicide treatment on weed vegetation

Weed cover

A range of vegetation variates were analysed including individual species, groupings
of species and combinations of groupings. Thus each species appears in a number
of different composite variates. Generally, only a small number of species were
common in each site/year, therefore a single species could be the main component
of several variates analysed. This report therefore concentrates on individual
species, Groupl (desirable species), Group4 (undesirable species) and Groups 1, 2
and 3 combined (i.e. all species excluding undesirables; termed 'Groups123"). All
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significant results for these variates are tabulated and selected results are also
presented as figures. Full details of all analyses are presented in Appendix 3.

Table 5.8 The effect of row spacing/cultivation on weed cover (%) and species
richness (number of species per plot) (where there was no interaction
between main factors; back transformed means).

Spacing/Cultivation Convvs WSR  WSR vs WSR+Cult
WSR

Conv_ WSR +Cult F P F P F P
Boxworth 2004
Broadleaf 250 294 218 3.73 0.027 ns 7.41 0.008
Gleadthorpe 2003
Groupl 11 3.2 24 3.43 0.040 6.59 0.013 ns
Gleadthorpe 2004
Broadleaf 0.2 0.6 0.3 4.66 0.012 9.30 0.003 ns
Species richness 1.8 2.7 2.3 4.95 0.009 9.83 0.002 ns
High Mowthorpe 2003
Group3 0.8 0.5 0.2 3.26 0.047 ns ns
High Mowthorpe 2004
Species richness 4.3 4.6 5.5 7.19 0.001 ns 7.11 0.009
High Mowthorpe 2005
Group2 0.2 0.3 0.1 4.47 0.014 4.69 0.033 8.23 0.005
All weeds 5.9 7.2 3.8 3.74 0.027 ns 7.27 0.008

There was a highly significant effect of herbicide treatment on percent cover of
almost all weed species and composite variates analysed (Table 5.9, Table 5.10,
Table 5.12 and Appendix 3). Where there was no effect, weed cover was generally
very low. Results from each site are considered individually.

Boxworth

In all three years of the study at Boxworth, greatest cover of Groupsl23 was
recorded on untreated plots (a) (Table 5.9) although weed cover was much greater in
2004 than in other years. In 2004, cover of Groups123 (Figure 5.9) was generally
greater under single product applications (b, c, d) compared to sequences of
herbicides (e — h). A spring application of amidosulfuron (d) left greater weed ground
cover than other single herbicide treatments, and the absence of a pre-emergence
herbicide (g) left more weed ground cover than other sequences (e, f, h). A similar
pattern was observed in 2005, with greater ground cover of Groups123 remaining
after single applications or in the absence of a pre-emergence herbicide, but ground
cover was overall much less (Table 5.9). The application of herbicide affected
individual species differently, as would be expected. In 2004, S. arvensis was left
uncontrolled only in untreated plots, and where a pre-emergence herbicide alone had
been applied (b), whereas relatively high cover of S. media remained in all
treatments that did not include a pre-emergence herbicide (a, ¢, d, g) (Figure 5.9).
Undesirable species (Group4) were generally more effectively controlled by
sequences (e — h) than single herbicide applications (b — d) (Figure 5.10). In 2004, a
post-emergence application gave similar levels of control of undesirable species to
sequences. This related to control of volunteer beans which was ineffective in the
absence of a post-emergence application (Table 5.9).
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Overall, both undesirable species and Groupsl23 species were less effectively
controlled by single herbicide applications than by sequences and the spring only
treatment generally left highest weed cover. Differences between the effectiveness
of single herbicide treatments reflect the species composition and selectivity of the
herbicides used.
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Figure 5.9 The effect of herbicide treatment on the ground cover of the Groups123
weeds, Stellaria media and Sinapis arvensis: Boxworth, 2004.
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Figure 5.10The effect of herbicide treatment on groundcover of Group4 weeds:
Boxworth, 2004 and 2005.
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Table 5.9

The effect of herbicide treatment on weed cover (%) (no interaction
between main factors; back transformed means): Boxworth.

Herbicide

a b c d e f g h F P
2003
Groupl 1.7 05° 02° 07° 07° 03 02° 00° 7.09 <0.001
Groups123 1.8 06 04 09° 08 05" 03 00 998 <0.001
Fallopia
convolvulus 0.6* o0.1° 01° 00° 02® 01° 01° 00" 244 0.029
2004
Groupl 73.6° 109° 31.1° 388" 09 0.2 151° 01" 91.16 <0.001
Group4 25.4* 258 7.2 338 6.6 4.1° 121° 3.8° 1992 <0.001
Groups123 741* 11.0° 31.1° 389° 1.0 0.2¢ 152° 01" 9248 <0.001
Anisantha sterilis  4.3% 3.2 50° 54 47° 16 111> 20* 290 0.008
Sinapis arvensis  14.1*>  10.0° 0.0° 0.0° 0.1° 0.0° 0.0° 0.0° 5741 <0.001
Stellaria media  54.9° 0.7° 31.1° 388" 08" 0.2 151° 0.1% 121.04 <0.001
Volunteer bean  18.0° 20.5* 0.9 24.1* 0.8“ 15° 0.2 0.9 9011 <0.001
2005
Groupl 28° 00 05 02 00° 0.0° 00 0.0° 1144 <0.001
Group4 57° 1.8° 06° 26° 02° 02° 02° 03 1945 <0.001
Groups123 29°  01° 0.6° 02" 00° 00° 0.1° 00° 1245 <0.001
Galium aparine 3. 7" 09° 02° 04° 0.0° 0.0° 0.0° 0.0° 1842 <0.001

Gleadthorpe

In all three years at Gleadthorpe, weed ground cover was very low on all treatments
except untreated and spring-only application (Table 5.10). Ground cover of Groupl,
Groups123 and individual species analysed were less under spring herbicide
However, this effect was not
consistent in subsequent years Table 5.10) when cover was sometimes similar in

applications compared to the untreated in 2003.

untreated and spring herbicide plots e.g. P. annua (Figure 5.11).
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Figure 5.11 The effect of herbicide treatment on ground cover of Poa annua:
Gleadthorpe.

Ground cover of undesirable species was very low in all three years, although cover
was significantly higher on untreated (a) than most other treatments in 2004 and
2005 (Table 5.10).

Table 5.10 The effect of herbicide treatment on weed cover (%) (no interaction
between main factors; back transformed means): Gleadthorpe.

Herbicide

a b C d e f g F P
2003
Groupl 16.9° 0.6° 1.3° 47" 0.8° 05° 01° 19.10 <0.001
Groups123 19.8% 0.7° 1.3° 57° 0.8° 06° 01° 1357 <0.001
Fallopia convolvulus ~ 0.9* 03" 0.8° 0.3° 03 01° 01° 523 <0.001
Poa annua 8.6 01° 0.0° 18 0.1 0.0° 0.0° 861 <0.001
2004
Groupl 15.8 0.2° 00" 125° 0.0° 00° 00° 8035 <0.001
Group4 1.5  05° 02 02 01 01° 03" 7.08 <0.001
Groups123 17.9°  02° 0.0° 136" 0.0° 0.0° 0.0° 90.83 <0.001
Poa annua 152  01° 00" 12.3° 00° 00° 00° 7775 <0.001
2005
Groupl 355  0.9° 01° 248° 00° 0.1° 01° 63.03 <0.001
Group4 04* 02 00° 01 00° 00" 00¢ 381 0.002
Groups123 39.1°  09° 0.1 31.0° 00° 01° 01° 8586 <0.001
Poa annua 1442 03" 00" 17.1° 00° 00° 00° 6422 <0.001
Stellaria media 13.5% 0.2° 0.0° 5.3° 0.0° 0.0° 0.0° 18.27 <0.001
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In 2003, there was an interaction between herbicide treatment and row spacing/
cultivation for S. media (F = 4.64; P < 0.001; see Appendix 3). Similar to results
where there was no interaction between factors, highest percent cover was recorded
on untreated (a) followed by a spring application of amidosulfuron (d), however within
herbicide treatments highest percent cover was recorded on different row
spacing/cultivation treatments.

High Mowthorpe

At High Mowthorpe, there was an interaction between main factors for Group4 in
2005, and for Groupl, Groups123 and P. annua in all three years (Table 5.11 and
Appendix 3). In 2003, percent cover of Groupl, Groupsl123 and P. annua was
highest on untreated (a) followed by a spring application of amidosulfuron (d), but
within herbicide treatments highest percent cover was recorded on WSR in treatment
a and Conv in treatment d. Similar effects of treatments were recorded in 2004,
however, within herbicide treatments, highest percent cover was recorded on Conv
for treatment a and WSR for treatment d. In contrast, in 2005 percent cover of
Groupl and P. annua was higher on treatment d than treatment a, but similar to
results from 2004, highest percent cover was recorded on Conv for treatment a and
WSR for treatment d.

Table 5.11 Weed species and groupings for which there was an interaction between
herbicide and row spacing/cultivation treatments when % cover was
subject to ANOVA: High Mowthorpe.

Herbicide*Spacing/Cultivation

Year Variate F P
2003 Groupl 3.00 0.004
Groups123 2.85 0.006
Poa annua 3.66 <0.001
2004 Groupl 2.25 0.017
Groups123 2.42 0.010
Poa annua 1.89 0.048
2005 Groupl 3.18 <0.001
Group4 2.35 0.012
Groups123 2.25 0.017
Galium aparine 2.35 0.012
Poa annua 3.24 <0.001

Similarly to results from Gleadthorpe, ground cover of Groupsl123 was highest on
untreated and spring herbicide only plots, with very little cover on any other
treatments in 2005 (Appendix 3). In 2004 (Figure 5.12), and to a lesser extent 2003
(Appendix 3), cover of Groups123 was higher under single herbicide applications
than sequences.
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Figure 5.12 The effect of herbicide and row spacing/cultivation on ground cover of
Groups123 weeds: High Mowthorpe, 2004.

Ground cover of undesirable species was greater on untreated plots in all three
years, although there was an interaction with row spacing/cultivation in 2005 (Table
5.11 and Appendix 3). Highest percent cover was recorded on untreated plots
followed by a pre-emergence application of diflufenican + trifluralin (b) in 2005. The
interaction between factors was a result of very small differences between row
spacing/cultivation treatments on herbicide treatments that had very low percent
cover of this species. Generally, ground cover was greater following single herbicide
applications compared to sequences (Table 5.12, Figure 5.13). However, in 2003,
the spring-only application controlled undesirable species as effectively as the
sequences, and in 2004 both the spring-only and the post-emergence only
treatments resulted in similar levels of control to the sequences. G. aparine was the
most common undesirable species at High Mowthorpe in all three years.
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Table 5.12 The effect of herbicide treatment on weed cover (%) (no interaction
between main factors; back transformed means): High Mowthorpe.

Herbicide
a b Cc d e f g F P

2003

Group4 42*  31® 33*® 13° 13" 05 03 5.01 <0.001
Sinapis arvensis 1.2 09* 06* 02 02 00° 00° 393 0.003
Volunteer OSR 1.0 1.2* 08 02° 02° 0.0° 00° 2223 <0.001
2004

Group4 50° 1.7° 09" 07° 02° 03 03 1994 <0.001
Fallopia convolvulus  1.0*° 0.3 09* 07*° 02° 02° 02° 1244 <0.001
Galium aparine 45 09" 08™ 03¢ 01 01° 02° 2384 <0.001
Sinapis arvensis 1.5°  1.0* 00" 01° 0.0° 0.0° 00° 2473 <0.001
2005

Papaver spp. 12.6° 0.0° 02 1.0° 00° 0.0° 0.0° 2388 <0.001
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Figure 5.13The effect of herbicide treatment on ground cover of Group4 weeds: High
Mowthorpe, 2003 and 2004.

Species Richness

There was a highly significant effect of herbicide treatment on species richness in all
site years (Table 5.13 & Table 5.14). Generally, the pattern of species richness
reflected the overall weed cover, with highest species number recorded on untreated
plots followed by single herbicide applications followed by sequences (Figure 5.14).
Of the single herbicide treatments, species richness was generally higher under
spring application of amidosulfuron than under pre-emergence or post-emergence
only treatments. At Gleadthorpe in 2004 and 2005 and at High Mowthorpe in 2004,
species richness under a post-emergence only application (c) was similar to that for
sequences.
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Table 5.13 The effect of herbicide treatment on species richness (humber of species
per plot): Boxworth.

Herbicide
a b c d e f g h F P

2003 56 34> 32 38 29 30 20° 0.1° 1041 <0.001
2004 4.7% 4.8 3.1 320 43 38 3249 279 789 <0.001
2005 397 25 2.9° 2.6° 1.2¢ 0.9° 1.4° 1.4° 14.89 <0.001

Table 5.14 The effect of herbicide treatment on species richness (number of species
per plot): Gleadthorpe & High Mowthorpe.

Herbicide
a b C d e f g F P
Gleadthorpe
2003 6.3% 3.7 3.6° 5.1° 2.1° 2.8 1.4° 12,67 <0.001
2004 5.52 2.3° 1.3¢ 3.8° 0.7¢ 1.1° 1.2 2914 <0.001
2005 4.1° 2.7° 0.6° 3.7° 0.3° 0.8° 05° 35.34 <0.001
High Mowthorpe
2003 9.8% 5.8° 5.0° 7.9° 414  23° 29% 2117 <0.001
2004 8.4% 5.8 3.4° 6.6 2.9° 3.3° 3.1° 3377 <0.001
2005 552 3.1  35° 5.0% 2.3 1.9¢ 22 1692  <0.001
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Figure 5.14 The effect of herbicide treatment on species richness (number of species
per plot): High Mowthorpe, 2004.

At Boxworth in 2004, the pattern of species richness in response to herbicide

treatment did not follow the same pattern as overall weed ground cover (Figure 5.15).
This reflects the fact that, although overall ground cover could be high, different

134



species were controlled by each herbicide (Figure 5.9). It is also possible that the
small number of species which were present at very high densities outcompeted less
abundant species and prevented any germination late in the season.
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Figure 5.15The effect of herbicide treatment on species richness: Boxworth, 2004.

Reproductive status

For each sitelyear, the reproductive status of all species recorded at a mean of
>0.5%, or present in 50% of plots, was summarised by herbicide treatment by
calculating a relative % for each growth stage (for full results see Appendix 3).

The impact of herbicide treatment on the reproductive status of the weed flora varied
with species, although the high level of control under many treatments made it
difficult to draw comparisons. At Boxworth in 2004, there were no differences in the
reproductive status of A. sterilis, but this species was not well controlled by herbicide
treatment (Figure 5.16).

However, in the same site/year, S. media was effectively controlled by some
treatments (Figure 5.17). Where good control was achieved, the weeds that were
present in June were at a much earlier growth stage than where control had been
ineffective and were much less likely to set seed before harvest.
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Figure 5.16 Reproductive status of Anisantha sterilis under different herbicide
treatments (% cover scores above bars): Boxworth, 2004.
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Figure 5.17 Reproductive status of Stellaria media under different herbicide
treatments (% cover scores above bars): Boxworth, 2004.

At Gleadthorpe in all three years, most weeds were effectively controlled on all
treatments other than untreated and amidosulfuron-only. Comparison of the
reproductive status of P. annua under these treatments indicates that the spring
application of amidosulfuron was generally not controlling this species and had no
effect on the reproductive status, although there were marked differences between
years (Figure 5.18).
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Figure 5.18 Reproductive status of Poa annua in untreated (a) and amidosulfuron
only (d) treatments in each year. (% cover scores above bars):

Gleadthorpe.

At High Mowthorpe, the reproductive status of G. aparine was less advanced with
later herbicide applications (Figure 5.19). This species can germinate over a
relatively long period through autumn and winter (Williams & Morrison, 2003). It is
possible that populations remaining in June had germinated after the application of
herbicides, and those plants that had received later treatment had less time to
mature and set seed. Weed cover was low under many of the herbicide treatments,
therefore differences may be influenced by the error associated with small
populations. However, at Boxworth in 2005, a relatively advanced growth stage was
associated with some very low ground covers of G. aparine (see Appendix 3).
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Seed Production

Seed production was measured only on a subset of herbicide treatments, and under
conventional row spacing. Both viable and total seeds were assessed. Immature
seed may have become viable by the time of harvest and irrespective of viability
could still constitute a food source for higher trophic groups. However, seeds
assessed as viable are more likely to contribute to farmland biodiversity as a food
source or through presence in following crops. Results were generally similar for
viable and total seeds, therefore only data for viable seeds are presented here, with
those for total seed numbers presented in Appendix 3.

At Boxworth, sampling was restricted to untreated (a), pre-emergence only (b), spring
only (d) and full control (h). Where there was an effect of herbicide treatment,
differences in viable seed production were usually between the untreated and those
that received herbicide (Table 5.15). In 2004, production of S. arvensis was higher
on treatment b than on d or h, reflecting the higher weed ground cover values
recorded in the pre-emergence only treatment (Figure 5.9). Similarly, in 2005, seed
production of G. aparine was greater under treatment b than either treatment d or h.
Weed cover was significantly higher in treatment b than in other treatments where
herbicide had been applied, however there were also significant differences between
treatment b and the untreated control which did not result in differences in seed
production.

Table 5.15 The effect of selected herbicide treatments on production of viable (V)
seeds (number of seeds m) (conventional spacing only; back
transformed means): Boxworth.

Herbicide
a b d h F P

2003

GrouplV 116.5° 1.1° 0.3° 2.0° 5.16 0.042
Groups123V 615.6° 7.7° 5.2° 2.0° 6.67 0.024
2004

Sinapis arvensisV 2817.4* 5010.9% 0.8° 1.5° 5299  <0.001
Veronica hederifoliaV 105.2° 0.0°  199.4° 0.0° 172.35  <0.001
2005

GrouplV 99.0° 3.0° 1.7° 0.4°  10.04 0.001
Groups123V 101.32 3.0° 1.7° 04°  10.16 0.001
Galium aparineV 74.9° 52.7° 1.1° 1.2° 9.27 0.002
Sinapis arvensisV 37.9° 1.3 0.5° 0.0° 7.07 0.005

At Gleadthorpe and High Mowthorpe, the untreated (a), spring only (d) and post-
emergence followed by mecoprop-p (g) were sampled. At Gleadthorpe, for those
groups presented here where there was a significant effect of herbicide, seed
production was higher on untreated plots compared to those that received herbicide
in 2003. However, in the following two years seed production on untreated and
spring only plots was higher than on treatment d (Table 5.16).
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Table 5.16 The effect of selected herbicide treatments on production of viable (V)
seeds (number of seeds m™) (conventional spacing only; back
transformed means): Gleadthorpe.

Herbicide
a d g F P

2003

Groups123V 2186.8°  228.1° 10.7°  26.14 0.005
Poa annuaV 1070.5° 4.0° 0.0° 11.35 0.022
Fallopia convolvulusV 82.9° 6.7° 0.0° 35.82 0.003
2004

GrouplV 1411.5°  228.1° 2.7° 2159 0.007
Groups123V 1478.1*  233.4° 2.7° 2206 0.007
Poa annuaV 14115°  222.9° 27" 2157 0.007
2005

GrouplV 449.8°  802.5° 0.4° 176.08 <0.001
Groups123V 614.2°  969.5% 1.4°  221.05 <0.001

At High Mowthorpe, results varied with year and the species grouping analysed
(Table 5.17). Where there was a significant difference, seed production of
undesirable species (Group4) was higher on untreated (a) than where herbicide was
applied (d & g). Seed production of highly beneficial species (Groupl) was higher on
treatments a and d compared to g in 2003 and 2004. Generally, at High Mowthorpe
seed production of undesirable species was controlled where herbicides were
applied, but the spring-only application allowed beneficial species to produce seeds.

Table 5.17 The effect of selected herbicide treatments on production of viable (V)
seeds (number of seeds m™) (conventional spacing only; back
transformed means): High Mowthorpe.

Herbicide
a d g F P

2003

GrouplV 3234.9°  2569.4° 6.6°  26.07 0.005
Poa annuaV 1777.3%  2453.7° 46° 2293 0.006
Agrostis sp.V 0.0 0.0° 1046.1° 247 0.006
2004

GrouplV 3466.4° 2753.2° 12.5° 14.23 0.015
Group4V 1121.0° 19.0° 18.5° 8.86 0.034
Groups123V 3629.8%  2817.4° 125°  14.87 0.014
Poa annuaV 3234.9° 2753.2° 4.2° 22.43 0.007
Galium aparineV 1121.0° 19.0° 18.5° 8.86 0.034
2005

Group4V 1046.1° 7.3° 48° 1547 0.002
Groups123V 28905.8%  7815.3" 0.2° 448.84 <0.001
Papaver spp.V 3387.4% 37.9% 0.2° 7.74 0.013
Poa spp.V 1478.1*  3387.4% 0.0° 36.83 <0.001
Galium aparineV 1046.1° 0.6 1.2° 2931 <0.001
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Crop cover

There was a consistent effect of spacing/cultivation on crop cover across all sites and
all years (P < 0.001 except at Boxworth in 2005 where P = 0.035). Crop cover was
consistently greater under Conv compared to WSR (P < 0.001 except at Boxworth in
2005 and Gleadthorpe in 2003 where P = 0.042 and 0.007 respectively). Crop cover
under WSR and WSR+Cult was not different except at Boxworth in 2004 (P = 0.021).
The full analyses can be found in Appendix 3. Data for Boxworth 2003 are presented
in Figure 5.20. Bare ground viewed from above the canopy was higher in WSR
compared to Conv in all sites/years when it was measured, reflecting the lower crop
cover under WSR (Appendix 3).
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Figure 5.20The effect of spacing/cultivation treatment on crop cover (mean of all
herbicide treatments): Boxworth.

Herbicide treatment only affected crop cover on two occasions, in two out of the three
site years with highest weed cover. At High Mowthorpe in 2005, crop cover on the
untreated was lower than those treatments that had received herbicide application.
At Boxworth in 2004, crop cover was lower on the untreated plots compared to all
other treatments and was also lower under single applications applied either pre-

emergence (b) or in spring (d) compared to other plots that received herbicide
(Figure 5.21).
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Figure 5.21 The effect of herbicide treatment on crop cover (mean of all row
spacing/cultivations): Boxworth, 2004.

1424 Impact of Weeds on Crop Cover and Yield

Regression analysis of weed cover, crop cover and yield indicated that relationships
varied between sites and years (Table 5.18; conventional spacing only). At Boxworth
there were highly significant relationships between all variates analysed in both 2004
and 2005, although crop cover accounted for a higher percentage of the variation in
yield than weed cover. At Gleadthorpe there was a significant relationship between
crop cover and yield in all three years and a significant effect of weed cover on yield
in 2005, although this accounted for only a small proportion of the variation. At High
Mowthorpe, all comparisons were significant in 2005, with weed cover accounting for
76% of the variability in yield. Generally, crop cover accounted for a greater
proportion of the variation in yield than weed cover.
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Table 5.18 Results of regression analysis of weed and crop % cover and yield (t ha™)
(conventional spacing only).

Weed/crop Weedlyield Croplyield

P r’ P r’ P r’
Boxworth
2004 <0.001 60.4 <0.001 68.6 <0.001 83.5
2005 <0.001 33.6 0.001 22.2 <0.001 39.7
Gleadthorpe
2003 0.350 0.545 0.026 19.5
2004 0.644 0.484 <0.001 415
2005 0.056 0.027 12.1 <0.001 45.1
High Mowthorpe
2003 0.500 0.758 0.246
2004 0.436 0.748 0.274
2005 0.002 23.1 <0.001 76.0 0.018 13.3

Weeds generally influenced yield in sites/years of greater weed cover (see Figure
5.5). However, high weed cover of certain species apparently had little effect on
yield, presumably because they did not compete so effectively with the crop and
thereby reduce crop cover. At Boxworth in 2004, relatively high cover of S. media did
not influence crop yield (treatment c), whereas similar weed cover of volunteer beans
and S. arvensis (treatment b) led to a significant yield reduction (Figure 5.22).
Similarly, 20% cover of P. annua at High Mowthorpe in 2005, had no effect on yield
(Figure 5.23 & Appendix 2).
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Figure 5.22 Crop and weed cover and crop yield (conventional spacing only):
Boxworth, 2004.
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Figure 5.23 Crop and weed cover and yield (conventional spacing only): High
Mowthorpe, 2005.

1.4.3 Arthropods

Arthropod abundance and community composition varied between both sites and
years. In general the abundance of invertebrates was linked to weed cover; when
weed cover was particularly low sampling was restricted to sites with visible weed
cover. The sub-sample of treatments for arthropod collection is shown in Table 5.19.
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Table 5.19 Arthropod sampling regime for each site and year.

WSR+
a b c d e f g h Conv WSR Cult
2003 Boxworth v v v
High Mowthorpe v v v v v v v v v v v
Gleadthorpe 4 v v v v v v
2004 Boxworth v 4 4 v v 4 4 4 v v v
High Mowthorpe v v v v v v v
Gleadthorpe Not sampled in this year
2005 Boxworth v v v v v
High Mowthorpe v v v v 4 v 4
Gleadthorpe v 4 4 v v v v

Abundance of arthropods was generally low; in most cases the majority of the catch
was composed of omnivores, after which the predators formed the greatest part..
Herbivores and nectar feeders formed a small proportion of the catch. Figure 5.24,
Figure 5.25 and Figure 5.26, show annual differences between crop active
invertebrates sampled by suction sampler at the three experimental sites.
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Figure 5.24 Total arthropod catch at each site 2003. Y axis represents proportion of
catch; absolute abundance of each group is shown on the bars.
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Figure 5.25Total arthropod catch at each site 2004. Y axis represents proportion of
catch; absolute abundance of each group is shown on the bars.
(Gleadthorpe was not sampled in 2004)
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Of the arthropod groups analysed, twelve did not respond to either of the main
treatments or the interaction between them. These included some groups of flies
(Brachycera, Tipulidae and Calyptera), groups of beetles (Cantharidae, Carabidae
and Staphylinidae), harvestmen, sawflies, bugs (Homoptera) and the composite
group of ‘predatory arthropods’ as well as the Chick Food Index. Table 5.20 shows
the 21 groups which responded to at least one of the experimental treatments at
each site and in each year. Nematocera (not including Tipulids), Heteroptera, total
Araneae and the composite group ‘skylark food items’ responded most frequently
and so were the most sensitive to the effect of herbicide on vegetation and/or
cultivation. Lepidoptera larvae, Neuroptera larvae and Chrysomelidae responded
only once and in each case abundance of the group was low.
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Table 5.20 Overall response of arthropod groups to experimental treatments at High
Mowthorpe (HM), Gleadthorpe (GT) and Boxworth (BX).

2003 2004 2005

HM GT BX HM BX HM GT BX

Groups that responded
Flies
Aschiza v v

Acalypterae v v
Calyptera

Nematocera (no Tipulidae) 4
Diptera larvae

Total Diptera

Beetles
Chrysomelidae 4

Curculionidae 4
Elateridae v
Other coleoptera v

AN NN

Total coleoptera 4 v v

Bugs

Heteroptera v v v v
Butterflies

Lepidoptera adults v v

Lepidoptera larvae v
Neuroptera

Neuroptera larvae v
Spiders

Total Araneae v v v v
Functional groups

Omnivores v v
Herbivores v

Nectar feeders v v
Skylark food items v v v v

Total arthropods v v v

Groups that didn't respond

Flies Sawflies
Brachycera Symphyta adults
Tipulidae Symphyta larvae
Calyptera Harvestmen
Beetles Total Opiliones
Cantharidae Totals

Carabidae Total diptera
Staphylinidae Functional Groups
True Bugs Predators
Homoptera Chick Food Index

143.1 Effect of WSR and Cultivation independent of herbicide application

There was little consistent independent effect of the WSR or cultivation treatments on
arthropod abundance. Of those that were affected, flies and beetles were the most
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responsive orders (Appendix 4). Not all groups responded in the same way; a
treatment which led to an increase in one group, could also lead to a decrease in
another. For example, WSR increased the total abundance of Coleoptera at High
Mowthorpe in 2003 with no effect of additional cultivation (Figure 5.27), however,
cultivation did benefit Elateridae (click beetles) at the same site in 2005 (Figure 5.28).
In contrast, ‘other’ beetles were reduced by cultivation at Boxworth in 2004 (Figure
5.29).

Abundance (back transformed)
|_\

Conv WSR WSR+Cult

Row spacing/cultivation

Figure 5.27 The effect of row width and cultivation on the mean abundance (per 0.5
m?) of all Coleoptera: High Mowthorpe, 2003.
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Figure 5.28 The effect of row width and cultivation on the mean abundance (per 0.5
m?) of Elateridae (click beetles): High Mowthorpe, 2005.
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Abundance (back transformed)

Conv WSR WSR+Cult

Row spacing/cultivation

Figure 5.29The effect of row width and cultivation on the mean abundance (per 0.5
m?) of Coleoptera (others): Boxworth, 2004.

WSR led to a reduction in the abundance of Nematocera (not including Tipulids) at
High Mowthorpe in 2004 (Figure 5.30) and although there was no effect of cultivation
in 2004, in 2005 both Nematocera and Aschiza were reduced by WSR+Cult rather
than WSR alone (Figure 5.31). Predatory species and Araneae were reduced by
WSR in 2003 at Gleadthorpe (Figure 5.32). It is worth noting that the predator group
was dominated by the abundance of predatory flies.

Abundance (back transformed)

Conv WSR WSR+Cult

Row spacing/cultivation

Figure 5.30 The effect of row width and cultivation on the mean abundance (per 0.5
m?) of Nematocera (not including Tipulids): High Mowthorpe, 2004.
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Figure 5.31 The effect of row width and cultivation on the mean abundance (per 0.5
m?) of Aschiza and Nematocera: High Mowthorpe, 2005.
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Figure 5.32 The effect of row width and cultivation on the mean abundance (per 0.5
m?) of predators and Araneae (spiders): Gleadthorpe, 2003.

The only other group to respond was the Skylark food Item (SFI) group comprising
those families which are known to be part of the Skylark diet. At Gleadthorpe in
2005, there was a greater abundance of SFI in WSR although cultivation had no
additional effect (Figure 5.33).

In summary, flies were likely to be reduced by the WSR and cultivation treatments

whilst beetles were more likely to increase in abundance. On one occasion, SFl was
increased by WSR.
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Figure 5.33 The effect of row width and cultivation on the mean abundance (per 0.5
m?) of SFI: Gleadthorpe, 2005.

1.4.3.2 Herbicide application independent of row width and cultivation

The independent effect of herbicide varied across site and year. Full data are
tabulated in Appendix 4. Each site is reported separately, by year.

Boxworth

2003
In 2003, sampling was restricted to untreated herbicide plots and those from
conventional row width and WSR+Cult, therefore no results are presented.

2004

Samples were taken from all herbicide treatments and a number of arthropod groups
responded to herbicide treatment independent of row width and cultivation; these are
shown in Table 5.21. In all cases, except that of Nematocera (no Tipulids), the
untreated control plots supported the greatest number of arthropods. Indirectly, any
application of herbicide led to a reduction in arthropod abundance. There was some
variation in the degree to which groups of invertebrates were affected by the different
herbicide regimes. In general, there were fewer arthropods on plots treated with
sequences of herbicides than where there were on plots treated with single
applications, although a single application of post-emergence diflufenican +
isoproturon also had a negative effect on arthropod abundance.
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Table 5.21 The effect of herbicide on arthropod mean abundance (per 0.5 m?,
independent of row width and cultivation; back transformed). Multiple

comparisons were carried out with Duncan’s multiple range test

(significant at 0.05). Boxworth 2004.

Herbicides
a b c d e f g h F P

Order/sub-order

Curculionidae 07°  06° 0 03 01> 0 01° 01° 514 <0.001
Heteroptera 08 o01° 01> 01° o01° 0 01> 01° 676 <0.001
Lepidoptera Adults 0.1* 02" o? 0.1* 0? 0? 0* 0* 2.12 0.050
Nematocera (no

Tipulidae) 45%®  54% 16" 34 14® 09" 16° 12* 715 <0.001
Other Coleoptera 564 3.0° 12° 29 11° 06° 05° 1.0° 10.61 <0.001
Total Coleoptera 10.0°  7.7° 4.2° 7.4° 4.1° 3.5° 32° 48  7.60 <0.001
Total Diptera 49.6° 234" 181% 284° 177 146" 186 165 11.27 <0.001
Composite group

Herbivores 21 10> 03 10" 07" 01° 06" 03" 525 <0.001
Omnivore / Mixed ~ 46.0° 19.3° 11.8° 21.6° 92° 79" 114> 81° 1493 <0.001
Skylark Food Items  17.5* 158" 9.9° 154 115 95° 88" 11.0° 566 <0.001
Total Invertebrates 64.0° 35.8° 23.7° 38.7° 24° 19.8° 23.6° 233" 1374 <0.001

Figure 5.34 and Figure 5.35 demonstrate that although there may be some
differences between particular arthropod groups, the general trend is similar.
single application of amidosulfuron in March (treatment d) was the least detrimental
arthropod abundance, followed by a pre-emergence treatment of pendimethalin +

flufenacet.
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Figure 5.34The effect of herbicide treatment on herbivores, mean abundance per 0.5
m?: Boxworth, 2004.
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Figure 5.35The effect of herbicide treatment on Skylark food items (SFI) and total
Arthropods, mean abundance per 0.5 m% Boxworth, 2004.

2005

In 2005, sampling was limited to four herbicide treatments (a—d) in conventionally
spaced rows. Two groups responded, of these Heteroptera only occurred in the
untreated control plots. Nematocera (no Tipulids) were significantly fewer where
there was a post-emergence application of pendimethalin + flufenacet (treatment c)
(Figure 5.36).

Abundance (back transformed)
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Herbicide treatment

Figure 5.36 The effect of herbicide treatment on Nematocera (not including Tipulids),
mean abundance per 0.5 m?: Boxworth, 2005.

In summary, at Boxworth, arthropods were most abundant where herbicide was
restricted to a single application, particularly in the case of a pre-emergence
application of pendimethalin + flufenacet or a March application of amidosulfuron.
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High Mowthorpe

2003

All treatments were sampled in 2003; three groups of arthropods were affected.
Acalypterae (Figure 5.37) were least abundant when amidosulfuron was applied in
March (treatment d), however the abundance of this group was also low in treatment
b (a pre-emergence application of diflufenican + trifluralin) and treatment f (a post-
emergence application of diflufenican + isoproturon with a March application of
florasulam).

Aschiza, and a wider group of nectar feeders (Figure 5.38), were fewest in treatment
g (post emergence diflufenican + isoproturon and a March application of mecoprop-

p). Overall within the treated areas, arthropods were most abundant under
Treatment ¢ (a post emergence application of diflufenican + isoproturon).
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Abundance (back transformed)
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Figure 5.37 The effect of herbicide treatment on Acalypterae, mean abundance per
0.5 m% High Mowthorpe, 2003.
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Figure 5.38 The effect of herbicide treatment on Aschiza and Nectar feeders, mean
abundance per 0.5 m% High Mowthorpe, 2003.
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2004

In 2004, sampling was restricted to treatments a to d, and for most arthropod groups
there was no effect of treatment, except that the abundance of Skylark food items
was least under treatment d (March application of amidosulfuron) (Figure 5.39).

40 ~

30
20
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0
a b c d

Herbicide treatment

Abundance (back transformed)

Figure 5.39The effect of herbicide treatment on Skylark food items (SFI), mean
abundance per 0.5m?% High Mowthorpe, 2004.

2005

Sampling was restricted to treatments a to d; more arthropod groups responded in
than in 2003 or 2004 (Table 5.22). Treatment d (a March application of
amidosulfuron) was the least detrimental. The data for the composite groups
followed similar trends (Figure 5.40 & Figure 5.41) and the arthropods with
comprised these groups occurred in fewer numbers on plots treated withthe pre and
post-emergence herbicides (treatments b and ¢ respectively).

Table 5.22 The effect of herbicide on mean arthropod abundance (independent of
row width and cultivation; back transformed means per 0.5 m?). Multiple
comparisons were carried out with Duncan’s multiple range test
(significant at 0.05): High Mowthorpe, 2005.

Herbicides
a b c d e f g F P

Order/sub-order

Acalypterae 39.6° 254 314*® 318° - - - 393 0.010
Aschiza 16.4° 7.2° 6.4° 122* - - - 736 <0.001
Nematocera - - -

(no Tipulidae) 7.6 46" 36 55%° 3.81  0.020
Total Diptera 91.9° 584" 655 756 - - - 514  0.004
Total Coleoptera 8.2 41" 3.2 66° - - - 539 0002
Heteroptera 0.2% 0.2% 0.1° 1.2° - 9.80 <0.001
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Figure 5.40 The effect of herbicide treatment on Nectar feeders and Skylark food
items (SFI), mean per 0.5 m?: High Mowthorpe, 2005.
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Figure 5.41The effect of herbicide treatment on Omnivores and Total Arthropods,
mean per 0.5 m? High Mowthorpe, 2005.

To summarise, at High Mowthorpe there was between-year variation in the arthropod
groups that responded to herbicide treatment, and variation in the direction of that
effect. In 2004, there were negligible differences between the herbicide treatments.
The abundance of flies, Acalypterae and Aschiza, and Nectar feeders differed
between the herbicide treatments in both 2003 and 2005. However, in 2003
arthropod abundance was lowest in treatment d, whereas in 2005 it was lowest in
treatments b and c. In 2005, this trend was evident across all groups; there was no
significant difference between treatment d (a March application of amidosulfuron) and
the untreated control.
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Gleadthorpe

Gleadthorpe was not sampled in 2004 and sampling was restricted in both 2003 and
2005.

2003

In 2003, sampling was restricted to treatments a, ¢, d and e, and only one group
responded to herbicide application. The abundance of Nematocera (excluding
Tipulids) was lowest in treatments d (March application of amidosulfuron) and e
(post-emergence application of diflufenican + isoproturon + spring application of
amidosulfuron (Figure 5.42).

Abundance (back transformed)
N

a c d e

Herbicide treatment

Figure 5.42The effect of herbicide treatment on Nematocera (excluding Tipulids):
Gleadthorpe, 2003.

2005

Treatments a to d were sampled in 2005, and two arthropod groups were affected,;
Heteroptera and SFI. The abundance of both groups was significantly reduced by
treatment c (post-emergence diflufenican + isoproturon) while treatments b (pre-
emergence diflufenican + trifluralin) and d (March application of amidosulfuron) had
no effect (Figure 5.43).
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Figure 5.43The effect of herbicide treatment on Heteroptera and Skylark food items
(SFI): Gleadthorpe, 2005.

Overall there were few effects of herbicide treatment at Gleadthorpe and results were
inconsistent between years. In 2003 a post-emergence application of diflufenican +
isoproturon (treatment c) was not detrimental to Nematocera, however, in 2005 this
same treatment had a negative impact on the abundance of Heteroptera and SFI.

1.4.3.3 Interaction between Cultivation and Herbicide application

In some cases there was an interaction between the effects of cultivation and
herbicide on arthropod abundance (Table 5.23). There was little consistency in the
response of groups to interactions, although Araneae responded at each site once,
however, the year in which the group responded varied between sites and there was
no consistent trend. The highest number of groups to be affected by an interaction
between treatments at any one site was four (Gleadthorpe 2003) out of a possible 33
groups and consequently the effect of interactions can be considered negligible for
the majority of arthropod groups. Full analyses are shown in Appendix 4.

159



Table 5.23 Summary of arthropod groups affected by an interaction between
cultivation and herbicide.

Site Group F P
Boxworth 2004 Araneae 1.89 0.043
Chrysomelidae 4.19 <0.001
High Mowthorpe 2003 Heteroptera 3.63 0.001
Lepidoptera Adults 2.74 0.008
High Mowthorpe 2004 Calyptera 414 0.002
Diptera Larvae 15.99 <0.001
Total Diptera 2.29 0.052
High Mowthorpe 2005 Araneae 2.36 0.046
Gleadthorpe 2003 Acalyptera 2.70 0.041
Staphylinidae 2.31 0.050
Other Coleoptera 6.83 <0.001
Total Coleoptera 3.55 0.013
Gleadthorpe 2005 Araneae 3.25 0.019
Calyptera 2.90 0.018
Lepidoptera Larvae 4.17 0.002
Neuroptera Larvae 3.71 0.005

144 Trophic linkages: Vegetation — Arthropod

Regression analyses showed that total weed cover was related to arthropod
abundance at Boxworth in 2004 and High Mowthorpe in 2005; the strongest
association was at High Mowthorpe (Table 5.24).

Table 5.24 Significant relationships between weed cover and arthropod abundance
as determined using linear regression.

% variation explained

by weed cover F P
Boxworth 2004 7.8 7.98 0.006
High Mowthorpe 2005 25.8 21.54 <0.001

14.4.1 Community compaosition

In order to compare the effect of treatment on the species assemblage of both the
weed and arthropod communities, the data was analysed using a two-way crossed
ANOSIM (see section 5.3.3). ANOSIM calculates the test statistic R which is a
comparative measure of the degree of separation (i.e. difference in species
assemblage) between groups (in this case, treatments). When comparing the
treatments at a particular site, the Global R statistic indicates whether there are some
significant differences between each possible pair of treatments. An R statistic is
also generated for each pair-wise comparison between treatments so that it becomes
clear where the differences lie. R usually lies between 0 and 1; 0 = no difference
between groups; 1 = complete dissimilarity. Occasionally, when R is low, although R
is statistically significant, it may be considered biologically insignificant as in reality,
there is very little difference between the groups. Table 5.25 shows that the species
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assemblage of the weed community differed between herbicide regimes at all sites
but that cultivation had no effect. In contrast, the arthropod community responded to
both herbicide and cultivation at the majority of sites, with the exception of High
Mowthorpe in 2003 and in 2005. However, Global R was low in several cases, so
that although the difference between treatments was significant, it was of minimal
consequence biologically.

Table 5.25 ANOSIM results for weeds and arthropods.

Weeds Arthropods
Global R P Global R P
Boxworth 2004 Cultivation 0.009 0.397 0.940 0.013
Herbicide regime 0.386 0.001 0.200 0.001
High Mowthorpe 2003  Cultivation 0.069 0.823 0.053 0.190
Herbicide regime 0.279 0.010 0.136 0.050
High Mowthorpe 2004  Cultivation 0.020 0.312 0.082 0.031
Herbicide regime 0.491 0.001 0.076 0.036
High Mowthorpe 2005  Cultivation 0.017 0.337 -0.003 0.498
Herbicide regime 0.447 0.001 0.152 0.001
Gleadthorpe 2003 Cultivation 0.022 0.398 0.265 0.010
Herbicide regime 0.368 0.001 0.222 0.009
Gleadthorpe 2005 Cultivation -0.050 0.883 0.690 0.049
Herbicide regime 0.318 0.100 0.660 0.051

Pair-wise comparisons indicated differences between individual treatments; the
strength of the dissimilarity is indicated by the R value. Significant comparisons are
shown in the tables below and in Appendix 5.

Row width and Cultivation

The effect of cultivation on community composition was restricted to arthropods.
Table 5.26 shows the significant pair-wise comparisons. At Gleadthorpe and
Boxworth there were significant differences between WSR+Cult and both
conventional crop spacing and WSR. At High Mowthorpe in 2004 the differences lay
between the conventional row spacing and both WSR and WSR+Cult.

Table 5.26 Significant differences in arthropod community composition between row-
spacing and cultivation treatments.

Row space / cultivation R P
Gleadthorpe 2003 Conv, WSR+Cult 0.384 0.015
WSR, WSR+Cult 0.301 0.039
Gleadthorpe 2004 Conv, WSR+Cult 0.115 0.026
WSR, WSR+Cult 0.092 0.059
Boxworth 2004 Conv, WSR+Cult 0.118 0.032
WSR, WSR+Cult 0.177 0.003
High Mowthorpe 2004 Conv, WSR 0.164 0.021
Conv, WSR+Cult 0.078 0.09
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The pair-wise dissimilarity between the groups was low; only at Gleadthorpe in 2003
was there a result approaching biological significance. The differences were
accounted for by a proportional increase in some groups, 50% of this difference was
accounted for by increased numbers of ‘other Coleoptera’, Heteroptera, and
Brachycera in plots with additional cultivation (Table 5.27). Abundance of Araneae
was highest in the conventional plots when compared with WSR but additional
cultivation increased those numbers.

Table 5.27 Pair-wise differences in arthropod community composition between row
spacing and cultivation treatments: Gleadthorpe, 2003.

Average abundances

Conv WSR+Cult Contrib%  Cum.%
Coleoptera ‘others’ 0.00 1.29 13.49 13.49
Heteroptera 0.91 1.34 13.41 26.90
Araneae 531 2.55 13.03 39.94
Brachycera 151 2.39 12.47 52.41
Homoptera 0.58 0.41 10.27 62.68
Nematocera 1.40 0.82 9.84 72.52
Acalypterae 0.82 0.62 9.10 81.62
Chrysomelidae 0.35 0.07 4.59 86.21
Staphylinidae 0.15 0.12 4.08 90.29
WSR WSR+Cult Contrib% Cum.%
Coleoptera ‘others’ 0.48 1.29 19.65 19.65
Araneae 1.95 2.55 13.27 32.92
Heteroptera 0.58 1.34 12.42 45.34
Brachycera 1.19 2.39 11.16 56.49
Nematocera 1.00 0.82 10.84 67.34
Homoptera 0.78 0.41 9.49 76.83
Acalypterae 0.66 0.62 7.30 84.13
Staphylinidae 0.20 0.12 3.56 87.69
Carabidae 0.12 0.10 3.28 90.97

1.4.4.2 Herbicide application
Results are reported by site and by year.
Boxworth 2004

Weed Community

There were many significant pair-wise comparisons of weed community composition
at Boxworth 2004. Complete lists of significantly different pairs are detailed in
Appendix 5, and Table 5.28 shows the significant pair-wise comparisons. Figure
5.44 shows the community composition of each treatment and from this it is apparent
that treatments b, d, e and g supported very simple communities whereas treatments
a (the control) and h supported a relatively complex weed spectrum. Despite
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similarity in complexity, treatments a and h were very different in terms of community
composition. The majority of the distinction between groups was accounted for by
differences in the relative proportion of P. annua, G. aparine, S. arvensis, Veronica
persica, Fallopia convolvulus and Veronica hederifolia (species breakdown of
significant differences can be found in Appendix 5). P. annua dominated the
community in treatments a and c; treatment b was significantly different from both a
and ¢ and was more similar to the sequence regimes.

Table 5.28 Pair-wise comparisons of weed community composition between
herbicide treatments: Boxworth, 2004.

Herbicide R Statistic P

a,b 0.734 0.001
a, c 0.378 0.001
a d 0.469 0.001
a, e 0.680 0.001
a, f 0.347 0.001
a, h 0.861 0.001
b, c 0.705 0.001
b, f 0.510 0.001
b, h 0.227 0.021
c, d 0.378 0.001
c, e 0.602 0.001
c, f 0.503 0.001
¢, h 0.806 0.001
d, f 0.253 0.004
e f 0.348 0.004
f, h 0.455 0.001
a d 0.284 0.016
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Figure 5.44 Species composition of the weed community sampled in each herbicide
treatment: Boxworth, 2004.

Arthropod community

There were also many pair-wise differences in arthropod community composition
associated with herbicides, however, it is apparent from Table 5.29 and Figure 5.45
that there was less differentiation than in the weed community (see R values in Table
5.29) and most of the dissimilarity was between treatments a (the control) and other
treatments, especially the sequence regimes. The least significant differences were
between treatments a & d and d & h. Differences in the relative abundance of
Diptera (Acalypterae, Tipulidae, Cantharidae, Aschiza, Nematocera (no Tipulids),
Brachycera), Coleoptera (others) and Heteroptera accounted for the distinction
between herbicides. Notably, the control plots supported a relatively high abundance
of Acalyptera; full pair-wise comparisons of significant differences are shown in
Appendix 5.
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Table 5.29 Pair-wise comparisons of arthropod community composition between
herbicide treatments: Boxworth, 2004.

Herbicide R Statistic P
a, b 0.253 0.015
a, c 0.396 0.001
ad 0.191 0.011
a e 0.667 0.002
a,f 0.559 0.001
a, h 0.597 0.001
b, e 0.333 0.008
b, f 0.201 0.021
b, h 0.281 0.015
d, e 0.302 0.005
d, h 0.191 0.031
e, h 0.267 0.029
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Figure 5.45 Species composition of the arthropod community sampled in each
herbicide treatment: Boxworth, 2004.

RELATE was used to correlate the similarity matrices of weed and arthropod
abundance; there was a significant correlation (Rho = 0.144; P = 0.013). The BEST
routine was used to determine which components of the weed spectrum best
explained the arthropod community composition i.e. which were the most influential
species. The BEST correlation was 0.243, and the influential species were F.
convolvulus, Elytrigia repens and volunteer OSR.
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High Mowthorpe 2003

Weed community

The weed community species composition differed between a number of the
treatments, particularly treatment a (the control) and the sequence regimes.
Treatments a and d were not significantly different from each other but Table 5.30
shows that there was a difference between treatment d and b, ¢, e & g. Treatment g
was dominated by G. aparine resulting in a very simple weed community. In all
cases up 80% of the differences between herbicides were accounted for by changes
in the relative abundance of the following species: P. annua, Papaver spp., G.
aparine and Fumaria officinalis. Tables showing differences between each treatment
are located in Appendix 5.

Table 5.30 Pair-wise comparisons of weed community composition between
herbicide treatment: High Mowthorpe, 2003.

Herbicide R Statistic P
a, e 0.642 0.003
a, f 0.346 0.016
a,g 0.685 0.004
a,b 0.370 0.038
c, d 0.420 0.011
d, e 0.543 0.003
d, b 0.630 0.005
ab 0.809 0.001
100% -
S 80% - I
o
I 0% Others
8 0
5 B Volunteer potato
% 40% | B Fumaria officinalis
‘GEJ B Papaver spp.
S 20% - Poa annua
o . :
B Galium aparine
0% -

a b C d e f g
Herbicide treatment

Figure 5.46 Species composition of the weed community sampled in each herbicide
treatment: High Mowthorpe, 2003.

Arthropod community

There were fewer significant differences in arthropod community composition when
compared with the weed community composition. Treatment a (the control) was
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distinguished from treatments b, ¢ and g and treatment b was significantly different to
g (Table 5.31). The pairwise difference between treatments a and g was the greatest
when compared to the others.

The majority of the variation in arthropod community between herbicides was
accounted for by the relative abundance of Diptera (Aschiza, Brachycera, Calyptera
and Nematocera (not including Tipulids)), Araneae and Hemiptera (Figure 5.47). Full
tables are in Appendix 5.

Table 5.31 Pair-wise comparisons of arthropod composition between herbicide
treatments: High Mowthorpe, 2003.

Herbicide R Statistic P
a, c 0.333 0.029
a, g 0.667 0.001
a,b 0.481 0.005
g, b 0.605 0.003
100% -
5 Others
£ 80% -
o Homoptera
I
S 60% - Calyptera
] Staphylinidae
)
g 40% - B Araneae
§ W Brachycera
E 20% - ® Nematocera (no Tipulids)
Aschiza
0% -

W Acalypterae
a b ¢ d e f g P

Herbicide treatment

Figure 5.47 Species composition of the arthropod community sampled in each
herbicide treatment: High Mowthorpe, 2003.

There was no correlation between the weed and arthropod community composition
(Rho =-0.114; P = 0.966).

High Mowthorpe 2004

Weed community

There were pair-wise differences in weed community composition between most of
the herbicides with the exception of the control (a) and treatment d (Table 5.32). The
greatest difference was between treatments a and b followed by treatments b and c.
The differences were accounted for by the relative abundances of P. annua, F.
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convolvulus, S. arvensis, G. aparine and E. repens. Figure 5.48 shows that treatment
b was dominated by G. aparine.

Table 5.32 Pair-wise comparisons of weed composition between herbicide
treatments: High Mowthorpe, 2004.

Herbicide R Statistic P

a,b 0.845 0.001

a,c 0.143 0.028

b, c 0.671 0.001

b, d 0.427 0.001

c, d 0.318 0.001
100% -

80% +

Others
60% - -
B Elytrigia repens

40% - B Sinapis arvensis
B Fallopia convolvulus
20% j Galium aparine
B Poa annua
0% - -
a b d

c

Percentage of total cover

Herbicide treatment

Figure 5.48 Species composition of the weed community sampled in each herbicide
treatment: High Mowthorpe, 2004.

Arthropod community

In contrast, there were few significant pair-wise comparisons between arthropods
sampled from each herbicide treatment when compared with the results of the weed
community; only treatment b was distinguished from both the control (treatment a)
and treatment d (Table 5.33). The R statistic is low in both cases and the species
determining the differences detected were numerous and followed no consistent
trend; this is illustrated in Figure 5.49 and in the full analyses are in Appendix 5.

Table 5.33 Pair-wise comparisons of arthropod composition between herbicide
treatments: High Mowthorpe, 2004.

Herbicide R Statistic P
a, b 0.204 0.008
b, d 0.179 0.005
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Figure 5.49 Species composition of the arthropod community sampled in each

herbicide treatment: High Mowthorpe, 2004.

There was no correlation between the weed and invertebrate community composition

(Rho = 0.028; P = 0.310).

High Mowthorpe 2005

Weed community

As demonstrated in other years and at other sites, treatment a, the control, was most
likely to be distinguished from other groups, however, the greatest contrast at High
Mowthorpe in2005 was that between treatments b and d (Table 5.34) where b was
dominated by G. aparine and d was dominated by P. annua (Figure 5.50).

Table 5.34 Pair-wise comparisons of weed composition between herbicide

treatments: High Mowthorpe, 2005.

Herbicide R Statistic P

a,c 0.544 0.001
a, d 0.364 0.001
a,b 0.589 0.001
c,d 0.461 0.001
db 0.663 0.001
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a b c d
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Figure 5.50 Species composition of the weed community sampled in each herbicide
treatment: High Mowthorpe, 2005.

Arthropod community

As in 2004, the R statistic was low for most comparisons, only the difference between
the control and treatment b approached biological significance (Table 5.35). This
was due to the increased number of Diptera and ‘other Coleoptera’ that were
recorded on the control plots (Figure 5.51, Appendix 4).

Table 5.35 Pair-wise comparisons of arthropod composition between herbicide
treatments: High Mowthorpe, 2005.

Herbicide R Statistic P

a,c 0.177 0.021
a, d 0.151 0.015
a,b 0.303 0.001
d b 0.199 0.017
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Figure 5.51 Species composition of the arthropod community sampled in each
herbicide treatment: High Mowthorpe, 2005.

There was no correlation between the weed and invertebrate community composition
(Rho=0.62, P = 0.152).

Gleadthorpe 2003

Weed community

At Gleadthorpe in 2003 there was a significant difference between all herbicide
treatments with the exception of b and d (Table 5.36). The greatest difference was
that between treatments a and b, which was due to much higher ground cover of P.
annua and S. media on the control plots. Differences are illustrated in Figure 5.52

and a table of differences is presented in Appendix 5.

Table 5.36 Pair-wise comparisons of weed composition between herbicide
treatments: Gleadthorpe, 2003.

Herbicide R Statistic P
a, b 0.679 0.004
a, c 0.148 0.072
a, d 0.494 0.006
b, c 0.531 0.009
c, d 0.370 0.021
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40% - ® Polygonum aviculare

20% - Stellaria media
B Poa annua

Percentage of total cover

0% -

100% ~
80% -
60% - m Others
B Fallopia convolvulus
a b c d
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Figure 5.52 Species composition of the weed community sampled in each herbicide
treatment: Gleadthorpe, 2003.

Arthropod community

Within the arthropod community, the significant differences lay between treatment b
and all other treatments (Table 5.37) and was due to differences in the relative
abundance of Nematocera (no Tipulids), Araneae and ‘other’ Coleopetera (Figure
5.53, Appendix 5).

Table 5.37 Pair-wise comparisons of arthropod composition between herbicide
treatments: Gleadthorpe, 2003.

Herbicide R Statistic P

a, b 0.333 0.017
b, c 0.494 0.007
b, d 0.358 0.029

100% - Others

80% ~ m Coleoptera others
Homoptera
60% 1 = Acalypterae
40% - W Heteroptera
Bm Brachycera
20% 1 ® Nematocera (noTipulids)
0% - B Araneae
a b c d

Herbicide treatment

Percentage of total catch

Figure 5.53 Species composition of the arthropod community sampled in each
herbicide treatment: Gleadthorpe, 2003.
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There was no correlation between the weed and arthropod communities (Rho = -
0.023, P =0.615)

Gleadthorpe 2005

Weed community

Significant pair-wise differences in weed community composition between herbicides
are shown in Table 5.38. Treatment ¢ was dominated by Polygonum aviculare and
was different from all other treatments. Treatment d was not distinguished from the
control (Figure 5.54).

Table 5.38 Pair-wise comparisons of weed community composition between
herbicide treatments: Gleadthorpe, 2005.

Herbicide R Statistic P

a,c 0.423 0.001
a,b 0.487 0.001
c,d 0.468 0.001
c, b 0.142 0.022
db 0.447 0.001

Percentage of total cover

100% - . I
80% - I
60% - m Others
B Polygonum aviculare
40% ~ ® Veronica arvensis
Stellaria media
0/ |

20% H Poa annua

0% -

a b c d

Herbicide treatment

Figure 5.54 Species composition of the weed community sampled in each herbicide
treatment: Gleadthorpe, 2005.

Arthropod community

Only one comparison of arthropod species assemblage was significantly different.
Treatment b was distinct from treatment ¢ (Table 5.39). The difference was
accounted for by the relative abundance of Other Nematocera, Acalypterae, Aschiza
and Coleoptera (others) (Figure 5.55, Appendix 5).
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Table 5.39 Pair-wise comparisons of arthropod community composition between
herbicide treatments: Gleadthorpe, 2005.

Herbicide R Statistic P

c, b 0.172 2.4

100% -

- - 1 ] - B Others
% 80% - Homoptera
o
I I Staphylinids
;g 60% - . I I Nematocera (no Tipulids)
@ Araneae
g 40% - -
g B Aschiza
% 20% - B Coleoptera (others)
o W Total Heteroptera

0% - Brachycera

a b c d

B Acalypterae
Herbicide treatment

Figure 5.55 Species composition of the arthropod community sampled in each
herbicide treatment: Gleadthorpe, 2005.

There was no correlation between the weed and arthropod communities (Rho=0.085,
P =0.158).

In summary, the community analysis showed that the weed species assemblage was
more affected by herbicide regime than was the assemblage of arthropods; there
were more significant differences between groups and the strength of disassociation
was stronger. This is because arthropods respond indirectly to herbicide application
but weeds are directly affected. The weed community was relatively simple and was
largely driven by differences in P. annua, G. aparine and F. convovulus, all three of
which species may be expected to benefit arthropods. However, there was very little
relationship between species assemblage of weeds and arthropods; only at Boxworth
in 2004 was there a significant correlation where the arthropod species assemblage
was determined by the abundance of F. convovulus, E. repens and volunteer OSR.
In most cases weed cover and arthropod abundance was too low to detect the
relationship between them. In general, the difference in arthropod species
assemblage between herbicide treatments was largely driven by flies, spiders and
small beetles such as Cantharids and those assigned as ‘other Coleoptera’.
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15 DISCUSSION

15.1 Effect of row spacing and cultivation

Crop cover was consistently lower under WSR compared to conventional spacing.
Overall, WSR reduced vyield, however effects were not significant across all
sites/years.

There were few effects of cultivation/spacing on vegetation and where significant
differences were recorded, the effects were not consistent across sites, although
there were many interactions between cultivation/spacing and herbicide at High
Mowthorpe. At High Mowthorpe, the reduction in cover of the neutral (Group3)
species in 2003 and all weeds in 2005, suggest that the cultivation was acting as a
cultural weed control technique in certain circumstances. This reflects the results of
Wilson et al. (1993) who reported that G. aparine biomass was significantly reduced
by a spring cultivation between rows. There was no suggestion that a spring
cultivation encouraged the emergence of spring germinating species. In all
sites/years the vegetation was dominated by autumn germinating weeds or those
that can germinate over a long period of time. Species such as P. aviculare and F.
convolvulus, which have a discrete period of germination in the spring and early
summer (Williams & Morrison, 2003), were recorded in the study, but at very low
levels. Also, species richness was greater with cultivation in only one site year (High
Mowthorpe 2004). This suggests that spring cultivation does not promote significant
germination, that the advanced state of the crop canopy limits growth, or that these
species are only present at very low densities in the seed bank. Ultimately, a spring
cultivation in winter wheat crops did not increase cover of spring germinating species.
WSR did not appear to allow increased in weed cover through reduced canopy
cover. No consistent effects were recorded on untreated plots, indicating that the
lack of effect on weed cover was not due solely to herbicide use.

Row spacing and additional spring cultivation had a limited effect on arthropod
abundance. Where an effect was shown, beetles responded positively to the wider
rows, with and without cultivation, but flies responded negatively. The minimal
interaction between herbicide application and row spacing/cultivation demonstrated
that opening up the crop and introducing soil disturbance did not consistently mitigate
the effect of herbicide application; only Araneae (spiders) responded to the
interaction more frequently than to each treatment regime independently. This was
probably because they respond to changes in habitat architecture. The species
assemblage of the arthropod community was affected by row spacing/cultivation
independently of the weed community; weed species assemblage was unaffected
thus emphasising the importance of overall cover and structure as a driver for the
distribution of invertebrate species (which are mobile and able to respond quickly).
Weed species assemblage is likely to be strongly influenced by site and year
differences which could mask any small-scale effect of row width/cultivation on
relative abundance.

In conclusion, the effect of the row spacing/cultivation treatment was inconsistent.
Weed cover was rarely affected, and there was no evidence that lower competition
between the rows or cultivation in spring encouraged beneficial species to germinate.
In general, the arthropod groups affected were not important bird food species, nor
were they threatened arable species. There were also yield penalties in some
sites/years to both WSR and cultivation. Manipulating row spacing/cultivation is
therefore not recommended for commercial application.
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1.5.2 Effect of herbicide treatment

Herbicide treatment consistently affected cover of all weed species and composite
groups analysed, except in sites/years of very low weed cover. Some effects were
consistent throughout the study, others were specific to sites and/or years.

Generally, as would be expected, weed ground cover was greatest on untreated
plots. Comparison of treatments which received herbicide indicated that weed cover
and species richness was higher in treatments involving single herbicide applications
than following sequences of herbicide applications. Multiple applications simply
allowed the use of different products to target a wider range of species at different
timings, effectively minimising weed populations. Generally, all sequences gave
similar levels of weed control, although at Boxworth in 2004, A. sterilis and S. media
were not fully controlled in the absence of a pre-emergence application (treatment g).

The most beneficial herbicide treatment for wider biodiversity was a single spring
application of amidosulfuron (d), which consistently allowed greater weed populations
to develop, in terms of cover and species number, than other treatments. At High
Mowthorpe, where G. aparine was the main problem weed species, amidosulfuron
was effective in controlling this species and control of undesirable species was
similar to that achieved by sequences. However, where problem grass species were
present, herbicide treatments that left beneficial species did not always control these
noxious species fully. At Boxworth in 2004, a relatively high ground cover of S.
media in treatment d (spring only application) was accompanied by high cover of
undesirable species, although these were largely volunteer beans.

The effects of herbicides on seed production were similar to those for weed cover,
with greatest seed production where weed cover was greatest. Weed reproductive
status was least advanced where herbicides had been effective in controlling weeds.
Weeds which survived herbicide application may have been stunted by the
treatment, or weeds may have germinated post treatment, but without sufficient time
to reproduce. It was not possible to distinguish between these scenarios in this
study.

There was no consistent effect of weed cover on crop yield. Crop ground cover was
generally more closely related to crop yield than to weed ground cover. However, in
sites/years of high weed cover, there was a competitive effect with the crop of some,
but not all, weed species.

This study suggests that there is scope to manipulate herbicide inputs to allow some
increase in weed populations that would be beneficial for wider farmland biodiversity
and would not compromise productivity. However, results varied depending on site
and year and this approach would necessarily be site specific and dynamic in order
to avoid expansion of weed populations to detrimental levels. Weed species vary in
their competitive ability (Wilson & Wright, 1990), therefore some species can be
tolerated at higher populations than others, but very high populations of most species
are likely to lead to a yield penalty and for less competitive species this is unlikely to
occur within a growing season if the herbicide regime is reactive. However, where
high populations of undesirable species already exist, this approach will involve
greater risk and manipulation of herbicide inputs is probably inappropriate were there
is evidence of herbicide resistance in the weed population.

Arthropod response to herbicide treatment varied between groups; a number of

important groups (e.g. Heteroptera, total Coleoptera, total Araneae, Skylark food
items and total arthropods) differed between the treatments, mostly in the years with
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higher weed cover. In years with low weed cover, responsive groups tended to be
limited to flies or those composite groups dominated by fly abundance. The effects
of the herbicides on arthropods were assumed to be indirect i.e. arthropod response
was mediated by the effect of herbicides on weed cover; there is little evidence to
suggest that herbicides are toxic to arthropods (Brust, 1990; Samsoe-Petersen,
1995). Likewise many other studies conducted along field margins showed that
arthropods and especially those important in the diet of the grey partridge were
always higher in unsprayed plots compared to those treated with herbicides
(Sotherton et al., 1985; 1988; Chiverton & Sotherton, 1991; Moreby & Southway,
1998; reviewed by Frampton, 2003). Leaving unsprayed strips around the outer
edge of cereal fields increased the supply of arthropods sufficiently to raise the chick
survival rate (Rands & Sotherton, 1986). The value of unsprayed field margins has
since been demonstrated for a variety of farmland wildlife including butterflies, small
mammals and songbirds (Sotherton, 1991; de Snoo, 1999). Leaving unsprayed field
margins was, however, found to be agronomically unacceptable and instead
selective herbicide regimes were tested and recommended (Boatman, 1991, 1992;
Boatman & Bain, 1992). Even so a single herbicide application in the autumn was
sufficient to have a substantial impact on arthropods (Moreby & Southway, 1998). A
greater challenge exists when trying to manipulate the flora of field interiors because
of the difficulties in managing pernicious weeds, the larger areas involved and the
potential impact on crop yields.

The abundance of arthropods was usually highest where no herbicides were applied,
although in some cases similar levels were found on treated plots. At Boxworth in
2004, there was high weed cover and arthropod abundance was highest in plots
treated with a March application of amidosulfuron. This is the current
recommendation for control of cleavers in conservation headlands (Anon, 2005). In
general, the sequences of herbicides led to the fewest arthropods, although a post-
emergence application of flupyrsulfuron-methyl also had a negative effect. At
Boxwaorth in 2005, only Heteroptera and Nematocera (no Tipulids) responded to the
treatments, however, the same trend was shown (although the sequence regimes
were not sampled).

At High Mowthorpe and Gleadthorpe, the effect of herbicide application varied
between years. In plots receiving a March application of amidosulfuron, which was
the least damaging at Boxworth, there was a lower abundance of Acalypterae (High
Mowthorpe in 2003), Skylark food items (High Mowthorpe in 2003) and Nematocera
(no Tipulids) (Gleadthorpe in 2003). However, the same treatment contained high
numbers of Skylark food items at Gleadthorpe in 2005 and Acalypterae, SFI, Nectar
feeders, Omnivores and total Arthropods at High Mowthorpe in 2005. A post-
emergence application of diflufenican + isoproturon was the least damaging
herbicide treatment at High Mowthorpe in 2003, however this was not so in the
following two years. In 2005, both the pre-emergence application and post-
emergence application of diflufenican + isoproturon had significantly lower numbers
of arthropods when compared with the control and, in many cases, with a March
application of amidosulfuron.

Across groups and years, the abundance of the composite group comprising Skylark
food items was usually highest following a March application of amidosulfuron.

The species assemblage of the weed community was affected by herbicide
application in each year, at each site. Most differences were found at Boxworth 2004
and High Mowthorpe in 2005 when weed cover was high. The arthropod species
assemblage varied less than the weed community, and where there were
differences, these tended to be fewer when compared with the weed community and
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the dissimilarity was weaker. There was little relationship between the weed and
invertebrate community composition; a significant correlation was found at Boxworth
at 2004, but otherwise no relationship was shown. In addition, total weed cover and
total arthropod numbers were only related at Boxworth in 2004 and High Mowthorpe
in 2005, demonstrating that the relationship is dependent on there being sufficient
weed cover. If there is insufficient weed cover, arthropod communities cannot
establish. Further analysis of the relationship between weeds and invertebrates is
needed to identify the key determinants of arthropod abundance and diversity;
possible factors include cover of broadleaf weeds, grass weeds, crop, bare ground
and litter. In addition, analyses are needed to determine whether a weed threshold
can be identified beyond which acceptable levels of arthropods occur. The grey
partridge chick food index is a robust indicator that could be used for assessing
acceptable levels because the relationship between chick survival and arthropod
abundance been quantified. The diet of partridge chicks is similar to that of other
farmland birds, providing a broader indication of bird food supplies (Holland et al.,
2006).

This study showed that where there is sufficient weed cover it is possible to maintain
a healthy invertebrate population by the careful selection of herbicide type and timing
of applications. Encouraging arthropods through a reduction in herbicide inputs
would, however, only be prudent if there were no pernicious weeds and the density of
other weeds did not compromise crop yield or inhibit crop harvest. In some sites and
years, even in the untreated plots, weed levels remained very low (<5% cover in
2003, 10% cover in 2005 at Boxworth) but in other years reached almost 100% cover
revealing the risk involved in such an approach. Even so, there was evidence in this
study that there is scope to reduce herbicide inputs within fields. Such an approach
would benefit arthropods; we have demonstrated that higher arthropod abundances
were associated with a selective herbicide programme involving a single herbicide
treatment when compared to sequential applications. Arthropods important in the
diet of farmland birds were often most abundant in plots receiving the March
application of amidosulfuron.

1.6 CONCLUSIONS AND RECOMMENDATIONS

Weed cover often remained within acceptable levels when herbicide inputs were
reduced, suggesting that there is scope for many farmers to reduce herbicide inputs.

However, undesirable species were sometimes associated with increases in
desirable species and there was evidence that weed cover could reach levels which
impacted on crop yield and also potentially affect subsequent crops because of
increased levels of weed seed production and return to the soil.

Herbicide programmes to encourage beneficial species must therefore be carefully
tailored to the soil type and weed spectrum present at any particular site and
circumstances and impacts on subsequent crops must be considered.

Herbicide inputs have an impact on the abundance of arthropods, particularly those
taxa important in the diet of farmland birds.

The abundance of arthropods important in the diet of farmland birds was usually
greatest where there was a single herbicide treatment in March.

A relationship between weed and arthropod abundance was identified but requires
further exploratory analyses.
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It is possible to increase weed cover by the use of selective herbicides and this can
result in positive benefits for wider farmland biodiversity. Farmers and their advisors
should be made more aware of the importance of weeds in determining arthropod
abundances and the subsequent impact on the survival of farmland bird chicks. The
potential to reduce herbicide inputs within fields without pernicious weeds should also
be highlighted, both as a way to increase biodiversity and reduce herbicide costs.
However, this should only be considered where the weed spectrum is known to be
suitable, and herbicide programmes should preferably be planned with advice from a
BASIS qualified agronomist to ensure that crop health and productivity is
safeguarded.
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APPENDIX 1 — CROP MANAGEMENT DETAILS

Table 5.A1 Agronomic inputs 2002/03.

2002/03 ADAS Boxworth ADAS Gleadthorpe ADAS High Mowthorpe
Field 17 Acres Top Kingston Warren
Soil Type Calc. Clay Loam (Hanslope Series) Loamy medium sand (Cuckney Series)

Previous cropping
1999

Set-aside

Potatoes

2000 Winter wheat Winter wheat -
2001 Winter wheat Carrots (strawed over winter and lifted -
spring 2002)
2002 Winter oilseed rape Spring oilseed rape Spring beans
Cultivations
7/08/02 pig tail cultivated 12/09/02 sub-soiled 24/09/02 plough /press
23/08/02glyphosate 360g ai/l @ 2 I/ha 13/09/02 chisel ploughed 03/10/02 surrounding crop drilled:
23/08/02 mole drained 28/10/02 ploughed and furrow pressed 20/10/02 power harrow:
5/9/02 ploughed and furrow pressed
followed by rolling
1/10/02 power Harrowed
3/10/02 rolled
Drilling date 8/10/02 05/11/02 20/10/2002
Variety Claire Equinox Hereward
Seed rate (kg/ha) 150 214 141
(Normal row spacing)
Seed rate (kg/ha) 50 This was the highest seed rate we 172 This was the highest seed rate we 145

(Double row spacing)

could achieve

could achieve
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2002/03

ADAS Boxworth

ADAS Gleadthorpe

ADAS High Mowthorpe

Fertiliser 27/02/03 400 I/ha 7:21:0:0 liquid fertiliser ~ 06/02/03 96 kg/ha P,0s, as triple super
phosphate.
29/03/03 300 I/ha Nuram 37 liquid 13/02/03 96 kg/ha K0, as muriate of 15/01/2003, 0:20:30, 574 kg/ha
fertiliser. potash.
26/04/03.200 I/ha Nuram 37 liquid 21/02/03 40 kg/ha N plus 10.3 kg/ha S as  14/03/2003, Ammonium nitrate, 123 kg/ha
fertiliser. Sulphur Gold.
28/02/03 5.0 kg/ha MnSO, 01/05/2003, Nitram, 617 kg/ha
20/03/03 52 kg/ha N as ammonium 25/06/2003, Nufol, 209 kg/ha
nitrate (34.5% N)
09/05/03 113 kg/ha N as ammonium
nitrate (34.5% N)
Fungicide 15/4/03 Fortress @ 0.1 I/ha 07/05/03 Landmark 0.5 I/ha + Fortress 07/05/2003, Opus, 0.54 I/ha
0.11l/ha
7/05/03 Landmark @ 0.5 I/ha 07/05/2003, Erysto, 0.43 I/ha
30/05/03 Opera @ 0.75 I/ha 27/05/03. Landmark 0.5 I/ha + Opus 0.25  27/05/2003, Landmark, 0.47 I/ha
I/ha
14/06/03, Amistar-Pro, 0.24 |/ha
14/06/03, Folicur, 0.24 |/ha
PGR 15/4/03 3C Cycocel @ 1.5 I/ha None 22/04/2003, Chlormequat 720, 2.47 |/ha
7/05/03 3C Cycocel @ 0.75 I/ha
Insecticides 24/02/03 Cypermethrin @ 246 ml/ha. None None
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2002/03

ADAS Boxworth

ADAS Gleadthorpe

ADAS High Mowthorpe

Herbicide treatments

31/10/02 Crystal @ 3 or 4 I/ha depending
on treatment. Crop emerging, GS 09/10.
5/11/02 Avadex @ 15 kg/ha to treatments
using pepper pot shakers

20/12/02 Crop at GS21.Hawk @ 2.5 I/ha
+ Lexus @20 g/ha to required plots
20/03/03 Crop @ GS 22-23.Eagle @ 40
g/ha, OR Boxer @ 0.15 I/ha to desired
treatments.

9/5/03 Crop @ GS 32.Ally @ 30g/ha plus
Starane @ 2.0 I/ha OR Starane @ 2.0
I/ha OR Duplosan (CMPP-p) @ 2.0 I/ha to
required treatments

07/11/02 Ardent @ 2.5 I/ha to treatments
9, 20 and 31.

07/11/02 Terbutryn @ 3.0 I/ha to
treatments 11, 22 and 33.

15/11/02 Avadex @ 15 kg/ha to
treatments 10, 21 and 32.

09\12/02Crop fully emerged, GS
11.Fenpath @ 2.0 I/ha to treatments 2, 4-
7, 13, 15-18, 24, 26-29 and 34-36.
10/12/02 Ardent @ 2.5 I/ha to treatments
8, 19 and 30.

26/03/03Eagle @ 40 g/ha to treatments
3, 4, 14, 15, 25, 26, and 35.

26/03/03Boxer @ 0.15 I/ha to treatments
5, 16 and 27.

26/03/03Ally @ 30g/ha plus Starane @
2.0 I/ha to treatment 34.

26/03/03CMPP @ 5.6 I/ha to treatment
36.

16/04/03Crop at GS 30.CMPP @ 5.6 I/ha
to treatments 6, 17 and 28.
16/04/03Starane @ 2.0 I/ha to treatments
7,18 and 29.

31/10/2002, Crop pre-emergence,
Treatments 9,20,31, Ardent @ 2.5l
31/10/2002 Treatments 11,22,33, Alpha
Terbutryne 50SC @ 5.6l
31/10/2002Treatments 10,21,32, Avadex
Excel 1 @ 15kg

18/12/2002, , Treatments 2,4,5,6,7,13,15,
16,17,18,24 ,26,27,28,29,34, 35, 36,
Panther @ 2.0l

18/12/2002 Crop @ GS 12, Treatments
8,19,30, Ardent @ 2.5l

19/03/2003, Crop @ GS22, Treatments
3,4,14,15,25,26,35, Eagle @ 40g/ha

19/03/2003, Crop @ GS22, Treatments
5,16,27, Boxer @ 0.15I

19/03/2003, Treatments 34, Ally @ 30g +
Starane @ 1.0l

19/03/2003, Treatment 36, Compitox Plus
@ 2.0l

15/05/2003, Crop @ GS32, Treatments
6,17,28, Compitox Plus @ 2.0l

15/05/2003, Treatments 7,18,29, Starane 2
@ 1.0l

Hoe treatments

Trial harvested

21/3/03Crop @ GS 22-23.Hoed
treatments 34-36 using a multi-tined
weeder.

8&9/08/03

20/03/03Crop at GS 22/23.Hoed
treatments 34-36 using a multi-tined
weeder.

11/04/03Crop not yet at GS 30.Hoed
treatments 23-33 using multi-tined
weeder as before.

08/08/03.

14/03/2003, Crop @ GS22, Treatments
34,35,36, Einbock weeder tines

17/04/2003, Hoe, Treatments
23,24,25,26,27,28,29,30,31,32,33, Einbock
weeder tines

183



Table 5.A2 Agronomic inputs 2003/04.

2003/04 ADAS Boxworth ADAS Gleadthorpe ADAS High Mowthorpe
Field Pamplins North Tenter Field Warren
Soil Type Calc. Clay Loam (Hanslope Series) Loamy medium sand (Cuckney series)

Previous cropping
2000

Winter oil seed rape

Winter wheat

2001 Winter wheat Winter wheat
2002 Winter wheat Carrots (strawed over winter and lifted Spring beans
spring 2003)
2003 Winter beans Spring oil seed rape Winter wheat
Cultivations 22/08/03 glyphosate 360g ai/l @ 4 I/ha + 29/09/03 Trial area ploughed and furrow 01/09/2003 Roundup 360 4.0 Lt
0.5 I/ha tallow amine pressed.
29/08/03 mole drained 07/10/2003 Plough/press
6/09/03 Flat lifted 10/10/2003 Roll
6/09/03 Rolled
8/09/03 Power Harrowed
24/09/03 rolled
Drilling date 23/09/03 Trial drilled with 3m Sulky drill 07/10/03 13/10/2003
@ 3.5cm depth
Variety Solstice Access Napier
Seed rate (kg/ha) 170 147 184
(Normal row spacing)
Seed rate (kg/ha) 170 147 186

(Double row spacing)

Fertiliser

3/03/04 400 I/ha 7:21:0:0 liquid fertiliser
30/03/04 260 I/ha Nuram 37 liquid
fertiliser.

14/05/04 260 I/ha Nuram 37 liquid
fertiliser.

24/11/03 3.0 kg/ha MnSO,
23/02/04 135 kg/ha Muriate of Potash

17/03/04 100 kg/ha Ammonium Sulphate
20/03/04 100 kg/ha Ammonium Nitrate
08/04/04 303 kg/ha Ammonium Nitrate

15/04/04 3.0 kg/ha MnSO,
07/05/04 156 kg/ha Ammonium Nitrate

29/09/2003 Farmyard Manure 300.0 t/ha
09/03/2004 Ammonium Nitrate 208.3
Kg/ha

09/04/2004 0.20.30 228.2 Kg/ha

22/04/2004 Ammonium Nitrate 396.8
Kg/ha

184



2003/04

ADAS Boxworth

ADAS Gleadthorpe

ADAS High Mowthorpe

Fungicide 16/04/04 Bravo @ 1.0 I/ha 31/03/04 1.0 I/ha Chlorothalonil. 02/05/2004 Landmark 0.5 I/ha
12/05/04 Opus @ 0.2 I/ha + Landmark @  02/05/04 0.6 I/ha Landmark. 06/06/2004 Bravo 500 1 I/ha
0.5 I’ha
30/05/04 Landmark @ 0.70 I/ha 02/05/04 1.0 I/ha Chlormequat. 06/06/2004 Landmark 0.7 I/ha
24/05/04 0.5 I/ha Landmark. 22/06/2004 Folicur 0.3 I/ha
24/05/04 0.25 I/ha Opus.
24/05/04 0.3 I/ha Tern 750Ec.
PGR 16/04/04 3 C Cycocel @ 2.3 I/ha 15/04/04 2.0 I/ha Chlormequat. 22/04/2004 New Cycocel 2.1 I/ha
24/05/04 1.0 I/ha Terpal.
Insecticides 24/10/03 Draza @ 3.5 kg/ha broadcast 31/03/04 0.25 I/ha Cypermethrin. 21/11/2003 Cyperkill 0.25 I/ha

6/12/03 Cypermethrin @ 0.25 I/ha applied
30/05/04 Cypermethrin @ 0.25 I/ha

Herbicide treatments

30/9/03 Crystal @ 3 or 4 I/ha depending
on treatment. Crop not emerged; but first
cotyledons seen for various weeds.
9/02/04 Crop at GS21. Hawk @ 2.5 I/ha +
Lexus @20 g/ha to required plots

25/03/04 Crop @ GS 22-23. Eagle @ 30
g/ha,

31/03/04 2.0 I/ha CMPP-p to treatments
6,13 and 20.

06/11/03 2.0 I/ha Fernpath Ipex, post
emergence, to treatments
2,4,5,6,9,11,12,13,16,18,19 and 20.
31/03/04 30 g/ha Eagle to treatments
3,4,10,11,17 and 18.

31/03/04 0.75 I/ha Boxer to treatments
5,12 and 19.

21/12/03 Ardent to required plots

28/11/03 Panther to required plots

13/04/04 Eagle, Boxer, CMPP-p to
required plots

Hoe treatments

Pre-Harvest treatment

Trial harvested

15/04/04 Crop @ GS 31. Hoed
treatments 17-24 using a multi-tined
weeder.

11/08/04 Glyphosate 360g ai/l @ 2.5 I/ha

7/09/04

16/04/04 Spring hoeing treatment applied
to treatments 15-21.

02/08/04 Applied 2.0 I/ha Glyphosate pre
harvest
28/08/04

25/04/04 Hoe treatments using Einbock
weeder

29&30/08/2004

185



Table 5.A3 Agronomic inputs 2004/05.

2004/05 ADAS Boxworth

ADAS Gleadthorpe

ADAS High Mowthorpe

Field Thorofare

Top Kingston (West)

Kirby Field West

Soil Type Calc. Clay Loam (Hanslope Series) Loamy medium sand (Cuckney series)

Previous cropping

2001 Spring oilseed rape

2002 Winter wheat

2003 Carrots (strawed over winter and lifted Spring beans
spring 2004)

2004 Spring oilseed rape Winter wheat

Cultivations 8-9/10/04 ploughed and furrow pressed

Drilling date 16/11/04 12/10/04 24/09/04

Variety Access Hereward

Seed rate (kg/ha) 162 154

(Normal row spacing)

Seed rate (kg/ha) 155

(Double row spacing)

Fertiliser

25/11/04 Manganese sulphate 3.25 kg/ha
03/03/05 Muriate of potash 135 kg/ha
07/03/05 Axax fertiliser (27N9S0O3) 149
kg/ha (40 kg/ha N)

01/05/05 Ammonium nitrate 213 kg/ha
08/04/05 Ammonium nitrate spread
overall 264 kg/ha

11/04/05, Ammonium Nitrate, 289.6 kg/ha
27/04/05, Ammonium Nitrate, 315.32
08/07/05, Protol-L Nitrogen, 0.24 t/ha
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2004/05

ADAS Boxworth

ADAS Gleadthorpe

ADAS High Mowthorpe

Fungicide 21/04/05 chlorothalonil 1 I/ha plus Opus 22/04/ 05, Agrig Chlorothalonil, 1.03 I/ha
0.51/ha
17/5/05 chlorothalonil 0.75 I/ha plus Opus  11/05/ 05, Agrig Chlorothalonil, 0.991 I/ha
0.75 I/ha
11/05/ 05, Proline, 0.399 I/ha
07/06/ 05, Comet, 0.26 I/ha
07/06/ 05, Epoxyconazole A, 0.71 I/ha
07/06/ 05, Instinct-Tern, 0.29 I/ha
26/06/ 05, Amistar, 0.26 I/ha
26/06/ 05, Icon Folicur, 0.32 I/ha
PGR 21/04/05 chlormequat 2 I/ha 22/04/ 05, Chlormequat 720, 2.32 I/ha
Insecticides 25/11/04 Cypermethrin 0.25 I/ha 11/11/ 04, Toppel 10, 0.26 I/ha

18/10/ 04, Rivet Slug P, 2.6 kg/ha
11/05/ 05, Frigate, 0.4 I/ha

Herbicide treatments

13/01/05 T1 - Peri-em sprays at GS 10,
Crystal @ 3 or 4 I/ha.

8/2/05 T2 — post-em sprays at GS 12,
Topik & Esterol or Topik, Lexus & Esterol
25/03/05 T3 - Eagle @ 30 g/ha at GS 24
to Treatments 2, 5, 8, 10, 13, 16, 18, 21 &
24

18/10/04 Ardent @ 2.5 I/ha to treatments
7,14 and 21

23/11/04 Fenpath Ipex @ 2.0 I/ha to
treatments 2, 4-6, 9, 11-13, 16 and 18-20
18/03/05 Eagle @ 30g/ha to treatments 3,
4,10, 11, 17 and 18

18/03/05 Boxer @ 75ml/ha to treatments
5,12 and 19
18/03/05 CMPP-p @ 2 I/ha to treatments
6, 13 and 20

29/09/04 Pre emergence herbicides
applied, Ardent @ 2.5 I/ha
20111/04 Panther, GS 12

01/04/05 Eagle @ 30g/ha to treatments 3,
4,10, 11, 17 and 18

01/04/05 Boxer @ 75ml/ha to treatments
5,12 and 19
01/04/05 CMPP-p @ 2 I/ha to treatments
6, 13 and 20

Hoe treatments
Pre-Harvest treatment
Trial harvested

19/04/05 Mechanically hoed

30/08/05

07/04/05 Spring hoeing treatment

17&18/8/05

29/04/05 Hoe treatment Einbock

29&30/08/05
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APPENDIX 2 - AGRONOMIC ANALYSES

Subjected to Duncan's multiple range test, letters omitted where not significant

Table 5.A4 Boxworth 2003.

- . - Conv vs WSR vs
Herbicide Spacing/Cultivation WSR WSR+Cult
WSR
a b c d e f g h P Conv  WSR +Cult F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; resid df = 60
Yield (t/ha @ 85% DM) 8.8 9.0 9.2 9.1 9.2 9.2 9.5 9.0 195 0.078 9.2 9.2 9.0 158 0.225 0.08 0.782 2.67 0.108
Specific weight (kg/jhl) 730 730 732 733 734 731 732 733 071 0662 732 732 732 004 00963 0.01 0.928 0.03 0.858
Table 5.A5 Boxworth 2004.
. . — WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
WSR
a b c d e f g h F P Conv  WSR +Cult F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; resid df = 106
Yield (t/ha @ 85% 49° 68° 90° 65 9.3° 94° 8.9° 9.3° 56.94 <0.001 8.1 7.9 8.0 0.42 0.656 0.82 0.369 0.37 0.546
DM)
Specific weight 747 746 748 748 748 747 75.0 74.8 0.07 0.999 74.9 74.6 74.8 0.24 0.789 0.40 0.529 0.31 0.579
(kgfihl)
Fertile tillers ((m?)  140*° 162" 200° 164° 199° 206° 192° 215° 12.06 <0.001 218 166 170 40.02 <0.001 64.84 <0.001 0.42 0517
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Table 5.A6 Boxworth 2004 Thousand grain weight interaction.

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide

Spacing/Cult a b c d e f g h F P F P F P

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; Space*Herb df = 14; resid df = 92

Conv 531 540 540 560 523 540 549 536 049 0.842 Spacing 0.22 0803 217 0.015

WSR 53.6 542 56.7 523 557 533 539 546 Conv vs WSR 0.44 0.509

WSR+Cult 551 540 526 546 545 53.0 553 539 WSR vs WSR+Cult 0.14 0.711

Table 5.A7 Boxworth 2005.
Herbicide Spacing/Cultivation Conv vs WSR wgsréult
a b ¢ d e g h F P Conv WSR X\é}SuITt F F p F p

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; resid df = 106
Yield (ttha @ 87° 92 92" 92° 94 94" 91° 91° 294 0008 95 9.2 8.8 19.36 <0.001 712  0.009 1249 <0.001
85% DM)
Specific weight 75.0 749 75.0 745 75.0 749 750 751 071 0.668 74.9 75.1 74.8 1.05 0.355 1.01 0.318 1.97 0.163
(kg/ihl)
Thousand grain 418 413 415 419 418 422 420 417 079 0595 417 41.4 42.0 1.46 0.238 0.40 0.528 2.85 0.094
weight (g)
Fertile tillers (/m?) 320 322 341 325 328 326 334 313 1.33 0.243 485 250 246 953.3 <0.001 14225 <0.001 0.04 0.846
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Table 5.A8 Gleadthorpe 2003.

. . R WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
WSR
a b c d e f g F P Conv  WSR +Cult F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 52
Yield (tha @ 85% DM) 7.2 74 64 6.6 6.9 7.1 6.4 104 0.410 7.4 6.7 6.4 3.46 0.390 3.83 0.560 0.30 0.589

Thousand grain weight (g)  49.9
Fertile tillers (/m?) 300

519 50.0 499 49.6 511 489 0.72
306 284 294 301 302 286 0.87

0.637 49.9 50.8 49.9
0.526 201 345 342

0.52 0.595 0.78 0.382 0.79 0.377
195.05 <0.001 299.66 <0.001 0.18 0.676

Table 5.A9 Gleadthorpe 2003 Specific weight interaction.

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult a b c d e f g F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; Space*Herb df = 12; resid df = 40
Conv 76.7 703 770 771 763 771 76.8 13.27 <0.001 Spacing 6.59 0.003 10.35 <0.001
WSR 764 754 769 772 776 771 768 Conv vs WSR 9.82 0.003
WSR+Cult 747 7715 741 777 776 778 78.0 WSR vs WSR+Cult 0.00 0.985
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Table 5.A10 Gleadthorpe 2004.

. . L WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
WSR
a b c d e f g F P Conv  WSR +Cult F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 92
Yield (t/ha @ 85% DM) 8.6% 8.7% 8.8% 88? 92> 87?2 8.9% 225 0.045 9.2 8.8 8.3 3569 <0.001 13.73 <0.001 22.31 <0.001
Thousand grain weight (g) 48.7 49.0 48.7 49.7 48.9 49.1 498 1.65 0.141 49.0 49.4 48.9 1.41 0.250 1.46 0.230 2.60 0.110
Fertile tillers (/m?) 505 538 516 529 542 550 522 1.56 0.168 591 500 495 43.88 <0.001 61.54 <0.001 0.26 0.610
Table 5.A11 Gleadthorpe 2005.
. . L WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
WSR
a b c d e f g F P Conv  WSR +Cult F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 92
Yield (t/ha @ 85% DM) 8.1 8.3 8.5 8.2 8.1 8.1 8.3 0.58 0.742 8.6 8.2 7.9 7.80 <0.001 5.47 0.022 2,52 0.116
Specific weight (kg/jhl) 73.2 73.0 731 729 725 729 733 133 0251 729 72.9 73.3 2.45 0.920 0.60 0.962 359 0.061
Thousand grain weight (g) 44.2 437 441 445 425 430 442 176 0.116 439 43.4 43.9 0.66 0.520 0.83 0.364 1.12 0.293
Fertile tillers (/m?) 440 419 432 425 463 427 411 1.57 0.165 499 411 383 48.08 <0.001 50.80 <0.001 5.15 0.026

191



Table 5.A12 High Mowthorpe 2003.

Herbicide Spacing/Cultivation Conv vs WSR WVgSRFigSn
a b c d e f g F P  Conv WSR JY\cI:iITt F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 52
Yield (t/ha @ 85% DM) 9.5 9.5 9.7 9.7 9.5 95 93 0.40 0.874 9.5 9.5 9.6 0.32 0.728 0.00 0.990 0.49 0.488
Specific weight (kg/jhl) 80.7 804 808 80.7 80.7 808 810 1.20 0.321 80.8 80.9 80.6 1.58 0.216 0.57 0.452 3.14 0.082
Thousand grain weight (g) 49.3 49.1 488 48.8 488 494 493 0.76 0.606 49.2 49.0 49.0 0.17 0.843 0.15 0.702 0.04 0.851
Fertile tillers (/m?) 497 518 521 510 511 519 513 0.33  0.916 550 493 494 1211 <0.001 18.13 <0.001 0.00 0.995
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Table 5.A13 High Mowthorpe 2004.

Herbicide

Spacing/Cultivation

a b [ d e f

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 92

Yield (t/ha @ 85% DM) 58  6.1%  61% 59* 62" 64°
Specific weight (kg/jhl) 64.1> 655° 66.2° 658° 66.6° 66.7"
Thousand grain weight (g)  42.8 42.6 42.5 42.7 42.9 42.7

Fertile tillers (/m2) 337%°  372%  322°  409° 406" 441° 364%™

Table 5.A14 High Mowthorpe 2005.

Herbicide

Spacing/Cultivation Conv vs WSR

a b c d e f g

Spacing/Cultivation df = 2; Contrast df = 1, Herbicide df = 6; resid df = 92

Yield (tha @ 85% 6.8° 90° 92° 89" 93 9.3 92°
DM)

Specific weight (kg/jhl)  43.5% 47.3° 47.7° 479" 476" 48.0° 47.4°
Thousand grain 773 796" 79.8° 79.4° 799" 799° 797°
weight (g)

Fertile tillers (/m?) 417 477 460 476 470 464 476

WSR vs
WSR+Cult
F P
1.41 0.238
0.06 0.806
220 0.141
0.07 0.786
WSR vs
WSR+Cult
F P
0.03 0.865
4.46 0.038
5.06 0.027
0.01 0.919




APPENDIX 3 — VEGETATION ANALYSES

Table 5.A15 Effect of herbicide and spacing/cultivation treatments on vegetation cover at Boxworth in 2003 (back transformed means; no

interaction between main factors).

Herbicide Spacing/Cultivation Conv vs WSR Wvgfelic\:ljlt
WSR
a b c d e f g h F P Conv  WSR +Cult F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; resid df = 60
Groupl 172 05° 02° 07° 07° 03" 02 00° 709 <0001 05 03 05 063 0535 1.08 0302 079 0.377
Group3 00 00 00 01 00 00 00 00 1.70 0127 00 00 00 035 0.708 063 0432 0.38 0537
Group4 00 00 00 00 00 00 00 00 181 0102 00 00 00 093 0399 177 0189 0.88  0.351
Groups12 1.8 05° 0.3 07° 07° 04" 02" 00° 749 <0001 05 04 05 062 0541 110 0298 0.72  0.399
Groups123 1.8% 0.6 04" 09° 08* 05° 03° 00° 998 <0001 06 04 06 090 0414 179 0186 054  0.467
All weeds 1.9 0.6 04 09° 08* 05° 03° 00° 1023 <0001 07 04 06 097 038 193 0170 058  0.448
Broadleaved species ~ 1.9% 0.6* 0.4 0.9° 08 05 0.3° 00° 1019 <0001 06 04 05 091 0406 1.83 0181 049  0.488
Grasses 0.0 0.0 0.0 0.0° 0.0 00™ 00 00° 244 0028 00 00 00 039 0677 026 0612 078 0381
Bare below 749 744 754 756 765 773 747 7712 124 0298 747 761 764 202 0142 244 0123 010  0.756
Litter 22 24 23 25 23 25 25 24 028 0958 29 23 20 983 <0001 822 0006 224  0.140
Crop 56.5 52.4 537 534 513 540 520 524 042 0.889 62.0 491 484 2558 <0.001 36.41 <0.001 010  0.758
Fallopia convolvulus 0.6 01" 01° 00" 02® 01" 01° 00° 244 0029 01 01 01 027 0761 039 0535 043 0513
Species richness 5.6° 3.4™ 32" 38" 29" 30" 20° 01° 1041 <0001 33 25 32 188 0162 327 0.076 227 0137
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Table 5.A16 Effect of herbicide and spacing/cultivation treatments on % cover of Group 2 species at Boxworth in 2003 (back transformed

means; interaction of main factors).

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult b c d e f g h F P F P F p
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; Space*Herb df = 14; resid df = 46
Group2
Conv 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 3.04 0.010 Spacing 0.27 0.767 2.46 0.011
WSR 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Conv vs WSR 0.04 0.848
WSR+Cult 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 WSR vs WSR+Cult 0.50 0.484
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Table 5.A17 Effect of herbicide and spacing/cultivation treatments on vegetation cover at Boxworth in 2004 (back transformed means; no

interaction between main factors).

WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
WSR
+Cult
a b c d e f g h F P Conv. WSR F P F P F P

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; resid df = 106

Groupl 736% 10.9° 31.1° 388" 09 02' 151° 01° 9116 <0001 155 175 125 245 0.092 073 0395 481 0.030
Group2 00 00 0.0 00 0.0 00 00 0.0 100 0436 0.0 0.0 0.0 1.00 0371 150 0223 150 0.223
Group3 00 00 0.0 00 0.0 00 00 0.0 032 0941 00 0.0 0.0 198 0.143 311 0081 001 0.933
Group4 25.4% 258*  7.2™ 338 66 41° 121° 358° 1992 <0.001 128 144 122 057 0566 054 0464 1.08 0.300
Groups12 73.6° 10.9° 31.1° 388" 09 02 151° 0.1° 91.18 <0.001 155 175 125 245  0.091 0.73 0.394  4.83 0.030
Groups123 741* 11.0° 31.1° 389° 1.0 02' 152° 01° 9248 <0001 159 17.6 128 231 0104 052 0470 4.47 0.037
Groups1234 92.3* 38.8° 39.9° 76.6° 81" 45° 314° 40° 9519 <0001 339 377 315 175 0179 130 0.258 3.44 0.067
Broadleaved spp. 88.1° 33.6° 32.6° 66.3° 23° 23 159 12° 11944 <0001 250 294 218 373  0.027 245 0.121 7.41 0.008
Grasses 44% 33% 52% 55 498 18 111° 20* 287 0009 46 4.8 4.0 0.17 0.840 0.03 0.873 0.33 0.569
Bare below 20.7%° 83.2° 54.0° 395° 87.6° 89.0° 71.8° 89.1° 7743 <0.001 722 66.3 71.1 3.36 0.039 5.96 0.016  3.89 0.051
Litter 400 34®  1.9° 39 26® 21 27% 22 352 0002 2.9 3.0 25 110 0.337 010 0755 1.99 0.161
Crop 21.8% 34.1° 453" 31.8° 49.4° 487% 41.4° 496" 1790 <0.001 485 334 383 2595 <0.001 50.02 <0.001 552 0.021
Anisantha sterilis 43  32° 5.0% 54° 47 16 11.1° 2.0% 290 0.008 4.4 4.7 4.0 0.14 0.866 0.02 0.875  0.27 0.602
Sinapis arvensis ~ 14.1* 10.0° 0.0c 00c 0.lc 00c 0.0c 0.0° 57.41 <0001 1.1 1.0 0.6 149 0230 001 0920 208 0.152
Stellaria media 549° 07 311° 388" 08 02 151° 01% 121.04 <0.001 110 13.1 9.7 217 0119 153 0.219  4.28 0.041
Volunteer bean 18.0° 205%* 0.9% 241* 08¢ 15 02 09 9011 <0.001 55 6.0 46 147 0235 043 0515 289 0.092
Species richness ~ 4.7*°  4.8*  3.1% 32 43" 38 32° 27° 789 <0001 3.9 3.8 35 195 0.147 0.09 0759 236 0.127
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Table 5.A18 Effect of herbicide and spacing/cultivation treatments on % cover of bare ground viewed from above at Boxworth in 2004 (back

transformed means; interaction of main factors).

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult b c d e f g h F p F p F p
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; Space*Herb df = 14; resid df = 92
Bare above
Conv 5.4 111 17.7 11.5 229 28.9 18.8 317 4417 <0.001 Spacing 27.18 <0.001 2.08 0.020
WSR 3.4 32.8 24.5 12.6 42.2 50.1 26.4 44.8 Conv vs WSR 33.00 <0.001
WSR+Cult 9.1 33.6 30.8 11.1 44.1 49.4 27.1 44.5 WSR vs WSR+Cult 1.28 0.261
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Table 5.A19 Effect of herbicide and spacing/cultivation treatments on vegetation cover at Boxworth in 2005 (back transformed means; no

interaction between main factors).

Herbicide Spacing/Cultivation ngRVS WV;SRE(\ZISH
WSR
a b c d e f g h F P Conv  WSR +Cult F P F P F P

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; resid df = 96

Groupl 28 0.0™ 05° 02 00 00° 00° 00° 1144 <0001 02 01 02 010 0903 014 0720 0.17  0.690
Group2 00 00 00 00 00 OO0 00 ©00 158 0151 00 00 00 046 0648 020 0664 092  0.367
Group3 00 00 00 00 00 ©00 00 00 125 0285 00 00 00 361 0076 469 0062 009 0.777
Group4 57° 1.8° 06° 26° 02° 02° 02° 03° 1945 <0001 09 12 08 044 0661 050 0501 0.78  0.403
Groups12 29 01™ 05° 02" 00° 00° 00° 00° 1248 <0001 02 01 02 014 0869 021 0663 022 0650
Groups123 29 01° 06 02" 00° 00° 01° 00° 1245 <0001 02 02 02 013 0876 008 0790 027 0619
Groups1234 1074 2.0 1.4° 31° 03 02 04 03% 2764 <0001 15 1.6 13 011 0.898 001 0915 020 0.666
Broadleaved

spp. 87° 11" 1.0° 04 01° 00° 01° 0.0° 2816 <0001 07 07 0.6 0.02 0981 0.02 0892 0.00 0.964
Grasses 1.0° 05 03° 23 01° 01° 01° 02° 839 <0001 03 06 04 127 0332 215 0181 162  0.239
Bare above 355 389 405 375 404 403 406 407 147 0187 328 412 440 588 0027 6.12 0038 0.67  0.437
Bare below 82.7 839 844 825 847 847 833 838 157 0154 826 842 845 183 0222 233 0166 0.06  0.820
Litter 14 13 13 13 13 13 15 13 066 0707 16 12 12 193 0207 322 0110 004 0845
Crop 525 552 553 566 551 558 554 555 049 0.839 615 531 509 523 0035 586 0042 041  0.538
Galium aparine 377 09° 02° 01° 00° 0.0° 00° 00° 1842 <0001 02 03 02 015 0862 022 0654 024 0640
Species richness  3.9° 25° 29" 26 12° 09° 14° 14° 1489 <0001 18 21 24 335 0088 211 0.184 127  0.292
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Table 5.A20 Effect of herbicide and spacing/cultivation treatments on vegetation cover at Gleadthorpe in 2003 (back transformed means; no
interaction between main factors).

Herbicide Spacing/Cultivation CSA%IRVS WV;SRE(\ZISH
a b c d e f g F P Conv WSR J\r’\éSuFft F P F p F p
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 52
Groupl 16.9% 0.6° 1.3° 47" 08° 0.5° 0.1° 19.10 <0.001 1.1 3.2 24 343 0.040 659 0.013 0.70 0.406
Group?2 02 00 0.0 00 00 0.0 00 195 009 00 00 00 0.13 0879 001 0908 024 0629
Group3 05 0.0 0.0 04 00 0.0 00 =201 0081 00 00 01 0.10 0904 003 0.872 008 0778
Group4 02 03 0.2 00 0.1 0.0 00 168 0145 00 01 01 284 0068 409 0048 001 0.937
Groups12 175 0.7° 1.3° 48" 0.8 05° 0.1° 1791 <0001 12 32 25 306 0055 580 0.020 051 0.479
Groups123 19.8% 0.7° 1.3° 57° 0.8 06° 0.1° 1357 <0001 13 34 29 209 0133 374 0059 015 0.700
Groups1234 201 1.0° 15 58" 0.9° 06° 0.2c 1321 <0001 14 38 33 256 0087 451 0039 015 0.704
Grasses 10.3* 0.1 0.1% 26 02°* 01 00° 685 <0001 04 11 10 063 0536 1.12 0295 0.04 0.844
Bare below 51.6% 76.0° 76.3° 67.3" 75.0° 75.0° 753" 642 <0001 723 707 70.7 0.17 0846 026 0.615 0.00 0.992
Litter 43 42 34 49 41 43 34 058 0746 53 37 34 510 0010 618 0016 024 0.625
Crop 292 297 292 334 315 345 292 079 0581 362 296 272 804 <0001 7.87 0.007 117 0.285
Fallopia convolvulus 0.9 0.3° 08 03" 03" 01" 01" 523 <0001 03 03 05 191 0159 028 0.601 1.87 0.178
Poa annua 86° 01° 00° 18 01 00° 00° 861 <0001 03 09 07 066 0522 128 0263 016 0.688
Species richness 6.3° 37° 36° 51° 21° 28" 14° 1267 <0001 31 40 36 170 0193 336 0.072 057 0.454
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Table 5.A21 Effect of herbicide and spacing/cultivation treatments on % cover of broadleaved species and Stellaria media at Gleadthorpe in
2003 (back transformed means; interaction between main factors).

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide

Spacing/Cult. a b c d e f g F P F P F P

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; Space*Herb df = 12; resid df = 40
Broadleaved spp.

Conv 3.7 0.6 0.7 2.0 0.4 0.3 0.0 35.66 <0.001 Spacing 8.66 <0.001 2.12 0.037
WSR 11.6 0.9 2.1 5.2 0.5 0.5 0.1 Conv vs WSR 17.00 <0.001

WSR+Cult 7.3 11 1.6 17 0.4 0.6 0.6 WSR vs WSR+Cult 2.48 0.123

Stellaria media

Conv 0.9 0.0 0.0 0.3 0.0 0.0 0.0 27.15 <0.001 Spacing 9.96 <0.001 4.64 <0.001
WSR 8.7 0.0 0.0 3.6 0.0 0.0 0.0 Conv vs WSR 15.32 <0.001

WSR+Cult 1.8 0.0 0.0 0.0 0.0 0.0 0.0 WSR vs WSR+Cult 14.54 <0.001
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Table 5.A22 Effect of herbicide and spacing/cultivation treatments on vegetation cover at Gleadthorpe in 2004 (back transformed means; no
interaction between main factors).

Herbicide Spacing/Cultivation Conv vs WSR WngRnglt
a b c d e f g F P Conv WSR 4\{\(/3811'?1 F p F p F p
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 92
Groupl 15.8° 02° 00° 125° 0.0° 0.0° 00° 8035 <0001 13 17 14 050  0.607 0.83 0364 0.66  0.418
Group3 02* 00" 00° 01* 00° 00° 00° 532 <0001 00 0.0 00 0.94 0.395 0.26 0612 184  0.179
Group4 1.5  05° 02 02 01® 01° 03 708 <0001 02 04 03 0.95 0.392 1.88 0.173 037  0.544
Groups12 175°  02° 00° 133° 0.0° 00° 0.0° 8883 <0001 14 19 15 059 0.556 1.09 0300 062  0.434
Groups123 17.9° 02° 00° 136° 0.0° 00° 0.0° 9083 <0001 15 20 1.6 0.75 0.475 1.33 0252 0.88  0.352
Groups1234 20.0° 09° 0.3° 141° 01° 01° 04° 7255 <0001 23 31 24 0.87 0.423 1.39 0241 120 0276
Broadleaved spp. 2.8 0.4* 01 07° 00° 00 01% 2310 <0001 02 06 0.3 466  0.012 9.30 0.003 265  0.107
Grasses 16.6* 03 02" 131* 01° 01" 0.1b 7282 <0001 18 22 16 0.50  0.608 0.41 0524 097 0327
Bare above 26.9 34.9° 355" 269 382" 375" 387" 6.06 <0.001 221 396 41.2 62.83 <0.001 8591 <0.001 0.68 0411
Bare below 67.2° 855" 87.0° 69.0° 87.7° 86.9° 89.1° 1253 <0.001 82.8 794 850 301 0.054 2.07 0.153 595  0.017
Litter 40 75 68 68 79 73 56 172 0126 61 82 54 426  0.017 431 0041  7.92  0.006
Crop 523 580 582 580 559 573 558 1,71 0.127 711 491 487 15301 <0.001 22560 <0.001 0.07  0.798
Poa annua 152  01° 0.0° 123* 00° 00° 00° 7775 <0001 13 15 1.3 0.27 0.763 0.44 0511 038 0540
Species richness 55 2.3° 13" 38" 07 11° 12 2914 <0.001 18 27 23 4.95  0.009 9.83 0.002 177  0.187
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Table 5.A23 Effect of herbicide and row spacing/cultivation treatments on % cover of Group 2 species at Gleadthorpe in 2004 (back
transformed means; interaction between main factors).

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult. a b c d e f g F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; Space*Herb df = 12; resid df = 80
Group2
Conv 0.8 0.0 0.0 0.4 0.0 0.0 0.0 45.46 <0.001 Spacing 2.36 0.101 2.01 0.034
WSR 1.9 0.0 0.0 1.1 0.0 0.0 0.0 Conv vs WSR 4.73 0.033
WSR+Cult 14 0.1 0.0 0.2 0.0 0.0 0.0 WSR vs WSR+Cult 1.16 0.284
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Table 5.A24 Effect of herbicide and row spacing/cultivation treatments on vegetation cover at Gleadthorpe in 2005 (back transformed means;

no interaction between main factors).

. . L WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
WSR
a b c d e f g F P Conv WSR +Cult F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 92
Groupl 355%  0.9° 0.1° 24.8° 00° 0.1° 0.1° 6303 <0001 35 36 37 001 098 001 0913 0.00 0.954
Group2 00 0.0 00 0.0 00 00 00 134 0246 00 00 00 053 0593 1.03 0313 014 0.709
Group3 2.0° 0.0° 0.0° 2.8° 0.0° 0.0° 00° 2509 <0.001 0.2 03 02 050 0.607 1.00 0319 022 0.641
Group4 0.4* 02 0.0° 01% 00 00 00“ 38 0002 01 01 00 037 0694 000 0959 059 0.446
Groups12 355%  0.9° 0.1° 26.7° 00° 0.1° 0.1° 7213 <0001 39 37 37 002 098 003 0.857 0.00 0.946
Groups123 39.1% 0.9° 0.1° 31.0° 00> 0.1° 01° 8586 <0001 43 42 42 000 0.997 0.00 0965 0.00 0.972
Groups1234 40.9° 1.3 0.1° 30.1° 00° 0.1° 0.1° 7701 <0001 43 45 43 002 098 003 0869 0.02 0.886
Broadleaved spp. 20.8% 0.7° 0.1° 11.3° 0.0° 0.0° 00° 3782 <0001 25 17 15 093 0399 099 0322 0.09 0.760
Grasses 1490 0.4° 0.0° 17.3° 0.0° 0.0° 00° 6526 <0.001 1.1 2.1 22 239  0.097 315 0.079 0.05 0.826
Bare above 24.5% 48.9° 48.7° 321° 50.8° 51.7° 55.9° 16.00 <0.001 343 495 498 20.89 <0.001 3055 <0.001 0.02 0.891
Bare below 24.5% 48.9° 48.7° 282° 50.8° 51.7° 55.9° 1629 <0.001 32.6 495 498 2323 <0.001 34.08 <0.001 0.02 0.897
Litter 19 24 34 34 26 28 25 074 0616 30 28 23 083 0440 022 0641 065 0423
Crop 420 46.8 455 40.0 451 426 39.4 0.88 0509 540 374 37.9 2254 <0.001 3470 <0.001 0.02 0.878
Poa annua 14.4% 0.3° 0.0° 17.1° 0.0° 0.0° 00° 6422 <0.001 1.1 2.0 22 242 0.094 321 0076 0.04 0.833
Stellaria media 135% 0.2° 0.0° 53° 0.0° 0.0° 0.0° 1827 <0001 14 05 08 1.00 0372 194 0167 024 0.627
Species richness 4.1 2.7° 0.6° 3.7 0.3° 0.8° 05° 3534 <0001 1.7 1.8 1.9 052 0598 032 0574 020 0.653
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Table 5.A25 Effect of herbicide and row spacing/cultivation treatments on vegetation cover at High Mowthorpe in 2003 (back transformed

means; no interaction between main factors).

Herbicide Spacing/Cultivation Conv vs WSR WVgSRFj-C\:/SIt
a b c d e f g F P Conv WSR l’\(’:Su'Tt F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 52
Group3 258 01° 02° 21* 00° 00° 03" 857 <0001 08 05 02 326 0047 149 0227 177 0.189
Group4 42*°  31* 33 13" 13 05° 03° 501 <0001 16 22 13 107 0351 085 0361 2.09 0.155
Broadleaved spp. 13.6° 57° 47° 47° 18 07° 06° 1575 <0001 37 49 27 298 0060 163 0207 595 0.018
Bare below 64.3%° 80.6° 77.2° 68.6° 79.3° 796° 79.1° 613 <0001 723 760 788 395 0.025 239 0128 159 0.214
Litter 12 11 07 10 09 09 08 144 0219 13 08 07 1064 <0001 991 0003 1.81 0.184
Crop 578 544 614 579 581 551 553 0.62 0710 69.8 50.1 51.0 31.66 <0.001 4953 <0.001 009 0.763
Galium aparine 10 03 01 00 00 00 00 219 0059 00 03 00 225 0116 358 0064 315 0.082
Sinapis arvensis 1.2 09™ 06 02" 02 00° 00° 3.93 0003 02 03 03 021 0808 041 0526 0.04 0.845
Vol. OSR 1.0 12* 08 02° 02° 00° 00° 2223 <0001 04 03 03 034 0716 027 0603 008 0.776
Vol. Potato 03 04 09 03 06 04 02 062 0716 04 04 05 006 0945 000 0956 0.07 0.797
Species richness 9.8° 5.8° 50° 7.9° 41° 23° 292117 <0001 56 60 47 3.00 0058 050 0483 5.69 0.021
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Table 5.A26 Effect of herbicide and row spacing/cultivation treatments on vegetation cover at High Mowthorpe in 2003 (back transformed
means; interaction between main factors).

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult a b c d e f g F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; Space*Herb df = 12; resid df = 40
Groupl
Conv 13.4 0.8 3.6 214 1.3 0.2 1.6 14.36 <0.001 Spacing 4.69 0.015 3.00 0.004
WSR 20.2 2.7 29 54 1.8 0.6 2.4 Conv vs WSR 0.01 0.905
WSR+Cult 3.0 12 2.7 5.0 17 14 0.0 WSR vs WSR+Cult 6.71 0.013
Group2
Conv 0.0 0.3 0.0 0.0 0.0 0.0 0.0 7.16 <0.001 Spacing 0.73 0.487 3.04 0.004
WSR 0.1 0.0 0.0 0.2 0.0 0.0 0.0 Conv vs WSR 0.38 0.543
WSR+Cult 0.2 0.0 0.0 0.0 0.0 0.0 0.0 WSR vs WSR+Cult 1.47 0.233
Groups12
Conv 13.5 11 3.6 215 1.3 0.2 1.6 15.35 <0.001 Spacing 5.07 0.011 3.05 0.004
WSR 20.4 2.9 2.9 5.7 1.8 0.6 24 Conv vs WSR 0.02 0.886
WSR+Cult 3.3 1.3 2.7 5.0 1.7 1.4 0.0 WSR vs WSR+Cult 7.20 0.011
Groups123
Conv 19.7 12 4.8 255 1.3 0.4 34 17.83 <0.001 Spacing 6.71 0.003 2.85 0.006
WSR 23.6 35 3.1 8.1 1.8 0.9 25 Conv vs WSR 0.54 0.468
WSR+Cult 4.2 13 2.8 6.3 1.9 14 0.2 WSR vs WSR+Cult 7.52 0.009
Groups1234
Conv 24.8 5.4 8.9 26.5 2.6 22 35 17.01 <0.001 Spacing 6.03 0.005 2.76 0.008
WSR 32.7 7.7 6.7 10.8 6.3 14 3.2 Conv vs WSR 0.11 0.742
WSR+Cult 7.5 4.4 6.6 7.2 2.9 3.3 1.9 WSR vs WSR+Cult 7.99 0.007
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Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult a b C d e f g F P F P F P
Grasses
Conv 9.7 0.0 3.1 20.0 14 0.4 3.2 13.64 <0.001 Spacing 7.43 0.002 2.90 0.006
WSR 11.9 0.0 1.7 35 1.2 0.9 2.2 Conv vs WSR 3.22 0.080
WSR+Cult 1.0 0.0 0.6 4.6 15 13 0.3 WSR vs WSR+Cult 4.24 0.046
Poa annua
Conv 9.7 0.0 3.0 19.7 1.2 0.2 15 16.79 <0.001 Spacing 8.14 0.001 3.66 <0.001
WSR 11.8 0.0 14 35 1.0 0.5 21 Conv vs WSR 2.64 0.112
WSR+Cult 0.9 0.0 0.6 4.2 15 1.3 0.0 WSR vs WSR+Cult 5.69 0.022
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Table 5.A27 Effect of herbicide and row spacing/cultivation treatments on vegetation cover at High Mowthorpe in 2004 (back transformed
means; no interaction between main factors).

Herbicide Spacing/Cultivation Conv vs WSR WVgSRTgSIt
a b c d e f g F P Conv WSR l’\(’:Su';"t F p F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 92
Group2 0.2 0.0 00 00 00 00 00 190 008 00 00 01 296 0057 009 0770 379 0.055
Group3 1.2 01° 00" 13* 00° 00 00° 4634 <0001 01 02 0.2 1.49 0230 257 0.112 0.06 0.806
Group4 50°  1.7°  09° 07° 02° 03 03° 1994 <0001 1.0 11 08 081 0449 010 0748 150 0.224
Broadleaved spp. 96° 36° 22° 33" 06 06" 07° 4089 <0001 24 24 23 005 0950 000 0973 009 0.769
Bare above 35.6° 43.0° 457° 40.3° 46.4° 438" 475° 724 <0001 33.1 473 494 79.86 <0.001 10255 <0.001 220 0.141
Bare below 88.7%° 944" 945" 895 950° 94.1° 948" 1236 <0001 919 931 944 689 0.002 312 0081 378 0.055
Litter 1.5 1.1%%¢ 12 14 10° 13*® 09° 344 0004 15 10 11 9.25 <0.001 1657 <0.001 0.69 0.408
Crop 471 467 447 471 454 466 448 078 0592 559 415 409 11469 <0.001 16452 <0.001 0.32 0.576
Fallopia convolvulus ~ 1.0° 03" 09* 07° 02° 02° 02" 1244 <0001 04 05 04 120 0.307 082 0.368 237 0.127
Galium aparine 45°  09° 08° 03¢ 01° 01° 02° 2384 <0001 08 07 05 161 0205 049 0485 117 0.282
Sinapis arvensis 15 10* 00> 01 00> 00> 00" 2473 <0001 02 01 03 204 0136 048 0489 395 0.050
Species richness 84° 58" 34° 66° 29° 33 31° 3377 <0001 43 46 55 719 0001  1.00 0320 7.1  0.009
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Table 5.A28 Effect of herbicide and row spacing/cultivation treatments on vegetation cover at High Mowthorpe in 2004 (back transformed
means; interaction between main factors).

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult a b c d e f g F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; Space*Herb df = 12; resid df = 80
Groupl
Conv 9.1 2.7 11 3.1 0.2 0.4 0.3 46.28 <0.001 Spacing 0.68 0.510 2.25 0.017
WSR 6.4 1.3 12 6.1 0.5 0.3 0.3 Conv vs WSR 0.00 0.990
WSR+Cult 3.7 1.6 1.0 4.4 0.4 0.4 0.6 WSR vs WSR+Cult 1.01 0.319
Groupl2
Conv 9.1 2.8 11 3.1 0.3 0.5 0.3 41.32 <0.001 Spacing 0.13 0.882 2.09 0.026
WSR 7.1 1.3 12 6.1 0.5 0.3 0.4 Conv vs WSR 0.00 0.949
WSR+Cult 3.9 18 1.3 4.7 0.5 0.7 0.7 WSR vs WSR+Cult 0.16 0.692
Groups123
Conv 10.1 3.0 12 4.5 0.3 0.5 0.3 63.32 <0.001 Spacing 0.13 0.877 2.42 0.010
WSR 9.1 1.4 1.3 8.4 0.5 0.3 0.5 Conv vs WSR 0.11 0.744
WSR+Cult 5.1 2.2 14 5.6 0.6 0.8 0.7 WSR vs WSR+Cult 0.25 0.616
Groups1234
Conv 17.3 4.9 25 5.3 0.5 0.7 0.6 56.46 <0.001 Spacing 0.57 0.570 2.02 0.033
WSR 13.9 35 25 10.0 0.7 0.6 1.2 Conv vs WSR 0.31 0.577
WSR+Cult 9.0 3.9 2.0 6.2 1.3 14 0.9 WSR vs WSR+Cult 1.13 0.291
Grasses
Conv 4.9 0.6 0.0 2.7 0.0 0.1 0.1 47.65 <0.001 Spacing 1.10 0.337 2.48 0.008
WSR 3.2 0.1 0.2 6.0 0.1 0.1 0.1 Conv vs WSR 0.94 0.334
WSR+Cult 2.0 0.5 0.0 2.8 0.3 0.1 0.1 WSR vs WSR+Cult 2.13 0.149
Poa annua
Conv 4.9 0.3 0.0 2.6 0.0 0.0 0.0 39.11 <0.001 Spacing 1.72 0.186 1.89 0.048
WSR 2.6 0.1 0.2 5.1 0.1 0.0 0.1 Conv vs WSR 0.42 0.520
WSR+Cult 1.2 0.2 0.0 2.8 0.0 0.1 0.1 WSR vs WSR+Cult 3.34 0.071
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Table 5.A29 Effect of herbicide and row spacing/cultivation treatments on vegetation cover at High Mowthorpe in 2005 (back transformed

means; no interaction between main factors).

Herbicide Spacing/Cultivation Conv vs WSR Wvgfz}i(\:/jlt
a b c d e f g F P Conv WSR X‘gfﬁt F p F p F p
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 92
Group2 05® 02 0.3 06* 00® 01 00° 887 <0001 0.2 03 01 447 0014 469 0.033 823 0.005
Group3 13.6° 0.0° 02 15" 00° 00° 00° 2804 <0001 07 07 08 009 0916 000 0960 0.15 0.700
Groups1234 38.4% 45° 16" 178" 06° 03" 06" 5723 <0001 59 72 38 374 0027 091 0343 7.27 0.008
Broadleaved spp. 26.2° 4.0° 12 26" 02¢ 03" 02' 4078 <0001 2.7 36 19 209 0129 094 0.336 419 0.044
Bare above 12.0° 34.4° 457% 21.8° 453" 456° 45.0° 2557 <0001 240 375 440 2948 <0.001 26.89 <0.001 534  0.023
Bare below 63.8 742 614 689 589 523 542 129 0271 730 521 604 549 0.006 1079  0.001 159 0.211
Litter 1.2 08 0.9 1.0 09 09 09 128 0276 13 07 09 17.68 <0.001 34.33 <0.001 4.22 0.043
Crop 35.9° 48.3° 453" 458° 484" 481° 47.0° 491 <0001 553 397 416 4166 <0.001 70.31 <0.001 1.14 0.288
Papaver spp. 12.6° 0.0° 02 1.0° 00° 00° 00° 2388 <0001 05 07 07 015 0.859 021 0.645 0.00 0.976
Species richness ~ 5.5* 3.1" 35" 50*° 23% 197 22% 1692 <0001 3.4 3.3 33 002 0984 001 0929 001 00929
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Table 5.A30 Effect of herbicide and row spacing/cultivation treatments on vegetation cover at High Mowthorpe in 2005 (back transformed

means; interaction between main factors).

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult a b Cc d e f g F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; Space*Herb df = 12; resid df = 80
Groupl
Conv 12.3 0.1 0.0 15.6 0.0 0.0 0.0 51.57 <0.001 Spacing 1.20 0.306 3.18 <0.001
WSR 4.0 0.0 0.2 24.3 0.1 0.0 0.1 Conv vs WSR 0.00 0.949
WSR+Cult 9.7 0.1 0.1 5.0 0.0 0.0 0.0 WSR vs WSR+Cult 1.89 0.173
Group4
Conv 11.3 33 0.7 0.6 0.2 0.1 0.2 20.29 <0.001 Spacing 4.90 0.010 2.35 0.012
WSR 15.7 7.5 0.3 0.3 0.7 0.1 0.3 Conv vs WSR 1.35 0.248
WSR+Cult 1.9 15 0.6 0.5 0.2 0.1 0.4 WSR vs WSR+Cult 9.61 0.003
Groups12
Conv 13.6 0.3 0.4 16.6 0.1 0.1 0.0 53.99 <0.001 Spacing 2.42 0.095 3.08 0.001
WSR 4.9 0.3 0.8 252 04 0.3 0.1 Conv vs WSR 0.13 0.723
WSR+Cult 10.7 0.3 0.2 6.0 0.1 0.1 0.1 WSR vs WSR+Cult 4.24 0.043
Groups123
Conv 35.3 0.4 0.5 17.6 0.1 0.2 0.1 65.68 <0.001 Spacing 0.97 0.384 2.25 0.017
WSR 17.1 0.3 13 27.6 0.5 0.3 0.2 Conv vs WSR 0.01 0.919
WSR+Cult 27.8 0.4 0.7 8.3 0.1 0.1 0.2 WSR vs WSR+Cult 1.57 0.214
Grasses
Conv 12.7 0.2 0.2 15.9 0.1 0.0 0.3 43.27 <0.001 Spacing 2.07 0.133 2.67 0.005
WSR 4.3 0.2 0.2 24.3 0.6 0.1 0.4 Conv vs WSR 0.04 0.835
WSR+Cult 9.8 0.0 0.1 5.2 0.1 0.0 0.4 WSR vs WSR+Cult 3.45 0.067
Galium aparine
Conv 11.2 2.8 0.2 0.3 0.1 0.1 0.0 23.06 <0.001 Spacing 3.74 0.028 2.35 0.012
WSR 15.4 6.5 0.2 0.2 0.1 0.1 0.0 Conv vs WSR 0.95 0.332
WSR+Cult 1.8 1.5 0.5 0.3 0.0 0.1 0.1 WSR vs WSR+Cult 7.29 0.008
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Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult a b C d e f g F P F P F P
Poa annua
Conv 121 0.1 0.0 15.6 0.0 0.0 0.0 59.07 <0.001 Spacing 2.38 0.099 3.24 <0.001
WSR 3.9 0.0 0.1 24.1 0.0 0.0 0.0 Conv vs WSR 0.07 0.795
WSR+Cult 9.6 0.0 0.0 5.0 0.0 0.0 0.0 WSR vs WSR+Cult 3.05 0.085
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Table 5.A31 Effect of herbicide treatment on production of total (T) and viable (V)

seeds at Boxworth in 2003 (conventional spacing only).

Herbicide
a b d h F P

Herbicide df = 3; resid df = 6

GrouplT 198.5 12.8 6.8 11.3 3.87 0.074
GrouplV 116.5° 1.1° 0.3° 2.0° 5.16 0.042
Groups123T 999.0% 39.7° 21.9° 13.1° 5.91 0.032
Groups123V 615.6° 7.7° 5.2° 2.0° 6.67 0.024
Groups1234T 999.0% 40.7° 21.9° 13.1° 5.91 0.032
Groups1234V 615.6% 8.1° 5.2° 2.0° 6.61 0.025
Broadleaved spp.T 999.0° 40.7° 21.9° 13.1° 5.94 0.031
Broadleaved spp.V 615.6% 8.1° 5.2° 2.0° 6.61 0.025
Fallopia convolvulusT 84.1 0.3 0.0 1.2 3.01 0.116
Fallopia convolvulusV 52.7 0.0 0.0 0.0 3.07 0.112

Table 5.A32 Effect of herbicide treatment on production of total (T) and viable (V)
seeds at Boxworth in 2004 (conventional spacing only).
Herbicide
a b d h F P

Herbicide df = 3; resid df = 6

GrouplT 35480.3 6917.3  25703.0 644.7 452 0.055
GrouplV 33112.1 6605.9 24546.1 425.6 4.24 0.063
Group3T 168.8%° 0.5° 345.7% 7.5 8.00 0.016
Group3V 168.8° 0.5° 330.1° 2.5° 25.58 <0.001
Group4T 1287.2 2690.5 2883.0 294.1 1.32 0.351
Group4V 1201.3 2343.2 2629.3 207.9 1.43 0.324
Groups123T 35480.3 6917.3 25703.0 757.6 4.48 0.056
Groups123V 33112.1 6605.9 25117.9 4457 4.30 0.061
Groups1234T 39809.7 11480.5 301985  1777.3 4.69 0.052
Groups1234V 36306.8 10714.2 28839.3 14115 452 0.055
Broadleaved spp.T 35480.3 72434  25703.0 757.6 452 0.055
Broadleaved spp.V 33112.1 6759.8 25117.9 445.7 4.32 0.060
GrassesT 1095.5 2569.4 2817.4 204.1 1.34 0.347
GrassesV 1022.3 2289.9 2569.4 207.9 1.45 0.319
Stellaria mediaT 31621.8 793.3 25703.0 630.0 4.05 0.069
Stellaria mediaV 28839.3 7234  24546.1 415.9 3.68 0.082
Anisantha sterilisT 1095.5 2569.4 2817.4 294.1 1.34 0.347
Anisantha sterilisV 1022.3 2289.9 2569.4 207.9 1.45 0.319
Sinapis arvensisT 2817.4% 5494.4% 2.0° 3.1° 35.26 <0.001
Sinapis arvensisV 2817.4° 5010.9° 0.8° 1.5° 52.99 <0.001
Veronica hederifoliaT 106.2%° 0.0° 212.8% 4.4 7.54 0.018
Veronica hederifoliaV 105.2° 0.0° 199.4° 0.0° 172.35 <0.001
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Table 5.A33 Effect of herbicide treatment on production of total (T) and viable (V)

seeds at Boxworth in 2005 (conventional spacing only).

Herbicide
a b d h F P

Herbicide df = 3; resid df = 12

GrouplT 252.5° 35° 2.8° 23" 2785 <0.001
GrouplV 99.0% 3.0° 1.7° 04"  10.04 0.001
GroupdT 274.4 262.0 133.9 23.0 2.33 0.126
Group4V 194.0 106.2 37.9 15.6 2.04 0.162
Groups123T 266.9° 6.4° 2.8° 23" 21.03 <0.001
Groups123V 101.3° 3.0° 1.7° 0.4°  10.16 0.001
Groups1234T 811.8 280.8 153.9 44.7 2.92 0.077
Groups1234V 488.8 140.3 46.9 19.4 2.88 0.080
Broadleaved spp.T 659.7%  181.0° 14.5° 9.2"  13.82 <0.001
Broadleaved spp.V 4256  127.8° 45 1.7° 1311 <0.001
GrassesT 12.8 16.0 76.6 17.6 1.00 0.426
GrassesV 6.4 6.6 37.9 12.8 1.74 0.212
Alopecurus myosuroidesT 8.1 8.8 35.3 1.2 2.10 0.153
Alopecurus myosuroidesV 25 2.3 9.5 0.6 2.51 0.108
Galium aparineT 90.2% 74.9% 1.2° 2.8" 8.67 0.002
Galium aparineV 74.9° 52.7% 1.1° 1.2° 9.27 0.002
Bromus commutatusT 2.5 5.8 4.9 13.5 0.62 0.616
Bromus commutatusV 2.2 5.2 4.9 12.8 0.68 0.579
Sinapis arvensisT 92.3 1.3° 1.0° 0.0° 8.09 0.003
Sinapis arvensisV 37.9° 1.3° 0.5° 0.0 7.07 0.005

Table 5.A34 Effect of herbicide treatment on production of total (T) and viable (V)
seeds at Gleadthorpe in 2003 (conventional spacing only).

Herbicide
a g F P

Herbicide df = 2; resid df = 4

GrouplT 6605.9° 322.6° 2.0° 45.32 0.002
GrouplV 2237.7 976.2 22.4 6.65 0.053
Group3T 0.5 130.8 18.1 2.90 0.166
Group3V 0.3 40.7 5.8 3.04 0.157
Groups123T 6605.9° 1201.3% 24.1° 15.86 0.013
Groups123V 2186.8° 228.1° 10.7° 26.14 0.005
Groups1234T 6605.9% 1201.3% 24.1° 15.89 0.013
Groups1234V 2186.8° 228.1° 10.7° 26.14 0.005
Broadleaved spp.T 870.0% 106.2° 3.9° 11.15 0.023
Broadleaved spp.V 315.2 345 2.0 5.56 0.070
GrassesT 4264.8% 1022.3% 9.7 10.51 0.026
GrassesV 1070.5 157.5° 4.1° 12.55 0.019
Poa annuaT 4264.8% 9.5° 0.0° 8.22 0.038
Poa annuaV 1070.5% 4.0° 0.0° 11.35 0.022
Stellaria mediaT 122.0 16.4 0.5 2.82 0.172
Stellaria mediaV 108.6 11.0 0.0 3.07 0.156
Fallopia convolvulusT 359.6° 27.7° 0.0° 95.91 <0.001
Fallopia convolvulusV 82.9% 6.7° 0.0° 35.82 0.003
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Table 5.A35 Effect of herbicide treatment on production of total (T) and viable (V)
seeds at Gleadthorpe in 2004 (conventional spacing only).

Herbicide
a d g F P

Herbicide df = 2; resid df = 4

GrouplT 3889.5% 757.6° 3.9° 22.09 0.007
GrouplV 141152 228.1° 2.7° 21.59 0.007
Groups123T 3980.1% 757.6° 16.0° 46.74 0.002
Groups123V 1478.1° 233.4° 2.7° 22.06 0.007
Groups1234T 3980.1% 762.8" 20.6° 56.01 0.001
Groups1234V 1478.1% 233.4° 2.7° 22.06 0.007
Broadleaved spp.T 113.8 9.2 35 3.43 0.136
Broadleaved spp.V 52.7% 5.0% 0.0 10.51 0.026
GrassesT 3889.5% 740.3% 3.9" 22.03 0.007
GrassesV 1411.5° 222.9% 2.7° 21.57 0.007
Poa annuaT 3889.5% 740.3% 39" 22.03 0.007
Poa annuaV 1411.5° 222.9% 2.7° 21.57 0.007

Table 5.A36 Effect of herbicide treatment on production of total (T) and viable (V)
seeds at Gleadthorpe in 2005 (conventional spacing only).

Herbicide
a d g F P

Herbicide df = 2; resid df = 8

GrouplT 1904 .5° 3466.4° 6.6 56.31 <0.001
GrouplV 449.8° 802.5° 0.4° 176.08 <0.001
Groups123T 2171.7% 3731.5° 15.4° 85.51 <0.001
Groups123V 614.2% 969.5° 1.4° 221.05 <0.001
Groups1234T 2181.7% 3731.5° 24.4° 52.46 <0.001
Groups1234V 615.6° 976.2° 48° 35.57 <0.001
Broadleaved spp.T 415.9% 69.8° 15.6° 12.59 0.003
Broadleaved spp.V 194.4% 54.8° 1.4° 38.30 <0.001
GrassesT 1658.6° 3466.4° 1.5 46.48 <0.001
GrassesV 353.8% 793.3% 1.3° 31.89 <0.001
Poa spp.T 1651.0% 3474.4° 0.0° 228.31 <0.001
Poa spp.V 352.2° 793.3" 0.0° 249.12 <0.001

214



Table 5.A37 Effect of herbicide treatment on production of total (T) and viable (V)

seeds at High Mowthorpe in 2003 (conventional spacing only).

Herbicide
a d g F P

Herbicide df = 2; resid df = 4

GrouplT 5622.4% 6308.6% 11.9° 29.72 0.004
GrouplV 3234.9° 2569.4% 6.6" 26.07 0.005
Group3T 46.9% 24.1% 4465.8" 13.63 0.016
Group3V 345 23.5° 1046.1° 7.06 0.049
Groups123T 5887.4 6308.6 4465.8 0.06 0.946
Groups123V 3387.4 2569.4 1070.° 0.35 0.723
Groups1234T 6024.6 6308.6 4465.8 0.06 0.944
Groups1234V 3466.4 2569.4 1070.5 0.36 0.716
Broadleaved spp.T 723.4% 92.3% 5.0 13.59 0.016
Broadleaved spp.V 615.6% 84.1% 1.3° 16.26 0.012
GrassesT 3889.5 6165.0 4465.8 0.08 0.926
GrassesV 1818.7 2453.7 1070.5 0.14 0.876
Poa annuaT 3800.9% 6165.0% 7.3" 24.44 0.006
Poa annuaV 1777.3% 2453.7% 46" 22.93 0.006
Agrostis sp.T 0.0 0.0° 4465.8° 74.99 <0.001
Agrostis sp.V 0.0 0.0° 1046.1° 24.70 0.006
Sinapis arvensisT 82.2 0.3 0.0 3.02 0.159
Sinapis arvensisV 1.89 0.12 0 2.97 0.162
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Table 5.A38 Effect of herbicide treatment on production of total (T) and viable (V)

seeds at High Mowthorpe in 2004 (conventional spacing only).

Herbicide
a d g F P

Herbicide df = 2; resid df = 4

GrouplT 6759.8 6605.9 228.1 6.61 0.054
GrouplV 3466.4° 2753.2° 12.5° 14.23 0.015
Group2T 10.7 0.3 0.3 0.80 0.509
Group2V 10.0 0.0 0.0 1.00 0.444
Group3T 80.3 15.2 0.0 4.42 0.097
Group3V 23.0 10.2 0.0 3.52 0.131
Group4T 1948.8 140.3 46.9 6.42 0.056
Group4V 1121.0° 19.0° 18.5° 8.86 0.034
Groups12T 6917.3 6605.9 228.1 6.64 0.054
Groups12V 3547.1° 2753.2° 12.5° 14.51 0.015
Groups123T 7078.5 6605.9 228.1 6.85 0.051
Groups123V 3629.8° 2817.4° 12.5° 14.87 0.014
Groups1234T 9771.4° 6759.8° 536.0° 7.78 0.042
Groups1234V 5247.1° 2817.4° 73.1° 25.07 0.005
Broadleaved spp.T 2950.2° 157.5° 322.6° 9.53 0.030
Broadleaved spp.V 1777.3° 41.7° 42.7° 14.65 0.014
GrassesT 6605.9° 6455.5° 6.4 12.39 0.019
GrassesV 3234.9° 2753.2° 4.2° 22.43 0.007
Poa annuaT 6605.9° 6308.6° 6.4° 12.44 0.019
Poa annuaV 3234.9° 2753.2° 4.2° 22.43 0.007
Galium aparineT 1948.8 69.8 46.9 5.93 0.064
Galium aparineV 1121.0° 19.0° 18.5" 8.86 0.034
Matricaria discoideaT 9.2 0.0 0.0 1.00 0.444
Matricaria discoideaV 9.0 0.0 0.0 1.00 0.444
Fallopia convolvulusT 26.5 18.1 99.0 0.90 0.476

216



Table 5.A39 Effect of herbicide treatment on production of total (T) and viable (V)

seeds at High Mowthorpe in 2005 (conventional spacing only).

Herbicide
a d g F P

Herbicide df = 2; resid df = 8

GrouplT 51.5 2.7 0.2 3.90 0.066
GrouplV 24.7 1.6 0.0 2.43 0.150
Group3T 31621.8°  13866.6° 0.4° 270.85 <0.001
Group3V 23877.1° 7797.3 0.2° 276.34 <0.001
Group4T 1379.4° 75° 5.8" 14.94 0.002
Group4V 1046.1° 7.3° 4.8° 15.47 0.002
Groups123T 37152.5% 13866.6" 0.7° 394.63 <0.001
Groups123V 28905.8° 7815.3" 0.2° 448.84 <0.001
Groups1234T 39809.7°  13802.8° 6.9° 61.20 <0.001
Groups1234V 30902.0° 7761.5° 4.8 66.57 <0.001
Broadleaved spp.T 14790.1% 124.9° 2.1° 13.61 0.003
Broadleaved spp.V 11480.5% 88.1° 1.6° 13.57 0.003
GrassesT 7761.5°  10714.2° 2.0° 62.95 <0.001
GrassesV 5247.1% 5753.4% 1.5° 61.09 <0.001
Papaver sp.T 3889.5° 38.8% 0.2" 7.75 0.013
Papaver sp.V 3387.4° 37.9% 0.2° 7.74 0.013
Poa spp.T 2137.0° 5010.9° 0.2° 36.60 <0.001
Poa spp.V 1478.1° 3387.4% 0.0° 36.83 <0.001
Poa annuaT 28.5 0.0 0.0 2.67 0.130
Poa annuaV 24.7 0.0 0.0 2.66 0.130
Galium aparineT 1379.4° 0.6° 1.6° 26.56 <0.001
Galium aparineV 1046.1° 0.6° 1.2° 29.31 <0.001
Agrostis sp.T 4.1 27.2 0.0 1.00 0.409
Agrostis sp.V 3.3 7.5 0.0 0.66 0.544
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Reproductive status

Weighted mean calculated as: (vegetative x 1) + (flower shoots/buds x 2) + (flowering
x 3) + (seeding/dehiscing x 4). Cover = mean of raw data (no transformation).

Table 5.A40 Effect of herbicide on reproductive status at Boxworth.

Flower

2004 Vegetative shoots/ Flowering dSee_dw_]g/ Weighted Rank Cover
buds ehiscing

Anisantha sterilis
a 19 6 17 58 315 8 6.4
b 12 0 27 61 337 4 4.9
c 12 0 16 72 347 2 7.0
d 17 0 21 62 329 6 9.5
e 16 0 14 70 338 3 7.2
f 12 4 20 64 336 5 24
g 13 0 13 74 347 1 15.3
h 19 0 23 59 321 7 34
Sinapis arvensis
a 12 2 13 73 348 2 16.0
b 19 2 14 65 324 3 12.0
c - - - - 0 8 0
d 0 0 13 88 388 1 0
e 92 3 3 1 113 4 0.1
f 100 0 0 0 100 5 0
g 100 0 0 0 100 5 0
h 100 0 0 0 100 5 0
Stellaria media
a 16 26 8 51 294 1 54.1
b 59 21 2 18 180 8 1.0
c 23 26 10 41 268 2 32.2
d 26 28 7 38 257 3 39.1
e 53 24 6 18 189 7 1.1
f 52 24 6 19 191 6 0.3
g 35 24 7 34 240 4 16.5
h 39 35 12 14 200 5 0.2
Volunteer bean
a 32 10 2 57 283 2 18.6
b 27 7 4 62 301 1 21.0
c 78 2 0 20 161 6 1.4
d 49 5 4 41 238 3 25.2
e 92 1 0 7 123 8 1.0
f 73 3 4 20 171 5 1.8
g 56 1 0 43 230 4 0.4
h 82 2 4 11 144 7 1.2
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Table 5.A40 cont'd.....

Flower Seeding/
2005 Vegetative shoots/ Flowering dehisci Weighted Rank Cover
ehiscing
buds
Sinapis arvensis
a 0 3 3 94 391 2 4.1
b 0 11 7 83 372 3 0.2
c 20 20 5 55 295 4 0.1
d 0 68 0 33 265 5 0.1
e 100 0 0 0 100 6 0
f - - - - 0 7 0
g 0 0 0 100 400 1 0
h - - - - 0 7 0
Galium aparine
a 4 18 15 64 338 1 4.8
b 5 22 17 56 324 2 2.2
c 40 13 7 40 247 5 0.3
d 22 9 2 68 315 3 0.3
e 50 33 0 17 183 7 0.1
f 75 16 9 0 134 8 0
g 50 0 0 50 250 4 0
h 43 16 13 29 227 6 0.1
Bromus commutatus
a 0 0 1 99 399 5 0.2
b 0 0 0 100 400 1 0.2
c 0 0 1 99 399 4 0.3
d 0 0 0 100 400 1 0.3
e 0 0 3 97 397 8 0.2
f 0 0 2 98 398 7 0.2
g 0 0 0 100 400 1 0.1
h 0 0 1 99 399 6 0.3
Alopecurus myosuroides
a 0 0 7 93 393 5 1.8
b 0 0 7 93 393 4 0.7
c 0 0 3 98 398 2 0.2
d 0 0 5 95 395 3 3.2
e 0 0 10 90 390 6 0.1
f 0 0 67 33 333 8 0
g 0 0 0 100 400 1 0
h 0 0 10 90 390 6 0.1
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Table 5.A41 Effect of herbicide on reproductive status at Gleadthorpe.

Flower Seeding/
2003 Vegetative shoots/ Flowering dehisci Weighted Rank Cover
buds ehiscing

Fallopia convolvulus
a 90 9 1 0 111 6 1.2
b 60 40 0 0 140 3 0.3
[ 68 22 4 6 149 2 1.0
d 90 10 0 0 110 7 0.4
e 73 27 0 0 127 4 0.3
f a7 53 0 0 153 1 0.2
g 81 19 0 0 119 5 0.3
Poa annua
a 63 2 24 11 183 2 12.6
b 91 0 9 0 119 6 0.1
c 52 0 47 0 195 1 0.1
d 66 3 25 6 170 3 2.3
e 73 13 11 3 145 4 0.6
f 95 0 5 0 111 7 0.1
g 81 0 19 0 138 5 0
Polygonum aviculare
a 76 15 9 0 133 1 1.0
b 89 10 1 0 112 4 0.2
c 83 13 4 0 121 3 0.2
d 80 11 9 0 130 2 0.9
e 99 1 0 0 101 6 0.1
f 99 1 0 0 101 5 0.2
g 100 0 0 0 100 7 0.1
Stellaria media
a 69 2 6 22 182 2 4.4
b 100 0 0 0 100 3 0
c - - - - 0 4 0
d 54 3 1 42 231 1 15
e - - - - 0 4 0
f - - - - 0 4 0
g - - - 0 4 0
2004
Poa annua
a 58 0 33 8 192 3 16.4
b 80 0 20 0 140 4 0.8
c 97 0 0 3 109 6 0.1
d 56 1 25 19 207 1 13.6
e - - - - 0 7 0
f 88 0 13 0 125 5 0
g 50 0 50 0 200 2 0
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Table 5.A41 cont'd.....

Flower Seeding/
2005 Vegetative shoots/ Flowering dehisci Weighted Rank Cover
ehiscing
buds

Veronica arvensis
a 0 1 0 98 397 1 2.7
b 44 25 0 31 219 3 0
c - - - - 0 4 0
d 5 6 1 88 371 2 3.5
e _ - - 0 4 0
f - - - - 0 4 0
g - - - - 0 4 0
Stellaria media
a 0 2 1 97 395 2 20.7
b 0 0 0 100 400 1 0.5
c - - - - 0 5 0
d 0 3 0 96 393 3 8.8
e - - - - 0 5 0
f 100 0 0 0 100 4 0
g - - - - 0 5 0
Poa annua
a 8 4 6 82 361 3 16.3
b 29 1 1 69 309 4 0.6
c 0 0 0 100 400 1 0
d 6 3 7 84 370 2 194
e 67 0 0 33 200 7 0.1
f 50 0 0 50 250 5 0.1
g 53 9 0 38 222 6 0.1
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Table 5.A42 Effect of herbicide on reproductive status at High Mowthorpe.

Flower Seeding/
2003 Vegetative shoots/ Flowering dehisci Weighted Rank Cover
ehiscing
buds

Galium aparine
a 60 14 14 12 178 1 3.4
b 72 15 10 3 145 2 0.7
c 79 11 6 3 134 3 0.3
d 87 6 6 0 119 4 0.1
e - - - - 0 6 0
f 100 0 0 0 100 5 0
g - - - - 0 6 0
Poa annua
a 48 0 44 8 212 2 7.7
b 24 0 51 26 278 1 0.1
c 55 3 38 5 192 4 2.0
d 51 0 40 8 206 3 10.0
e 66 3 29 2 167 6 1.4
f 72 4 23 1 153 7 1.3
g 66 1 28 5 173 5 1.3
Sinapis arvensis
a 47 2 6 44 249 1 2.2
b 53 4 17 26 217 2 2.0
c 87 1 4 8 133 4 0.9
d 77 12 0 12 146 3 0.3
e 97 3 0 0 103 5 0.2
f 100 0 0 0 100 6 0
g - - - - 0 7 0
Volunteer OSR
a 70 9 7 14 165 3 11
b 58 16 12 12 177 2 1.4
c 62 9 10 18 184 1 0.9
d 85 10 4 1 121 5 0.2
e 75 9 9 7 148 4 0.2
f 100 0 0 0 100 6 0
g 100 0 0 0 100 6 0
Volunteer potato
a 100 0 0 0 100 2 0.7
b 100 0 0 0 100 2 1.2
c 100 0 0 0 100 2 2.6
d 98 0 2 0 104 1 0.7
e 100 0 0 0 100 2 2.2
f 100 0 0 0 100 2 1.2
g 100 0 0 0 100 2 0.9
2004
Fallopia convolvulus
a 100 0 0 0 100 2 11
b 100 0 0 0 100 2 0.5
c 100 0 0 0 100 2 1.1
d 100 0 0 0 100 1 0.9
e 100 0 0 0 100 2 0.3
f 100 0 0 0 100 2 0.3
g 100 0 0 0 100 2 0.3
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Table 5.A42 cont'd....

Flower Seeding/
2004 Vegetative shoots/ Flowering dehisci Weighted Rank Cover
ehiscing
buds

Galium aparine
a 50 11 26 13 201 1 5.0
b 60 15 16 9 174 2 1.3
[ 70 9 14 7 159 3 1.2
d 80 9 8 3 134 4 0.5
e 92 5 0 2 113 7 0.1
f 87 7 6 0 119 6 0.2
g 80 14 5 1 126 5 0.4
Poa annua
a 67 0 26 8 174 2 34
b 100 0 0 0 100 4 0.3
c 100 0 0 0 100 4 0.1
d 67 0 23 10 176 1 3.8
e 100 0 0 0 100 4 0.1
f 100 0 0 0 100 4 0.1
g 96 0 4 0 108 3 0.1
Sinapis arvensis
a 60 6 10 24 198 1 19
b 59 6 24 11 187 2 15
c 95 2 2 0 107 5 0.1
d 91 1 5 2 118 4 0.2
e 99 0 1 0 103 6 0.1
f 86 0 14 0 128 3 0
g 100 0 0 0 100 7 0.1
2005
Fumaria officinale
a 74 1 13 12 162 6 0.5
b 63 9 8 20 186 3 0.4
c 66 9 7 18 177 5 0.5
d 44 13 27 17 216 2 0.8
e 52 14 34 0 182 4 0.1
f 46 2 32 19 225 1 0.3
g 100 0 0 0 100 7 0
Galium aparine
a 29 35 36 0 208 1 11.1
b 33 29 38 0 205 2 5.5
c 44 29 27 0 184 3 0.4
d 70 20 9 0 139 4 0.4
e 83 17 0 0 117 5 0.2
f 100 0 0 0 100 6 0.1
g 100 0 0 0 100 6 0.1
Papaver spp.
a 12 85 3 0 191 1 17.3
b 100 0 0 0 100 6 0
c 24 76 0 0 176 4 0.4
d 24 75 1 0 176 3 1.6
e 88 13 0 0 113 5 0.1
f 100 0 0 0 100 6 0
g 32 57 11 0 179 2 0.1
Poa annua
a 40 12 43 5 212 2 10.2
b 77 2 20 0 143 5 0.1
c 46 5 49 0 202 3 0.1
d 36 14 46 4 219 1 16.2
e 96 0 4 0 108 6 0.1
f 100 0 0 0 100 7 0
g 66 4 30 0 164 4 0.1
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APPENDIX 4 — INVERTEBRATE ANALYSES

Table 5.A43 High Mowthorpe 2003 no interactions.

Herbicide Spacing/Cultivation Conv vs WSR WV;SREC\ZISH

a b c d e f g F P Conv  WSR 4\_/\(/;?[ F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 6; resid df = 52
Acalyptera 27.1% 17.8% 218 112" 22.7% 16.8®° 1957 2.75 0.03 211 17.0 19.0 0.92 0.41 1.83 0.183 0.49 0.490
Aschiza 8.0% 4.1% 7.2% 6.0% 3.2 50% 1.9° 4.13 0.003 46 4.3 5.3 0.55 0.58 0.11 0.740 1.06 0.308
Brachycera 4.4 5.2 3.1 3.9 3.5 4.1 3.2 0.50 0.81 3.6 4.0 4.0 0.11 0.90 0.15 069 O 0.986
Calyptera 0.6 0.6 1.1 1.0 1.4 0.8 1.8 1.10 0.38 1.2 1.1 0.7 1.50 0.24 0.13 0.720 0.65 0.206
Tipulidae 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.81 0.57 0.0 0.0 0.0 0.49 0.62 0.73 0.397 O 1
Nematocera (No
Tipulidae) 7.1 11.7 16.4 11.6 12.3 13.9 13.6 1.26 0.30 11.7 14.3 10.5 1.07 0.35 0.88 0.355 2.08 0.157
Total Diptera 53.5 42.0 52.3 42.4 46.1 446 41.5 0.97 0.46 45.0 43.7 489 0.70 0.50 0.10 0.756 1.32 0.258
Cantharidae
Carabidae 0.0 0.0 0.0 0.1 0.0 0.0 0.0 1.00 0.44 0.0 0.0 0.0 1.00 0.38 0 1 1.50 0.228
Chrysomelidae 0.5 0.1 0.3 0.2 0.4 0.1 0.3 0.80 0.58 0.1 0.3 0.3 2.52 0.09 3.73 0.061 O 0.979
Curculionidae 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.83 0.55 0.0 0.0 0.1 0.54 0.59 0.42 0.522 1.05 0.312
Elateridae 0.1 0.2 0.3 0.2 0.2 0.3 0.1 0.42 0.86 0.1 0.3 0.1 0.87 0.43 1.45 0.235 1.12 0.296
Staphylinidae 0.8 0.3 0.0 0.4 04 0.6 0.1 2.58 0.03 04 0.5 0.1 3.89 0.03 1.07 0.308 7.62 0.009
Total Coleoptera 2.4 1.3 1.0 1.0 1.1 1.1 0.8 1.58 0.18 0.7 1.6 1.4 4.35 0.02 7.32 0.010 0.12 0.736
Heteroptera 0.8 0.1 0.7 0.6 0.6 0.5 0.6 0.71 0.65 0.6 0.6 0.4 0.51 0.61 0.02 0.897 0.87 0.358
Homoptera 0.8 0.4 0.8 0.6 0.9 1.3 1.1 1.14 0.36 0.8 0.5 11 2.09 0.14 1.48 0.231 4.12 0.049
Symphyta Adults
Lepidoptera Adults 0.2 0.0 0.1 0.2 0.1 0.2 0.0 1.07 0.40 0.1 0.0 0.2 3.51 0.04 0.06 0.802 5.81 0.021
Lepidoptera Larvae 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.88 0.52 0.0 0.1 0.0 211 0.14 3.16 0.083 3.16 0.083
Neuroptera Larvae 0.0 0.3 0.0 0.0 0.0 0.1 0.1 1.39 0.24 0.1 0.1 0.1 0.02 0.98 0.04 0847 O 1
Orthoptera
Araneae 25 2.0 1.5 1.6 1.9 1.8 0.8 1.17 0.34 1.79 1.52 1.70 0.16 0.85 0.3 0.584 0.14 0.707
Opiliones
Nectar Feeders 8.4° 48" 76° 64 36 58" 21° 421 0002 50 46 5.8 060 055 016 0.690 1.18 0.284
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Herbicide Spacing/Cultivation Conv vs WSR W\gSREC\:/LSJH

a b c d e f g F P Conv  WSR Y\(/:Suﬁzt F P F P F P
Herbivores 1.6 0.4 1.3 1.0 15 1.5 1.5 1.75 0.13 1.1 1.1 1.5 0.27 076 O 0988 211 0.154
Omnivore / Mixed 50.5 38.0 49.8 39.7 43.1 41.8 39.5 1.15 0.35 423 409 457 0.80 0.46 0.14 0.712 132 0.257
Predators 8.3 7.6 5.0 6.0 6.3 6.2 4.3 1.30 0.28 6.0 6.3 6.1 0.03 0.97 0.05 0.832 0.04 0.846
Total Arthropods 62.4 46.8 57.5 47.9 52.2 50.8 46.4 1.25 0.30 504 498 550 0.69 0.51 0.01 0.915 113 0.294
Chick Food Index 0.1 0.2 0.2 0.2 0.2 0.2 0.1 0.13 0.99 0.1 0.2 0.2 1.05 0.36 2.09 0.156 0.47 0.497
Skylark Food Items 7.7 4.6 4.7 4.7 5.7 5.6 3.9 1.24 0.31 4.9 5.0 57 034 072 0 0.953 046 0.501
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Table 5.A44 High Mowthorpe 2003 interactions.

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult. a b c d e f g F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; Space*Herb df = 14; resid df = 42
Diptera larvae
Conv 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.22 0.06  Spacing 4.62 0.02 2.22 0.03
WSR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Conv vs WSR 0 1
WSR+Cult 0.0 0.0 0.3 0.0 0.0 0.0 0.6 WSR vs WSR+Cult 6.92 0.012
Other Coleoptera
Conv 0.3 0.0 0.0 0.0 0.0 0.0 0.0 3.21 0.01  Spacing 6.54 0.004 3.63 0.001
WSR 0.0 2.0 0.0 0.0 0.0 0.0 0.0 Conv vs WSR 1.59 0.214
WSR+Cult 15 0.3 1.3 0.0 0.0 0.0 11 WSR vs WSR+Cult 5.3 0.027
Symphyta larvae
Conv 0.0 0.0 0.0 0.0 0.6 0.0 0.0 2.22 0.06  Spacing 1.54 0.23 2.74 0.01
WSR 0.3 0.0 0.0 0.0 0.0 0.0 0.0 Conv vs WSR 0.77 0.386
WSR+Cult 0.0 0.0 0.0 0.0 0.0 0.0 0.0 WSR vs WSR+Cult 0.77 0.386
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Table 5.A45 High Mowthorpe2004 no interactions.

Herbicide Spacing/Cultivation Conv vs WSR WV;EE(\:/S“

a b c d e f g F P Conv  WSR X\(/:Suﬁ F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 3; resid df = 50
Acalyptera 6.5 55 5.4 7.0 0.87 0.462 6.5 5.4 6.3 0.69 051 1.23 0.274 0.78 0.383
Aschiza 25 1.8 15 1.8 0.95 0.426 2.1 2.0 16 0.59 0.56 0.09 0.76 0.56 0.457
Brachycera 14.9 14.6 14.8 14.2 0.08 0973 140 144 154 050 0.61 0.08 0.785 0.49 0.489
Nematocera (No Tipulidae) 12 15 1.7 17 0.4 0.756 2.2 12 12 3.06 0.06 499 0.031 0.04 0.844
Cantharidae
Carabidae 0.1 0.2 0.5 0.3 1.67 0.188 0.1 0.2 04 247 0.10 05 0.484 2.17 0.148
Chrysomelidae 0.4 0.8 0.5 0.4 0.83 0.486 0.6 0.5 0.4 0.37 0.69 0.23 0.633 0.15 0.705
Curculionidae 0.2 0.3 0.1 0.0 1.43  0.247 0.1 0.2 0.1 0.97 0.39 145 0.235 145 0.235
Elateridae 2.4 2.2 25 1.8 05 0.684 17 2.1 3.0 211 0.13 058 0451 1.62 0.209
Staphylinidae 2.1 25 17 12 161 0.202 1.8 2.3 15 125 0.30 0.96 0.333 2.44 0.126
Other Coleoptera 21.0 16.7 134 10.4 2.18 0.103 186 140 126 1.30 0.28 1.27 0.266 0.19 0.664
Total Coleoptera 27.9 252 217 17.4 268 0059 251 223 21.0 0.69 051 059 0.445 0.15 0.7
Heteroptera 1.2 14 11 1.7 0.5 0.682 1.6 1.2 1.3 052 0.60 0.98 0.328 0.08 0.781
Homoptera 0.6 0.3 0.9 0.5 2.04 0.122 0.5 0.6 0.6 0.42 066 05 0.484 0.03 0.874
Symphyta Larvae 0.1 0.4 0.3 0.3 0.73  0.542 0.3 0.4 0.2 0.96 0.39 0.53 0.469 1.92 0.173
Symphyta Adults
Lepidoptera Adults 0.0 0.0 0.0 0.0 0.65 0.586 0.1 0.0 0.0 196 0.15 293 0.094 0 1
Lepidoptera Larvae 0.2 0.2 0.1 0.1 0.33 0.805 0.1 0.2 0.1 091 041 0.65 0.424 1.79 0.188
Neuroptera Larvae 0.1 0.2 0.3 0.1 0.29 0.832 0.2 0.3 0.1 1.64 0.21 041 0.526 3.19 0.081
Orthoptera
Opiliones
Nectar Feeders 5.7 4.7 4.4 3.8 1.08 0.367 4.4 4.4 5.0 0.30 0.74 0 0.997 0.45 0.504
Herbivores 3.1 4.1 34 3.8 0.7 0.559 4.0 3.6 32 096 0.39 046 0.501 05 0483
Omnivore / Mixed 39.2 335 29.3 27.8 201 0127 353 31.8 296 0.87 0.43 059 0.445 0.29 0.593
Predators 19.5 20.2 19.4 17.5 0.73 0542 187 193 193 0.08 0.92 0.13 0.725 0 0.988
Total Arthropods 67.4 64.5 58.6 54.1 235 0.08 639 608 582 0.75 0.48 0.39 0.536 0.36 0.552
Chick Food Index 13 14 1.6 11 0.76 0.521 11 1.3 1.7 275 0.08 0.78 0.381 2.07 0.157
Skylark Food Items 36.4% 35.2° 30.6° 254° 298 0.042 348 318 286 142 0.25 0.62 0.435 0.81 0.374
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Table 5.A46 High Mowthorpe 2004 interactions.

Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult a b c d e f g F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; Space*Herb df = 14; resid df = 42
Calyptera
Conv 3.1 0.0 2.2 0.8 1.33 0.277 Spacing 4.96 0.01 4.14 0.002
WSR 1.8 4.2 31 2.2 Conv vs WSR 9.17 0.004
WSR+Cult 2.0 11 0.8 25 WSR vs WSR+Cult 5.12 0.029
Tipulidae
Conv 0.9 0.1 0.9 15 0.45 0.718 spacing 1.28 0.289 25 0.036
WSR 0.3 0.9 0.6 0.0 Conv vs WSR 2.55 0.117
WSR-+Cult 0.9 0.3 0.5 0.6 WSR vs WSR+Cult 0.56 0.459
Diptera larvae
Conv 0.0 2.1 0.0 0.1 21.09 <0.001 Spacing 19.39 <0.001 15.99 <0.001
WSR 0.0 0.1 0.0 0.1 Conv vs WSR 21.44 <0.001
WSR+Cult 0.0 0.0 0.0 0.0 WSR vs WSR+Cult 1.67 0.203
Total Diptera
Conv 28.4 27.1 34.8 27.8 0.41 0.75 Spacing 0.1 0.907 2.29 0.052
WSR 30.3 34.9 22.3 27.3 Conv vs WSR 0.19 0.664
WSR+Cult 334 24.9 27.3 311 WSR vs WSR+Cult 0.07 0.791
Araneae
Conv 2.8 5.9 3.6 3.9 0.79 0.461 spacing 1.06 0.375 2.36 0.046
WSR 4.0 6.7 4.0 1.7 Conv vs WSR 0.05 0.832
WSR+Cult 4.6 1.9 2.8 3.3 WSR vs WSR+Cult 0.93 0.34
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Table 5.A47 High Mowthorpe 2005 no interactions.

Herbicide Spacing/Cultivation Conv vs WSR Wvggz(\:/jlt

a b c d e F P Conv  WSR X\ésuﬁ F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 3; resid df = 50
Acalyptera 39.6% 25.4° 31.4%® 31.8® 3.93 0.01 31.2 314 326 0.09 0.92 0 0.948 0.11 0.747
Aschiza 16.4° 7.2 64" 122° 736 <0001 117 114 71 3.80 003 002 0.897 538 0.025
Brachycera 154 140 16.7 18.3 1.05 0.38 177 138 167 175 0.19 3.22 0.08 1.84 0.182
Calyptera 3.7 1.8 27 29 1.88 0.15 2.4 3.3 24 083 0.44 1.26 0.268 1.22 0.275
Tipulidae 15 1.0 0.7 1.3 1.22 0.31 1.0 1.5 0.9 1.12 0.34 1.47 0.232 187 0.179
Nematocera (No Tipulidae) 7.6 46" 3.6b° 55% 381 0.02 6.7 5.1 40 3.38 0.04 2.02 0.163 1.38 0.246
Diptera Larvae 0.3 0.1 04 05 1.29 0.29 0.3 0.5 02 182 0.17 1.61 0.212 3.49 0.069
Total Diptera 91.9% 58.4° 655 756 5.14 0.004 773 706 67.7 0.84 0.44 0.76 0.387 0.15 0.697
Cantharidae 0.0 0.0 0.0 0.0 0.65 0.59 0.0 0.1 0.0 196 0.15 2.93 0.094 293 0.094
Carabidae 0.3 0.2 03 03 0.03 1.00 0.3 0.2 0.3 0.18 0.84 0.21 0.651 0.31 0.579
Chrysomelidae 0.3 11 09 08 2.42 0.08 0.6 0.6 1.0 1.46 0.24 0.03 0.869 194 0.171
Curculionidae 0.1 0.0 0.0 0.0 1.50 0.23 0.1 0.0 01 166 0.20 1.42 0.24 3.19 0.081
Elateridae 0.1 0.2 01 05 1.74 0.17 0.0 0.1 0.6 7.00 0.002 0.6 0.444 7.76 0.008
Other Coleoptera 3.1 0.1 0.5 0.7 8.00 <0.001 1.1 0.9 0.6 0.68 0.51 0.2 0.658 0.5 0481
Total Coleoptera 8.2% 41 32" 6.6% 5.39 0.00 5.4 4.9 54 0.13 0.87 0.21 0.648 0.19 0.663
Heteroptera 0.18% 0.1° 01 1.2° 9.80 <0.001 0.3 0.5 0.3 047 0.63 0.7 0.408 0.7 0.408
Homoptera 0.4 0.1 0.2 0.2 0.62 0.61 0.3 0.1 0.3 146 0.24 1.76 0.191 2.53 0.119
Symphyta Larvae 0.2 0.0 00 03 2.23 0.10 0.2 0.1 0.2 118 0.32 1.23 0.274 2.18 0.147
Symphyta Adults
Lepidoptera Adults
Lepidoptera Larvae 0.0 0.0 0.1 0.1 2.18 0.10 0.1 0.0 0.1 169 0.20 1.45 0.235 3.26 0.078
Neuroptera Larvae 0.0 0.0 0.0 0.0 0.34 0.79 0.0 0.0 0.1 103 0.37 0.52 0.477 2.06 0.158
Orthoptera
Araneae 31 3.9 31 1.9 1.55 0.22 4.2 2.3 25 253 0.09 4.32 0.044 0.08 0.773
Opiliones
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Herbicide Spacing/Cultivation Conv vs WSR
a b c d e g F P Conv  WSR Y\ésuﬁ F P F P F P
Nectar Feeders 16.7% 7.6° 6.6° 13.1° 7.17 <0.001 118 116 7.9 250 0.09 0.01 0091 3.52 0.067
Herbivores 1.0 14 1.4 15 0.34 0.79 1.3 0.9 19 290 0.07 152 0.225 5.81 0.02
Omnivore / Mixed 85.5° 45.1° 49.9™ 61.1° 11.83 <0.001 639 595 528 1.80 018 05 0.483 1.37 0.248
Predators 19.2 18.1 20.5 21.5 0.47 0.71 229 168 20.0 265 0.08 5.27 0.026 1.71 0.197
Total Arthropods 111.2%  67.6° 74.3" 88.9% 742 <0.001 923 810 79.2 1.40 0.26 173 0.195 0.06 0.813
Chick Food Index 0.3 0.4 0.3 0.5 1.31 0.28 0.3 0.3 0.6 5.62 001 O 0.958 8.58 0.005
Skylark Food 16.5° 9.9" 8.7 13.9% 6.03 0.002 139 106 113 1.91 016 35 0.068 0.2 0.661
Table 5.A48 High Mowthorpe 2005 Interactions.
Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult a b Cc d e g F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 3; Space*Herb df = 6; resid df = 44
Staphylinidae
Conv 21 3.2 1.0 35 4.88 0.005 Spacing 0.62 0.542 231 0.05
WSR 25 0.8 1.0 4.4 Conv vs WSR 0.64 0.428
WSR+Cult 4.0 1.6 0.9 1.3 WSR vs WSR+Cult 0.07 0.786
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Table 5.A49 Gleadthorpe 2003 no interactions.

. . . WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult

a b c d e f g F P Conv  WSR X\(/:Sui F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 3; resid df = 50
Acalyptera 0.8 0.3 0.9 0.9 1.83 0.172 0.8 0.6 06 0.24 0.79 041 0.527 0.01 0.933
Aschiza 0.1 0.0 0.2 0.1 0.77 0524 0.0 0.2 0.1 0.93 041 1.69 0.208 0.09 0.772
Brachycera 1.2 17 2.0 17 0.43 0.734 15 2.4 12 199 0.16 1.85 0.187 3.78 0.065
Calyptera 0.3 0.1 0.3 0.0 1.12 0.363 0.2 0.1 0.2 055 0.58 0.91 0.351 0.73 0.401
Tipulidae
Nematocera (No Tipulidae) 2.6% 1.3 05" 0.4 5.46  0.006 1.4 0.8 1.0 0.80 046 157 0223 022 0.644
Diptera Larvae
Total Diptera 5.8 3.9 4.4 35 0.96 0.429 4.8 4.5 3.7 056 0.58 0.06 0.804 0.58 0.455
Cantharidae
Carabidae 0.2 0.0 0.1 0.1 0.52 0.673 0.1 0.1 0.1 0.13 0.88 0.09 0.769 0.04 0.835
Chrysomelidae 0.2 0.2 0.2 0.1 0.17 0.916 0.3 0.1 01 271 0.09 4.06 0.056 O 1
Curculionidae 0.0 0.0 0.1 0.0 1 0.411 0.1 0.0 0.0 1.00 0.38 15 0234 0 1
Elateridae
Staphylinidae
Heteroptera 11 0.6 1.2 0.9 0.45 0.722 0.9 14 06 113 0.34 0.62 0.44 226 0.147
Homoptera 0.9 0.4 0.8 0.4 0.62  0.609 0.6 0.4 0.8 042 0.67 0.26 0.614 0.83 0.373
Symphyta Larvae 0.0 0.0 0.1 0.0 1 0.411 0.1 0.0 0.0 1.00 038 15 0234 O 1
Symphyta Adults
Lepidoptera Adults 0.1 0.0 0.0 0.0 1 0.411 0.0 0.0 0.1 1.00 038 0 1 15 0.234
Lepidoptera Larvae
Neuroptera Larvae 0.0 0.0 0.1 0.0 1 0.411 0.0 0.0 0.1 1.00 038 O 1 15 0.234
Orthoptera 0.0 0.0 0.0 0.1 1 0.411 0.1 0.0 0.0 1.00 038 15 0234 0 1
Opiliones
Nectar Feeders 0.1 0.0 0.2 0.1 0.63  0.606 0.0 0.2 0.2 0.89 042 1.34 0.26 0 1
Herbivores 1.0 0.6 11 0.5 0.93 0.409 11 0.4 09 0.56 0.65 1.73 0.202 0.96 0.338
Omnivore / Mixed 8.0 4.8 4.1 4.2 473 0.011 4.5 6.6 44 170 021 24 0.135 2.68 0.116
Predators 4.1 6.0 6.0 4.9 091 0451 7.0 5.4 3.6 3.76 0.04 1.17 0.291 2.7 0.115
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. . - WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
a b c d e f g F P Conv  WSR Y\ésuﬁ F P F P F P
Total Arthropods 13.8 12.6 12.1 10.7 0.37 0.775 13.8 13.1 10.1 1.25 0.31 0.07 0.79 1.47 0.238
Chick Food Index 0.1 0.0 0.1 0.1 1.29 0.301 0.1 0.1 0.1 0.05 095 0.08 0.785 0.07 0.793
Skylark Food 7.4 8.6 6.9 5.8 0.38 0.771 8.5 7.9 53 119 0.32  0.06 0.814 1.44 0.243
Table 5.A50 Gleadthorpe 2003 interactions.
Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide

Spacing/Cult. a b c d e f g F P F P F P

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 3; Space*Herb df = 6; resid df = 22

Araneae

Conv 3.9 10.9 37 4.8 0.36 0.78  Spacing 6.64 0.006 3.25 0.019

WSR 2.6 34 1.8 0.8 Conv vs WSR 6.92 0.015

WSR+Cult 1.9 0.8 5.4 3.9 WSR vs WSR+Cult 0.76 0.394

Other Coleoptera

Conv 0.0 0.0 0.0 0.0 2.08 0.132 Spacing 7.51 0.003 6.83 <0.001

WSR 0.0 0.0 0.3 2.9 Conv vs WSR 15.01 <0.001

WSR+Cult 2.6 7.1 0.0 0.0 WSR vs WSR+Cult 4.14 0.054

Total Coleoptera

Conv 1.3 0.3 0.6 0.8 0.63 0.604 Spacing 1.59 0.226 3.55 0.013

WSR 0.7 0.3 0.6 3.2 Conv vs WSR 2.99 0.098

WSR+Cult 2.7 7.4 0.8 0.0 WSR vs WSR+Cult 1.55 0.227
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Table 5.A51 Gleadthorpe05 no interactions.

. . . WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult

a b c d e f g F P Conv  WSR X\(/:Sui F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 3; resid df = 50
Acalyptera 22.4 13.1 13.1 14.6 1.14 0.34 16.9 19.7 11.0 211 0.13 0.25 0.618 3.91 0.054
Aschiza 25 2.8 23 2.3 0.18 0.91 2.6 3.0 20 096 0.39 0.26 0.61 188 0.177
Brachycera 5.6 4.6 4.9 3.6 1.05 0.38 4.4 5.2 43 045 0.64 0.53 047 0.79 0.378
Tipulidae 0.0 0.1 0.0 0.0 2.29 0.09 0.0 0.0 01 029 0.75 0 1 0.43 0.516
Nematocera (No Tipulidae) 1.6 17 2.3 24 0.76 0.53 18 15 27 212 013 033 0571 4 0.052
Diptera Larvae 0.0 0.0 0.1 0.1 0.62 0.61 0.0 0.2 0.0 269 0.08 403 0.051 4.03 0.051
Total Diptera 37.1 234 24.8 26.2 1.10 0.36 282 334 219 153 0.23 0.5 0.483 3.02 0.089
Cantharidae 0.0 0.0 0.0 0.0 1.00 0.40 0.0 0.0 00 1 0.38 15 0227 O 1
Carabidae 0.1 0.4 0.0 0.1 2.52 0.07 0.1 0.2 01 032 0.73 0.3 0.586 0.6 0.442
Chrysomelidae 0.0 0.0 0.0 0.1 1.96 0.14 0.0 0.0 0.0 049 0.62 073 039% O 1
Curculionidae
Elateridae
Staphylinidae 0.6 0.5 0.5 0.7 0.35 0.79 0.4 0.8 05 137 0.27 236 0132 1.7 0.199
Other Coleoptera 2.2 2.3 1.9 2.9 0.72 0.54 19 23 28 111 0339 049 0487 062 0.436
Total Coleoptera 3.0 3.4 2.7 4.4 1.75 0.17 2.9 3.6 3.7 093 040 116 0.287 0.03 0.853
Heteroptera 2.8% 0.3° 0.7° 1.7% 11.20 <0.001 0.8 1.6 1.1 2.14 0.13 4.2 0.046 1.62 0.21
Homoptera 0.7 0.5 0.5 0.9 0.84 0.48 0.4 0.6 09 174 0.19 1 0.322 0.74 0.394
Symphyta Larvae
Symphyta Adults 0.0 0.0 0.0 0.0 1.00 0.40 0.0 0.0 00 1 0.38 0 1 15 0.227
Lepidoptera Adults
Orthoptera
Araneae 1.9 2.8 17 1.6 1.66 0.19 2.0 2.0 19 0.03 0.97 0.02 0.888 0.01 0.905
Opiliones
Nectar Feeders 25 2.8 2.3 2.3 0.18 0.91 2.6 3.0 20 096 0.39 0.26 0.61 1.88 0.177
Herbivores 0.7 0.6 0.5 1.0 0.89 0.45 0.4 0.7 10 261 0.09 164 0.207 0.99 0.325
Omnivore / Mixed 39.8 241 23.8 30.5 1.82 0.16 283 353 241 151 0.23 099 0325 3.01 0.090
Predators 7.9 8.5 7.3 6.4 0.65 0.59 7.0 8.9 6.7 138 0.26 179 0187 231 0.136
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- . — WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
a b c d e f g F P Conv  WSR Y\ésuﬁ F P F P F P
Total Arthropods 51.2 34.2 325 38.9 1.51 023 370 473 328 17 0.19 147 0.232 3.28 0.077
Chick Food Index 0.1 0.2 0.1 0.1 2.32 0.09 0.1 0.2 01 196 0.15 3.65 0.063 196 0.168
Skylark Food 9.6° 8.2% 6.6 10.3% 3.13 0.04 7.1 9.9 9.0 334 0.05 6.19 0.017 041 0.524
Table 5.A52 Gleadthorpe 2005 interactions.
Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide
Spacing/Cult. a b c d e f g F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 3; Space*Herb df = 6; resid df = 22
Lepidoptera larvae
Conv 0.0 0.0 0.0 0.0 3.03 0.039 Spacing 6.64 0.006 3.25 0.019
Conv vs WSR
WSR 0.0 0.0 0.1 0.0 0.57 0.455
WSR+Cult 0.0 0.5 0.0 0.0 WSR vs WSR+Cult 2.28 0.139
Neuroptera larvae
Conv 0.3 0.0 0.1 0.0 0.45 0.717 Spacing 6.22 0.004 3.71 0.005
WSR 0.1 0.2 0.1 0.3 Conv vs WSR 4.88 0.005
WSR+Cult 0.1 0.1 0.2 0.0 WSR vs WSR+Cult 5.12 0.004
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Table 5.A53 Boxworth 2003 no interactions (only herbicide a sampled; WSR not sampled).

Herbicide Spacing/Cultivation ng;s WVgSRFj-C\:/SIt
a b c d e f g h F P Conv  WSR _Y\(/:SuFft F P F P F P

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; resid df = 60
Acalyptera 0.6 04 0.09 0.79 0 1
Aschiza 0.6 0.0 1.00 0.42 0.423
Brachycera
Calyptera
Tipulidae
Nematocera (No Tipulidae) 0.8 20 8.7 0.10
Diptera Larvae
Total Diptera 2.3 28 0.32 0.63 0 1
Cantharidae
Carabidae
Chrysomelidae
Curculionidae 0.8 0.8 0.00 1.00 0 1
Elateridae
Staphylinidae
Other Coleoptera 5.0 75 0.43 0.58 0.51 0.551
Total Coleoptera 6.4 8.7 0.69 049 0.73 0.483
Heteroptera 0.3 0.3 0.00 1.00 0 1
Homoptera
Symphyta Larvae
Symphyta Adults
Lepidoptera Adults
Lepidoptera Larvae
Neuroptera Larvae 0.0 0.6 4.00 0.18 4 0.184
Orthoptera
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Herbicide Spacing/Cultivation ngr\:/s WVgSRFj-C\:/LSJIt

e f o] h P Conv  WSR _Y\(/:Sulﬁ F P F P F P
Araneae 0.6 26 404 0.18 4 0.184
Opiliones
Nectar Feeders 0.6 0.0 1.00 0.42 1 0.423
Herbivores 0.8 0.8 0.00 1.00 0 1
Omnivore / Mixed 7.4 116 0.78 047 0.45 0.572
Predators 0.6 32 520 0.15 492 0.157
Total Arthropods 9.6 16.0 155 0.34 1.92 0.30
Chick Food Index 0.1 02 144 0.35 146 0.35
Skylark Food 7.2 125 2.09 0.29 242 0.26
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Table 5.A54 Boxworth 2004 No interactions.

. . R WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
a b c d e f g h F P Conv  WSR \:-Vglﬁt F P F P F P
Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; resid df = 60
Acalyptera 30.4 6.3 6.6 9.9 4.3 3.8 6.2 3.7 11.90 <0.001 7.4 8.0 5.8 1.77 0.18 0.16 0.687 3.22 0.077
Aschiza 1.3 0.9 0.6 1.7 0.6 0.6 1.0 0.5 1.78 0.11 1.0 1.0 0.6 1.38 0.26 0 0.988 2.09 0.152
Brachycera 5.9 3.7 3.3 3.9 4.9 3.7 4.2 5.5 1.28 0.27 4.2 4.0 4.8 0.68 0.51 0.17 0.681 1.32 0.255
Calyptera 0.3 0.2 0.1 0.1 0.1 0.2 0.1 0.1 0.56 0.79 0.1 0.3 0.0 3.86 0.03 2.88 0.094 7.59 0.008
Tipulidae 3.7 4.1 4.4 5.2 5.2 4.2 3.7 4.2 0.56 0.79 4.9 4.3 3.8 1.54 0.22 0.7 0.406 0.84 0.362
Nematocera (No
Tipulidae) 45® 54 167 34% 14 09" 1.6° 1.2 7.15 <0.001 2.1 2.4 21 024 0.79 0.37 0.544 0.34 0.564
Diptera Larvae 0.0 0.1 0.0 0.2 0.0 0.0 0.1 0.1 1.10 0.37 0.1 0.0 0.0 5.68 0.01 8.52 0.005 O 1
Total Diptera 49.6° 234" 181° 284" 177 146" 186" 165 1127 <0.001 221 229 201 085 043 0.11 0.745 159 0.212
Cantharidae 0.8 1.7 1.4 2.4 0.9 1.9 1.3 1.6 1.78 0.11 14 0.9 21 5.76 0.01 2.04 0.157 11.43 0.001
Carabidae 0.2 0.5 0.2 0.2 0.2 0.2 0.1 0.1 0.96 0.47 0.2 0.3 0.2 0.64 0.53 0.68 0.414 1.17 0.283
Curculionidae 0.7 0.6 o° 03° 006 0 0.06" 0.1° 5.14  <0.001 0.2 0.3 0.2 042 0.66 0.39 0.533 0.79 0.378
Elateridae
Staphylinidae 1.8 0.9 0.7 1.1 0.7 0.5 1.0 1.1 1.76 0.11 12 0.9 0.7 2.14 0.13 1.42 0.237 0.75 0.389
Other Coleoptera 5.5° 3.0° 1.3° 2.9° 1.1° 0.6° 0.5° 1.0° 10.61 <0.001 2.0 1.8 1.2 2.62 0.08 0.14 0.705 3.12 0.082
Total Coleoptera 10.0° 7.7° 4.2° 7.4° 4.1° 3.5° 3.2° 4.8° 7.60 <0.001 5.7 5.0 51 0.49 0.62 0.85 0.36 0.03 0.874
Heteroptera 08 01° 0.1° 0.1° 0.1° o° 0.1° 0.1° 6.76  <0.001 0.1 0.1 0.3 3.17 0.05 0 1 4.76  0.033
Homoptera 0.4 0.3 0.2 0.3 0.2 0.1 0.2 0.2 0.49 0.84 0.2 0.4 0.2 1.92 0.15 3.78 0.056 1.42 0.238
Symphyta Larvae
Symphyta Adults 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 1.00 0.44 0.0 0.0 0.0 1 0.37 0 1 15 0.225
Lepidoptera
Adults 0.1*¢ 0.2 0.0% 0.1%* 0.0% 0.0% 0.0% 0.0% 2.12 0.05 0.0 0.1 0.0 1.65 0.20 0.35 0.554 3.18 0.079
Lepidoptera
Larvae 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 1.00 0.44 0.0 0.0 0.0 1 0.37 0 1 15 0.225
Neuroptera
Larvae 0.7 0.8 0.5 0.3 0.7 0.6 0.3 0.5 0.70 0.67 0.6 0.6 0.4 0.68 0.51 0.08 0.783 1.25 0.268
Orthoptera
Opiliones 0.1 0.3 0.0 0.1 0.1 0.0 0.0 0.0 2.37 0.03 0.0 0.1 0.1 0.64 0.53 0.97 0329 O 1
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- . L WSR vs
Herbicide Spacing/Cultivation Conv vs WSR WSR+Cult
a b c d e f g h F P Conv  WSR \iVCSuFTt F P F P F P
Nectar Feeders 1.3 1.2 0.6 1.8 0.6 0.6 1.0 0.5 2.06 0.06 1.1 1.1 0.6 1.85 0.17 0 0.987 2.75 0.102
Total Arthropods 64.0° 35.8° 23.7° 38.2° 24.0° 19.8° 23.5° 23.3" 13.19 <0.001 30.2 30.6 27.4 0.8 0.45 0.02 0.894 1.33 0.252
Herbivores 21° 1.0° 03¢ 10 o7 01¢ 05 03 532 <0001 05 0.8 07 194 015 368 0.059 0.33 0.569
Omnivore / 46.0°  19.3° 11.8° 21.6° 92> 79 114" 8.1"
Mixed 14.37 <0.001 15.3 16.1 11.7 2.99 0.06 0.13 0.717 5.18 0.026
Predators 9.0 9.4 5.6 7.7 7.5 6.5 6.7 8.5 1.32 0.25 7.1 7.1 8.5 1.25 0.29 0 0.958 1.95 0.167
Pollinators 1.3 1.2 0.6 1.8 0.6 0.6 1.0 0.5 2.06 0.06 1.1 1.1 0.6 1.85 0.17 0 0.987 2.75 0.102
Chick Food Index 0.3 0.4 0.2 0.2 0.3 0.2 0.1 0.1 1.54 0.17 0.2 0.3 0.2 1.16 0.32 0.96 0.33 2.25 0.138
Skylark Food 17.5° 158°  9.9° 154® 115° 95° 8.8°  11.0° 541 <0.001 129 122 112 103 0.36 028 0.6 0.8 0.375
Table 5.A55 Boxworth 2004 interactions.
Herbicide Herbicide Spacing/Cultivation Spacing*Herbicide

Spacing/Cult. a b [ d e f g h F P F P F P

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; Space*Herb df = 14; resid df = 69

Araneae

Conv 0.3 1.5 0.4 0.4 0.2 1.0 0.9 0.0 1.86 0.09 Spacing 2.17 0.12 1.89 0.04

WSR 21 2.1 0.4 0.4 0.7 0.3 0.6 0.7 Conv vs WSR 2.16 0.15

WSR+Cult 0.4 04 0.2 1.2 0.0 0.7 0.0 1.0 WSR vs WSR+Cult 4.05 0.05

Chrysomelidae

Conv 0 0 0 0.2 0 0 0 0 3.1 0.007 Spacing 1.66 0.198 4.19 <0.001

WSR 0 0 0 0 1.2 0 0 0 Conv vs WSR 2.56 <0.001

WSR+Cult 0.2 0 0.2 0 0 0 0 0 WSR vs WSR+Cult 6.14 <0.001
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Table 5.A56 Boxworth 2005 No interactions (only herbicide treatments a — d sampled on the conventional spacing).

. . R Conv vs WSR vs
Herbicide Spacing/Cultivation WSR WSR+Cult
WSR
a b c d e f o] h F P Conv WSR +Cult F P F P F P

Spacing/Cultivation df = 2; Contrast df = 1; Herbicide df = 7; resid df = 60

Acalyptera 11.9 10.7 126 11.6 0.11 0.95
Aschiza 4.3 3.5 2.6 1.4 0.84 0.50
Brachycera 6.3 7.6 7.5 7.3 0.16 0.92
Calyptera 1.6 0.4 0.6 0.6 1.91 0.18
Tipulidae 0.6 0.3 15 0.6 153 0.26
Nematocera (No Tipulidae) 4.1 2.2* 04° 1.7 338 0.05
Diptera Larvae 0.0 0.1 0.0 0.0 1.00 043
Total Diptera 30.0 264 26.7 249 0.14 0.93
Cantharidae 0.0 0.6 0.6 0.8 1.95 0.18
Carabidae 0.6 1.0 1.5 0.4 1.00 042

Chrysomelidae
Curculionidae

Elateridae 0.0 0.0 0.1 0.0 1.00 0.43
Staphylinidae 1.7 0.1 0.8 1.0 2.71 0.09
Other Coleoptera 0.6 0.7 0.3 0.3 0.26 0.86
Total Coleoptera 3.7 2.9 3.6 3.2 0.11 0.96
Heteroptera 09 0.0° 00° 00° 12.86 <0.001
Homoptera 2.2 2.0 1.8 2.0 0.05 0.99
Symphyta Larvae

Symphyta Adults

Lepidoptera Adults

Lepidoptera Larvae

Neuroptera Larvae 0.5 0.1 0.5 0.6 0.64 0.60
Orthoptera
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Herbicide Spacing/Cultivation C\OA?gRVS WV;SRE(\:/:“

a b c d e f g h F P Conv WSR Y\(l:iﬁ F P F P F P
Opiliones 0.0 0.1 0.0 0.0 1.00 0.43
Nectar Feeders 4.3 35 2.6 14 0.82 0.51
Total Arthropods 4.3 3.5 2.6 1.4 0.84 0.50
Herbivores 2.2 2.0 1.8 2.0 0.05 0.99
Omnivore / Mixed 283 199 205 19.2 0.71 0.57
Predators 100 136 133 151 0.64 0.60
Pollinators 419 374 382 379 0.07 0.97
Chick Food Index 0.4 0.5 0.8 0.3 0.97 0.44
Skylark Food 10.8 11.0 127 134 0.21 0.89
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APPENDIX 5 — COMMUNITY ANALYSIS

Gleadthorpe 2003 - Weeds

Herbicides A & B
Average dissimilarity = 70.98

Herb A Herb B

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 8.64 0.03 33.56 33.56
Stellaria media 3.07 0.00 23.68 57.24
Polygonum aviculare 0.89 0.18 8.43 65.66
Fallopia convolvulus 0.95 0.82 7.74 73.40
Poa trivialis 0.44 0.00 6.70 80.10
Volunteer oilseed rape 0.08 0.04 5.17 85.27
Tripleurospermum inodorum 0.15 0.00 3.38 88.65
Chenopodium album 0.04 0.02 3.21 91.86
Herbicides B & C

Average dissimilarity = 64.57

Herb B Herb C

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 0.03 1.84 25.86 25.86
Stellaria media 0.00 0.78 16.45 42.31
Polygonum aviculare 0.18 0.77 14.75 57.06
Poa trivialis 0.00 0.36 11.65 68.71
Fallopia convolvulus 0.82 0.32 10.34 79.05
Volunteer oilseed rape 0.04 0.01 4.53 83.58
Chenopodium album 0.02 0.00 3.48 87.06
Galium aparine 0.01 0.00 2.26 89.32
Viola arvensis 0.00 0.01 2.06 91.38
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Herbicides A & D
Average dissimilarity = 78.35

Herb A Herb D

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 8.64 0.14 31.93 31.93
Stellaria media 3.07 0.00 23.59 55.52
Polygonum aviculare 0.89 0.03 11.07 66.58
Fallopia convolvulus 0.95 0.25 9.44 76.02
Poa trivialis 0.44 0.00 5.60 81.62
Volunteer oilseed rape 0.08 0.00 4.28 85.90
Volunteer potato 0.04 0.00 3.60 89.49
Tripleurospermum inodorum 0.15 0.00 3.28 92.78
Herbicides C & D

Average dissimilarity = 73.87

Herb C Herb D

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 1.84 0.14 27.45 27.45
Polygonum aviculare 0.77 0.03 19.42 46.86
Stellaria media 0.78 0.00 16.13 62.99
Poa trivialis 0.36 0.00 11.08 74.07
Fallopia convolvulus 0.32 0.25 8.02 82.09
Volunteer oilseed rape 0.01 0.00 3.95 86.04
Alopecurus myosuroides 0.00 0.01 2.42 88.47
Chenopodium album 0.00 0.00 2.42 90.88




Gleadthorpe 2003: Arthropods

Herbicides A & B
Average dissimilarity = 48.03

Herb A Herb B

Species Av.Abund Av.Abund Contrib% Cum.%
Oth.Nematocera 2.55 1.34 15.66 15.66
Heteroptera 1.14 0.62 13.71 29.37
Homoptera 0.86 0.38 13.27 42.64
Acalypterae 0.78 0.26 10.96 53.60
Araneae 2.72 3.57 10.84 64.45
Brachycera 1.24 1.69 10.43 74.88
Coleoptera others 0.51 1.00 6.55 81.43
Staphylinidae 0.35 0.07 6.00 87.43
Calyptera 0.29 0.07 3.93 91.35
Herbicides B & C

Average dissimilarity = 55.25

Herb B Herb C

Species Av.Abund Av.Abund Contrib% Cum.%
Araneae 3.57 3.37 15.72 15.72
Oth.Nematocera 1.34 0.55 13.18 28.89
Coleoptera others 1.00 0.07 10.70 39.59
Homoptera 0.38 0.78 10.43 50.02
Brachycera 1.69 2.02 10.04 60.06
Heteroptera 0.62 1.19 9.99 70.05
Acalypterae 0.26 0.95 9.03 79.08
Calyptera 0.07 0.32 5.17 84.24
Chrysomelidae 0.17 0.17 4.48 88.73
Aschiza 0.00 0.23 3.19 91.92
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Herbicides B & D
Average dissimilarity = 54.54

Herb B Herb D
Species Av.Abund Av.Abund Contrib% Cum.%
Coleoptera others 1.00 0.58 21.44 21.44
Araneae 3.57 2.72 15.91 37.35
Brachycera 1.69 1.69 12.76 50.11
Oth.Nematocera 1.34 0.41 11.40 61.51
Heteroptera 0.62 0.91 10.82 72.33
Acalypterae 0.26 0.86 8.02 80.35
Homoptera 0.38 0.38 7.76 88.11
Chrysomelidae 0.17 0.07 3.44 91.55




Gleadthorpe 2005: Weeds

Herbicides A & C
Average dissimilarity = 97.41

Herbicides C & B
Average dissimilarity = 91.72

Herb A Herb C
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 14.41 0.00 41.24 41.24
Stellaria media 13.50 0.00 31.45 72.69
Veronica arvensis 1.31 0.00 12.67 85.36
Polygonum aviculare 0.19 0.03 4.24 89.60
Galium aparine 0.23 0.00 2.99 92.60
Herbicides A & B
Average dissimilarity = 82.49

Herb A Herb B
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 14.41 0.32 35.59 35.59
Stellaria media 13.50 0.18 32.39 67.97
Veronica arvensis 1.31 0.00 12.85 80.82
Galium aparine 0.23 0.07 4.89 85.71
Polygonum aviculare 0.19 0.09 4.31 90.02

Herb C Herb B
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 0.00 0.32 25.28 25.28
Polygonum aviculare 0.03 0.09 25.18 50.46
Stellaria media 0.00 0.18 13.99 64.45
Galium aparine 0.00 0.07 10.52 74.97
Volunteer potato 0.00 0.00 6.66 81.63
Fallopia convolvulus 0.00 0.00 4.67 86.30
Chenopodium album 0.00 0.00 4.25 90.55
Herbicides D & B
Average dissimilarity = 83.11

Herb D Herb B

Av.Abund Av.Abund Contrib% Cum.%
Poa annua 17.07 0.32 41.53 41.53
Stellaria media 5.30 0.18 20.35 61.87
Veronica arvensis 2.12 0.00 17.64 79.51
Polygonum aviculare 0.04 0.09 4.37 83.88
Fallopia convolvulus 0.04 0.00 3.51 87.39
Veronica persica 0.05 0.00 3.50 90.89




Gleadthorpe 2005: Weeds continued Gleadthorpe 2005: Arthropods

Herbicides C & D Herbicides C & B
Average dissimilarity = 98.21 Average dissimilarity = 36.55
Herb C Herb D Herb C Herb B

Species Av.Abund Av.Abund Contrib% Cum.% Species Av.Abund Av.Abund Contrib% Cum.%

Poa annua 0.00 17.07 48.25 48.25 Oth.Nematocera 2.31 1.69 13.53 13.53

Stellaria media 0.00 5.30 20.29 68.54 Acalypterae 13.13 13.13 11.54 25.08

Veronica arvensis 0.00 2.12 17.84 86.38 Aschiza 2.31 2.89 10.49 35.57

Fallopia convolvulus 0.00 0.04 3.54 89.92 Brachycera 4.89 4.62 9.91 45.48

Veronica persica 0.00 0.05 3.52 93.44 Coleoptera others 1.88 2.31 9.20 54.69
Araneae 1.69 2.80 7.08 61.77
Total Heteroptera 0.70 0.26 6.49 68.26
Calyptera 0.58 0.26 5.83 74.09
Homoptera 0.51 0.48 5.37 79.46
Staphylinidae 0.48 0.48 5.22 84.68
Carabidae 0.05 0.35 3.99 88.67
Neuroptera larvae 0.32 0.20 3.49 92.15
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Boxworth 2004: Weeds

Herbicides A & B
Average dissimilarity = 80.88

Herb A Herb B

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 3.38 0.01 21.74 21.74
Galium aparine 3.93 0.06 21.59 43.32
Sinapis arvensis 1.08 0.00 13.30 56.62
Veronica persica 0.64 0.00 10.10 66.72
Veronica hederifolia 0.38 0.00 7.34 74.07
Fallopia convolvulus 0.94 0.27 6.88 80.95
Matricaria discoidea 0.06 0.00 3.00 83.95
Volunteer oilseed rape 0.06 0.00 2.99 86.94
Elytrigia repens 0.01 0.03 2.63 89.57
Polygonum aviculare 0.03 0.00 1.92 91.49
Herbicides A & C

Average dissimilarity = 44.42

Herb A Herb C

Species Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 3.93 0.33 22.83 22.83
Sinapis arvensis 1.08 0.04 14.33 37.16
Poa annua 3.38 3.45 13.08 50.24
Fallopia convolvulus 0.94 0.63 8.44 58.68
Veronica hederifolia 0.38 0.46 7.91 66.60
Veronica persica 0.64 0.70 6.78 73.38
Volunteer oilseed rape 0.06 0.01 3.90 77.28
Stellaria media 0.01 0.03 3.78 81.06
Matricaria discoidea 0.06 0.00 3.61 84.67
Volunteer potato 0.00 0.03 3.39 88.06
Avena fatua 0.00 0.04 2.68 90.74
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Herbicides B & C
Average dissimilarity = 77.42

Herb B Herb C
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 0.01 3.45 31.27 31.27
Veronica persica 0.00 0.70 15.84 47.11
Veronica hederifolia 0.00 0.46 11.32 58.43
Fallopia convolvulus 0.27 0.63 8.51 66.94
Galium aparine 0.06 0.33 7.45 74.40
Volunteer potato 0.01 0.03 4.15 78.55
Avena fatua 0.00 0.04 3.97 82.52
Elytrigia repens 0.03 0.00 3.88 86.40
Sonchus spp. 0.01 0.01 3.20 89.60
Sinapis arvensis 0.00 0.04 3.17 92.78
Herbicides A & D
Average dissimilarity = 79.93
Herb A Herb D

Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 3.93 0.08 21.26 21.26
Poa annua 3.38 0.03 21.25 42.51
Sinapis arvensis 1.08 0.00 13.53 56.04
Veronica persica 0.64 0.00 9.99 66.03
Veronica hederifolia 0.38 0.00 7.62 73.65
Fallopia convolvulus 0.94 0.16 7.54 81.19
Volunteer oilseed rape 0.06 0.01 3.12 84.32
Matricaria discoidea 0.06 0.00 3.10 87.42
Elytrigia repens 0.01 0.02 221 89.63
Polygonum aviculare 0.03 0.00 2.06 91.69




Boxworth 2004: Weeds continued

HerbicidesC & D
Average dissimilarity = 77.78

Herb C Herb D

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 3.45 0.03 30.10 30.10
Veronica persica 0.70 0.00 15.50 45.60
Veronica hederifolia 0.46 0.00 11.77 57.37
Fallopia convolvulus 0.63 0.16 9.44 66.80
Galium aparine 0.33 0.08 9.06 75.86
Volunteer potato 0.03 0.01 3.93 79.80
Avena fatua 0.04 0.00 3.22 83.02
Sinapis arvensis 0.04 0.00 3.05 86.07
Elytrigia repens 0.00 0.02 3.03 89.10
Stellaria media 0.03 0.00 2.84 91.94
Herbicides A & E

Average dissimilarity = 76.68

Herb A Herb E

Species Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 3.93 0.13 22.01 22.01
Poa annua 3.38 0.05 21.77 43.78
Sinapis arvensis 1.08 0.00 14.01 57.79
Veronica persica 0.64 0.00 10.52 68.31
Veronica hederifolia 0.38 0.00 8.06 76.37
Fallopia convolvulus 0.94 0.20 7.67 84.05
Matricaria discoidea 0.06 0.00 3.20 87.25
Volunteer oilseed rape 0.06 0.01 3.13 90.37
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Herbicides C & E
Average dissimilarity = 74.31

Herb C Herb E
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 3.45 0.05 31.01 31.01
Veronica persica 0.70 0.00 16.35 47.35
Veronica hederifolia 0.46 0.00 12.55 59.90
Fallopia convolvulus 0.63 0.20 9.51 69.41
Galium aparine 0.33 0.13 9.13 78.54
Volunteer potato 0.03 0.00 3.39 81.94
Avena fatua 0.04 0.00 3.15 85.08
Stellaria media 0.03 0.00 3.11 88.19
Sinapis arvensis 0.04 0.00 3.05 91.24
Herbicides A & F
Average dissimilarity = 54.71

Herb A Herb F

Av.Abund Av.Abund Contrib% Cum.%
Poa annua 3.38 0.19 21.27 21.27
Galium aparine 3.93 0.81 17.92 39.19
Sinapis arvensis 1.08 0.52 10.05 49.24
Veronica persica 0.64 0.05 9.71 58.95
Fallopia convolvulus 0.94 0.32 8.54 67.49
Veronica hederifolia 0.38 0.03 8.04 75.54
Volunteer potato 0.00 0.09 4.44 79.98
Matricaria discoidea 0.06 0.01 3.59 83.57
Volunteer oilseed rape 0.06 0.05 3.43 87.00
Polygonum aviculare 0.03 0.01 2.65 89.66
Stellaria media 0.01 0.00 2.04 91.69




Boxworth 2004: weeds continued

Herbicides B & F
Average dissimilarity = 78.04

Herb B Herb F

Species Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 0.06 0.81 18.10 18.10
Sinapis arvensis 0.00 0.52 15.83 33.93
Fallopia convolvulus 0.27 0.32 14.64 48.57
Poa annua 0.01 0.19 10.20 58.77
Volunteer oilseed rape 0.00 0.05 8.23 67.00
Volunteer potato 0.01 0.09 7.04 74.04
Elytrigia repens 0.03 0.00 5.47 79.51
Veronica persica 0.00 0.05 4.24 83.75
Sonchus spp. 0.01 0.01 3.66 87.41
Veronica hederifolia 0.00 0.03 3.54 90.96
HerbicidesC & F

Average dissimilarity = 64.31

Herb C Herb F

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 3.45 0.19 24.04 24.04
Galium aparine 0.33 0.81 12.16 36.21
Veronica persica 0.70 0.05 11.66 47.87
Veronica hederifolia 0.46 0.03 9.75 57.62
Fallopia convolvulus 0.63 0.32 9.08 66.70
Sinapis arvensis 0.04 0.52 8.48 75.18
Volunteer potato 0.03 0.09 6.07 81.26
Avena fatua 0.04 0.01 4.50 85.76
Volunteer oilseed rape 0.01 0.05 3.89 89.65
Stellaria media 0.03 0.00 3.10 92.76
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Herbicides D & F
Average dissimilarity = 74.40

Herb D Herb F
Species Av.Abund Av.Abund Contrib% Cum.%
Sinapis arvensis 0.00 0.52 17.18 17.18
Galium aparine 0.08 0.81 16.77 33.95
Fallopia convolvulus 0.16 0.32 12.16 46.10
Volunteer oilseed rape 0.01 0.05 10.56 56.67
Poa annua 0.03 0.19 9.52 66.19
Volunteer potato 0.01 0.09 7.95 74.14
Elytrigia repens 0.02 0.00 5.50 79.65
Veronica persica 0.00 0.05 4.21 83.86
Sonchus spp. 0.01 0.01 3.64 87.50
Veronica hederifolia 0.00 0.03 3.56 91.06
Herbicides E & F
Average dissimilarity = 73.88

Herb E Herb F

Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 0.13 0.81 21.48 21.48
Sinapis arvensis 0.00 0.52 16.36 37.84
Fallopia convolvulus 0.20 0.32 13.16 51.00
Poa annua 0.05 0.19 10.62 61.61
Volunteer oilseed rape 0.01 0.05 7.40 69.02
Volunteer potato 0.00 0.09 5.79 74.81
Veronica persica 0.00 0.05 5.52 80.33
Sonchus spp. 0.01 0.01 4.02 84.34
Veronica hederifolia 0.00 0.03 3.80 88.15
Elytrigia repens 0.00 0.00 2.67 90.82




Boxworth 2004: weeds continued

Herbicides A & H
Average dissimilarity = 64.30

Herb A Herb H

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 3.38 0.04 24.32 24.32
Galium aparine 3.93 0.73 16.93 41.25
Sinapis arvensis 1.08 0.01 14.50 55.75
Veronica persica 0.64 0.00 11.27 67.02
Veronica hederifolia 0.38 0.00 8.79 75.81
Fallopia convolvulus 0.94 0.98 6.63 82.44
Volunteer oilseed rape 0.06 0.00 3.66 86.10
Matricaria discoidea 0.06 0.00 3.50 89.60
Polygonum aviculare 0.03 0.00 2.27 91.87
Herbicides B & H

Average dissimilarity = 60.69

Herb B Herb H

Species Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 0.06 0.73 29.27 29.27
Fallopia convolvulus 0.27 0.98 27.15 56.41
Poa annua 0.01 0.04 7.79 64.20
Elytrigia repens 0.03 0.00 6.75 70.95
Sinapis arvensis 0.00 0.01 5.52 76.47
Volunteer potato 0.01 0.00 541 81.88
Sonchus spp. 0.01 0.00 5.26 87.14
Volunteer oilseed rape 0.00 0.00 2.89 90.03
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Herbicides C & H
Average dissimilarity = 67.37

Herb C Herb H
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 3.45 0.04 30.68 30.68
Veronica persica 0.70 0.00 15.41 46.08
Veronica hederifolia 0.46 0.00 12.22 58.30
Galium aparine 0.33 0.73 10.48 68.78
Fallopia convolvulus 0.63 0.98 9.71 78.49
Volunteer potato 0.03 0.00 4.39 82.88
Stellaria media 0.03 0.00 3.23 86.11
Sinapis arvensis 0.04 0.01 3.20 89.31
Avena fatua 0.04 0.00 2.95 92.26
Herbicides F & H
Average dissimilarity = 63.97

Herb F Herb H

Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 0.81 0.73 21.01 21.01
Fallopia convolvulus 0.32 0.98 15.92 36.93
Sinapis arvensis 0.52 0.01 14.86 51.79
Poa annua 0.19 0.04 13.26 65.05
Volunteer oilseed rape 0.05 0.00 6.82 71.86
Volunteer potato 0.09 0.00 6.80 78.66
Veronica persica 0.05 0.00 4.57 83.23
Veronica hederifolia 0.03 0.00 3.91 87.14
Polygonum aviculare 0.01 0.00 2.42 89.56
Sonchus spp. 0.01 0.00 2.24 91.80




Boxworth 2004: Arthropods

Herbicides A & B
Average dissimilarity = 35.85

Herb A Herb B
Species Av.Abund Av.Abund Contrib% Cum.%
Acalypterae 30.62 6.24 14.16 14.16
Tipulidae 3.79 4.13 8.55 22.70
Cantharidae 0.78 1.69 7.61 30.31
Coleoptera others 5.61 2.98 7.00 37.31
Aschiza 1.29 0.95 6.70 44.01
Araneae 0.82 1.24 6.55 50.56
Oth.Nematocera 4.50 5.46 6.13 56.69
Heteroptera 0.86 0.07 6.05 62.74
Brachycera 5.92 3.68 6.02 68.76
Staphylinidae 1.82 0.86 5.96 74.72
Neuroptera larvae 0.70 0.74 5.22 79.94
Curculionidae 0.74 0.58 4.26 84.20
Carabidae 0.15 0.48 3.91 88.11
Homoptera 0.38 0.35 3.50 91.61

Herbicides A & C
Average dissimilarity = 42.98
Herb A Herb C

Species Av.Abund Av.Abund Contrib% Cum.%
Acalypterae 30.62 6.59 14.62 14.62
Coleoptera others 5.61 1.24 10.88 25.50
Oth.Nematocera 4.50 1.63 8.63 34.13
Tipulidae 3.79 4.37 7.44 41.57
Aschiza 1.29 0.62 7.17 48.74
Brachycera 5.92 3.37 7.12 55.87
Cantharidae 0.78 1.45 7.05 62.91
Staphylinidae 1.82 0.70 6.48 69.39
Heteroptera 0.86 0.07 5.83 75.22
Curculionidae 0.74 0.00 5.17 80.39
Araneae 0.82 0.35 5.09 85.49
Neuroptera larvae 0.70 0.51 4.37 89.86
Homoptera 0.38 0.15 3.25 93.11
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Boxworth 2004: Arthropods continued

Herbicides A & D
Average dissimilarity = 36.28
Herb A Herb D

Species Av.Abund Av.Abund Contrib% Cum.%
Acalypterae 30.62 9.96 11.31 11.31
Cantharidae 0.78 2.47 8.68 19.99
Aschiza 1.29 1.69 8.00 27.98
Coleoptera others 5.61 2.89 7.76 35.75
Oth.Nematocera 4.50 3.37 7.62 43.37
Tipulidae 3.79 5.17 7.47 50.84
Brachycera 5.92 3.90 7.30 58.14
Araneae 0.82 0.66 6.37 64.51
Staphylinidae 1.82 1.09 5.98 70.49
Neuroptera* 0.70 0.32 5.49 75.99
Heteroptera 0.86 0.12 5.19 81.17
Curculionidae 0.74 0.32 4.90 86.08
Homoptera 0.38 0.35 3.89 89.97
Calyptera 0.32 0.12 3.02 92.99

Herbicides A & E
Average dissimilarity = 41.20

Species Av.Abund Av.Abund Contrib% Cum.%
Acalypterae 30.62 4.37 16.79 16.79
Coleoptera others 5.61 1.14 10.29 27.08
Oth.Nematocera 4.50 1.34 7.94 35.02
Tipulidae 3.79 5.17 7.84 42.86
Cantharidae 0.78 0.86 7.22 50.08
Staphylinidae 1.82 0.66 6.84 56.92
Aschiza 1.29 0.58 6.03 62.94
Neuroptera* 0.70 0.74 5.35 68.29
Curculionidae 0.74 0.07 5.01 73.30
Heteroptera 0.86 0.07 4.96 78.25
Araneae 0.82 0.26 4.85 83.10
Homoptera 0.38 0.23 3.66 86.76
Brachycera 5.92 4.89 3.65 90.42

250



Boxworth 2004: Arthropods continued

Herbicides B & E
Average dissimilarity = 39.68
Herb B Herb E

Species Av.Abund Av.Abund Contrib% Cum.%
Oth.Nematocera 5.46 1.34 10.85 10.85
Acalypterae 6.24 4.37 9.12 19.97
Cantharidae 1.69 0.86 8.51 28.48
Coleoptera others 2.98 1.14 8.41 36.88
Staphylinidae 0.86 0.66 6.75 43.64
Brachycera 3.68 4.89 6.75 50.39
Tipulidae 4.13 5.17 6.50 56.89
Neuroptera* 0.74 0.74 6.36 63.25
Araneae 1.24 0.26 6.05 69.30
Aschiza 0.95 0.58 5.92 75.21
Curculionidae 0.58 0.07 4.52 79.73
Carabidae 0.48 0.20 4.07 83.80
Homoptera 0.35 0.23 3.83 87.63
Calyptera 0.20 0.12 3.02 90.66

Herbicides D & E
Average dissimilarity = 40.26
Herb D Herb E

Species Av.Abund Av.Abund Contrib% Cum.%
Acalypterae 9.96 4.37 11.04 11.04
Cantharidae 2.47 0.86 10.58 21.62
Coleoptera others 2.89 1.14 9.19 30.80
Oth.Nematocera 3.37 1.34 8.68 39.48
Aschiza 1.69 0.58 8.11 47.59
Staphylinidae 1.09 0.66 7.74 55.33
Brachycera 3.90 4.89 7.42 62.75
Neuroptera* 0.32 0.74 5.95 68.70
Araneae 0.66 0.26 5.67 74.37
Tipulidae 5.17 5.17 5.24 79.61
Homoptera 0.35 0.23 4.68 84.28
Chrysomelidae 0.07 0.32 3.72 88.01
Curculionidae 0.32 0.07 2.90 90.91
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Boxworth 2004: Arthropods continued

Herbicides A & F
Average dissimilarity = 46.49
Herb A Herb F

Species Av.Abund Av.Abund Contrib% Cum.%
Acalypterae 30.62 3.79 16.63 16.63
Coleoptera others 5.61 0.55 12.03 28.66
Oth.Nematocera 4.50 0.86 9.42 38.08
Cantharidae 0.78 1.88 7.17 45.25
Tipulidae 3.79 4.13 6.87 52.11
Staphylinidae 1.82 0.51 6.06 58.18
Aschiza 1.29 0.55 5.94 64.11
Brachycera 5.92 3.68 5.86 69.98
Araneae 0.82 0.66 5.56 75.54
Heteroptera 0.86 0.00 5.03 80.57
Curculionidae 0.74 0.00 4.88 85.45
Neuroptera larvae 0.70 0.58 4.64 90.09
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Herbicides B & F
Average dissimilarity = 42.41
Herb B Herb F

Species Av.Abund Av.Abund Contrib% Cum.%
Oth.Nematocera 5.46 0.86 13.26 13.26
Coleoptera others 2.98 0.55 10.29 23.55
Acalypterae 6.24 3.79 9.11 32.67
Brachycera 3.68 3.68 8.48 41.15
Araneae 1.24 0.66 7.07 48.22
Tipulidae 4.13 4.13 6.86 55.08
Aschiza 0.95 0.55 6.03 61.11
Cantharidae 1.69 1.88 5.65 66.75
Neuroptera* 0.74 0.58 5.55 72.30
Staphylinidae 0.86 0.51 5.31 77.61
Curculionidae 0.58 0.00 4.73 82.34
Carabidae 0.48 0.23 4.31 86.65
Calyptera 0.20 0.23 3.90 90.55




Boxworth 2004: Arthropods continued

Herbicides D & F
Average dissimilarity = 41.69
Herb D Herb F

Species Av.Abund Av.Abund Contrib% Cum.%
Coleoptera others 2.89 0.55 11.29 11.29
Acalypterae 9.96 3.79 11.17 22.46
Oth.Nematocera 3.37 0.86 10.67 33.13
Brachycera 3.90 3.68 9.57 42.70
Aschiza 1.69 0.55 8.39 51.09
Staphylinidae 1.09 0.51 7.11 58.20
Cantharidae 2.47 1.88 6.86 65.06
Tipulidae 5.17 4.13 6.26 71.32
Araneae 0.66 0.66 5.76 77.08
Neuroptera larvae 0.32 0.58 4.94 82.02
Homoptera 0.35 0.12 4.16 86.19
Carabidae 0.15 0.23 3.06 89.24
Curculionidae 0.32 0.00 2.63 91.87
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HerbicidesE & F
Average dissimilarity = 37.68
Herb E Herb F

Species Av.Abund Av.Abund Contrib% Cum.%
Acalypterae 4.37 3.79 10.86 10.86
Cantharidae 0.86 1.88 10.08 20.95
Coleoptera others 1.14 0.55 9.91 30.86
Brachycera 4.89 3.68 9.17 40.03
Neuroptera larvae 0.74 0.58 7.71 47.74
Araneae 0.26 0.66 7.49 55.23
Tipulidae 5.17 4.13 6.97 62.20
Aschiza 0.58 0.55 6.68 68.88
Oth.Nematocera 1.34 0.86 6.66 75.54
Staphylinidae 0.66 0.51 6.50 82.04
Carabidae 0.20 0.23 4.66 86.70
Chrysomelidae 0.32 0.00 4.07 90.77




Boxworth 2004: Arthropods continued

Herbicides A & H
Average dissimilarity = 41.58
Herb A Herb H

Species Av.Abund Av.Abund Contrib% Cum.%
Acalypterae 30.62 3.79 17.76 17.76
Coleoptera others 5.61 1.00 11.14 28.90
Oth.Nematocera 4.50 1.24 9.72 38.62
Cantharidae 0.78 1.57 8.06 46.68
Tipulidae 3.79 4.25 7.06 53.74
Aschiza 1.29 0.51 6.27 60.01
Heteroptera 0.86 0.07 5.81 65.82
Staphylinidae 1.82 1.14 5.49 71.30
Neuroptera* 0.70 0.51 5.39 76.69
Curculionidae 0.74 0.10 5.35 82.04
Araneae 0.82 0.51 4.49 86.53
Brachycera 5.92 5.46 4.23 90.76
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Herbicides B & H
Average dissimilarity = 38.74
Herb B Herb H

Species Av.Abund Av.Abund Contrib% Cum.%
Oth.Nematocera 5.46 1.24 14.05 14.05
Coleoptera others 2.98 1.00 10.32 24.38
Acalypterae 6.24 3.79 8.08 32.45
Brachycera 3.68 5.46 7.28 39.74
Staphylinidae 0.86 1.14 6.80 46.53
Tipulidae 4.13 4.25 6.72 53.26
Araneae 1.24 0.51 6.72 59.97
Cantharidae 1.69 1.57 6.48 66.46
Aschiza 0.95 0.51 5.99 72.44
Neuroptera* 0.74 0.51 5.85 78.30
Curculionidae 0.58 0.10 4.98 83.27
Carabidae 0.48 0.07 414 87.41
Homoptera 0.35 0.23 3.44 90.85




Boxworth 2004: Arthropods continued

Herbicides D & H
Average dissimilarity = 36.50
Herb D Herb H

Species Av.Abund Av.Abund Contrib% Cum.%
Oth.Nematocera 3.37 1.24 12.19 12.19
Acalypterae 9.96 3.79 11.80 23.99
Aschiza 1.69 0.51 10.52 34.51
Coleoptera others 2.89 1.00 10.30 44.81
Cantharidae 2.47 1.57 8.88 53.69
Brachycera 3.90 5.46 8.86 62.55
Staphylinidae 1.09 1.14 7.21 69.75
Tipulidae 5.17 4.25 6.44 76.19
Araneae 0.66 0.51 4.39 80.58
Neuroptera* 0.32 0.51 4.20 84.78
Curculionidae 0.32 0.10 3.50 88.28
Homoptera 0.35 0.23 2.56 90.84
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Herbicides E & H
Average dissimilarity = 34.69
Herb E Herb H

Species Av.Abund Av.Abund Contrib% Cum.%
Coleoptera others 1.14 1.00 10.42 10.42
Cantharidae 0.86 1.57 9.81 20.23
Acalypterae 4.37 3.79 9.42 29.65
Oth.Nematocera 1.34 1.24 9.13 38.78
Staphylinidae 0.66 1.14 8.49 47.27
Neuroptera* 0.74 0.51 8.24 55.51
Aschiza 0.58 0.51 7.95 63.46
Tipulidae 5.17 4.25 6.40 69.86
Homoptera 0.23 0.23 6.01 75.87
Araneae 0.26 0.51 5.67 81.54
Brachycera 4.89 5.46 5.53 87.07
Chrysomelidae 0.32 0.00 3.58 90.65




High Mowthorpe 2003: Weeds

Herbicides A & C

Average dissimilarity = 66.43

Herbicides A & E
Average dissimilarity = 55.71

Herb A Herb C Herb A Herb E
Species Av.Abund Av.Abund Contrib% Cum.% Species Av.Abund Av.Abund Contrib% Cum.%
Papaver spp. 8.30 6.08 32.89 32.89 Galium aparine 10.29 0.21 27.21 27.21
Poa annua 7.03 0.96 22.50 55.39 Poa annua 7.03 12.44 24.49 51.70
Galium aparine 10.29 2.94 21.41 76.80 Papaver spp. 8.30 0.82 21.60 73.30
Fumaria officinalis 0.44 0.30 6.15 82.95 Fumaria officinalis 0.44 0.44 5.90 79.19
Volunteer barley 0.04 0.05 2.92 85.87 Volunteer barley 0.04 0.08 3.91 83.11
Poa trivialis 0.07 0.00 2.37 88.25 Poa trivialis 0.07 0.03 3.84 86.95
Stellaria media 0.03 0.01 2.14 90.39 Veronica persica 0.01 0.08 3.05 90.00
Herbicides A & D Herbicides C & E
Average dissimilarity = 75.58 Average dissimilarity = 74.65
Herb A Herb D Herb C Herb E
Species Av.Abund Av.Abund Contrib% Cum.% Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 10.29 0.17 28.88 28.88 Poa annua 0.96 12.44 37.33 37.33
Poa annua 7.03 0.09 25.13 54.01 Papaver spp. 6.08 0.82 21.91 59.24
Papaver spp. 8.30 0.22 23.55 77.56 Galium aparine 2.94 0.21 12.23 71.47
Fumaria officinalis 0.44 0.13 4,78 82.33 Fumaria officinalis 0.30 0.44 7.41 78.88
Poa trivialis 0.07 0.01 4.47 86.80 Volunteer barley 0.05 0.08 4.29 83.17
Fallopia convolvulus 0.01 0.04 3.21 90.02 Veronica persica 0.00 0.08 2.77 85.93
Poa trivialis 0.00 0.03 2.40 88.34
Volunteer potato 0.00 0.02 2.28 90.62
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High Mowthorpe 2003: Weeds continued

Herbicides D & E
Average dissimilarity = 73.95

Herbicides C & F
Average dissimilarity = 78.40

Herb D Herb E

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 0.09 12.44 48.35 48.35
Papaver spp. 0.22 0.82 10.82 59.18
Fumaria officinalis 0.13 0.44 9.28 68.46
Galium aparine 0.17 0.21 6.92 75.38
Volunteer barley 0.00 0.08 4.82 80.20
Poa trivialis 0.01 0.03 3.57 83.77
Veronica persica 0.00 0.08 3.39 87.16
Fallopia convolvulus 0.04 0.00 3.01 90.17
Herbicides A & F

Average dissimilarity = 61.55

Herb A Herb F

Species Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 10.29 0.30 28.04 28.04
Papaver spp. 8.30 0.68 26.55 54.59
Poa annua 7.03 6.60 22.24 76.83
Fumaria officinalis 0.44 0.68 5.78 82.60
Poa trivialis 0.07 0.00 2.63 85.23
Stellaria media 0.03 0.02 2.54 87.78
Volunteer barley 0.04 0.01 2.26 90.04

Herb C Herb F
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 0.96 6.60 22.62 22.62
Papaver spp. 6.08 0.68 21.52 44.15
Galium aparine 2.94 0.30 19.40 63.54
Fumaria officinalis 0.30 0.68 13.05 76.59
Volunteer barley 0.05 0.01 4.02 80.62
Elytrigia repens 0.00 0.02 3.40 84.02
Fallopia convolvulus 0.01 0.02 3.18 87.20
Stellaria media 0.01 0.02 2.85 90.04
Herbicides A & G
Average dissimilarity = 69.39
Herb A Herb G

Av.Abund Av.Abund Contrib% Cum.%
Papaver spp. 8.30 0.00 29.41 29.41
Poa annua 7.03 0.02 27.93 57.34
Galium aparine 10.29 3.87 20.67 78.01
Fumaria officinalis 0.44 0.13 6.42 84.43
Poa trivialis 0.07 0.00 4.17 88.60
Fallopia convolvulus 0.01 0.01 2.28 90.88




High Mowthorpe 2003: Weeds continued

Herbicides E & G
Average dissimilarity = 81.73

Herbicides A & B
Average dissimilarity = 58.07

Herb E Herb G

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 12.44 0.02 41.48 41.48
Galium aparine 0.21 3.87 18.81 60.29
Papaver spp. 0.82 0.00 11.98 72.27
Fumaria officinalis 0.44 0.13 8.89 81.16
Volunteer barley 0.08 0.01 4.24 85.40
Veronica persica 0.08 0.00 2.93 88.33
Poa trivialis 0.03 0.00 2.83 91.16
Herbicides F & G

Average dissimilarity = 78.11

Herb F Herb G

Species Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 0.30 3.87 28.84 28.84
Poa annua 6.60 0.02 28.67 57.51
Fumaria officinalis 0.68 0.13 13.29 70.81
Papaver spp. 0.68 0.00 9.21 80.01
Elytrigia repens 0.02 0.00 3.26 83.27
Fallopia convolvulus 0.02 0.01 2.95 86.22
Avena fatua 0.00 0.00 2.55 88.77
Stellaria media 0.02 0.00 2.39 91.16

Herb A Herb B
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 7.03 3.81 28.56 28.56
Galium aparine 10.29 3.65 26.51 55.08
Papaver spp. 8.30 1.62 20.30 75.38
Fumaria officinalis 0.44 0.25 5.96 81.34
Poa trivialis 0.07 0.01 5.39 86.74
Volunteer barley 0.04 0.05 3.68 90.41
Herbicides G & B
Average dissimilarity = 66.14

Herb G Herb B

Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 3.87 3.65 29.92 29.92
Poa annua 0.02 3.81 25.16 55.07
Papaver spp. 0.00 1.62 16.88 71.95
Fumaria officinalis 0.13 0.25 8.54 80.49
Volunteer barley 0.01 0.05 6.00 86.49
Senecio vulgare 0.00 0.05 3.64 90.13




High Mowthorpe: Arthropods

Herbicides A & C
Average dissimilarity = 27.33

Herb A Herb C
Species Av.Abund Av.Abund Contrib% Cum.%
Oth.Nematocera 2.09 2.85 16.12 16.12
Calyptera 0.46 0.72 10.71 26.82
Brachycera 1.69 1.42 10.23 37.06
Araneae 1.25 0.91 9.84 46.89
Staphylinidae 0.58 0.00 7.65 54.55
Heteroptera 0.60 0.54 7.28 61.82
Chrysomelidae 0.39 0.23 6.77 68.59
Aschiza 2.20 211 6.35 74.94
Homoptera 0.60 0.58 5.81 80.75
Acalypterae 3.34 3.12 5.01 85.75
Coleoptera others 0.39 0.28 4.39 90.15
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Herbicides A & G
Average dissimilarity = 32.27

Species Av.Abund Av.Abund Contrib% Cum.%
Araneae 1.25 0.56 14.01 14.01
Aschiza 2.20 1.07 13.93 27.95
Oth.Nematocera 2.09 2.68 13.21 41.16
Brachycera 1.69 1.42 8.66 49.81
Calyptera 0.46 1.01 8.63 58.45
Heteroptera 0.60 0.48 6.63 65.08
Staphylinidae 0.58 0.12 6.24 71.31
Homoptera 0.60 0.72 5.87 77.18
Chrysomelidae 0.39 0.26 4.97 82.16
Acalypterae 3.34 3.02 4.97 87.13
Coleoptera others 0.39 0.24 3.22 90.35




High Mowthorpe 2003: Arthropods continued

Herbicides A & B Herbicides G & B
Average dissimilarity = 30.25 Average dissimilarity = 27.96

Group A GroupB Contrib% Cum.% Group G GroupB Contrib% Cum.%
Oth.Nematocera 2.09 2.54 13.87 13.87 Calyptera 1.01 0.50 11.58 11.58
Araneae 1.25 1.08 10.88 24.76 Aschiza 1.07 1.63 10.87 22.44
Aschiza 2.20 1.63 10.37 35.13 Araneae 0.56 1.08 10.85 33.29
Brachycera 1.69 1.83 8.38 43.51 Coleoptera others 0.24 0.45 8.24 41.53
Coleoptera others 0.39 0.45 8.36 51.87 Brachycera 1.42 1.83 8.07 49.60
Acalypterae 3.34 2.93 7.65 59.51 Homoptera 0.72 0.31 7.83 57.43
Calyptera 0.46 0.50 7.52 67.03 Heteroptera 0.48 0.08 7.78 65.21
Heteroptera 0.60 0.08 6.89 73.92 Acalypterae 3.02 2.93 7.02 72.23
Homoptera 0.60 0.31 6.13 80.06 Oth.Nematocera 2.68 2.54 6.03 78.26
Chrysomelidae 0.39 0.08 4.43 84.49 Neuroptera larvae 0.08 0.24 4.81 83.07
Staphylinidae 0.58 0.23 441 88.89 Chrysomelidae 0.26 0.08 4.67 87.74
Elateridae 0.08 0.20 3.62 92.51 Staphylinidae 0.12 0.23 4.57 92.31
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High Mowthorpe 2004: Weeds

Herbicides A & B
Average dissimilarity = 70.59

Herb A Herb B

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 1.49 0.02 24.89 24.89
Fallopia convolvulus 0.51 0.00 15.71 40.60
Sinapis arvensis 0.28 0.00 12.05 52.65
Galium aparine 0.96 0.92 10.67 63.32
Elytrigia repens 0.07 0.00 5.64 68.96
Stellaria media 0.05 0.00 4.77 73.73
Volunteer potato 0.05 0.00 4.45 78.18
Volunteer oilseed rape 0.04 0.00 4.45 82.64
Veronica hederifolia 0.03 0.01 4.34 86.97
Polygonum aviculare 0.02 0.00 3.13 90.11
Herbicides A & C

Average dissimilarity = 54.61

Herb A Herb C

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 1.49 0.07 22.25 22.25
Sinapis arvensis 0.28 0.43 11.42 33.67
Galium aparine 0.96 0.70 11.06 44.73
Fallopia convolvulus 0.51 0.58 10.74 55.47
Volunteer potato 0.05 0.01 5.72 61.19
Elytrigia repens 0.07 0.02 5.54 66.73
Avena fatua 0.01 0.03 4.84 71.57
Stellaria media 0.05 0.00 4.69 76.26
Veronica hederifolia 0.03 0.01 4.58 80.84
Volunteer oilseed rape 0.04 0.00 4.41 85.25
Sonchus spp. 0.00 0.02 3.95 89.20
Veronica persica 0.00 0.02 3.71 92.91
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Herbicides B & C
Average dissimilarity = 68.75
Herb B Herb C

Species Av.Abund Av.Abund Contrib% Cum.%
Fallopia convolvulus 0.00 0.58 24.03 24.03
Sinapis arvensis 0.00 0.43 19.70 43.73
Galium aparine 0.92 0.70 15.21 58.94
Poa annua 0.02 0.07 8.17 67.11
Veronica hederifolia 0.01 0.01 4.93 72.04
Veronica persica 0.00 0.02 4.85 76.88
Avena fatua 0.00 0.03 4.83 81.71
Elytrigia repens 0.00 0.02 4.32 86.04
Sonchus spp. 0.00 0.02 4.00 90.03

Herbicides B & D
Average dissimilarity = 70.70
Herb B Herb D

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 0.02 0.96 26.51 26.51
Galium aparine 0.92 0.31 22.88 49.38
Elytrigia repens 0.00 0.05 8.95 58.34
Veronica persica 0.00 0.06 7.29 65.63
Veronica hederifolia 0.01 0.02 6.60 72.23
Sinapis arvensis 0.00 0.04 6.21 78.44
Fallopia convolvulus 0.00 0.03 5.22 83.66
Volunteer potato 0.00 0.02 3.28 86.94
Volunteer oilseed rape 0.00 0.01 2.76 89.70
Polygonum aviculare 0.00 0.00 2.48 92.18




High Mowthorpe 2004: Weeds continued

Herbicides C & D
Average dissimilarity = 67.45

Herb C Herb D
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 0.07 0.96 18.27 18.27
Fallopia convolvulus 0.58 0.03 16.81 35.08
Sinapis arvensis 0.43 0.04 14.20 49.27
Galium aparine 0.70 0.31 13.57 62.84
Veronica persica 0.02 0.06 7.12 69.96
Elytrigia repens 0.02 0.05 5.46 75.43
Veronica hederifolia 0.01 0.02 4.78 80.20
Sonchus spp. 0.02 0.01 4.77 84.98
Volunteer potato 0.01 0.02 4.30 89.28
Avena fatua 0.03 0.00 4.21 93.49
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High Mowthorpe 2004: Arthropods

Herbicides A & B Herbicides B & D
Average dissimilarity = 28.16 Average dissimilarity = 29.85
Herb A Herb B Herb B Herb D

Species Av.Abund Av.Abund Contrib% Cum.% Species Av.Abund Av.Abund Contrib% Cum.%
Calyptera 231 1.24 9.77 9.77 Coleoptera others 16.78 10.48 9.41 9.41
Araneae 3.79 4.37 7.64 17.41 Elateridae 2.24 1.75 7.99 17.40
Heteroptera 1.19 1.45 7.02 24.43 Staphylinidae 2.55 1.24 7.90 25.30
Elateridae 2.39 2.24 6.69 31.11 Araneae 4.37 2.89 7.70 33.00
Oth.Nematocera 1.19 1.45 6.67 37.78 Aschiza 1.82 1.82 7.24 40.24
Staphylinidae 2.09 2.55 6.55 44.34 Heteroptera 1.45 1.69 6.85 47.08
Aschiza 2.55 1.82 6.55 50.89 Calyptera 1.24 1.75 6.48 53.56
Acalypterae 6.59 5.46 6.10 57.00 Oth.Nematocera 1.45 1.69 6.01 59.57
Tipulidae 0.70 0.45 5.83 62.82 Tipulidae 0.45 0.58 5.99 65.56
Chrysomelidae 0.38 0.74 5.52 68.34 Chrysomelidae 0.74 0.45 5.01 70.57
Homoptera 0.62 0.32 4.80 73.15 Acalypterae 5.46 6.94 4.93 75.50
Coleoptera others 20.88 16.78 4.69 77.84 Homoptera 0.32 0.51 3.92 79.42
Diptera* 0.00 0.51 4.12 81.96 Diptera* 0.51 0.10 3.76 83.17
Curculionidae 0.20 0.26 3.13 85.09 Symphyta* 0.38 0.32 3.58 86.76
Lepidoptera* 0.20 0.17 3.07 88.16 Brachycera 14.49 14.14 3.11 89.87
Brachycera 14.85 14.49 3.01 91.16 Carabidae 0.20 0.26 2.92 92.79

263



High Mowthorpe 2005: Weeds

Herbicides A & C
Average dissimilarity = 78.63

Herbicides C & D
Average dissimilarity = 75.88

Herb A Herb C

Species Av.Abund Av.Abund Contrib% Cum.%
Papaver spp. 12.55 0.19 28.35 28.35
Poa annua 8.16 0.02 27.51 55.86
Galium aparine 8.32 0.29 22.16 78.02
Fumaria officinalis 0.35 0.24 471 82.73
Poa trivialis 0.04 0.00 2.86 85.58
Volunteer barley 0.05 0.02 2.75 88.34
Fallopia convolvulus 0.01 0.02 2.27 90.61
Herbicides A & D

Average dissimilarity = 55.38

Herb A Herb D

Species Av.Abund Av.Abund Contrib% Cum.%
Papaver spp. 12.55 1.00 27.75 27.75
Poa annua 8.16 13.85 24.93 52.68
Galium aparine 8.32 0.25 23.29 75.97
Fumaria officinalis 0.35 0.52 5.37 81.34
Volunteer barley 0.05 0.04 3.20 84.54
Poa trivialis 0.04 0.02 2.95 87.50
Veronica persica 0.01 0.04 2.27 89.77
Stellaria media 0.03 0.01 1.94 91.70

Herb C Herb D
Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 0.02 13.85 50.39 50.39
Papaver spp. 0.19 1.00 11.94 62.33
Fumaria officinalis 0.24 0.52 8.33 70.66
Galium aparine 0.29 0.25 7.17 77.83
Volunteer barley 0.02 0.04 3.56 81.40
Poa trivialis 0.00 0.02 2.79 84.18
Volunteer potato 0.02 0.00 251 86.69
Fallopia convolvulus 0.02 0.00 2.48 89.17
Veronica persica 0.00 0.04 2.25 91.42
Herbicides A & B
Average dissimilarity = 75.03

Herb A Herb B

Av.Abund Av.Abund Contrib% Cum.%
Papaver spp. 12.55 0.00 31.39 31.39
Poa annua 8.16 0.01 28.30 59.69
Galium aparine 8.32 3.30 19.23 78.92
Fumaria officinalis 0.35 0.20 5.07 83.99
Volunteer barley 0.05 0.01 2.73 86.72
Poa trivialis 0.04 0.00 2.62 89.34
Fallopia convolvulus 0.01 0.02 1.94 91.28




High Mowthorpe 2005: Weeds continued

Herbicides C & B

Average dissimilarity = 72.43

Herb C Herb B

Species Av.Abund Av.Abund Contrib% Cum.%
Galium aparine 0.29 3.30 38.43 38.43
Fumaria officinalis 0.24 0.20 13.78 52.21
Papaver spp. 0.19 0.00 11.02 63.23
Volunteer barley 0.02 0.01 5.74 68.97
Poa annua 0.02 0.01 5.60 74.57
Fallopia convolvulus 0.02 0.02 5.16 79.73
Volunteer potato 0.02 0.00 4.49 84.22
Avena fatua 0.00 0.01 4.04 88.25
Elytrigia repens 0.00 0.01 2.96 91.21
Herbicides D & B

Average dissimilarity = 82.27

Herb D Herb B

Species Av.Abund Av.Abund Contrib% Cum.%
Poa annua 13.85 0.01 43.67 43.67
Galium aparine 0.25 3.30 18.50 62.18
Papaver spp. 1.00 0.00 12.64 74.82
Fumaria officinalis 0.52 0.20 7.60 82.42
Volunteer barley 0.04 0.01 2.87 85.30
Poa trivialis 0.02 0.00 2.23 87.53
Fallopia convolvulus 0.00 0.02 2.06 89.59
Veronica persica 0.04 0.00 1.99 91.58
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High Mowthorpe 2005: Arthropods

Herbicides A & C

Average dissimilarity = 26.61

GroupA  Group C
Species Av.Abund Av.Abund Contrib% Cum.%
Coleoptera others 3.07 0.51 13.26 13.26
Aschiza 16.38 6.41 11.51 24.78
Staphylinidae 2.80 0.95 9.86 34.64
Oth.Nematocera 7.71 3.57 8.37 43.01
Araneae 3.07 3.07 7.85 50.86
Calyptera 3.68 2.63 7.69 58.54
Tipulidae 151 0.74 6.54 65.08
Chrysomelidae 0.32 0.91 5.67 70.75
Diptera larvae 0.29 0.41 4.65 75.39
Acalypterae 39.74 31.36 4.47 79.87
Carabidae 0.29 0.26 3.65 83.52
Brachycera 15.60 16.78 3.61 87.13
Homoptera 0.35 0.20 3.53 90.66

Herbicides A & D

Average dissimilarity = 25.15

Group A Group D
Species Av.Abund Av.Abund Contrib% Cum.%
Coleoptera others 3.07 0.70 13.52 13.52
Araneae 3.07 1.88 9.31 22.84
Aschiza 16.38 12.18 8.02 30.86
Staphylinidae 2.80 2.80 7.98 38.84
Total Heteroptera 0.17 1.24 7.41 46.25
Calyptera 3.68 2.89 6.70 52.95
Tipulidae 151 1.34 6.27 59.22
Chrysomelidae 0.32 0.82 5.28 64.50
Oth.Nematocera 7.71 5.46 481 69.31
Acalypterae 39.74 32.11 4.59 73.89
Diptera larvae 0.29 0.45 4.35 78.25
Symphyta larvae 0.17 0.32 3.85 82.10
Brachycera 15.60 18.50 3.77 85.88
Carabidae 0.29 0.26 3.60 89.48
Elateridae 0.15 0.45 3.43 92.91




High Mowthorpe 2005: Arthropods continued

Herbicides A & B
Average dissimilarity = 26.16
Herb A Herb B

Species Av.Abund Av.Abund Contrib% Cum.%
Coleoptera others 3.07 0.10 14.45 14.45
Aschiza 16.38 7.71 11.90 26.35
Calyptera 3.68 1.82 9.64 35.99
Staphylinidae 2.80 1.88 8.62 44.61
Araneae 3.07 4.50 7.45 52.05
Chrysomelidae 0.32 1.24 6.57 58.63
Tipulidae 151 1.04 6.39 65.02
Acalypterae 39.74 28.51 4.76 69.78
Oth.Nematocera 7.71 5.46 4.72 74.50
Homoptera 0.35 0.15 3.94 78.44
Carabidae 0.29 0.20 3.87 82.30
Brachycera 15.60 16.38 3.57 85.88
Elateridae 0.15 0.23 2.92 88.80
Diptera* 0.29 0.15 2.92 91.72

Herbicides D & B
Average dissimilarity = 24.16
Herb D Herb B

Species Av.Abund Av.Abund Contrib% Cum.%
Araneae 1.88 4.50 9.47 9.47
Aschiza 12.18 7.71 8.96 18.42
Staphylinidae 2.80 1.88 8.68 27.11
Calyptera 2.89 1.82 8.63 35.73
Total Heteroptera 1.24 0.15 8.31 44.04
Tipulidae 1.34 1.04 6.97 51.02
Chrysomelidae 0.82 1.24 6.41 57.43
Coleoptera others 0.70 0.10 6.22 63.65
Oth.Nematocera 5.46 5.46 4.80 68.45
Elateridae 0.45 0.23 4.75 73.20
Diptera* 0.45 0.15 4.66 77.86
Homoptera 0.23 0.15 4.00 81.86
Brachycera 18.50 16.38 3.92 85.78
Acalypterae 32.11 28.51 3.79 89.57

Carabidae 0.26 0.20 3.71 93.27
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6.1 SUMMARY

Three grass seed mixtures comprising a grass mix (CS, typical of countryside stew ardship),
a mixture of tussock grasses and flow ers (TG, to increase ground-dwelling invertebrates),
and a mixture of fine-leafed grasses and flow ers (FG, to increase insect diversity, including
pollen and nectar feeders), were sown as 5 mw ide margins, at three sites in during October
2001-March 2002. Three different spring management treatments (cutting, scarification and
a low rate of a selective graminicide) started in 2003, and were applied annually to each
margin type, to manipulate the architecture of the vegetation. The resulting vegetation,
invertebrates and birds w ere monitored until 2006.

6.1.1 Weeds and agronomy

e Plants sow n in the margin did not become w eeds in the adjacent crop.
e Crop pestincidence did not increase adjacent to the margins.

6.1.2 Vegetation

o Distinct plant communities developed in the establishment year in relation to seed mix,
but no effects on bare ground, litter cover and coarse grain vegetation structure were
determined.

e A greater species number and diversity resulted from sowing diverse seed mixes. In
plots sow nwith the CS mix, mean species number w as 7.0 compared w ith 9.9 for the TG
mix and 9.3 for the FG mix. Mean values of Simpson’s unbiased diversity were 0.82,
0.89 and 0.87 for the CS, TG and FG mixes respectively.

o Species number and diversity decreased with time regardless of seed mix and treatment.
In 2003 the mean number of species was 9.7 compared with 7.1 in 2006, w hile values of
Simpson’s unbiased diversity decreased from 0.89 to 0.83.

e Sward scarification helped to maintain sow n species in the sward and enhance plant
species diversity, but the effectw as site specific.

o Sward scarffication instigated a convergence in plant community composition betw een
the different seed mixes. The extent of this w as site specific.

e Graminicide application produced plant communities depicted by sow nforb species.

e Seed mix type had a minimal impact on values of bare ground cover.

e Sward scarification w as associated w ith the greatest values of bare ground area (% of
total area) in both June and September. In June, mean values were 21.1%, compared
with 3.1% w ith cutting and 3.5% w ith graminicide, w hilst in September values w ere 0.5%,
3.0% and 0.4% for cutting, scarffication and graminicide respectively.

e Values of coarse grain vegetation structure were highly variable with respect to

treatment, site and year. Treatments of scarification, graminicide and the FG mix w ere
generally associated w ith the low est values.
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Scarification w as associated with reduced values of reproductive resources, but tended
to promote the resource abundance of the unsow n components.

Cutting w as generally associated w ith greater values of reproductive resources, although
in plots sow nw ith the TG mix values w ere greater with graminicide.

Plots sow n with the CS mix generally had a greater resource abundance of the unsown
components, but a low er abundance of reproductive resources overall.

Plots sow nwith the FG mix generally had greater values of reproductive resources.

6.1.3 Invertebrates (except bees and butterflies)

Tere is evidence that the abundance and species richness of a variety of invertebrate
taxa wiill either peak or plateau 2—3 years after their establishment.

The countryside stew ardship seed mix provides a good resource for those invertebrate
species that are dependent on sw ard architectural complexity. How ever, it can be a poor
resource for phytophagous species, particularly w here their host plants are forbs.

The tussock grass and forbs seed mix provided an architecturally complex sward and
forb and grass host plants vital for many invertebrate species. When considered across
a variety of non-pollinator invertebrates this was superior to both the countryside
stew ardship (grass) and fine grass and forbs seed mix.

Responses to margin management often showed strong contrasts between taxa.
Species that required either an architecturally complex sward or dense grass
vegetations responded poorly to scarification, e.g. planthoppers, spiders and Sy mphyta/
Lepidoptera larvae. In contrast, improved establishment of some key floral species in
response to scarification benefited some phytophagous invertebrates, e.g. the w eevils
and leaf beetles.

The abundance and species richness of all the non-pollinator, invertebrate taxa did not
respond to the interaction between seed mix and management, although they did
respond individually to these factors. However, it was shown that the species
composition did respond to the interaction of seed mix and management at all three
sites.

There w as no significant effect of seed mix on the diversity of soil macrofauna.

Isopod abundance and species density responded significantly to management with
fewer species and low er abundances in the scarified plots.

Species assemblages in the scarified plots consisted of species commonly associated
with cropped or exposed habitats.

Litter-dw elling species, with their requirement for surface residue to provide cover and
food, had low densities in the scarified plots.
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The abundance and diversity of soil- and litter-feeders did not respond to seed mix but
were significantly influenced by management treatment. Low er abundances and species
densities w ere found in the scarified plots in the spring, but these then increased to
levels equal to, or greater than, the other management treatments in autumn.

6.1.4 Bumblebees and Butterflies

Inclusion of forbs in the seed mixture resulted in the largest increases in abundance and
diversity of pollen and nectar resources, bumblebees and butterflies.

The rare bumblebee species, Bombus ruderatus, utilised the margins sow nw ith forbs in
all five years at the Boxw orth site.

Margin management effects w ere secondary: soil disturbance by scarification increased
diversity of flowering plants; graminicide application reduced competition from grasses,
and increased flow er abundance and species richness of bees.

Sow ing a diverse seed mixture of perennial forbs is the most effective means of creating
foraging habitat for bees and butterflies on arable field margins.

Graminicide application is a practical option for enhancing the value of the large area of
species-poor grass margins for pollinators.

6.1.5 Birds

Birds responded positively to treatments with higher prey densities (of ground beetles in
particular) and greater vegetation density.

Birds responded positively to margin scarification or graminicide-treatment, compared
with cutting.

Compared with margin management, the response by birds to seed-mix w as weak but

significant after five years, birds being more strongly associated w ith the tussock and fine
grass mixes w ith w ildflow ers, than the grass mix.
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6.2 MATERIALS AND M ETHODS
6.2.1 Objective

The overall objective of the project w as to enhance farmland biodiversity by integrating novel
habitat management approaches, in the crop and non-cropped margins, to develop more
sustainable farming.

The hypothesis w as that an improved understanding of interactions would lead to increased
invertebrate and w eed seed abundance, the availability of which will be of particular benefit
to farmland birds.

6.2.2 Site Details
Experimentation commenced in October 2001. There were 3 sites as detailed in Table 6.1.

All sites w ere cropped in a rotation typical of the area and soil type. Details of cropping are in
Appendix 1.

Table 6.1. Location of sites.

Site Name Location Soil type

ADAS Boxworth Cambiidgeshire Calcareous Clay

ADAS Gleadthormpe Nottinghamshire Sand

ADAS High Mowthorpe North Yorkshire Shallow siltloam over chalk

6.2.3 Experimental design

The margins were located around the boundary of the fields selected for the experiment,
placement was agreed by Alison Riding (ADAS), Tim Sparks (CEH) and Nick Aebischer
(GCT). Each of the three sites each had nine treatments and five replicates, these were
located w ithin tw o fields at Boxw orth and three fields at Gleadthorpe and High Mow thorpe.
Plot size was 25 mx 5 m, with the long edge running parallel to the field boundary. A 2.5 m
buffer zone was included at the end of each plot (equivalent to 5 m betw een plots) to both
prevent cross contamination betw een treatments and to allow entry of machinery to the plots

(Figure 6.1). An example of plot layout in relation to field boundaries can be seen in Figure
6.2.

273



Buffer
Zone

2.5m

Boundary Hedge

Plot

Buffer
Zone

2.5m

//////////

‘

5m

rop-margin gap:
m at GT and HM, 1m at BW

///////////////,,E‘f'iif’f,,

D00

W rapw

Figure 6.1. Plot layout.
I T -
|-
== SIS ETRAOE T
[ AU S
— Ceparimant &
! kg Fele
A gt az= iz Sm
i!'_ Wazs 4
k
i
Iz
"T;.-
[
A
{2
b
L =
l:l:||-|.:' Frnul
At 8
it ?
e
W
a3 y
= Repd oo
|2 FE ] l:lllr N plal -"__.r'r
T 1 .;::,5-"" -
aid Y *II'." il w1 b
Ru ilere o .
’hi; I ﬁn
A e
g
Figure 6.2.

—

W
b

whic

w

|

vp{‘ s
,

iy

KE31 .

— il

274

An example of plot arrangement in relation to the field boundary at ADAS
Boxw orth. The numbers in plots indicate treatment and plot identifiers.



6.2.4 Treatments

Treatments were comprised of three seed mixtures applied in factorial combination with
three management treatments as detailed in Table 6.2.

Table 6.2. Seed mixture and management treatments.

Treatment Seed mixture Management

num ber
1 Countryside stew ardship mix (CS) Cutting (Cut)
2 “ Scarification (Scar)
3 ¢ Selective graminicide (Gram)
4 Tussock grass and forbs (TG) Cut
5 “ Scar
6 “ Gram
7 Fine-leaved grass and forbs (FG) Cut
8 “ Scar
9 “ Gram

Seed mixtures

The tussock and countryside stewardship seed mixtures w ere identical at all sites. The fine
grass and forbs mixture was tailored to suit soil type and site. Species are detailed in Table
6.3. Seed was purchased from a single supplier. Countryside stew ardship mixture was
drilled at 20 kg/ha, and the tussock and fine grass mixtures w ere drilled at 35 kg/ha.

Drilling date
The margins at Boxworth and High Mow thorpe were sown on 3 October 2001 and

12 October 2001 respectively. At Gleadthorpe drilling was delayed by wet weather until
13 March 2002.
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Table 6.3. Details of seed mixtures

a) Countryside Stew ardship Mix.
Species Common Name % (by wt.)
Agrostis capillaris Common Bent 5.0
Cynosurus clistatus Crested Dogstail 15.0
Dactylis glomerata Cocksfoot 10.0
Festuca pratensis Meadow Fescue 10.0
Festuca ovina Sheep Fescue 20.0
Festuca rubra ssp. juncea Slender Red Fescue 20.0
Poa pratensis Smooth Meadow Grass 200

b) Tussock grass and broad-leaved forbs.
Species Common Name % (by wt.)
Grasses
Alopecurus pratensis Meadow Foxtail 4.0
Dactylis glomerata Cocksfoot 16.0
Deschampsia cespitosa (w)  Wavy Hair-Grass 8.0
Festuca pratensis Meadow Fescue 200
Festuca rubra spp. rubra Red Fescue 200
Holcus lanatus Yorkshire Fog 4.0
Phleum pratense Timothy 8.0
Forbs
Achillea millefolium Yarrow 1.2
Centaurea nigra Common Knapweed 2.4
Centaurea scabiosa Greater Knapweed 1.6
Daucus carota Wild Carrot 2.4
Dipsacus fullonum Wild Teasel 1.6
Galium mollugo Hedge Bedstraw 2.0
Geranium pratense Meadow Cranesbill 1.6
Lathyrus pratensis Meadow Vetchling 1.0
Leucanthemumvulgare Oxeye Daisy 2.0
Silene dioica Red Campion 3.0
Vicia cracca Tufted Vetch 1.2
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c) Fine leaved grass and broad-leaved forbs.

Species Common name % by weight

Boxworth  High Gleadthope

Mowthorpe

Grasses
Agrostis capillaris Common Bent 5.0
Cynosurus clistatus Crested Dogstail 350
Festucarubra ssp. commutata Red Fescue 15.0
Festuca rubra ssp. juncea Slender Red Fescue 250
Forbs
Achillea millefolium Yarrow 0.5 0.5 0.5
Centaurea nigra Common Knapweed 1.0 0.5 1.0
Daucus carota Wild Carrot 1.0 1.0 1.5
Galiumverum Lady’s Bedstraw 1.5 1.0 2.0
Leucanthemumvulgare Oxeye Daisy 1.0 1.0 1.0
Lotus corniculatus Birdsfoot T refail 0.5 1.0 0.5
Plantago lanceolata Ribwort Plantain 1.0 1.0 1.0
Primula veris Cowslip 1.2 1.0 1.0
Prunella vulgaris Selfheal 1.0 1.0 1.0
Ranunculus acris Meadow Buttercup 3.5 1.5 1.5
Rhinanthus minor Yellow Rattle 1.0 0.5 1.0
Knautia arvensis Field Scabious 1.3 1.5 -
Leontodon hispidus Rough Hawkbit 1.0 1.0 -
Plantago media Hoary Plantain - 1.0 0.6
Malva moschata Musk Mallow 1.5 - 2.0
Rumex acetosa Common Sorrel 1.0 - 1.0
Anthyllis vulneraiia Kidney Vetch - 1.5 -
Centaurea scabhiosa Greater Knapweed - 1.0 -
Origanumvulgare Wild Marjoram - 1.0 -
Pimpinella saxifraga Burnet-saxifrage - 1.0 -
Reseda lutea Wild Mignonette - 0.5 -
Sanguisorba minor ssp. minor  Salad Bumet - 2.5 -
Echiumvulgare Viper's Bugloss - - 1.5
Linara wulgars Common Toadflax - - 0.5
Ranunculus bulbosus Bulbous Buttercup - - 1.4
Silene wlgaris Bladder Campion - - 2.0
Vicia cracca Tufted Vetch 1.5 - -
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6.2.4.1 Management

Management treatments began in 2003, follow ing establishment of the seed mixtures. All
treatments w ere mow n to 30 cm height in the spring to facilitate treatment application. Dates
of treatments are detailed in (Table 6.4).

1. Cutting. The sward was mow n to a height of 15 cm using a flail mow er, target date was

early March, at the start of spring grow th, cuttings w ere left in situ.

2. Scarification: A pow er harrow was used to scarify the sward. The pow er harrow was set
at a suitable depth to cultivate the top 2.5 cm of the soil, with the aim of creating 60% soil
disturbance. Scarification w as done in early springw hen the ground w as fit to travel.

3. Graminicide: Fluazifop-P-butyl (as Fusilade Max, Syngenta Crop Protection Ltd) was
applied at half label rate (0.8 I/ha) in 200 litres of w ater/ha, at 2 bar pressure with a farm
sprayer. The aimw as to suppress susceptible grass species.

Table 6.4. Actual dates of treatments.
2003 2004 2005 2006

Boxworth

Cut 19 March 10 March 21 March 20 March

Scar 13 March 10 March 21 March 21 March

Gram 14 March except 14 April (delay 1 Apiil 18 April (delay due to cold
plot4, 24 March  due to weather) conditions and slow growth

Gleadthorpe

Cut 13 March 30 March 23 March 7 Apiil

Scar 13 March 30 March 23 March 7 Apiil

Gram 18 March 2 Apitil 23 March 14 April

High Mowthorpe

Cut 13 March 31 March 23 March 18 April

Scar 13 March 31 March 23 March 28 April

Gram 13 March 8 Apiil 19 April 4 May (delayed due to cold

conditions)
Mow n strip

The management method for the 1 m strip betw een margin and crop w as diferent at all 3
sites. At Boxworth this area was mown with a 1 m mower during the spring. At High
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Mow thorpe and Gleadthorpe the crop was sown close to the margin negating the need for
manage ment of this area.

Hedges and basal vegetation

Hedges w ere cut annually in spring, with the cut as near vertical as possible at the base of
the hedge. This was intended to prevent encroachment into the margin (especially of
brambles and thistles). This was necessary to minimise the impact of the hedge and basal
vegetation on the plant and invertebrate communities within the margin. Basal vegetation
was cut back horizontally at a similar time to the hedges (Table 6.5).

Table 6.5. Dates of hedge and basal vegetation cutting.
Site Area cut 2003 2004 2005 2006
Boxworth Hedge and 28 February 9 March Not cut 20 March
base
Gleadthope Hedge 26 March Not cut 16 February Not cut
Base 3 March Not cut 23 March Not cut
High Hedge 28 February 18 March 28 February Not cut
Mowthorpe
Base Not cut Not cut Not cut 28 April

6.2.5 Assessments
6.2.5.1 Weeds and Agronomy

The sites w ere visited every 2w eeks fromdrilling to monitor for any pest, disease and other
problems, w hich may have originated from the margin treatments.

Weed counts (June/July)

Weed numbers w ere assessed in late June or early July each year. Counts were made in
the crop adjacent to the margin, in five, 0.1 n? quadrats per plot. The quadrats w ere placed
at right angles to the margin at 0.5 m and 6 m from the sown margin edge (Figure 6.3), and
the number of plants was recorded by species. Notes were also made of any field-scale
weed problems that w ere patchy in nature.

plot plot

"M oooo ooooo

6m

g O gg

Figure 6.3. Layout of weed quadrats.

279



Statistical analysis

The data were analysed for each site and year separately, using analysis of variance
(ANOVA) in GenStat® Release 8.1 (2005). The design was a randomised block, with five
blocks and one plot of each of nine treatments in each block. Data w ere not transformed.

6.2.5.2 Field margin vegetation
Timin
Assessments w ere conducted in June and September during 2002, 2003, 2004 and 2006.

Species cover

Botanical assessments w ere performed in each plot using ten 0.5 x 0.5 m (0.25 n?) quadrats
per plot. The ten quadrats were divided along the margin:crop interface and the margin:
hedge interface leaving a buffer of approximately one metre to avoid edge effects. In June,
all species w ere identified and assigned a percentage cover value according to an eight-
point scale (1 =< 1%, 2= 1-5%, 3 =6-10%, 4 = 11-20%, 5 = 21-40%, 6 = 41-60%, 7 = 61-
80% & 8 = 81-100%). Values of Simpson’s unbiased diversity (D) (Pielou, 1969) were
calculated. This index (on a scale of 0 to 1.0) represents the probability that tw o randomly
selected individuals in a sample belong to the same species. In September the vegetation
was assessed by assigning species to functional groups: grasses, leguminous forbs and
non-leguminous forbs. Values of Shannon evenness were then calculated. This index takes
into account the number of groups and their relative abundances. The index (on a scale of 0
to 1.0) is increased either by having more unique groups, or by having a greater evenness in
abundance values.

Values of percentage bare ground and unattached litter cover within the quadrats were
determined in June and September using the same quadrats.

Reproductive Status

At the same time as performing the botanical assessments in June, the reproductive status
of each plant species was recorded to enable values of relative resource abundance to be
calculated. The status of each species was categorised according to the proportion of
individuals that w ere i) vegetative only, ii) possessed flow ering shoots/buds, iii) had flow ers
open, or iv) possessed seed/fruit that w as forming, ripe or dehiscent. The proportion of each
was assigned a value according to a four-point scale: 1 = 1-25%, 2 = 26-50 %, 3 =51-75 %
& 4 =76-100%. Values of resource abundance w ere determined for individual species for
each quadrat by multiplying the proportion of each reproductive status represented, by a
species percentage cover value. As such, the units of resource abundance are based on
values of cover abundance.

Coarse grain vegetation structure

The ‘drop disc method’ (Stew art et al. 2001) w as used to provide an indication of height, and
leaf and stem densities, within the sward canopy during June and September. A standard
disc w eighing 200 g with a diameter of 300 mm w as dropped from a height of one metre
dow n a vertically held ruler. In total, 24 measurements w ere taken, located in a diagonal line
across each plot at one metre intervals. Height readings w ere taken as the distance fromthe
ground w here the drop disc comes to rest.
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Fine grain vegetation structure

The point quadrat method was used to obtain detailed assessments of vegetation
architecture in June. A linear frame consisting of ten 3 mm diameter pins separated by
100 mm gaps w as used. Individual pins w ere divided into 50 mm height class intervals from
the ground. Vegetation w as categorised into six functional groups: i) fine grasses, ii) tussock
grasses, iii) other grasses, iv) leguminous forbs, v) non-leguminous forbs, & vi) unattached
dead litter. The number of contacts made by each functional group at each height interval
was recorded. Four frames w ere randomly positioned in each plot, leaving a buffer of at least
1m from the edge. For each functional group, Shannon-Wiener diversity values (H)
(Shannon & Weaver, 1963) w ere calculated individually for pins and means w ere obtained
for each plot. Values were used as an index of architectural complexity (Moffatt et al. 2005).

Statistical analysis

Values of species diversity and principal component analyses (PCA) w ere performed using
Multi Variate Statistical Package Version 3.1 (MVSP, 1999). Data for species number
(loge n+1), species diversity, bare ground (angular transformed), litter cover (log,), coarse
grain structure (log,), architectural complexity, and resource abundance (log. n+1) were
analysed using linear mixed models in SPSS Version 11.5 (SPSS, 2002). Four different
models w ere used. The first model w as used to analyse response variables assessed in the
establishment year (2002), using seed mix as a fixed effect. Site and margin replicate block
nested w ithin site w ere used as random effects to account for random variation betw een and
within sites. The second model was similar to the first, but as sites were analysed
individually, and margin replicate block was the only random effect. The third model w as
used to analyse responses across years (2003, 2004 & 2006). Seed mix, sward treatment
and year were set as fixed effects and interactions betw een these parameters were also
included. Year was also set as a repeated measure with an autoregressive covariance
structure to account for covariance betw een sample years. Site and margin replicate block
nested within site were used as random effects. The fourth model was used to analyse
responses across years but individually at each site. Seed mix, sward treatment and year
were set as fixed effects. Year was also set as a repeated measure with an autoregressive
covariance structure. Margin replicate block w as used as the only random effect.

In all instances, model simplification w as by deletion of non-significant factors, exceptwhere
a factorwas part of a significant interaction. Degrees of freedom w ere calculated using the
iterative Satterthw aite’s method (Schabenberger & Pierce 2002). When a factor was
significant and not part of an interaction, post-hoc pairwise comparisons (P = 0.05) were
made to investigate w ithin treatment differences.

6.2.5.3 Invertebrates (except bees and butterflies)

Six collection methods were employed to sample key invertebrate groups within the field
margins. These were vacuum sampling; sweep netting; pitfall traps; pan traps; octet
method; and soil sampling. These methods w ere largely complementary in terms of target
groups collected and were applied at times of high abundance of these specific taxonomic /

functional groups. Invertebrate sampling w ithin the experimental plots occurred for the years
2002, 2003, 2004 and 2006. Below-ground invertebrates were sampled in 2005 only.
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Vacuum sampling

A Vortis suction sampler (manufactured by Burkard, UK) was used to collect twice-yearly
samples, in June and September, to coincide with both early and late emergences of adult
invertebrates, and to account for the relationship betw een the phenological development of
sw ard and the invertebrate communities. For each sample 75 suctions over separate areas
of the sward were made, each for 10 seconds duration. Samples for a particular date and
plot were then amalgamated and returned to the lab for subsequent sorting and
identification. The 75 suction samples w ithin an individual plot w ere taken in an approximate
evenly spaced grid of 5 x 15 sampling points covering the length of the plot. Vortis sample
area (nine sucks) was 0.174 n?. All invertebrates were retained and stored in 70 %
industiral methylated spirits (IMS) Beetles (Carabidae, Curculionidae, Apionidae,
Chrysomelidae and Coccinellidae), True Bugs (Heteroptera) and Panthoppers
(Auchenorrhyncha: Cercopidae, Cicadellidae, Cixidae, Delphacidae) were identified to
species level. Spider total abundance w as counted. All results presented are based on total
abundances and species richnesses as recorded for each sample year. These have been
presented in their raw values and have not been adjusted for the sample area w hichwas the
same for each experimental plot.

Sw eep netting

To assess the occurrence and biomass of key bird food taxa, two 10 mtransects comprising
20 sw eeps were made on each side of the plot (Figure 6.4). Sw eep net samples w ere made
twice a year coinciding with the Vortis samples in June and September. Butterfly / Moth
(Lepidoptera) and Sawfly (Symphyta) larvae w ere immediately separated and stored in air
tight containers in a cool place before being and counted and weighed to give a measure of
wet larval biomass. Larvaew ere weighed w ith an Acculab portable field balance readable to
+ 0.01g.The Orthopteraw ere identified in situ or retained in 70% alcohol. Total abundance of
the St Mark's Flies (Bibionidae) and Craneflies (Tipulidae) within sw eep net samples w ere
also counted. Nets w ere standard sweep net (Watkins and Doncaster) and w ere identical to
those used for sampling in the the crop, as reported in other chapters.

Pitfall trapping

5 pitfalls were placed evenly along the centre of the plot (Figure 6.4) and left open for 5
days. Pitfall traps comprise 60 mm diameter tubs and lids (A W Gregory & Co Ltd) and were
filled w ith 100 ml 50 % ethylene glycol and unscented detergent mix. All pitfall trap samples
were made in May for a period of 2weeks. From these samples the total abundance and
species richness of the ground beetles (Carabidae) were calculated. Pitfall traps do not
provide a true measure of ground active invertebrate density, but are highly dependent on
the relationship betw een the activity and abundance of individual species. The pitfall traps
do, how ever, have the advantage that they trap continuously over an extended period of
time. Data derived from the pitfall traps w as therefore intended to provide an indication of the
overall availability of a key food resource for birds.

Pan traps

Pan traps were used to assess the abundance of agriculturally important slugs. To do this
five pan traps w ere placed evenly along the centre of the plot (Figure 6.4) and collected after
2 days. Traps were 150 mm inverted flow erpot saucers baited with bran. Total abundance

of slugs w as then recorded. Pan traps were placed out in September of 2002, 2003 and
2006 only.
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Octet method

The Octet method was evaluated as a potential method for sampling earthw orms during
year 1, and calibrated against other methods. This method was dropped in favour of a
combination of other methods, w hich were more effective, rapid and reliable for sampling
below ground invertebrates, including earthw orms.

Below ground invertebrates

Five soil cores measuring 25 cn and 10 cm deep w ere taken from each plot in the four
replicated blocks, in April and October 2005. Soil cores w ere located 3 mapart on a transect
running parallel to the hedge, halfw ay betw een the hedge and crop edge. Soil cores w ere
handsorted for 40 minutes and all macrofauna were extracted into 80% alcohol. The
Lumbricidae, Diplopoda, Chilopoda, and Isopoda w ere identified to species and assigned to
feeding groups as follows: adult and juvenile earthw orms were identified as either litter-
feeders (epigeics and anecics) or soil-feeders (endogeics) and w oodlice and millipedes w ere
categorised as litter-feeding detritivores.

Statistical Approach

Above Ground Invertebrates

The analysis of abundance and species richness used a temporal split-plot ANOVA
approach to account for the repeated measurements taken w ithin the same plots in 2003,
2004 and 2006. The establishment year 2002 was ignored in all these analyses as
management w as not implemented w ithin the margins until 2003. Analyses w ere carried out
using SAS Version 9.1 (SAS, 2002). For each site a single average value of invertebrate
abundance and species richness was calculated for each of the nine treatment levels of the
3 x 3 factorial design. This was calculated by taking an average value across all five
replicate blocks for a particular treatment, treating each site separately. For this reason
replicate block was not included in the repeated measures ANOVA model. The w hole-plot
explanatory variables of the split-plot ANOVA model were: site (3 levels), seed mix (3
levels), management (3 levels), and seed-mix*management. These w hole plot factors w ere
tested against the error term of site*seed-mix*management. The temporal split-plot
explanatory variables were: year (3 levels), year*seed-mix, year*management and
year*seed-mix*management. All abundance and species richness data were log, n+1
transformed to normalise the data. Post hoc Tukey’s tests where performed with an
appropriate error terms for the w hole plot factors.

The beetles were used as a model system with which to investigate assemblage level
responses to seed mix, management and the continuous measures of between plot variation
in plant community structure and sward architecture. Changes in the structure of the beetle
assemblages w ere assessed using the linear ordination method redundancy analysis (RDA).
This was chosen on the basis of the short gradient lengths determined from preliminary
detrended correspondence analysis (DCA). Only beetles represented by more than one
individual w ere included in these analyses. In all cases, abundances of individual species
were summed w ithin a particular year and log,, transformed. Follow ing ter Braak & Smilauer
(2003), the temporal change in beetle assemblage structure was tested based on
interactions of environmental variables with year. Sample year (2003, 2004 and 2006) and
replicate block w ere also included as covariables within each individual RDA analysis, w ith
the latter of these being used as a blocking factor. Separate analyses w ere performed for
individual sites, a factor necessitated by large, betw een-site variation in species composition
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caused principally by site, soil type and geographical location. Repeated measurements
taken each year of the study w ere treated as a temporal split-plot within the analysis, and
samples w ere permuted freely betw een whole plots only. In all cases significance w as tested
for each interaction using Monte Carlo permutation tests of both canonical axes under a
reduced model (1000 permutations). The RDA analysis w as divided into tw o sections, the
firstfocusing on the effects of the treatments, seed mix and management, by considering in
separate analysis: 1) overall effect of seed mix; 2) overall effect of management; 3) overall
effect of seed-mix x management interactions; 4) individual effects of seed-mix x
management interactions. The treatments effects were coded individually by nominal
environmental variables, and w ere tested individually. The second part of the RDA analysis
considered the effect of continuous environmental measures of between margin plot
variation in plant community structure and sward architecture. These were: 1) Overall
Shannon diversity measure of sward architecture (Architecture H,,); 2) Shannon iversity
measure of tussock grass architecture (Architecture H yssqck); 3) Shannon diversity measure
of legume architecture (Architecture H.,me); 4) Percentage area of bare ground (%Bare); 5)
Shannon diversity of grasses (Grass H); 6) Shannon diversity of forbs (Forb H); 7) Shannon
diversity of legumes (Legume H’); 8) Shannon diversity of thistles (Thistle H). A final overall
analysis including all significant treatment and continuous environmental parameter
interactions with year was performed to assess the overall level of explained variation in the
model. The analysis was carried out in CANOCO 4.53 (ter Braak & Smilauer, 1997). The
establishment year (2002) data have been included as a supplementary data for the purpose
of the biplots only. Such data from 2002 have no direct effect on the RDA analysis, but they
have been included to provide a reference point for beetle assemblage structure in response
to seed mix in this establishment year.

Below ground invertebrates

To identify the effects of the seed mix and management on soil macrofaunal biodiversity,
overall abundance and species densities of the Lumbricidae, Isopoda, Chilopoda, and
Diplopoda w ere assessed with general linear mixed models using SAS Version 9.1 (SAS,
2002). The treatments (seed mix and management) were included as fixed factors and
replicate block as random effect. Abundances were log,, (n+1) fransformed, and deletion of
non-significant parameters performed to achieve model simplification. When a significant
effect of the treatment w as found, pairw ise comparisons of least square mean values w ere
performed using SAS. Repeated measures analyses with general linear mixed models w ere
carried out to identify the effect of the treatments, and any interactions with season, on the
responses of individual feeding group abundances and species densities.

Differences in soil invertebrate assemblages betw een the treatments w ere assessed using
direct ordination methods in CANOCO 4.53 (ter Braak & Smilauer, 1997). Abundances of
each species were combined from the two seasons and log-transformed, and species
represented by a single individual w ere excluded from the analyses. Soil cores taken from
the crop were included as supplementary samples to allow a comparison betw een species
assemblages in the margins and crop. To identify the main effects of seed mix and
management on species assemblages, tw o pRDAs w ere carried out on the species data; the
first with the three seed mixes as environmental variables and the managements and
replicate blocks as covariables; and the second with the three managements as
environmental variables and the seed mix and replicate blocks as covariables.
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Sampling Times

Sampling times selected w ere based on the availability of invertebrates as potential
food sources for birds and also reflected the key periods of abundance for each

group (Table 6.6.).

Table 6.6. Rationale for selecting sample times for each method.

Method  Timing

Rationale

Vacuum  July

Sept
Sw eep June
Sept
Pitfall May

Pan traps Sept

Encompasses nesting period of skylark and
collects widest range of groups fed to nestlings.

Key period of insect abundance.

Primarily collects larvae, w hich are most abundant
during this period.

Key period of insect abundance.

Estimates activity/density of ground active
invertebrates, w hich are abundant at these times

Collects mollusca, w hich are common during
these periods

Taxonomic approach

Groups w ere identified to the appropriate taxonomic level for the project’s objectives

(Table 6.8).
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Table 6.7.

Five-year timetable for invertebrate sampling in the margin, show ing temporal matches w ith vegetation sampling

Method

2002

2003

2004

2005

2006

M

J

n

M

Vacuum

Sw eep

N
]

a
]

Pitfall

Jn

N
]

Jn

J

JI‘S M | Jn

=

J ‘S M

S |M ‘Jn\JI S

Pan trap

Soil

Plants

Management treatments: herbicide application, cutting and soil scarification in early spring (prior to all sampling).

287



Table 6.8. Invertebrate groups, sampling method and taxonomic approach

Group

Common name

Sampling method

Taxonomic level

Coleoptera:
Chrysomelidae
Curculionidae
Apionidae
Carabidae

Coccinellidae

He miptera:
Heteroptera

Auchenorrhyncha

Araneae

Diptera

Orthoptera

Symphyta larvae

Lepidoptera larvae

Mollusca

Lumbricidae

Diplopoda

Chilopoda

Isopoda

Beetles
Leaf beetles
Weevils
Weevils
Ground beetles
Ladybirds
Bugs
True bugs
Planthoppers
Spiders
Flies
Grasshoppers
Sawflies
Butterflies & Moths
Slugs and snails
Earthw orms
Millipedes
Centipedes

Woodlice

Vacuum + pitfall

Vacuum

Vacuum

Sw eep

Sw eep

Sw eep

Sw eep

Pan traps

Soil sampling (hand

sorting, Winkler bags and
Tullgren funnels) and

Octet method

Species
Species
Species
Species

Species

Species

Species

Count

Key groups to Family
Species

Biomass and count
Biomass and count
Biomass and count

Species, biomass and count
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6.2.5.4 Bumblebees and Butterflies

Timing and frequency of visits

Monitoring was done in years 1-5 of the experiment. Bumblebees and butterflies
were monitored approximately once every two to three weeks between April and
September each year. The frequency of visits was highly w eather dependant.

Sampling method

Standard transect w alks w ere carried out to measure the abundance and diversity of
bumblebees and butterflies on each treatment plot follow ing the methods described
by Banaszak (1980); Teras (1983); Pollard et al. (1975); Pollard & Yates (1993). A
permanent transect route running along the centre line of treatment each plot (25 m)
was marked and walked once on each sampling date to count bumblebees, then
repeated to count butterflies. The direction in which a transect was walked, and
whether bumblebees or butterflies w ere recorded first, was alternated for each visit.

Walks w ere carried out betw een 10.00 and 17.00 h BST, w hen weather conformed to
Butterfly Monitoring Scheme (BMS) standards (Pollard & Yates 1993). The
temperature was above 13°C with at least 60% clear sky, or 17°C in any sky
conditions, it was not raining, and there was not a wind speed in excess of 5 on the
Beaufort scale. Air temperature, percentage cloud cover and wind speed (using the
Beaufort scale) were recorded at the end of each transectwalk.

Bumblebee sampling

The margin w as walked at a steady pace of around 15 —20 m per minute, recording
bumblebees within 2.5 m to either side of the transect. All foraging bumblebees of
each species and cuckoo bumblebees (now subgenus Psithyrus, brood parasites of
the social Bombus species) were recorded. B. terrestris/lucorum were recorded
together as workers of these species cannot be reliably distinguished in the field
(Prys-Jones & Corbet 1991). The different castes (queen, worker, male) were
recorded separately for Bombus lapidarius only, as sex separation of other species in
the field can be unreliable. The plant species on w hich each bumblebee w as first
seen foraging w as also recorded.

Butterfly sampling

All individual butterflies occurring (either in flight or on a flow er) within 2.5 metres to
either side of the transect were recorded, as for the standard BMS methodology
(Pollard & Yates, 1993).

Flow er abundance counts

Follow ing each transect walk the diversity and abundance of flow ering forbs in each
plot w as recorded to give a measure of the forage resource availability. All flow ering
forbs w ere identified in the field (164 species, nomenclature follows Stace 1997) and
the approximate abundance of single flowers and multi-flow ered stems (racemes,
corymbs, e.g. Trifolium repens; capitulums, e.g. Centaurea nigra; umbels, e.g.
Daucus carota) were scored using a simple floristic index (Carvell et al., 2004; Pyw ell
et al., 2005):
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1. approx. 1 — 25 flow ers per 125 n?’
2. 26 - 100 flow ers per 125 n??

3. 101 - 200 flow ers per 125 n?

4. 201 - 500 flow ers per 125 n?

5. >500 flow ers per 125 nv.

For each species the median of the flow er abundance range class was calculated
and summed over all visits in a year.

Statistical analysis

All counts of individual bumblebee and butterfly species were summed for each
treatment plot in each year. The summary groupings of total abundance and species
richness were also calculated. In addition, the functional groups of short-tongued (B.
terrestrislucorum, B. pratorum and B. lapidarius) and long-tongued bumblebee
species (B. pascuorum, B. hortorum and B. ruderatus) w ere calculated (Prys-Jones &
Corbet 1991). Similarly, the functional classification of ‘mobile’ or ‘immobile’ was
applied to each butterfly species according to Warren (1992). The flow er abundance
scores from each visit were summed, and the total abundance and richness of all
forb flow ers, annuals and perennials, and sow n and unsown species was calculated.

Logarithmic transformation of all count data w as undertaken prior to analysis to meet
assumptions of normality of residuals. An oversites analysis of variance (ANOVA)
with site and treatment in the model was used to investigate the effects of seed
mixture and management on the abundance and richness of bumblebees, butterflies
and flow er resources in individual years. An identical ANOVA model with repeated
measures using Greenhouse-Geisser corrections (Maxw ell and Delaney, 2003) w as
used to investigate treatment effects over the four years. Pairw ise comparisons of the
seed mix and management treatments w ere made using Tukeys tests. All analyses
were undertaken using GenStat® Release 7.0 (2003).

6.2.5.5 Birds

Bird data w ere gathered over the period 2002 to 2006 inclusive. In 2002 and 2003,
bird data were collected from all three sites, at Boxw orth, Gleadthorpe and High
Mow thorpe, with each site being visited from five to eight times, from April and July.
Initially, this entailed bird surveys, nest finding and nest forage watches. In 2004,
2005 and 2006, Gleadthorpe was no longer visited, as bird counts on margins w ere
too heavily influenced by adjacent w oodland. Bird survey work, w hich had not initially
been scheduled for years 2004 to 2006, was therefore able to continue on the
remaining tw o sites.

Bird surveys

Birds w ere recorded along approximate 30 min survey transects that ran through the
adjacent crop, parallel to each margin replicate. These data provided counts that
could be used to assess relative differences in bird densities between margin
treatments, and assess relative temporal changes in the use of margins by birds.
Thus, all birds seen or heard were recorded onto site maps using a consistent,
standard notation as for a Common Birds Census (Marchant et al., 1990). Birds w ere
accurately recorded as being on the margin plots, on the immediately adjacent
boundary or at distances of 5 m, 25 mor 50 m either side of the margin or boundary,
into the adjacent fields, regardless of crop type. All counts were completed before
1030 h BST. No counts were carried out in persistent heavy rain or wind speeds
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above Beaufort force 4 (i.e., “Moderate Breeze: Raises dust and loose paper; s mall
branches are moved”).

Vegetation surveys

Although some vegetation data w as initially collected by bird surveyors in 2002 and
2003, only the data collected by CAER (see this report 6.3.2) were used in
conjunction w ith the bird data for a combined analysis. This w as because the CAER
dataw ere collected consistently across all survey years, from 2002 to 2006.

Nest data

Nest finding w as carried out on an ad hoc basis, focusing mainly on three species,
whitethroat (Sylvia communis), blackbird (Turdus merula) and yellow hammer
(Emberiza citrinella), but including other buntings (Emberiza species). The purpose
was to determine whether provisioning activities of parent birds (and perhaps
reproductive output) was influenced by foraging destination, especially margin
treatment effects (data from 2003 only). The success of this exercise was largely
dependent on the proportion of time that parent birds spent using SAFFIE margins,
relative to nearby habitats or crops (data from 2002 and 2003) to procure food. The
species above were chosen for being relatively common (for sample size), and to
represent insectivorous and seed-eating functional groups; or groups including the
government-monitored Farmland Bird Index or species of high conservation concern
that are subject to Biodiversity Action Plans (Table 6.9). They are also known to use
margins to nest in and/or find food. A target was set for a minimum of 10 nests for
yellow hammer and five each for blackbird and w hitethroat in each year, located in
treatment margins, adjacent boundaries or nearby scrub/hedgerow habitats. At some
nests faecal samples w ere collected from chicks in case a large enough sample w as
generated for a diet analysis. Nestling biometrics w ere taken as body mass (g) and
tarsus length (mm) to examine relationships between body development, adult
source of provisioning and margin treatments.

For nest forage w atches, each nest location was observed for 1.5 h per w atch with
repeated visits (at least tw 0) after chicks reached four days old. The follow ing data
was gathered for provisioning adults where it could be determined: (1) foraging
destination to nearby field, crops or margin treatments (the latter, 2003 only), (2)
forage distance and (3) provisioning rate by both adults combined.

Statistical analysis

The bird survey data (where the unit of measure was a count per bird species or per
bird functional group for combined species, per margin treatment/plot) w ere analysed
using General Linear Models with Poisson error terms. Scale adjustments for over
dispersion used “VPearson chi-square value/degrees of freedom’. Model factors
included temporal variables (‘year’ and repeated measures for visit date), spatial and
habitat variables (‘farmsite’, ‘margin seed-mix’, ‘margin management’ and vegetation
data) and invertebrate daa. Vegetation data was a summary at the margin
treatment/plot level for variables such as, vegetation height, cover, variance in height.
Invertebrate data was a summary data set at the margin treatment/plot level for the
relative abundance of taxa (Coleoptera, Heteroptera, Auchenorrhyncha and
Arachnidae, and a sub-group ‘diurnal carabids’ (Carabidae) see 6.3.3 this report).
Margin plot areas and adjacent hedge conditions w ere freated as constants. Type-Il|
probabilites were calculated for explanatory variables and selected interactions
betw een them. For nest watches, only low sample sizes were generated and no
statistical tests w ere carried out on these data for the treatment year 2003.

291



Table 6.9. Bird species and species groups that contributed to the analysis of

margin treatments.

Analytical species groups

Species Insecti- Grani- Wood-
vores vores land FBI* BAP?

Kestrel Falco tinnunculus *
Grey partiidge Perdix perdix * *
Lapwing Vanellus vanellus * *
Woodpigeon Columba palumbus *
Stock dove Columba oenas *
Turtie dove Steptopelia turtur * *
Green woodpecker  Picus viridus *
Skylark Alauda arvensis * * *
Pied wagtail Motadilla alba *
Yellow wagtail Motadilla flava * * *
Dunnock Prunella modularis *
Wren Trogolodytes * *

trogolodytes
Robin Erithacus rubecula *
Blackbird Turdus merula *
Song thrush Turdus philomelos * *
Lesser whitethroat ~ Sylvia curruca *
Whitethroat Sylvia communis * *
Jackdaw Corvus monedula *
Rook Corvus frugilegus
Starling Sturna vulgaris *
House sparrow Passerdomesticus *
Tree sparrow Passer montanus * * *
Bullfinch Pyrrhula pyrrhula * * *
Goldfinch Caruelis carduelis * *
Greenfinch Carduelis chloris * *
Linnet Carduelis cannabina * * *
Chaffinch Fringilla coelebs *
Reed bunting Emberiza schoeniclus * * *
Yellowhammer Emberiza citrinella * * *

*FBI = Species on the national Farmland Bird Index;

national Biodiversity Action Plans.
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6.3 RESULTS
6.3.1 Weeds and agronomy

Regular observations were made of the crop adjacent to the margin edge. At High
Mow thorpe increased slug activity was seen in crops adjacent to the crop margin in
2004/05 and 2005/06. Damage w as limited to small areas of approximately 5 m x
2 m, but w as not consistent w ith any seed mixture or margin management treatment.

Rats w ere active in the tussock grass mixture margins at High Mow thorpe in 2005/06
but there w as not evidence that this w as linked to treatment.

Crop damage from Fusilade was noted at High Mowthorpe in 2005/06 and at
Boxw orth in 2003/04 up to 2 minto the crop adjacent to the margin. This w as linked
towind speed and direction on the day of spraying.

The crop adjacent to the margin was monitored regularly for significant ingress of
margin species into the crop. Creeping Thistle (Cirsium arvense) did move into the
crop at Boxw orth during the grow ing season but was controlled by routine cultivations
during the autumn and there was some effect of crop herbicides. No specific
herbicide applications w ere made to the crop for its control.

The formal weed assessment done in June or July indicated that at all three sites,
weed species found at 0.5 m and 6 mfrom the margin edge w ere typical for the farm
location and soil type. Generally there w ere no differences betw een treatments and
sow n margin species had not spread into the field (Table 6.10 toTable 6.20).

At Gleadthorpe in 2003 there w ere significantly (p<0.05) more w eeds adjacent to the
fine and tussock grass mixes at 0.5 m and fine grass at 6 m than adjacent to the CS
mix, but this result w as not seen at other sites and in other years (Table 6.13).

At High Mow thorpe in 2004 Anchusa arvensis populations w ere significantly (p<0.05)
higher adjacent to the tussock mix than the other tw o mixes. This species had not
been sow n in the margin.
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Table 6.10.  Within crop weed counts (weeds per n?) at 0.5 m from the margin
edge, Boxw orth 2003. There w ere less than 5 weeds per n? at the 6

mdistance.

Margin type Man agement Poa annua Total weed number
CS Mix Cut 2 22

CS Mix Scar 1 6

CS Mix Gram 5 15

TG mix Cut 1 7

TG mix Scar 0 3

TG mix Gram 4 12

FG mix Cut 4 18

FG mix Scar 3 9

FG mix Gram 4 22
S.E.D. (32 df) 2.60™ 8.23"™

294



Table 6.11.  Within crop weed counts at 0.5m and 6m from margin edge,
Boxw orth2005.

0.5 mfrom margin

Margin type  Management Atriplex Cirsium spp Total weed
patula numb er
CS Mix Cut 6 3 22
CS Mix Scar 3 3 8
CS Mix Gram 11 3 22
TG mix Cut 4 1 12
TG mix Scar 6 1 14
TG mix Gram 2 0 6
FG mix Cut 4 2 15
FG mix Scar 0 2 10
FG mix Gram 0 1 6
S.E.D. (32 df) 5.18"™ 0.64™ 7.60™

6 mfrom margin

Margin type Management Atriplex Cirsium Total weed number
patula spp.

CS Mix Cut 13 0 17

CS Mix Scar 2 1 4

CS Mix Gram 4 1 7

TG mix Cut 0 0 0

TG mix Scar 0 0 0

TG mix Gram 1 2 4

FG mix Cut 0 1 1

FG mix Scar 0 1 4

FG mix Gram 0 0 1
S.E.D. (32 df) 4.39"™ 0.16™ 5.75™
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Table 6.12. Within crop weed counts at 0.5 m and 6 m from margin edge,
Boxw orth 2006.

0.5 mfrom margin

Margin type  Management Anisantha Cirsium Total weed
sterilis spp. numb er
CS Mix Cut 34 14 22
CS Mix Scar 0 7 8
CS Mix Gram 8 8 22
TG mix Cut 78 1 12
TG mix Scar 52 6 14
TG mix Gram 19 6 6
FG mix Cut 72 2 15
FG mix Scar 12 4 10
FG mix Gram 13 2 6
S.E.D. (32 df) 28.85™ 4.29™ 7.60™

6 mfrom margin

Margin type  Management Atriplex Cirsium Total weed number
patula spp.

CS Mix Cut 13 0 17

CS Mix Scar 2 1 4

CS Mix Gram 4 1 7

TG mix Cut 0 0 0

TG mix Scar 0 0 0

TG mix Gram 1 2 4

FG mix Cut 0 1 1

FG mix Scar 0 1 4

FG mix Gram 0 0 1
S.E.D. (32 df) 4.39™ 0.16"™ 5.75™

296



Table 6.13.  Within crop weed counts at 0.5 m and 6 m from margin edge,
Gleadthorpe 2003.

0.5 mfrom margin

Margin type Management Poa Chenopo-  Capsella Urtica Total weed
annua dium album bursa spp. numb er
pastoris

CS Mix Cut 20 14 5 1 8

CS Mix Scar 22 7 4 10 7

CS Mix Gram 34 5 10 5 6

TG mix Cut 16 9 7 4 18

TG mix Scar 21 5 12 6 15

TG mix Gram 26 11 5 9 12

FG mix Cut 13 6 4 3 17

FG mix Scar 30 3 3 1 14

FG mix Gram 19 5 5 7 19
S.E.D. (32 df) 1020  3.89™ 5.70™ 434"  3.01***

6 mfrom margin

Margin type Management Triplospermu Poa Capsella bursa Total weed
m inodorum annua pastoris numb er

CS Mix Cut 1 27 3 8

CS Mix Scar 2 23 6 7

CS Mix Gram 2 30 5 4

TG mix Cut 4 30 7 8

TG mix Scar 2 27 5 8

TG mix Gram 8 31 7 14

FG mix Cut 13 19 4 23

FG mix Scar 10 18 3 11

FG mix Gram 3 20 9 13

S.E.D. (32 df) 5.83™ 10.33™ 3.51™ 2.72**
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Table 6.14.  Within crop weed counts at 0.5 m and 6 m from margin edge,
Gleadthorpe 2004.

0.5 mfrom margin

Margin type Management Poa annua Total weed

numb er
CS Mix Cut 40 53
CS Mix Scar 28 42
CS Mix Gram 27 33
TG mix Cut 37 52
TG mix Scar 43 58
TG mix Gram 38 48
FG mix Cut 31 39
FG mix Scar 20 30
FG mix Gram 38 54
S.E.D. (32 df) 9.33™ 10.56™

6 mfrom margin

Margin type Management Poa annua Total weed number

CS Mix Cut 21 23
CS Mix Scar 21 26
CS Mix Gram 20 23
TG mix Cut 19 24
TG mix Scar 30 33
TG mix Gram 27 42
FG mix Cut 16 18
FG mix Scar 30 32
FG mix Gram 21 27
S.E.D. (32 df) 8.02™ 9.55™
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Table 6.15.  Within crop weed counts at 0.5 m and 6 m from margin edge,
Gleadthorpe 2005.

0.5 mfrom margin

Margin type Management Poa annua Cirsium Total weed number
arvensis

CS Mix Cut 5 0 3

CS Mix Scar 8 0 3

CS Mix Gram 11 0 4

TG mix Cut 15 0 2

TG mix Scar 13 1 5

TG mix Gram 6 1 6

FG mix Cut 9 0 1

FG mix Scar 11 1 5

FG mix Gram 4 1 7
S.E.D. (32 df) 1.45™ 0.90"™ 2.04™

6 mfrom margin

Margin type Management Poa annua Total weed number

CS Mix Cut 0 0

CS Mix Scar 0 0

CS Mix Gram 0 0

TG mix Cut 0 0

TG mix Scar 0 1

TG mix Gram 0 0

FG mix Cut 0

FG mix Scar 0 1

FG mix Gram 0

S.E.D. (32 df) 0.29"™ 0.40™
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Table 6.16.  Within crop weed counts at 0.5 m and 6 m from margin edge,
Gleadthorpe 2006.

0.5 mfrom margin

Margin type Management Fallopia Capsella bursa Total weed number
convolvulus pastoris

CS Mix Cut 5 5 38

CS Mix Scar 3 6 54

CS Mix Gram 10 7 47

TG mix Cut 15 9 56

TG mix Scar 3 12 46

TG mix Gram 10 4 41

FG mix Cut 4 3 31

FG mix Scar 3 9 49

FG mix Gram 6 5 41
S.E.D. (32 df) 6.55™ 4.74™ 12.31™

6 mfrom margin

Margin type Management Poa annua Capsella bursa Total weed number

pastoris
CS Mix Cut 4 3 18
CS Mix Scar 8 9 27
CS Mix Gram 6 14 24
TG mix Cut 7 10 27
TG mix Scar 11 8 24
TG mix Gram 12 10 32
FG mix Cut 5 2 18
FG mix Scar 2 11 18
FG mix Gram 11 6 19
S.E.D. (32 df) 4.02™ 5.10™ 104™

300



Table 6.17.  Within crop weed counts at 0.5 m and 6 m from margin edge, High
Mow thorpe 2003.

0.5 mfrom margin

Margin type Management Poa Annua Vol. potatoes Total weed number

CS Mix Cut 5 1 12
CS Mix Scar 4 3 14
CS Mix Gram 3 5 15
TG mix Cut 4 6 16
TG mix Scar 4 6 16
TG mix Gram 4 3 8
FG mix Cut 3 2 10
FG mix Scar 3 1 14
FG mix Gram 6 6 22
S.E.D. (32 df) 2.67™ 3.31™ 2.94™

6 mfrom margin

Margin type Management Vol. potatoes Total weed number

CS Mix Cut 6 8
CS Mix Scar 3 4
CS Mix Gram 2 7
TG mix Cut 7 10
TG mix Scar 6 10
TG mix Gram 5 8
FG mix Cut 10 14
FG mix Scar 4 7
FG mix Gram 4 7
S.E.D. (32 df) 3.68™ 4.04™
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Table 6.18.  Within crop weed counts at 0.5 m and 6 m from margin edge, High
Mow thorpe 2004.

0.5 mfrom margin

Margin type Management Anchusa Dactylis Poa Vol. Total weed
arvensis glomerata annua Cereal numb er

CS Mix Cut 0 13 18 26 10
CS Mix Scar 0 8 13 40 12
CS Mix Gram 0 10 10 11 6
TG mix Cut 12 14 8 22 10
TG mix Scar 23 9 8 26 11
TG mix Gram 15 8 4 4 5
FG mix Cut 0 1 3 7 4
FG mix Scar 0 1 11 12 6
FG mix Gram 0 1 7 6 6
S.E.D. (32 df) 6.86** 5.50™ 5.19™ 1507™ 3.22™

6 mfrom margin

Margin type Management Vol. Cereals Total weed number

CS Mix Cut 30 6
CS Mix Scar 30 6
CS Mix Gram 0 0
TG mix Cut 1 1
TG mix Scar 0 0
TG mix Gram 43 9
FG mix Cut 0 0
FG mix Scar 1 1
FG mix Gram 3 1
S.E.D. (32 df) 24 15™ 4.78™
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Table 6.19.  Within crop weed counts at 0.5 m and 6 m from margin edge, High
Mow thorpe 2005.

0.5 mfrom margin

Margin type Management Dactylis Anistantha Phleum Total weed
glomeratus sterilis pratense number
CS Mix Cut 2 0 0 36
CS Mix Scar 3 12 0 21
CS Mix Gram 6 0 0 29
TG mix Cut 24 20 5 55
TG mix Scar 33 4 34 82
TG mix Gram 5 0 0 33
FG mix Cut 0 99 0 201
FG mix Scar 3 0 0 151
FG mix Gram 0 0 0 176
S.E.D. (32 df) 1652™ 457" 1591™ 102.1™

6 mfrom margin

Margin type Management Vol. potato Avena sp. Total weed number

CS Mix Cut 3 0 3
CS Mix Scar 1 0 1
CS Mix Gram 4 0 4
TG mix Cut 3 5
TG mix Scar 2 1 4
TG mix Gram 2 0 2
FG mix Cut 1 0 1
FG mix Scar 1 3 4
FG mix Gram 0 0
S.E.D. (32 df) 1.80™ 1.58™ 2.45™
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Table 6.20.  Within crop weed counts at 0.5 m and 6 m from margin edge,
HighMow thorpe 2006.

0.5 mfrom margin

Margin type Manage- Poa annua Poa trivialis Veronica sp. Total weed number
ment

CS Mix Cut 3 2 0 11

CS Mix Scar 3 7 1 11

CS Mix Gram 8 0 1 19

TG mix Cut 8 1 0 18

TG mix Scar 16 0 2 32

TG mix Gram 6 0 2 25

FG mix Cut 4 0 0 8

FG mix Scar 1 1 1 8

FG mix Gram 3 0 1 12
S.E.D. (32 df) 4.32"™ 3.13™ 1.06™ 10.60™

6 mfrom margin

Margin type Management Poa annua Total weed number

CS Mix Cut 0 0

CS Mix Scar 1 1

CS Mix Gram

TG mix Cut 0

TG mix Scar 1 2

TG mix Gram 0

FG mix Cut 1 2

FG mix Scar 0 0

FG mix Gram 0 0
S.E.D. (32 df) 0.79™ 1.15™
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Figure 6.5. Total weed numbers (/m?) within the crop at 0.5 mand 6 m from the
margin edge, Gleadthorpe 2003 (+ SE).
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305



6.3.2 Vegetation

6.3.2.1 Species number (total, sown & unsown)

Establishment Year June 2002

Overall responses

Seed mix type had a significant influence on values of total species number (F, 1477 =
111.1, P < 0.001) and on the number of sown (F, 4179 = 159.1, P < 0.001) and
unsow n species (F,, 1154 = 8.1, P < 0.01). Pairwise comparisons (P < 0.05) revealed
that the CS mix was asscociated with the least number of sow n species, w hich was
also reflected by values of total species number (Figure 6.7). The TG mix was
associated w ith the greatest total number of species, owing to the greater number of
sow n species recorded. However, the TG mix was also associated with the least

number of unsown species, while no difference w as found betw een the CS and FG
mixes.
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Figure 6.7.  Total species number (species/0.25n7) (+ SE) depending on seed mix
(CS = Countryside Stew ardship, TG = Tussock grass and forb mix; FG
= Fine grass and forb mix). Treatments with the same letter within
each category do not differ significantly (P > 0.05).

Individual site responses
Boxw orth

All categories (total, sown and unsown) of species number were found to be
significantly influenced by seed mix type. The responses of total species number
(Fo42=21.0, P <0.001) and the number of sown species (F,4, = 31.0, P < 0.001)
were similar, with greater values in association with the TG and FG seed mixes
compared with the CS mix (Figure 6.8). The significant effect on the number of
unsow n species (F,4, = 3.8, P < 0.05) resulted from a greater number in association
with the FG mix compared w ith plots sown with the TG mix (Pairw ise comparison, P
<0.05).
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Specles Number (Ln N + 1)

Figure 6.8.
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Total species number (species/0.25n7) (+ SE) at Boxw orth depending
on seed mix (CS = Countryside Stew ardship, TG = Tussock grass and
forb mix; FG = Fine grass and forb mix). Treatments with the same
letter w ithin each category do not differ significantly (P > 0.05).

There w as a significant response of total species number and the number of sown
species to seed mix (F,4, =7.1, P <0.01and F,4, = 6.8, P <0.001, respectively). In
both cases, values w ere significantly greater in association with the TG and FG seed
mixes compared w ith the CS mix (Figure 6.9). No significant effect of seed mix w as
found for the number of unsow n species.

Specles Number (Ln N + 1)

Figure 6.9.
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Total species number (species/0.25m?) (+ SE) at Gleadthorpe
depending on seed mix (CS = Countryside Stewardship, TG =
Tussock grass and forb mix; FG = Fine grass and forb mix).
Treatments with the same letter within each category do not differ
significantly (P > 0.05), ns = not significant.
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High Mow thorpe

The significant responses of total species number and the number of sow n species to
seed mix w ere similar at this site (F,4, = 61.7, P <0.001 and F,4, = 67.9, P <0.001,
respectively). Pairwise comparisons revealed that the TG mix was associated w ith
the greatest values, being significantly greater than with the FG mix, w hich in turn
was associated w ith values greater than with the CS mix (Figure 6.10). The influence
of seed mix on the number of unsown species was not significant.
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Figure 6.10. Total species number (species/0.25m?) (+ SE) at High Mow thorpe
depending on seed mix (CS = Countryside Stewardship, TG =
Tussock grass and forb mix; FG = Fine grass and forb mix).
Treatments with the same letter within each category do not differ
significantly (P > 0.05).

Treatment responses June (2003, 2004 & 2006)

Overall responses

Seed mix had a significant effect on values of total species number (F, 1393= 38.4, P
< 0.001). A greater number w as associated with the TG and FG mixes compared
with the CS mix (Figure 6.11). The interaction betw een seed mix and year was not
significant, neither was the interaction between seed mix and sward treatment.
How ever, a significant interaction between sward treatment and year was found
(F4257.7 = 24.0, P < 0.001). In general, total species number decreased with time in
association with cutting and graminicide, but increased/decreased w ith scarification
(Figure 6.12).
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Values of total species number (species/0.25n?) (+ SE) across all
sites depending on seed mix (CS = Countryside Stew ardship, TG =
Tussock grass and forb mix; FG = Fine grass and forb mix). Seed
mixes w ith the same letter do not differ significantly (P > 0.05).
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Values of total species number (species/0.25n?) (+ SE) across all
sites according to sward freatment (Cut = spring cut, Scar = spring
scarification, Gram = spring application of graminicide) and year.

For the number of sow n species, significant interactions between seed mix and year
(F4.1907 = 10.9, P <0.001) and sward treatment and year (F; 1997 = 4.7, P < 0.001)
were determined. Sow n species number decreased with time in association with the
CS mix, but was relatively stable during 2003 and 2004 in plots sown with the TG
and FG mixes (Figure 6.13). How ever, by 2006, numbers decreased. The response
of sown species number to all sw ard treatments w as also associated w ith a reduction
with time (Figure 6.14). The interactions betw een seed mix and sward treatment and
seed mix, sw ard treatment and year w ere not significant.
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Figure 6.13. Values of sown species number (species/0.25n¥) (+ SE) across all
sites according to seed mix (CS = Countryside Stew ardship, TG =
Tussock grass and forb mix; FG = Fine grass and forb mix) and year.
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Figure 6.14. Values of sown species number (species/0.25n7) (+ SE) across all
sites according to sward freatment (Cut = spring cut, Scar = spring
scarification, Gram = spring application of graminicide) and year.

Seed mix and sw ard treatment w ere both found to interact significantly w ith year w ith
respect to the number of unsow n species (F42421=5.0, P < 0.01 and Fy,451=25.5, P
< 0.001, respectively). In general, numbers decreased with time irrespective of seed
mix, but to a greater extent in plots sown with the CS mix (Figure 6.15). The
interaction betw een sward treatment and year was mainly influenced by values in
2004, w hich was associated with a marked decrease in association w ith cutting and
graminicide, but an increase w ith scarification (Figure 6.16).
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Figure 6.15. Values of unsown species number (species/0.25n7) (+ SE) across all
sites according to seed mix (CS = Countryside Stewardship, TG =
Tussock grass and forb mix; FG = Fine grass and forb mix) and year.
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Figure 6.16. Values of unsown species number (species/0.25n7) (+ SE) across all
sites according to sward treatment (Cut = spring cut, Scar = spring
scarffication, Gram = spring application of graminicide) and year.

Individual site responses
Boxw orth

Seed mix type had a significant effect on values of total species number (F, 35, = 7.3,
P < 0.01) (Figure 6.17) and a greater number w as associated with the TG and FG
mixes compared w ith the CS mix (P < 0.05). No difference was found betw een the
TG and FG mixes. The interaction betw een seed mix and year w as not significant. In
contrast, sward treatment w as found to interact significantly with year (F; 45, = 8.8, P
< 0.001) (Figure 6.18), indicating that treatment responses w ere not consistent over
the three year period of observation. Values associated with the treatment of
scarffication explain much of the variation, increasing in 2004, but decreasing by
2006. In association with cutting and graminicide, values w ere generally stable w ith
time. The interactions betw een seed mix and year, seed mix and sward treatment
and seed mix, sw ard treatment and year w ere not significant.
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Values of total species number (species/0.25n7) (+ SE) at Boxw orth
depending on seed mix (CS = Countryside Stewardship, TG =
Tussock grass and forb mix; FG = Fine grass and forb mix). Seed
mixes w ith the same letter do not differ significantly (P > 0.05).
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Values of total species number (species/0.25n7?) (+ SE) at Boxw orth
according to sward treatment (Cut = spring cut, Scar = spring
scarffication, Gram = spring application of graminicide) and year.

The effects of seed mix and sw ard treatment on number of sown species were both
found to interact significantly with year (F; 76, = 35.0, P < 0.001 and F; 76, = 20.1, P
< 0.001, respectively). In 2006 the number of sown species increased in plots sown
with the CS mix, but decreased in association with the TG and FG seed mixes
(Figure 6.19). Furthermore, in 2003 and 2004, the number of sown species was
greater with the TG and FG mixes, but in 2006, values w ere greater in association
with the CS mix. By 2006, the number of sow n species decreased in association w ith
the treatments of spring cutting and graminicide, but remained relatively constant in
plots treated with scarification (Figure 6.20). The interactions betw een seed mix and
sw ard treatment and seed mix, sw ard treatment and year w ere not significant.
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Figure 6.19. Values of sow n species number (species/0.25n7) (+ SE) at Boxw orth
depending on seed mix (CS = Countryside Stewardship, TG =
Tussock grass and forb mix; FG = Fine grass and forb mix) and year.
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Figure 6.20. Values of sow n species number (species/0.25n7) (+ SE) at