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Foreword 
In the announcement of new Sustainable Farming Incentive (SFI) Standards (Defra 2023) 
- including a Standard for Integrated Pest Management (IPM) - Defra made ‘support of 
biodiversity and species abundance’ a key objective. IPM is also an integral part of the EU 
Directive 2009/128/EC (which remains part of UK legislation), promoting the use of 
pesticides only when all other reasonable preventative measures have been taken to 
achieve a sustainable use of pesticides.  IPM is also a key component of the upcoming UK 
National Action Plan for the Sustainable Use of Pesticides. Underpinning all these 
principles is biodiversity.  

As part of Environment Improvement Plan, the government has set targets to halt the 
decline in species abundance by 2030. With 63% of land in England being used for 
agriculture, actions in this area will be key for meeting this target. 

While the primary aim of IPM practices is to reduce the reliance and use of chemical 
pesticides and so will have a benefit of reducing chemical pressures on wildlife, many of 
the IPM practices rely on natural solutions, which could improve biodiversity and species 
abundance.  

In this review, Natural England aims to understand how the potential uptake of IPM 
practices across agricultural areas of England could affect biodiversity and species 
abundance. Recognizing the large variation both in agriculture/IPM practices and species 
abundance itself means that the impacts of IPM on biodiversity is complicated. However, 
the outputs from this review of evidence can be used to assist Natural England in future 
prioritisation of IPM practices and to gain a wider understanding of the impact new 
Environmental Land Management policy might have on species abundance targets and 
biodiversity in England. 

Natural England commission a range of reports from external contractors to provide 
evidence and advice to assist us in delivering our duties. The views in this report are those 
of the authors and do not necessarily represent those of Natural England.  
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Executive summary 
In the announcement of new Sustainable Farming Incentive (SFI) Standards (Defra 2023) 
- including a Standard for integrated pest management (IPM) - Defra made ‘support of 
biodiversity and species abundance’ a key objective. IPM is also an integral part of the EU 
Directive 2009/128/EC (which remains part of UK legislation), promoting the use of 
pesticides only when all other reasonable preventative measures have been taken to 
achieve a sustainable use of pesticides. This requires that eight principles of IPM are 
applied: prevention and suppression; monitoring; decisions based on monitoring and 
thresholds; non-chemical methods; pesticide selection; reduced pesticide use; anti-
resistance strategies; and evaluation (Barzman et al., 2015). Underpinning all these 
principles is biodiversity. In conventional agricultural systems we have lost some of the 
resilience seen in natural biodiverse systems and the basis of natural resilience is 
biodiversity. 

The purpose of this study is to provide an assessment of the evidence to help understand 
which IPM techniques deliver the most benefits for biodiversity, the opportunities for 
biodiversity enhancement and circumstances where there is a potential for negative 
impacts on biodiversity.  Implementation of IPM on farm is not “one size fits all” but should 
be customised to an individual farm on a field-by-field basis.   

This report covers a wide subject area, and its coverage has been limited by resources. A 
wide range of references have been consulted, but this was not exhaustive.  In particular, 
there is little evidence on the effect of IPM on biodiversity in its strict sense. Most studies 
tested or observed effects on species abundance. We define in the report how this 
evidence has been interpreted and note that the conclusions should be interpreted with 
caution.  Thirteen IPM techniques were covered in the arable sector, nine in outdoor 
horticulture and ten in grassland. The biodiversity categories covered were: birds; 
mammals; fish; amphibians; reptile; arthropods, annelids, molluscs; soil micro, meso and 
macro fauna; non-target plants and protected species. There was some crossover 
between the groups particularly with invertebrates as prey species and protected species.  

The first part of the review summarises seven IPM projects done between 1981 and 2005.  
These projects were complicated and most tried to look at a whole system approach to 
improving biodiversity whilst reducing pesticide use and changing cultivations in crops. 
The reporting covered both the benefits and negatives to biodiversity. In IPM there is much 
crossover between techniques and whilst some biodiversity groups profit from the changes 
there are some negative impacts for other groups.  

The greatest percentage of references concerning biodiversity covered arthropods, 
annelids and molluscs, followed by non-target plants and birds. There was a lack of 
information relating to the other categories, such as fish, amphibians and reptiles, possibly 
reflecting the difficulty of monitoring these species and other factors.  
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An assessment was made of references that had a positive and negative impact on 
biodiversity within the text. The majority of techniques had a positive impact on biodiversity 
with crop rotation, field margins, cover crops and companion crops, stubble management, 
varietal choice and seed mixtures, and bioprotectants having the most positive references. 
The techniques that had the greatest negative impact on biodiversity were cultivations 
(arable), harvesting (arable) and mowing and topping (grassland). 

There are several techniques that received less research including hygiene and pruning, 
physical protection, soil amendments, sowing date and a weed tolerant approach.  

The review has shown that there is an extensive amount of evidence on the effects of IPM 
on species abundance, but there are many knowledge gaps, and these are detailed in the 
individual sections. Previous UK IPM projects have been large, covering many hectares 
and multiple farms, these projects are expensive and generally target specific practices 
and species.  

We recommend that the effects on biodiversity and species abundance of the paid actions 
within the new SFI IPM Standard, should be monitored.  This would ensure the actions are 
delivering a key area of public good.  
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General introduction 
Defra have announced new Sustainable Farming Incentive (SFI) Standards (Defra, 2023) 
– including a Standard with paid actions to incentivise integrated pest management (IPM).  
Defra made ‘support of biodiversity and species abundance’ a key objective within SFI, 
and biodiversity is specifically noted as an intended public good from the IPM paid actions. 
IPM is also an integral part of the EU Directive 2009/128/EC1, promoting the use of 
pesticides only when all other reasonable preventative measures have been taken. The 
eight principles of IPM are: prevention and suppression; monitoring; decisions based on 
monitoring and thresholds; non-chemical methods; pesticide selection; reduced pesticide 
usage; anti-resistance strategies; and evaluation (Barzman et al., 2015; who précised 
Annex III of EUR-Lex - 32009L0128 - EN - EUR-Lex (europa.eu)). Underpinning all these 
principles is biodiversity. Kogel (2022) stated that biodiversity is the basis for integrated 
pest management. In conventional agricultural systems we have lost some of the 
resilience seen in natural biodiverse systems and the basis of natural resilience is 
biodiversity. 

The purpose of this study is to assess the evidence to help understand which IPM 
techniques deliver the most benefits for biodiversity and opportunities for biodiversity 
enhancement. Also identified are those circumstances where there exists a potential for 
negative impacts on biodiversity.  

The main objectives of this report are: 

1. To collate and evaluate recent published evidence from the UK, Europe, and 
other temperate regions on the beneficial biodiversity outcomes of IPM 
programmes for the three farm systems under consideration (arable, outdoor 
horticulture and grassland). 

2. To itemise the typical components or elements of an IPM approach in arable, 
grassland and outdoor horticultural situations and provide an assessment of the 
potential for biodiversity benefits or negative impacts for each of the elements. 

3. To undertake a gap analysis of the evidence and provide recommendations on 
priority research areas.  

 

 

 

1 Although Britain has left the European Union, EU legislation prior to 31 December 2020 is still part of UK 
legislation 

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=celex%3A32009L0128
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Materials and methods  
A text mining-based, systematic, literature review has been conducted to assemble the 
readily available, recent evidence on the impact of the chosen IPM techniques on 
biodiversity. Search terms used consisted of crop, IPM technique and biodiversity 
characteristics. The search parameters were confined to Europe, New Zealand, and North 
America, where the same crop species are grown. Literature searches were not date 
specific due to considerable significant IPM research e.g., Greig-Smith et al., 1992, Young 
et al., 2001 not being recent. The search results have been screened, duplications 
removed and then classified into ‘relevant’, ‘clearly not relevant’ or ‘uncertain’ categories of 
evidence. The second phase of screening involved reading the abstract or the first 
paragraph of the ‘clearly relevant’ and ‘uncertain’ publications. Relevant evidence was 
then obtained in full and listed in the review. A further review of other sources of literature 
and evidence from unpublished but peer reviewed grey literature was undertaken. 

This report is split in to four parts, Synopsis of historical IPM projects, Arable (winter 
cereals, winter oilseed rape, sugar beet), Outdoor horticulture (top fruit, root vegetables, 
brassicas) and Grassland. 

IPM Techniques 
The IPM techniques reviewed were chosen by evaluation of the techniques highlighted as 
priority areas in the Agriculture and Horticulture Development Board (AHDB) IPM review 
(Blake et al., 2021) and input from Natural England. Searches were be made for the 
techniques listed and evidence from further manual searches was also used. The IPM 
techniques discussed are listed in Table 1. 
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Table 1. The IPM techniques contained in the report and their location. Note: some 
cells have been deliberately left blank. 
IPM techniques Arable Horticulture Grassland 
Cultivations 6.1 See arable 8.1 

Crop rotation  6.2 7.1 8.2 

Field margins and in-field strips  6.3   

Monitoring of crops, DSS, forecasting and pest 
thresholds  

6.4 7.2 8.3 

Non-chemical weed control  6.5 7.3  

Sowing date 6.6   

Precision application 6.7  8.4 

Bioprotectants 6.8 7.4  

Selective and/or narrow spectrum pesticides 6.9   

Cover crops, companion cropping, intercropping, 
undersowing, trap crops, banker plants and floral 
strips 

6.10 7.5  

Varietal choice and diverse seed mixtures 6.11  8.5 

Genetic modification 6.12 See arable  

Stubble management  6.13   

Soil amendments  7.6  

Hygiene and pruning  7.7  

Physical protection of crops (crop covers, artificial 
shelters, barriers) 

 7.8  

Mowing and topping   8.6 

Grazing management   8.7 

Weed tolerant approach   8.8 

ELM options and Agri-environment schemes   8.9 

There are other IPM techniques available, and other options in Countryside Stewardship, 
but these are outside the scope of this work so not included in the report. 

Biodiversity 
The components of biodiversity can be considered at different levels: 

Species abundance: refers to the number of individuals per species. 

Species richness: refers to the number of species in a community. 
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Species diversity: includes a measure of the number of species and the abundance of 
each species. 

Biodiversity: includes species diversity, and genetic and ecosystem diversity.  

A thorough assessment of biodiversity is resource intensive and current evidence on the 
biodiversity implications of different IPM techniques is sparse.  Studies tend to focus on 
the effects of IPM on the abundance of single species or a few species, mainly beneficials 
and pests.  Therefore, restricting this review to studies which assessed effects on 
biodiversity, in its strict sense, would have yielded little insight.  

In broad terms, if species, or groups of species, decline in abundance to the point where 
they become sparsely and patchily distributed, then biodiversity is reduced. The UK 
biodiversity indicators 2022 report (Defra, 2022) shows long term declines of pollinators, 
insects and birds in the wider countryside, and UK priority species.  Due to the lack of 
scientific evidence on the biodiversity implications of IPM techniques, the information from 
the different studies has been used to comment on potential overall biodiversity 
implications for each technique. Where an IPM technique shows potential to increase the 
abundance of a species in the categories outlined below then we have considered this to 
be advantageous to biodiversity and therefore assessed as a positive impact.  The authors 
recognise that such a conclusion could be erroneous, for example where an increase in 
one species results in a decrease of another.  Hence, this analysis provides only a partial 
picture and the conclusions should therefore be interpreted with caution.  

Comprehensive, in-depth research, focusing on biodiversity implications of IPM techniques 
would be required to provide a more accurate picture. To maximise efficiency, future 
research would best be focused on biodiversity indicator or keystone species for each IPM 
technique.  This would support assessment of Defra’s objective (Defra 2023) to ‘halt the 
decline in species abundance by 2030 and ensure species abundance in 2042 is greater 
than in 2022’.  

There are further areas of interpretation that need to be considered: 

• IPM techniques are intended to reduce the need for pesticide treatment and then 
ensure that pesticides are applied according to need.  Pesticides can have direct or 
indirect effect on non-target species.  Hence, if an IPM technique results in reduced 
pesticide use, this has been reported as being beneficial to biodiversity.  The 
authors recognise that such effects vary by product, dose, timing and location and 
will, in many cases, be transient.  Pesticides causing persistent negative effects on 
non-target organisms would be unlikely to meet the regulatory requirements for 
registration.  

• Biodiversity includes species which can be agricultural pests, weeds or pathogens, 
when they are in the wrong place at the wrong time.  The purpose of IPM is to 
control these species and reduce their abundance in the crop at critical times to 
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avoid economic, yield, quality or ongoing impacts.  However, these species can be 
important food sources for other species.  For example, some weed species are 
important for seed eating birds and herbivorous insects, and invertebrate pests 
sustain predators.  Effective IPM control could therefore be characterised as 
negative for biodiversity. In this review we have adopted a more balanced 
approach, whereby:  

− Effective control of invertebrate pests, weeds and pathogens is interpreted 
generally as a desirable outcome.   

− The desired level of control is to an abundance below the economically 
damaging level, but not (in most cases) complete eradication. 

− Taking the example of weeds; different species may combine low 
competitiveness to the crop with high biodiversity benefits, or vice versa 
(Storkey and Westbury, 2007; Marshall et al., 2003). The acceptable or 
desired population abundance varies accordingly. This review only considers 
control of weeds to be negative for biodiversity if it overly suppresses weed 
species which combine low competitiveness and high value for supporting 
biodiversity.  

• A positive or negative biodiversity effect is a relative assessment compared to a 
‘standard’.  In the numerous studies reviewed here, IPM practices were variously 
compared against a range of other management practices.  For policy purposes, 
the question is whether adoption of more IPM methods would improve biodiversity 
compared to current practice (which is predominantly a combination of IPM 
methods and the use of conventional chemical plant protection products).  The text 
of the review summarises ‘what was compared with what’ in each study.  The 
summary tables attempt to interpret whether increased adoption of IPM practices 
would be positive or negative for biodiversity, compared against current practice.  
This is the most practically relevant comparison but introduces considerable 
subjective expert judgement into the analysis.  
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The following search terms were used for the purpose of identifying different components 
of biodiversity in the literature searches: 

• Birds Invertebrates as prey species 
• Mammals 
• Fish 
• Amphibians 
• Reptiles 
• Arthropods, annelids, molluscs 
• Soil micro, meso and macro fauna  
• Non-target plants 
• Protected species 

Impacts on fungi, algae, protozoa, archaea, chromista and bacteria are not well described 
in the literature, despite their ecological importance.  

For the purpose of this report protected species are defined as: 

• Protected species listed in ‘The conservation of Habitats and Species Regulations 
2010’ https://www.legislation.gov.uk/uksi/2010/490/signature/made. 

• Species listed under Section 41 (S41) of the 2006 Natural Environment and Rural 
Communities (NERC) Act. 

There was some crossover between sections, particularly with invertebrates as prey 
species and protected species. Where this has occurred, the evidence has been cited in 
the original section and then cross referenced in the protected species section. Evidence 
for bumblebee species was not always species specific, however they are cross-
referenced to the protected species section. All other groups have only been cross-
referenced where the specific species has been named. 

IPM and pesticide usage 
IPM techniques that help to reduce pesticide usage can help to reduce both the direct and 
indirect impacts of pesticides on the environment. An over reliance on pesticides can lead 
to resistant pest populations, the suppression of beneficial pollinators and natural enemies 
(Bommarco et al., 2011; Bass et al., 2014) and the decline in other farmland species. The 
landscape diversity in the surrounding habitats influences the abundance and diversity of 
non-target farmland species. The use of buffer zones, well timed pesticide applications 
and the use of drift reduction technology can protect habitats adjacent to crops. Providing 
additional habitats and resources for non-pest species improves the abundance and 
diversity of farmland species (Norton et al., 2009; Gabriel et al., 2013; Puech et al., 2014; 
UKCEH, 2022)). The provision of resources for beneficial species and natural enemies of 

https://www.legislation.gov.uk/uksi/2010/490/signature/made
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crop pests can help reduce the likelihood of pest populations exceeding economic 
thresholds (Ramsden et al., 2017). The use of field margins and in-field measures such as 
beetle banks (a permanent grass strip within an arable field that provides refuge for 
invertebrates) can provide additional resources and refuge from crop treatments (Griffiths 
et al 2018, Ramsden et al., 2016). These techniques provide the most benefit when 
managed at a landscape level, providing a diverse, robust population of natural enemies 
(Griffith et al., 2018). Encouraging natural enemies through additional habitat resources 
within the landscape is an important part of the IPM strategy, promoting the use of 
pesticides only when all other reasonable preventative measures have been taken. 
Pesticides have been shown to have negative indirect effects on farmland biodiversity 
(Mann et al., 2009; McKenzie and Whittingham, 2009; Gilburn et al., 2015). Pesticide 
usage can be reduced whilst maintaining high yields, through decision support systems 
and changes in attitude to risk (Ramsden et al., 2017).  

Deytieux et al (2012) found Integrated weed management (IWM) based systems reduced 
aquatic ecotoxicity impact per cultivated area by 89-93% and resulted in a 70-80% 
reduction in terrestrial ecotoxicity compared to a standard, non-IWM system, when 
compared in a six-year field experiment. Most of the differences between systems were 
due to the impact of herbicides, which were used at very low levels in the IWM cropping 
systems. Fungicides and insecticides also have ecotoxicological effects, but many effects 
have not been effectively quantified to date. 

Stroda and Garthwaite (2020) surveyed farmers on integrated pest management (IPM). 
90% of respondents had completed an IPM plan, 47% alone and 43% alongside an 
agronomist. Farmers were asked which management techniques they carried out to 
reduce risk. Techniques used by ≥70% of respondents included crop rotation, cultivation of 
seeds beds before and after sowing, varietal/seed choice to reduce pest risk, 
catch/cover/trap cropping to reduce pest risk and enhance beneficial organisms.  

Synopsis of main IPM projects in the UK 
The Boxworth project was conceived in the 1970s and began in 1981, to study the impact 
of pesticides on non-target species and was followed by many more projects (Figure 1). 
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Figure 1. The timeline of integrated farming projects 

The Boxworth project 
The Boxworth Project (1981–1991) (Greig-Smith et al., 1992) was commissioned and 
funded by Defra to investigate the effects of pesticide use in cereals on a range of wildlife, 
including plants, birds, small mammals, and arthropods (e.g. insects, mites and spiders). 
The project was not conceived or designed with an Integrated Pest Management (IPM) 
remit. The Project was the first large scale, multi-disciplinary study in the UK to provide a 
long-term comparison of different farming systems and included many elements which 
form part of IPM. The Boxworth Project was an ecological study with incidental monitoring 
of economic inputs and outputs. The following aims were central to the Project: 

• To examine and compare the environmental and ecological side effects of 
contrasting pesticide regimes. 

• To monitor the economics of crop production under contrasting pesticide regimes 
and to establish the commercial viability of reduced input farming. 

• To identify any difficulties that might arise in the practical management of reduced 
input farming systems, with particular reference to pesticide use. 

The project was sited at ADAS Boxworth where the farm was split into three areas. After 
two years (1982 & 1983) of baseline monitoring of flora and fauna, three pesticide regimes 
were applied to the field areas for a period of five years continuous cropping (1984-1988. 

1. A ‘Full Insurance’ regime which involved high inputs and prophylactic treatments, 
imitating an intensive cereal production system of the late 1970s. 

2. A ‘Supervised’ regime whereby pesticides were applied only if weeds, diseases or 
pests exceeded economic thresholds. 
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3. An ‘Integrated’ regime using economic thresholds and husbandry practices which 
further reduce the need for pesticides. 

In reality there was little difference in pesticide inputs between the ‘supervised’ and 
‘integrated’ regimes. 

The main conclusions were:  

• Populations of birds and mammals were apparently resilient to the effects of the 
high input approach. But within-season effects on small mammals were shown. 
Avian studies showed exposure to pesticides, but it was not likely to see impact on 
population size at the scale of the study. 

• Patterns of weed densities reflected the efficacy of weed control measures. 
Changes in flora were slow to occur due to the buffering effects of the seedbank 
and also allowed for the reintroduction of rare arable species. Greater changes in 
flora were attributable to physical disturbance rather than herbicides. 

• Some beneficial arthropods were vulnerable to pesticides. 
• Lower input systems of crop protection are not necessarily less economically viable. 

The overarching conclusion was that very high inputs of pesticides are unlikely to be 
required in a well-managed crop but are likely to result in adverse environmental side-
effects and are unlikely to result in additional economic benefits. 

The TALISMAN and SCARAB projects 
The TALISMAN and SCARAB projects (1990–1998) (Young et al., 2001) were 
commissioned and funded by Defra and specifically designed as follow on studies to 
address many of the issues raised by the Boxworth Project. TALISMAN (Towards A Lower 
Input System Minimising Agrochemicals and Nitrogen) and SCARAB (Seeking 
Confirmation About Results at Boxworth) complemented each other in their aims and 
objectives; TALISMAN focused primarily on the economic issues of reducing pesticide and 
fertiliser use, whilst SCARAB examined in detail many of the questions surrounding the 
ecological side effects of pesticides. Neither TALISMAN nor SCARAB was conceived or 
designed with an Integrated Pest Management (IPM) remit, the Projects lacked many of 
the cultural elements of weed, pest and disease control. TALISMAN and SCARAB share 
many common features with IPM, particularly in relation to achieving economically 
sustainable reductions in pesticide use. 

The TALISMAN project ran over six years at three locations in England (Cambridgeshire, 
Warwickshire and North Yorkshire), measuring the economic and agronomic implications 
of reducing inputs of pesticides and nitrogen fertilisers to arable crops. The study looked at 
low and high input pesticide regimes in two contrasting arable crop rotations. The 
‘Standard Rotation’ contained autumn sown cereals and break crops. The ‘Alternative 
Rotation’ contained a high proportion of spring-sown cereals and break crops. The main 
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pesticide regimes applied to these rotations were either: Current Commercial Practice 
(CCP), with nitrogen fertiliser and pesticides applied according to manufacturers’ 
recommended rates; or a Low Input Approach (LIA) in which nitrogen rates were applied 
at 50 per cent below CCP and pesticide applications omitted or applied at no more than 50 
per cent of the rates used in CCP. 

Within the SCARAB project in depth observations were made on the ecological effects of 
pesticides. The impacts of the two levels of pesticide use were assessed over a six-year 
period at three sites in England. Current Farm Practice (CFP) was the practice followed by 
a typical, technically competent and financially aware farmer, with pesticides applied at 
manufacturers’ recommended rates. In comparison the Reduced Input Approach (RIA) 
received no insecticides, molluscicides or nematicides. Fungicides and herbicides were 
applied at reduced or full rates only where required to avoid a significant reduction in crop 
yield or value.  

The main conclusions of TALISMAN were: 

• In terms of the number and timing of pesticide applications, the TALISMAN 
conventional regime was fully representative of commercial practice at the time.  

• Whilst reducing inputs alone may not be the complete answer to ensuring a 
sustainable farming system, the results demonstrated that lower input pesticide use 
can be profitable. 

• The Alternative Rotation (mainly spring-sown crops) had a lower overall demand on 
pesticide use than the Standard Rotation (mainly winter-sown crops). 

• Pesticides were seen to affect pitfall trap catches reducing carabid beetles, and 
linyphiid spiders. These catches recovered within three months. 

• Arthropod abundance was significantly affected by year-to-year differences and 
crop rotation 

The main conclusions of SCARAB were: 

• Short-lived effects of insecticides occurred among different groups of the nontarget 
arthropods examined in all fields and all years. However, recovery usually followed 
within the same season.  

• Long-term negative effects of the conventional pesticide regime on arthropods were 
detected only in one out of eight fields, which was under a grass and wheat 
rotation, and related to certain species of soil-dwelling springtails (collembola) 
which include beneficial species.  

• Pesticide effects on the soil bacteria and fungi species examined showed no clear-
cut pattern (using the methods available at the time) and impacts were highly 
dependent on soil type and soil condition at the time of application.   

• There were no apparent long-term trends in earthworm populations, or individual 
species of earthworm, which could be related to pesticide use.  
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• The complete absence of insecticides and nematicides in the SCARAB reduced 
input treatment gave a commercial disadvantage and led to reduced profits in some 
cases, most noticeably in the high-value crops of potatoes and sugar beet.  

LIFE 
The Less Intensive Farming and Environment (LIFE) project began in 1989 and continued 
for 12 years (Defra 2002, 2003). The project occupied approximately 23 ha at Long 
Ashton, near Bristol and compared integrated arable cropping (IFS) with standard farm 
practice (SFP). Plot size was relatively large (1 hectare). The objectives were as follows:  

• To reduce agrochemical inputs and costs and increase the environmental safety of 
growing arable crops; to decrease carry over of pests, diseases and weeds by 
modifying cropping sequences and agronomic practices.  

• To conserve nitrogen in the system, reduce demand for external nitrogen and 
diminish the potential for nitrate leaching; to protect and conserve natural enemies 
of key pests and diseases and reduce the potential need for pesticides.  

• To encourage more active soil flora and fauna, including earthworms, by the use of 
alternative soil management methods, e.g. non-inversion tillage.  

• To specifically target weed control as one of the main limiting factors, by integration 
of chemical and mechanical methods of control with crop rotation.  

• To assess the impact of integrated production systems on the environment by 
monitoring changes in functions and densities of a number of bio-indicators: epigeal 
arthropods (carabid and staphylinid beetles, linyphiid spiders), earthworm biomass 
and impacts on soils (soil erosion, diffuse pollution/emissions of nutrients and 
pesticides. 

The project was initially divided into two phases, phase I (1990-1994), phase II (1995-
2001). After harvest 2001, 12 of the 14 previously non-inversion tilled (NIT) plots were split 
and one half ploughed whilst the other remained in non-inversion tillage.  

The SFP plots were ploughed annually and received inputs according to Good Agricultural 
Practice (GFP) aiming to imitate a conventional farming system. The IFS plots had crops 
established annually with non-inversion tillage and received crop inputs according to crop 
needs and disease/pest thresholds. 

The main biodiversity outcomes were:  

• Earthworm populations were higher in the integrated fields, equivalent to 38% 
increase in earthworm biomass over the 12-year period when compared to 
conventionally farmed soil.  

• Greater populations of polyphagous predators were present in the integrated crops 
than in the conventional system.  
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• In the follow-on experiment where cultivation regimes were reversed earthworm 
populations decreased where the plough was used. Earthworm populations began 
to increase when ploughing stopped. 

LINK Integrated Farming Systems 
The LINK Integrated Farming Systems (IFS) project (Ogilvy, 2000) was established in 
1992 on six farms situated in the UK covering Hampshire (Manydown), Cambridgeshire 
(Boxworth and Sacrewell), Herefordshire (Lower Hope), Yorkshire (High Mowthorpe) and 
Midlothian (Pathhead). The five-year study was completed in 1997. The aim of the project 
was to develop an arable integrated system of production that maintained profitability with 
a different balance of inputs and reduced environmental impact than current conventional 
systems. There were no specific targets for nitrogen or pesticide use. The integrated 
system was designed to grow crops in ways that minimised the need for pesticide and 
fertiliser inputs. 

At each site, approximately 50 ha of land was divided into five main blocks. Each block 
was sub-divided into two field plots and the integrated system of production was compared 
with a conventional reference. A five-year crop rotation relevant to each location was 
adopted at each site. Practices adopted in the integrated system included: targeted and 
selective pesticide use at appropriate rates based on crop monitoring; nutrient inputs 
balanced with crop requirements; soil reserves and uptakes; a range of cultural control 
measures including the use of resistant varieties and cultivation techniques to minimise 
weeds. At some sites, field margins were also managed to encourage biodiversity, 
especially in relation to beneficial predators and parasites of crop pests.  

The main conclusion of IFS was:  

• There is no fixed ‘blueprint’ for integrated systems, methods must instead be 
adopted to fit local, site-specific, circumstances. To make best use of the IFS 
results it was suggested that farmers would need to identify trial sites most 
appropriate to their own farming situation in order to identify which integrated 
techniques they could successfully adopt.  

• There were no significant differences in spider and beetle numbers when 
comparing the integrated and conventional farming system. The effects of different 
farming practises on invertebrate activity and abundance were relatively small, in 
this study, compared with other external influences. Differences between the 
farming systems were often due to a difference in crop grown. 
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FOFP 
Focus on Farming practice (FOFP) started in 1993 in response to the anticipated decline 
in farm profitability and increasing awareness of environmental concerns about agriculture. 
It was sponsored by Agrovista UK Ltd, Farmcare and Hydro Agro (UK) Ltd and located on 
a 60ha site at the Stoughton Estate in Leicestershire (Anon, 2002). The project compared 
integrated farming directly with conventional farming systems over a nine-year rotation that 
included grass leys to reflect mixed farming as well as all arable systems. The rotation 
comprised of a two-year grass ley, winter wheat, set-aside, winter wheat, winter beans and 
winter wheat. Comparisons were also made with adjacent organic land. 

The key findings were: 

• Under the Integrated farming system cultivation costs were 16% lower with an 
average of 1.3 less passes and comparable profits to the conventional system.  

• Fertiliser costs were similar between the two systems, but efficiency of nitrogen use 
was improved, and nitrogen rates decreased under the integrated system. 

• Crop protection costs were 30% lower in the integrated system, even under a 
minimum cultivation regime. 

• Management time inputs were highest in the integrated system. 
• Pesticide inputs were nearly halved in the integrated system and nitrogen leaching 

reduced. This was reflected in higher earthworm, beetle and bird numbers. 
• The importance of hedge and field margin management was highlighted as they 

accounted for 80% of the biodiversity within the farmed environment. 

In the early years of the project the integrated system benefitted from lower cultivation 
and operational costs and targeted use of inputs. In more recent years the costs of the 
two systems converged as the conventional system adopted many of the integrated 
techniques to reduce costs.  

The main biodiversity outcomes were: 

• Significant positive effects on bird, beetle and earthworm numbers. Most of these 
changes were attributed to the use of minimum tillage. The changes in earthworm 
populations were complex, but populations responded positively to changes in 
cultivation, direct drilling and the inclusion of grass leys, overall populations were 
higher in the integrated fields. 

• Bird sightings were increased by the increased retention of stubble through 
minimum tillage and direct drilling; this was attributed to increased food availability. 
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3-D FARMING  
The aim of the project was to use field margin management techniques to increase the 
abundance and diversity of beneficial insects and spiders and manipulate their distribution 
and dispersal on farmland for the control of aphid pests (Powell et al., 2004). The specific 
objectives were as follows: 

• To provide farmers with advice on field margin management to optimise integrated 
pest management whilst maintaining biodiversity benefits and profitability. 

• To test and further develop a novel aphid control strategy involving the manipulation 
of parasitoids using aphid sex pheromones in field margins. 

• To develop and evaluate the use of specific native flowering plants in field margins 
to enhance the abundance and diversity of aphid-eating hoverflies in adjacent 
crops. 

• To measure the effects of margin and crop management on aphid and beneficial 
insect abundance, dispersal and spatial distribution in both the margin and adjacent 
crops. 

• To measure the spatial and temporal distribution of cereal aphids and the extent to 
which these are controlled by predatory and parasitic species. 

• To measure the impact of recently introduced field margin management options on 
the biodiversity of aphids and their natural enemies. 

Manipulation of parasitoid and hoverfly abundance, and the factors affecting aphid and 
beneficial insect abundance, dispersal and spatial distribution were done on large scale 
field sites. Further work on aphid predation using Polymerase Chain Reaction (PCR) 
techniques and hoverfly behaviour were done in controlled conditions. 

The main conclusions from the project were as follows: 

• Field margins containing wildflower/grass mixtures can help to reduce aphid 
densities in adjacent cereal crops. 

• Field margins and other non-crop habitats provide valuable reservoirs of aphid 
parasitoids. 

• Umbellifer flowers, such as cow parsley and hogweed, as well as yarrow and white 
campion, provide the best food resources for adult hoverflies, whose larvae feed on 
aphids. These should be incorporated into field margin seed mixes or conserved in 
other non-crop habitats such as hedge bottoms and track verges, as appropriate. 

• Hoverfly activity in fields with appropriate wildflower margins can result in 
substantial reductions in aphid numbers in cereal crops. 
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• The distribution of carabid beetles, which are valuable pest predators, varies 
through both space and time and is influenced by crop type and by crop and margin 
management. 

• Field margins support ground-dwelling predatory invertebrates that subsequently 
distribute themselves through the crop. Large fields will be more slowly colonised 
than small fields, and the diversity of these predators will be lower in the centre of 
large fields. No optimum field size was given as colonisation would vary according 
to margin: field ratio and crop manipulation factors such as weed cover. 

• Large numbers of predatory invertebrates overwinter within the soil and autumn 
cultivations can reduce their numbers. 

• Some species of generalist invertebrate predators, such as carabid beetles, have 
localised distribution patterns across and amongst fields and broad-scale 
insecticide applications should be avoided wherever possible if the chances of 
reinvasion are to be maximised. 

• Ground dwelling predatory invertebrates are encouraged by weeds.10-14% weed 
cover was deemed optimal, considering total predator numbers, however this may 
vary where species composition is different. 

• Set-aside strips sown with game cover can encourage predatory invertebrates 
within the crop, but sown mixtures need to be developed for this purpose. 

• Ground-active invertebrate predators can contribute to pea aphid control. 

• Money spiders are important predators of aphids, feeding on cereal and pea aphids 
for at least 100m into the crop even when aphid densities are low. 

• Field margins provide valuable habitats for money spiders, which can rapidly 
spread into crops by ‘ballooning’ on silk threads. 

• Maintaining biodiversity on the farm aids natural aphid control, especially if a range 
of invertebrate predators and parasitoids are encouraged. 

• Encouraging a diverse natural enemy community in agricultural ecosystems 
provides stability for natural biocontrol systems. 

• A diverse range of field margins should be maintained on the farm as this adds to 
the diversity of invertebrate predators. There is not a single margin design that will 
suit all purposes. 

• A dual margin consisting of a narrow strip of grassy uncut vegetation against the 
field boundary (around 1m), with a broader (at least 2m) flower-rich strip, cut in late 
summer, would probably benefit the greatest range of beneficial invertebrates. 
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SAFFIE 
The Sustainable Arable Farming For an Improved Environment (SAFFIE) project (2002-
2006) (Clarke et al., 2007) was developed during a period of competing economic and 
environmental pressures. Arable farmers were moving towards optimising inputs and 
improving efficiency, but the UK had a commitment to increase biodiversity, especially 
farmland bird populations. The SAFFIE project, located over 26 sites in the UK, aimed to 
reconcile these pressures by quantifying costs and environmental benefits of new 
techniques for farmers and policymakers. The following objectives were central to the 
project: 

• To manipulate agronomy of wheat to increase biodiversity. 

• To manage field margin vegetation to benefit biodiversity. 

• To assess the integrated effects of ‘best’ crop and margin management practices. 

• To conduct a cost: benefit analysis of the best practices. 

• To interact with the farming community to focus the work and promote findings. 

The project evaluated practical techniques to improve biodiversity in the cropping 
environment by quantifying 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 the economics of the techniques.  

The project was divided into four experiments: 

Experiment 1.1  

This investigated the impacts of novel habitat management on the in-crop biodiversity of 
winter-sown wheat crops at 10 sites during 2002 and 2003. 

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 key findings from this experiment were as follows: 
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• The experimental treatments generally 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 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 (Alauda arvensis) 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. Siting patches 
50m from a margin and away from tramlines was recommended to reduce 
predation and further increase skylark numbers. 

• 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.  

Experiment 1.2  

Experiment 1.2 looked at the combination of herbicide treatments, row spacing and 
mechanical hoeing at three sites between 2002 and 2004. The aim was to maximise the 
diversity of plant species and associated insects within wheat crops without compromising 
yield. 

The study combined a range of herbicide treatments according to the weed spectrum 
present, with three row spacing and cultivation treatments. 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. 
Assessments were made of vegetation cover, arthropod abundance and yield. 

The key findings were as follows: 

• The use of wide-spaced rows 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.  

• 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. Generally, single product applications left more plant cover 
than sequences. Generally different sequences-controlled weeds equally 
effectively.  
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• 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.  

• 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.  

• It is possible to increase weed cover by the use of selective herbicides and this can 
result in positive benefits for wider biodiversity. However, in the context of IPM, 
management must be site specific, reactive and use of narrow spectrum herbicides 
is not appropriate where pernicious weeds are common or where herbicide 
resistance is present. 

Experiment 2  

This looked at the margin management needed to optimise biodiversity. 

Three grass seed mixtures, a simple Countryside Stewardship mixture (CS), a mixture of 
tussock grasses and flowers (TG) and a mixture of fine-leafed grasses and flowers (FG) 
were sown as 6 m wide margins, at three sites between October 2001 and March 2002. 
Three different spring management treatments (cutting, scarification and a low rate of a 
selective graminicide) were applied annually in March between 2003 and 2006. 
Invertebrates, plants and birds were monitored both in the margins and in the crop 
adjacent to the margins. 

The key findings were as follows: 

• Weeds and pests did not move from the margin into the adjacent crop. 
Plant species diversity in margins decreased over the five years, regardless of seed 
mix and treatment. 

• Plots sown with the FG mix generally had the greatest abundance of reproductive 
resources (buds, flowers, seed/fruit) and plots sown with a grass seed mix (CS) 
generally had the lowest levels. 
Compared with other margin management treatments, margins scarified in 
March/April had:  

- the greatest percentages of bare ground, 
- enhanced plant species diversity at some sites, 
- plant diversities converging between margins sown with different seed 

mixes, 
- lower values of architectural complexity (especially of the dead litter, fine 

grass and legume components),  
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- reduced values of reproductive resources. 
• In margins that had an application of a graminicide, plant communities included 

more sown wildflower species than margins that were scarified or cut, although 
wildflower species and abundance varied according to season, seed mix sown, time 
of sowing, soil type, field history and aspect of the margin (compass direction) 
relative to sunshine hours/warmth/hedge shading etc. 

Invertebrates 

• The grass seed mix (CS) 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. 

• A seed mix of tussocky grasses and wildflowers (TG) provided an architecturally 
complex sward and host plants vital for the feeding, safety and shelter of many 
invertebrate species. 

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

• 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 and lower abundances of isopods (woodlice) 
than in other margins. Species assemblages in the scarified plots consisted of 
species commonly associated with cropped or exposed habitats.  

• Across all the sites the scarified plots had the greater diversity in 2004 and 2006, 
however in 2003 diversity values were similar.  

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

Birds 

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

Experiment 3  

This looked at the best combination of crop and margin management. 
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The best treatments from Experiments 1.1 and Experiment 2 were evaluated in winter 
wheat crops on 26 commercial farms in England and Scotland, beginning 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 spring, in 2005 and 2006.  

On each of 26 farms, typical arable farms in England and Scotland, four treatments were 
established: (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. 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. Set-aside was included in some rotations. All crops were managed by the host 
farmer, using typical management for the location and season.  

Scarification was done in the 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.  

The key findings were as follows: 

• 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 (See section 7.4.5.1 and Appendix 1 of SAFFIE 
report for full species list and data), 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.  

• Creating bare ground and foraging access in dense crops and field margins was the 
single most important management treatment giving a 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 (Arachnida).  
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• 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, intersecting tramlines, nor close to ‘perching 
poles’ for avian predators. 
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Ecotoxicity 
This section outlines the relevant regulations for plant protection products (PPPs), the data 
requirements to ensure the safety of an active substance and where this data can be 
accessed. 

Regulation (EC) No 1107/2009 (the Regulation) provides statutory powers to control 
PPPs, including all herbicides, fungicides, insecticides, soil sterilants and, where used to 
protect plants, rodenticides. The Regulation is underpinned by the Plant Protection 
Products Regulations 2011 (as amended) and together these regulations mean that only 
authorised products can be sold, supplied, stored, advertised or used. PPPs must only be 
used in situations for which their use is currently authorised by the Health and Safety 
Executive (HSE).  

Active substance data requirements are presented in Regulation (EC) No 283/2013 and 
product data requirements in Regulation (EC) No 284/2013. The data requirements cover 
the following sectors, and up to 100 specific tests are done to ensure the safety of an 
active substance.  

• Physical and chemical properties of the active substance and the components and 
‘recipe’ of the pesticide product. 

• Analytical methods - methods of testing for the substance. 
• Toxicology – includes effects on mammals. 
• Residues - to support all pesticide uses which could result in pesticide residues in 

food or animal feed. 
• Consumer exposure - through dietary intake. 
• Non-dietary human exposure - exposure via non-dietary routes, including 

inhalation, dermal absorption and ingestion. 
• Environmental fate and behaviour - how substances behave in soil, surface water, 

sediment, groundwater and air including: 
o What the active substance breaks down into  
o How quickly the active substance and metabolites break down 
o Where the active substance and metabolites move to in the environment 
o Whether the substances accumulate in the environment 
o What levels of active substances or metabolites are likely to occur in the 

environment 
• Ecotoxicology - the risk to non-target organisms, to ensure that there are no 

significant long-term changes to the population nor to the function of the ecosystem. 
Including other unacceptable effects such as vertebrate mortalities. Specific groups 
of organisms covered are: 

o Birds and mammals. 
o Aquatic organisms. 
o Bees and non-target arthropods.  
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o Soil organisms. 
o Non-target plants. 

• Efficacy - the effectiveness of a substance, including identifying the appropriate 
dose and mode of action, and identifying any adverse or unintended negative 
impacts. 

The complete dossier is a very extensive set of documentation comprising the required 
tests and studies, and a series of supporting documents providing background information 
on the active substance and its uses. 

This data can be found within three databases developed and maintained by the 
University of Hertfordshire’s Agriculture and Environment Research Unit (AERU). These 
databases relate to chemical (natural and synthetic) substances used in agriculture: 
pesticides (Pesticide Properties Database2 (PPDB)) and bio-pesticides (Bio-Pesticides 
Database3 (BPDB)). The databases are comprehensive and relational of pesticide 
physicochemical, toxicological, eco-toxicological, human health and other related data as 
provided when a pesticide registration is submitted. The primary data sources used to 
populate the databases are mainly public domain sources (regulatory bodies), peer-
reviewed literature and private databases. 

 

 

 

 

 

 

 

 

 
2 https://sitem.herts.ac.uk/aeru/ppdb/ 
3 https://sitem.herts.ac.uk/aeru/bpdb/index.htm  

https://sitem.herts.ac.uk/aeru/ppdb/
https://sitem.herts.ac.uk/aeru/bpdb/index.htm
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Arable 
This section covers information relating to IPM techniques when used in crops of winter wheat, 
oilseed rape and sugar beet. The term ‘no evidence of positive/negative biodiversity effects found’ 
is used where no relevant evidence of biodiversity effects was found on the specific IPM technique.   

Cultivations - Plough/non-inversion tillage/no-till/direct 
drilling 
Ploughing is a cultivation that inverts the soil. The aim of ploughing is to turn the surface of the soil 
including vegetation, seeds and other organisms and aims to place them at a depth of 15-30cm. 
Ploughing is used to manage weeds and crop residues prior to planting the following crop and 
provides a ‘clean’ seedbed for establishing the following crop.  

Non-inversion tillage mixes the upper layers of the soil to the working depth of the implement. 
Generally, vegetation, seeds and organisms are mixed within this layer. The type of implement 
used can include discs and tines.  

No-till/direct drilling only moves soil where the drill passes, the majority of the soil surface remains 
unmoved. 

Benefits - cultivations 

Birds: Skylarks, granivorous passerines and gamebirds were found more regularly on 
fields established with non-inversion tillage than conventional tillage where 121 fields were 
surveyed during winter 2000 to 2003 (Cunningham et al., 2003). Gulls, corvids and other 
birds are often seen at the time of ploughing, and many invertebrate feeding bird species 
will visit ploughed fields, even if they prefer grassland, with greater food abundance.  

Invertebrates as prey species: Cultivation techniques can have different impacts on 
certain pests. Avoidance of ploughing, and adoption of direct drilling and no-till techniques 
can lead to a decrease in aphids and pest fly species in cereals, but an increase in slug 
populations, especially when stubble and straw residues are left (Glen, 2000). Slugs are 
prey for a range of generalist predators including invertebrates and birds (South, 1992; 
O’Hanlon et al., 2019), thus cultivation methods can reduce some pests and encourage a 
greater richness of ground nesting birds that may act as predators of slugs. However, 
more research is needed to provide a robust link between cultivation techniques and 
greater slug control by birds.  

Mammals: No evidence of positive biodiversity effects found.  

Fish: An effect of min-tillage is to reduce the amount of sediment lost as turbid water from 
field drains (Simpson, N., pers. comm). 
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Amphibians: No evidence of positive biodiversity effects found.  

Reptile: No evidence of positive biodiversity effects found.  

Arthropods, annelids, molluscs: Only 14% of invertebrate taxonomic groups (e.g., small 
carabid beetles) were more numerous in ploughed areas (Boinot et al., 2019). Other 
studies suggest smaller carabid beetles are able to tolerate ploughing events and can 
even thrive under these conditions (Pretorius et al., 2018; Hatten et al., 2007).  Arthropod 
pest species decline in ploughed fields (Jabbour et al., 2016). Approximately the same 
number of adult beetles were found in ploughed plots compared to non-inversion tillage 
plots in studies in Germany. However, beetle larvae were more sensitive to soil cultivation, 
with more in the unploughed plots. Although adult numbers were similar in ploughed and 
unploughed plots, species richness was higher in the reduced cultivation plots (Krooss and 
Schaefer, 1998). Thorbek & Bilde (2004) suggested reduced tillage is less detrimental to 
soil-inhabiting arthropods than inversion tillage as less habitat is disrupted, reducing 
potential arthropod emigration. 

Epigeic (surface dwelling) earthworm species that live in the organic matter in the topsoil 
layer can benefit from ploughing. As they do not form burrows, they suffer less habitat 
disruption from mouldboard ploughing and benefit from the incorporation of organic matter 
(Ernst & Emmerling, 2009; Roger-Estrade et al., 2010).  

Van Groenigen et al., 2014 showed that a positive effect of earthworms on plant growth 
through their effect on soil structure is likely to be a transient effect after soil tillage 
operations.  

Anecic (make permanent vertical burrows) earthworm biomass increases under no-till or 
conservation tillage when compared to plough-based systems (Prendergast-Miller et al., 
2021; Petrovskii et al., 2014; Muoni et al., 2019; Roger-Estrade et al., 2010; Ernst and 
Emmerling, 2009; Cunningham et al., 2004). Briones & Schmidt (2017) conducted a meta-
analysis of 165 publications over 65 years in 40 countries, found no-tillage and 
conservation agriculture increased earthworm abundance by 137% and 127% 
respectively, compared to conventional ploughing. Additional meta-analyses found that 
epigeic and the larger anecic earthworms were the most sensitive to conventional tillage. 

Soil micro, meso and macro fauna: As ploughing completely inverts the soil, destroying 
the ‘green bridge’, this can disrupt the life cycles of certain pests and diseases (Morris et 
al., 2010).  

Growth of certain fungal and bacterial species can be stimulated by ploughing. 
Saprotrophic fungi were reported to be unaffected by tillage (Van Groenigen et al., 2010), 
and the bacterial phyla Acidobacteria, Actinobacteria, Chloroflexi, Verrucomicrobia and 
Nitrospirae were more abundant under ploughing (Legrand et al., 2018).  
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Anderson (1999) ran five field experiments over four years and compared autumn 
ploughing and reduced tillage (no-tillage or spring harrowing) plots. Weed cover was 
denser in reduced tillage, and the author thought this accounted for most of the 
differences. Field slugs were most common in reduced tillage and were positively 
correlated with weed cover. Generally, more carabids and staphylinids were caught in 
reduced tillage, particularly Amara-species and Loricera pilicornis, Philonthus 
cognatus and Tachinus signatus, which were also positively correlated with weed 
cover. Aloconota gregaria, Bembidion quadrimaculatum, B. lampros, Harpalus 
rufipes and Trechus quadristriatus were more common in autumn ploughed than in 
reduced tillage plots, several of them preferring open soil. 

Beetles and spiders were noted in greater numbers in minimum tillage plots compared to 
ploughed (Holland and Reynolds, 2003) 

Non-target plants: Where the seed bank has been reduced ploughing can help bring up 
seed from a deeper level (Plantlife, n.d). Ploughing reduces herbicide use (Cannell et al., 
2003, Cannell, 1985).  

The use of non-inversion tillage has led to lower levels of broad-leaved species in 
comparison with ploughing (Froud-Williams et al., 1983).  

Protected species:  See Cunningham et al., 2003 cited in the birds section evidencing 
skylarks found more regularly on non-inversion tillage compared to conventional tillage.  

Negative impacts - cultivations 

The burial of weed seeds and crop residues has a negative impact on invertebrate and 
vertebrate species which feed on them. Thus, the biodiversity of organisms further up the 
food chain is detrimentally affected due to ploughing (Cunningham et al., 2005).  

Birds: Between October to December, there were no differences in field occupancy by 
birds under ploughing or reduced tillage. However, by January-March, there were 
significantly fewer game birds and granivorous passerines occupying fields which had 
been ploughed compared to crops established by non-inversion tillage (Cunningham et al., 
2004).  

The removal of crop residues can be detrimental to ground-nesting birds, as reduced 
vegetative cover, alongside reduced seed availability, results in low density nesting on 
ploughed fields and increased distance required for foraging (Field et al., 2007).  

Granivores are more likely to be impacted by ploughing rather than birds with a more 
diverse diet (Barré et al., 2018).  

Reductions in arthropod populations will have impacts further up the food chain 
(Cunningham et al., 2004; 2005) for example, on bird and rodent species.   
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Invertebrates as prey species:  Invertebrate abundance decreases under ploughing 
(Barré et al., 2018). Ploughing showed a greater effect on Epigeic collembola, an 
important prey for generalist arthropod predators, than non-inversion tillage (Møller 
Marcussen, Axelsen and Toft, 1999; Bilde, Axelsen and Toft 2000; Petersen 2002 cited by 
Thorbek and Bilde, 2004). 

Mammals: Ploughing buries seeds and crop residues out of reach of birds and small 
mammals (e.g., voles, mice, shrews), thereby decreasing food availability for these 
species (Mérő et al., 2015).    

Fish and Amphibians: Ploughing can have indirect impacts on aquatic organisms and 
water quality (Holland, 2004). Ploughing removes surface residue, reducing the surface 
stability of the soil, leaving the soil bare and exposed to wind and rain. This can lead to soil 
erosion and runoff (Morris et al., 2010). Runoff water following ploughing is often 
contaminated with soil, silt, sediment, nutrients and pesticides that leach into 
watercourses, polluting waterways, causing eutrophication and sedimentation (Morris et 
al., 2010). The removal of anecic earthworms can also lead to reduced soil porosity 
(Prendergast-Miller et al., 2021). Ploughing heavily disturbs soil which can directly injure or 
kill arthropods in the soil, as well as affecting them through habitat destruction (Alyokhin et 
al., 2020).  

Reptiles:  No evidence of negative biodiversity effects found 

Arthropods, annelids, molluscs: Populations of spiders, beetles and earthworms are 
reduced by cultivation (Holland and Reynolds, 2003). Bee species which nest above-
ground in agricultural fields, are nine times more negatively affected by tillage, than the 
larger number of bee species which do not nest in these areas and therefore, remain 
unaffected by tillage (Williams et al., 2010).  

Terrestrial arthropods and arthropods that have a larval stage in soil can be directly 
affected by ploughing. Cunningham et al. (2004) reported a 50% reduction in sawfly 
emergence under ploughing, as the larval stage is directly affected by soil disturbance. 
Boinot et al. (2019) found that 55% of invertebrate taxonomic groups (e.g., large carabid 
beetles, butterflies and moths) were more abundant in vegetative areas which do not 
experience ploughing.  

Ploughing can reduce the diversity and number of arthropods which can increase the 
likelihood of pest outbreaks, due to the reduction in natural predator species which act as 
a form of biocontrol (Hatten et al., 2007). Parasitism can also be reduced under ploughing 
(Tamburini et al., 2016).  

Anecic earthworm species that form burrows are at greater risk of habitat disruption from 
ploughing. Anecic earthworm biomass increases under no-till or conservation tillage when 
compared to plough-based systems (Prendergast-Miller et al., 2021; Perego et al., 2019; 
Muoni et al., 2019; Roger-Estrade et al., 2010; Ernst and Emmerling, 2009; Cunningham 

https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.0021-8901.2004.00913.x#b24
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.0021-8901.2004.00913.x#b25
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/j.0021-8901.2004.00913.x#b23
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et al., 2004). Sugar beet field trials across 19 sites in Germany during 2008-2009 showed 
ploughing reduced earthworm abundance by 80% compared to a mulching system. 
Despite a strong increase in the earthworm population during the vegetation stage in the 
ploughed plots this did not compensate for the initial differences (Marwitz et al., 2012). 

Ploughing loosens topsoil compaction (Daraghmeh et al., 2009; Y. Li et al., 2019), and can 
increase sub-soil compaction which restricts the movement of earthworms and can limit plant 
rooting (Holland, 2004; Morris et al., 2010). Compaction can be equally caused by discs, power 
harrows or trafficking in unsuitable soil conditions. 

As ploughing inverts the soil, it exposes earthworms of all species to direct mechanical 
damage, predation and/or desiccation (if the weather conditions are dry or frosty) (Holland, 
2004). The impact of ploughing on earthworm population estimates ranges from a six-fold 
decrease to a 36% decrease in fields that undergo ploughing compared to non-ploughing 
systems (Holland, 2004).  Large numbers of predatory invertebrates, such as centipedes, 
overwinter within the soil and autumn cultivations can reduce their numbers (Powell et al., 
2004). 

Soil micro, meso and macro fauna: Ploughing has been shown to cause reductions in 
microbial activity, often linked to the loss of soil organic matter. This can be detrimental to 
overall soil health, especially if the abundance of arbuscular mycorrhizal fungi (AMF) or 
beneficial bacteria are reduced (Rodgers et al., 2021; van Groenigen et al., 2010). 
Although, one study by Shi et al. (2013) demonstrated that the effects of tillage on 
microbiota can change throughout the year, based on other environmental conditions. 
Non-inversion tillage did not result in a demonstrable gain in invertebrate numbers, but the 
author again suggests that this may be due to the type of animal monitored (Ogilvy, 2000).  

Non-target plants:  Brenchley and Warington (1933) observed that when land is cropped, 
cultivation affects the weed flora more variably than after fallowing. Where some species 
respond to cropping and fallowing in the same direction, i.e. being reduced by both 
methods, other species may show a divergent response. 

After ploughing there were fewer species present and this reduced biodiversity within the 
fields, with weed seed banks also demonstrating reduced diversity (Feledyn-Szewczyk et 
al., 2020, Cardina et al., 1999). Plants with seeds that have greater viability at depth and 
can survive for multiple years, will be less negatively impacted than those whose seeds 
rapidly lose viability and die during the period of submersion (Mohler, 1993).  

Protected species:  No evidence of negative biodiversity effects found 

Summary - cultivations 

Cultivations are generally detrimental to biodiversity, the less soil that is moved to 
shallower depths the greater the benefits to biodiversity due to lower losses in soil organic 
matter (Table 1). The order of cultivations that offer the greatest benefits to biodiversity to 
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those that offer the least are direct drill, no-till, shallow non-inversion tillage, deep non-
inversion tillage and ploughing.  

Table 2. Summary of the positive and negative impacts to increasing the intensity of 
cultivations on biodiversity in arable crops. Note: some cells have been deliberately 
left blank. 
Category  Positive  Negative  
Birds   - Reduction in food, nesting  

Invertebrates as 
prey species   

- Reduced invertebrate 
abundance. Ploughing has a 
greater effect on epigeic 
collembola  

Mammals   - Reduction in food  

Fish   - Increase in sediment, 
eutrophication, death, 
habitat destruction  

Amphibians   - - 

Reptiles   - - 

Arthropods, 
annelids, 
molluscs   

Increase in small carabids, epigeic 
earthworms  

Decrease in bees, spiders, 
anecic earthworms, larval 
stages  

Soil micro, 
meso and macro 
fauna    

Increase in saprotrophic fungi , some 
bacteria  

Reduces activity  

Weeds  Reduced populations could help reduce 
herbicide use  

- 

Non-target 
plants   

Non-inversion tillage and no till can increase 
the level of hard to control grass species, 
therefore increasing reliance on herbicides. 
Some uncommon species require ploughing 

Ploughing can reduce 
abundance and diversity of 
species  

Protected 
species   

Skylarks found more regularly on non-
inversion tillage compared to conventional 
tillage 

- 

Recommendations for future work - cultivations 

• Studies are primarily centred around carabid beetle populations, with little focus 
given on other important arthropod taxa that may be more at risk from agricultural 
intensification.  

• The focus in the literature is almost entirely on in-field weeds and did not assess 
biodiversity impacts of ploughing on plant species in general.   
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Crop rotation  
Crop rotation is the practice of growing a series of different types of crops in the same area across 
a sequence of growing seasons. A good crop rotation includes a diverse range of crops over a 
three- or four-year period (or even longer); such as arable rotations including  cereals (e.g., wheat, 
oats, and barley), legumes and an oilseed. Crops can be established both in the spring and the 
autumn. A good rotation, with the use of grass leys and/or cover crops, can help to reduce the 
build-up of pernicious grass weeds. For weeds, pests and diseases, rotating crops changes the 
selection pressure and reduces the likelihood of the same pests, weeds and diseases from 
establishing each year.  

Benefits – crop rotations 

Birds: A mosaic of different crops provides a diversity of habitats for wildlife, and certain species 
benefit from the shifting pattern of crops from year to year. Perennial fallows are a good option to 
support certain farmland birds in arable landscapes, it is recommended to optimise site selection, 
so they are not in shady locations and are structurally diverse to improve habitat quality (Meichtry-
Stier et al., 2018) 

A six-year study looked at the response of bird populations and abundance to mixed 
cropping and low pesticide regimes within commercial crop rotations. (Henderson et al., 
2009). The results showed the carrying capacity of arable farmland can be increased 
significantly for birds with the use of crop mosaics to create habitats. Species of high 
conservation concern increased by 30%. Lapwing, yellow wagtail and tree sparrow began 
breeding on the site. Bird types had different associations: grey partridge was associated 
with set-aside; insectivores and granivores with oilseed rape, vining peas and zero 
pesticide stubbles; skylark with set-aside, spring wheat, vining peas and newly sown 
oilseed rape. 

Ronnenberg et al., 2016 showed that grey partridge was positively influenced by the 
presence of winter cereal crops and high crop diversity as provided by a crop rotation. 

Results from the Colworth project (Unilever, 2005) showed that the mosaic created by 
inclusion of peas in the rotation helped to create breeding and foraging options for birds, 
especially grey partridge, skylark and yellow wagtail (Unilever, 2005). Henderson et al., 
(2005) reported increased breeding of lapwings when peas or sugar beet were included in 
a rotation and these species were preferred over spring cereals. 

Bird numbers were recorded for the Focus in Farming practice study between 1995-1997. 
Over the three years skylark numbers were significantly greater on winter beans, set-aside 
and grass and significantly lower in winter wheat. The same study found significantly more 
grey partridge and yellow hammers associated with break crops and set-aside than cereal 
crops 
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In a large-scale studying consisting of eight study sites in seven European countries it was 
shown that crop diversity had positive effects on total abundance of breeding birds and 
heterogeneous landscapes containing both arable and grassland supported the highest 
number species of farmland birds in winter (Geiger, 2011). 

Invertebrates as prey species: Increased crop diversity may alter trophic level interaction 
by limiting pest populations’ spread as distances between host crops is increased or by 
disrupting host locations (Rusch et al., 2013). Extending crop rotation to include non-
sensitive crops can reduce the build-up of pests such as wireworm (Furlan and Toffanin, 
1996 cited by Elliot and Jarvis, 2016). 

Mammals: A study from the Czech Republic of intensive arable areas showed that the 
European hare preferred winter grains, clover and lucerne, oilseed rape, stubbles and 
spring grains or catch crops in spring and autumn, respectively (Pavliska et al., 2018). 
Hares have been shown previously to prefer cereal crops (Hansen, 1996; Smith et al., 
2005; Santilli et al., 2014), particularly between October and May (Tapper and Barnes, 
1986). Fallow was favoured because it provides food all year round (Tapper and Barnes, 
1986).  

Increasing crop numbers in a rotation had a positive effect on biodiversity in long term field 
experiments in France. However, some of the spring crops, such as sugar beet, because 
they induced a shorter duration of soil cover, which could be unfavourable to species 
needing soil cover for habitat (Deytieux et al., 2012).  

Fish: Rotated crop systems have the potential to improve some aspects of water quality 
which would influence the biodiversity of freshwater organisms (Hunt et al., 2017). 

Crop rotation was reported to reduce nitrogen and phosphorus runoff by up to 39% in the 
USA, with longer crop rotations including maize, soybean, oats, and alfalfa having the 
greatest impact on reducing runoff (Hunt et al., 2019). Runoff adds sediment to 
watercourses which can starve fish eggs and juveniles of oxygen, as can eutrophication 
linked to phosphate, reducing fish numbers and some species, e.g. salmonids, are less 
tolerant than others. Crops should be analysed according to the location, Maize production 
in the UK is susceptible to runoff, with funding available in certain areas to establish grass 
clover mixes in the crop to reduce the problem (Wessex Water, 2022).  

Amphibians: No evidence of positive biodiversity effects found 

Reptile: No evidence of positive biodiversity effects found 

Arthropods: Crop rotations can increase resources for beneficial species including bees. 
Rye and clover cover crops increase recruitment of natural enemies to help suppress pest 
populations (Iulian et al., 2020). Phacelia in a cover crop mix is attractive to honey and 
bumblebees, whereas sunflower is attractive to solitary bees (Mallinger et al., 2021). Crop 
rotation can be a positive tool to increase beneficial bee and arthropod populations, 
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particularly when reduced tillage techniques are used alongside wheat and spring peas in 
the rotation (He et al., 2019; Iuliano and Gratton, 2020; Legrand et al., 2011). Inclusion of 
a flowering crop, such as oilseed rape, in the rotation will provide a source of nectar and 
pollen. 

Soil micro, meso and macro fauna: In general, crop rotations were associated with an 
increased abundance of earthworms in the field, which can be amplified by reduced tillage 
and organic matter. Wozniak (2019) stated that wheat monocultures had 31% less 
earthworms than a pea-wheat-triticale rotation. A number of the studies demonstrated that 
it is specifically the inclusion of grass or legumes in the rotation which results in greater 
abundance and biomass of earthworms, improving soil quality (Hoeffner et al., 2021; 
Hubbard et al., 1999;). Crop residues also improve the soil moisture content, increase soil 
organic matter and stabilise soil temperatures which provides favourable conditions for 
earthworm populations (Hubbard et al., 1999). 

Crop rotations can enhance microbial activity in the soil, as continuous monoculture 
systems tend to reduce the biodiversity of soil microorganisms over time, especially 
arbuscular mycorrhizal fungi (AMF) (Douds and Millner, 1999). It should be noted 
however, that brassica species do not have associated AMF, so a snapshot taken in these 
crops could be misleading. One review calculated that crop diversification through rotation 
systems increased soil microbial richness by 15.1% on average, with leguminous crops 
enabling the greatest increase in microbial richness (Venter et al., 2016). 

When grassland is introduced into an arable cropping rotation it can have a positive effect 
on earthworm abundance, biomass and diversity (Hoeffner et al., 2021).  

Non-target plants:  

 Rotations that involve a greater proportion of spring crops can change the balance of 
weed species to include a greater proportion of spring germinating species as shown in 
the TALISMAN experiment (Young et al., 2001). Incorporation of spring crops into the 
rotation increased diversity and size of the weed seedbank, with a tendency for spring 
germinating species to occur in a higher frequency e.g. black bindweed (Fallopia 
convolvulus) and knotgrass (Polygonum aviculare) (Squire et al., 2000). Plant species that 
are important food resources for arthropods occur at greater density and higher relative 
abundance in spring cereals than winter cereals (Hald, 1999). Higher weed populations 
can be attributed in part to decreasing diversity of cropping. In Canada, Doucet et al. 
(1999) reported that rotation only accounted for 5.5% of the variation in weed flora. Légère 
& Samson (1999) and Légère et al. (2005) reported that species abundance was regulated 
to a greater extent by weed management factors, but the difference between the actual 
flora and the seedbank was influenced more by rotation. Sosnoskie et al. (2006) also 
reported that weed seedbank diversity was greater with more diverse cropping sequences.  

Overall, weeds are considered detrimental to crop production. However, they can be 
important food sources for insect and bird populations, therefore have the potential to 
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increase farmland biodiversity. Certain weed species can have a high biodiversity value 
(e.g. seed source for birds and invertebrates). Increased diversity of weed species could 
provide greater food sources, however weed density would need to be low to minimise 
yield loss .  

Protected species: See Henderson et al., 2009, Unilever, 2005, Ronnenberg et al (2016) 
and the Focus on Farming study in the birds section for positive effects of crop rotations 
on lapwing, grey partridge, yellowhammer, tree sparrow and skylark populations.  

See Pavliska et al (2018), Hansen (1996), Smith et al (2005), Santilli et al (2014) and 
Tapper and Barnes (1986) for the feeding preferences of hares in the mammals section.  

The Biodiversity 2020 Terrestrial Biodiversity Group brought together a group of expert 
conservation ecologists (individuals and groups) to outline the work needed to enable the 
recovery of England’s most threatened wildlife (the Section 41 (S41) species). The priority 
actions suggested in this work outline diverse land use as beneficial to many of the 
species listed (Natural England, 2013).  

Negatives – crop rotations 

Birds: Josefsson et al. (2017) found that crop structural diversity (i.e. the management 
and vegetation structure of crop) rather than crop diversity (rotation) positively affected 
species richness of non-crop-nesting birds but similar effects were not observed among 
field nesting birds (see Table S2 in Josefsson et al (2017) for detailed species lists).  

Several workers have identified that increasing crop diversity alone is not enough to 
increase biodiversity, additional semi-natural cover is needed as well. Sirami et al. (2019) 
noted that the effect of crop diversity on vertebrate biodiversity is significantly mediated by 
the amount of semi-natural cover. Redlich et al. (2018) conclude that a possible reason 
they did not observe an effect of crop rotation on bird diversity was because the landscape 
surrounding the study sites had relatively high non-crop habitat cover. As a result, the 
birds were less reliant on crop resources compared to less diverse agroecosystems. 
Josefsson et al. (2017), observed that crop diversity was only positively associated with 
species richness and total abundance of non-crop-nesting birds in arable dominated 
landscapes, where birds are more likely to be reliant on crop resources.  

Some farmers do not grow certain crops e.g. smaller areas of peas and vegetables where 
pigeons are too problematic or spring barley near rookeries or crow roosts. So, a farmer’s 
rotation choices can be limited by some bird species.  

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: Hares may experience food shortages as crops mature where large blocks of 
arable land are in the same crop (Block cropping) (Frylestam, 1980; Tapper and Barnes, 
1986). 
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Grasslands are generally less attractive for European hares (Frylestam, 1980; Vaughan et 
al., 2003, Pavliska et al., 2018), although grassland is preferred for feeding in late summer 
(Tapper and Barnes, 1986). 

Fish: No evidence of negative biodiversity effects found. However maize production in the UK is 
susceptible to runoff and in areas with high manure inputs this can reduce water quality with 
negative consequences for fish. Funding is available in certain areas to establish grass clover 
mixes in the crop to reduce the problem (Wessex Water, 2022).  

Amphibians: Conversion of pasture into arable fields, along with the consequent loss of 
cattle ponds has been shown to adversely affect the dispersal and population of toads and 
other amphibians (Piha et al. 2007; Janin et al. 2009; Curado et al. 2011).  

Reptile: No evidence of negative biodiversity effects found. 

Arthropods: Spring crops and potatoes were the least favourable crops for beetles and 
spiders (Ogilvy, 2000). Spring crops have a shorter duration of soil cover, which could be 
unfavourable to carabids, spiders, birds and small mammals needing soil cover for 
protection (Deytieux et al., 2012). 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found 

Non-target plants: No evidence of negative biodiversity effects found  

Protected species: See Piha et al. 2007; Janin et al. 2009; Curado et al. 2011 cited in the 
amphibians section for potential adverse effects of toads and other amphibians if loss of 
ponds were to occur when converting pasture into arable fields.  

See Frylestam (1980), (Tapper and Barnes (1986) cited in the mammals section for 
evidence of potential food shortages for hares in large blocks of arable land. See 
Frylestam (1980), Vaughan et al., (2003), Pavliska et al. (2018) for feeding preferences of 
hares. 

Summary– crop rotations 

A varied rotation including spring and winter sown crops, grassland and fallow provides a 
wide range of habitats and food sources. Nevertheless, a varied rotation alone is not 
enough to support a wide range of biodiversity, additional non-crop areas such as 
margins, hedgerows and woodland are necessary to provide year-round opportunities for 
food and shelter. A comparison of arable and grass catchments showed phosphorus 
bound to soil particles was ten times higher in the arable catchment compared to the grass 
catchment. The sediment concentration in the highest yielding stream, for sediment load, 
was ten times higher than in streams running through wooded areas (Stoate, 2010), 
suggesting that water quality is more a result of land use and field operations than 
rotations being a panacea, for biodiversity. 
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Table 3. Summary of the positive and negative impacts of increased diversity of 
crops in arable crop rotations on biodiversity. Note: some cells have been 
deliberately left blank. 
Category  Positive  Negative  
Birds   Breeding, food and foraging.  Adding 

fallow and other habitat features to the 
rotation gives additional benefit to field 
nesting birds.  

- 

Invertebrates as 
prey species   

Rotations can allow other species to find 
a niche so there is potential for increased 
activity, food and habitat whilst reducing 
invertebrate pest build up. 

May need additional non-crop 
areas 

Mammals   Food and habitat . Hares prefer arable crops to 
grassland though large areas of 
arable can result in seasonal 
food shortages. 

Fish   Reduces N and P runoff - 

Amphibians   - - 

Reptiles   - - 

Arthropods, 
annelids, 
molluscs   

Increased food and habitat Spring crops and potatoes 
detrimental  

Soil micro, meso 
and macro 
fauna    

Increased activity, food, habitat - 

Non-target 
plants   

Increased with spring crops Decreases with less varied 
rotations although weeds tend 
to increase 

Protected 
species   

Beneficial to many species Hares prefer arable crops to 
grassland though large areas of 
arable can result in seasonal 
food shortages  

Recommendations for future work 

• Research on rotations requires large areas of land over spans of typically three to 
six years. It is difficult to tease out the individual factors contributing to the whole 
picture as has been shown by the previous work done in the main IPM projects 
(Section 4 Further work on the effects of rotations on invertebrates as prey species 
would help to determine the level of pest reduction through crop diversity and 
suitable gaps between host crops, potentially helping reduce the need for 
insecticides. 
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Field margins and in-field strips  
Arable field margins are non-cropped strips or blocks around arable fields that are 
managed specifically to provide benefits for wildlife. Pywell et al (2015) showed habitat 
creation in the lower yielding field edge areas can lead to increased yield in the cropped 
areas. Consequently, yields are maintained or even enhanced so no negative impact on 
yield or income over a 5 year crop rotation. Field margins are usually 2–12m wide on the 
edge of the arable field, although in-field strips are also used to break up the field and 
provide habitat and refuge. Margins can be sown to provide seed for wild birds, sown for 
wildflowers to provide pollen and nectar resources for invertebrates, sown with a 
permanent mix of different grass species, or cultivated low input margins to create habitat 
for annual arable plants.  

Benefits - field margins and in-field strips 

Birds: In SAFFIE, margin sward content in terms of a grass/flower mix, was best managed 
to encourage beetles (especially Carabidae) and spiders (Arachnida) as food sources for 
birds (Clarke et al., 2007). 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. Factors that affected these increases in density and 
population size included: (a) in margins, the combined elements of higher numbers of 
beetles and spiders and more complex swards, and (b) in wheat crops, the presence of 
undrilled patches and bare ground.  

Surveys of arable fields with wildflower strips had higher species richness and territory 
density of birds than arable fields without wildflower strips. Forb-rich vegetation (i.e. 
vegetation rich in herbaceous, non-graminoid, flowering plants) was the main driver for 
birds. Of the 15 farmland birds observed, six had significantly higher densities on 
wildflower strips compared to in fields with no wildflower strips. Ten species were only 
found on the wildflower strips. No species were higher on the control fields (Schmidt et al. 
2022). 

Birds were counted on 28 farms to assess how they were affected by the presence of 
uncropped land. Uncropped land had significant effect on the abundance of key bird 
species, with farms with >10% uncropped area having significantly higher densities of 
birds than farms with <3% un-cropped area (Henderson et al, 2012). 

Invertebrates as prey species: Field margins containing wildflower/grass mixtures can 
help to reduce aphid densities in adjacent cereal crops (Powell et al., 2004). 

Mammals: Broughton et al., (2014) compared two levels of intervention,1% and 5% of 
cropped land taken out of production for the creation of field margins and habitat plots and 
a conventionally farmed control. The species richness and abundance of small mammals 
(voles Cricetidae, mice Muridae and shrews Soricidae) showed a significant increase on 
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all treatments in spring and autumn and many increases were greater where margins had 
been created than in the conventionally farmed control. 

Shore et al. (2005) compared 3m and 6m wide margins with conventionally managed field 
edges. They found that the margins supported a greater biomass of small mammals (voles 
Cricetidae, mice Muridae and shrews Soricidae), and higher abundance of bank voles 
(Myodes glareolus) and common shrews (Sorex araneus), compared with conventional 
field edges. 

Wood mice (Apodemus sylvaticus) prefer to live in weedy microhabitats within crops or 
grassy field margins, this could equate to in-field strips (Tew & Cox, 1993; Tattersall et al. 
1999). This was in response to greater availability of food sources. 

Fish: Margins are often used to provide buffer zones next to watercourses to prevent 
nutrient and sediment runoff/fertiliser or manure spreading losses and pesticide drift into 
water. So whilst not increasing biodiversity per se these may enable greater survival of 
organisms and opportunities for biodiversity. These organisms could include food species 
for fish (e.g. plants, diatoms, macrophytes, zooplankton, invertebrates and small/ young 
fish - as prey). The presence of margins could mean less chance of oxygen depletion from 
sediment which reduces fish egg survival or eutrophication which causes increased 
biological and chemical oxygen demand (reducing dissolved oxygen) and direct and 
indirect toxicity. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptile: No evidence of positive biodiversity effects found. 

Arthropods: Uncropped margins sown with mixtures containing nectar and pollen-
producing plants were more effective in providing bumble bee forage than margins sown 
with a grass mix (Carvell et al., 2007). Kells et al., (2001) showed that significantly more 
bees visited naturally regenerated field margins than cropped field margins. Honeybees 
(Apis mellifera), and bumblebees (Bombus terrestris, and Bombus lapidaries) were the 
most commonly observed bee species. 

Chaudron et al (2020) found mowing regimes on arable field margins affected insect 
communities differently depending on taxonomic group. One late mowing, with high 
mowing height and biomass removal could promote flower-visiting insects without 
increasing weed pressure in adjacent arable fields. The number of ground beetles within 
boundaries and arable fields were not affected by mowing regimes.  

The establishment of grass strips in organic arable ecosystems had a positive effect on 
carabids, although some effects are weak, with only a few species benefiting. Grass strips 
in organic arable fields assisted the dispersal of some carabid species. Grass strips 
impacted positively on carabid species richness in the arable field area and adjacent 
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ecosystems Grass strips established for nine years were found to have a higher ecological 
value than young strips. (Ranjha et al., 2013). 

Species richness of ground beetles (Carabidae) was higher in short herbaceous 
boundaries (0.5m grassy with forbs) than in boundaries with tall herbaceous vegetation (1-
1.5m tall grasses and forbs), or in hedge or woodland boundaries (Eyre et al., 2013). 

The SAFFIE project showed a 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. Field margin outcomes 
from SAFFIE were: 

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

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

• 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 sawfly, butterfly and moth 
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 abundance of woodlice than in 
other margins. Species assemblages in the scarified plots consisted of species commonly 
associated with cropped or exposed habitats. 

Defra project IF01122 (Defra, 2015) showed that annual/biennial field margin mixtures 
containing a cereal, legume, and a brassica species support populations of the natural 
enemies of crop pests of the main arable rotation. 

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found 

Non-target plants: In the SAFFIE project (Clarke et al., 2007) margins were sown with a 
seed mix of fine grasses and wildflowers and these had the greatest abundance of 
reproductive resources (buds, flowers, seed/fruit) compared to a grass seed mix. Plant 
species diversity in margins decreased over the five years, regardless of seed mix and 
treatment. 

Walker et al. (2007) showed that uncropped cultivated margins had the highest species 
diversity compared to spring fallow and cropped conservation headlands.  
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Gaba et al., (2020) High weed diversity contributed to the regulation of pests by increasing 
weed seed and aphid predation rates. Fields with high weed diversity may shelter more 
pest natural enemies. 

Protected species: Bees; See Carvell et al, Kells et al (2001) and the SAFFIE project in 
the arthropods section for the positive effects of crop margins for bumblebees (Bombus 
spp.)  

Negatives - field margins and in-field strips 

Birds: No evidence of negative biodiversity effects found. 

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptile: No evidence of negative biodiversity effects found. 

Arthropods: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: Whilst weeds and their seeds are biodiverse and act as food source, 
field margins can also act as a source of weeds and disease (e.g. Bayles et al., 2009).  

Protected species: No evidence of negative biodiversity effects found. 

Summary - field margins and in-field strips 

The majority of fields have at least a 2m wide green cover margin as is required under 
cross compliance if claiming for the Basic Payment Scheme (BPS) (Good Agricultural and 
Environmental Condition (GAEC7a)) until 2027 when such rules are scheduled to no 
longer apply. Additional margins and in-field strips either funded through agri-environment 
schemes or as voluntary measures are used to provide other biodiversity benefits (Table 
4). Field margins introduce a varied range of habitats and increasing food sources. They 
can be a reservoir of weed seeds and disease inoculum e.g. ergot, but overall the benefits 
outweigh the negatives. 
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Table 4. Summary of the positive and negative impacts of field margins and in-field 
strips on biodiversity in arable situations. Note: some cells have been deliberately 
left blank. 
Category  Positive  Negative  
Birds   Increased numbers, food and habitat - 

Invertebrates as prey 
species   

- - 

Mammals   Increased populations, food and habitat  Seed predation by mice 

Fish   Reduced pesticide drift into watercourses - 

Amphibians   - - 

Reptiles   - - 

Arthropods, annelids, 
molluscs   

Increased food and habitat  - 

Soil micro, meso and 
macro fauna    

- - 

Non-target plants   Increased diversity, increased 
invertebrate number, food source (weed 
seed) 

- reservoir of pernicious 
weed seeds and disease 

Protected species   Positive for bumblebees - 

Recommendations for future work - field margins and in-field strips 

• There is a wide range of research on field margins and the benefits are well 
reported. 

Monitoring of crops, decision support systems (DSS), 
forecasting and pest thresholds 
These methods have the potential to target pesticide applications according to need and 
thereby increase the effectiveness of control and/or reduce pesticide treatments. There 
are 200 such DSS in Europe and these have been reviewed as part of the IPM Decisions 
project and 40 are planned to be made available through this project -
www.ipmdecisions.net.Benefits - monitoring of crops, decision support systems, 
forecasting and pest thresholds 

DSS have been shown to increase the effectiveness of chemical control by incorporating 
monitoring data with up-to-date pest phenology. This allows for applications to be timed at 
a period of greatest risk to the crop. For example, Jakubowska et al., (2020) applied these 
methods to the control of cutworms in sugar beet. This involved two forecasting models, 
one based on trapping adults in pheromone traps, and another based on cutworm 
development and information on migration and pest pressure. The DSS was able to 

http://www.ipmdecisions.net/
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identify times for effective insecticide application. Helps et al., (2021) evaluated DSS 
systems for root flies, cutworms and aphids. For both root flies and cutworms, the DSS 
performed considerably better than a calendar-based spray programme, although decision 
support for cabbage root fly saved less than the cost of a single insecticide spray. 

DSS can also be applied, not in a combination with monitoring, but as a method to 
improve monitoring efforts. A project over four years looking at pollen beetle management 
in oilseed rape based on phenological and weather data was used to produce two risk 
management tools. A DSS that predicts pest migration and ‘rule-based advice’ that 
provides advice based on risk factors linked to the growth stage of the crop and a 
temperature threshold. This can help to prompt monitoring which will detect whether a 
treatment threshold has been reached. The DSS was more accurate at predicting 
migration times and predicted fewer monitoring days. Therefore, showing that the tool can 
effectively focus monitoring effort to times when it is most needed (Ferguson et al., 2016).   

Lutman (2005) concluded that correct product choice can deliver appropriate selective 
control. The author cited amidosulfuron not controlling chickweed (Stellaria media) and 
pendimethalin not controlling mayweed (Matricaria recutia and Tripleurospermum 
inodorum) and groundsel (Senecio vulgaris) as examples of herbicides controlling 
competitive weeds whilst not being active on non-target, potentially beneficial species. A 
further conclusion was that competitive crops can tolerate more weeds than farmers 
currently believe is the case.  

Negatives - monitoring of crops, decision support systems, forecasting 
and pest thresholds 

Negative effects could occur if the monitoring/DSS/forecasting methods lead to excessive false 
predictions, causing unnecessary pesticide treatments or missed applications where they are 
necessary for the crop, leading to mistrust of future recommendations. DSS require testing and 
regular updating to incorporate new research or changes to regulations or management strategies.  

Summary - monitoring of crops, decision support systems, forecasting 
and pest thresholds 

These methods do not provide a direct improvement or hindrance to biodiversity in 
farmlands, but could benefit biodiversity by reducing the amount of pesticides used. This 
can potentially benefit multiple taxa and trophic levels.   

The actual benefit from reducing pesticide use depends on the particular pesticides 
involved.  There is interest in the UK to use DSS to reduce use of pesticides that are more 
damaging for biodiversity. Such pesticides could, in principle, be identified by use of a 
pesticide risk indicator.  In Denmark, the Pesticide Load (PL) consists of three sub-
indicators for human health, ecotoxicology and environmental fate, respectively. For each 
of the three sub-indicators a pesticide load (PL) is calculated and expressed as the PL per 
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unit of commercial product (kg, L or tablet). PL for human health (PLHH) is based on the 
risk phrases on the product label, while PL for ecotoxicology (PLECO) is calculated on 
basis of the LC/LD/EC50 values of the active ingredients for acute toxicity to mammals, 
birds, fish, daphnia, algae, aquatic plants, earthworms and bees and NOEC values for 
chronic toxicity to fish, daphnia and earthworms. PL for environmental fate (PLFATE) is 
calculated on basis of the half-life in soil (DT50), the bioaccumulation factor (BCF) and the 
SCI-GROW index. PL does not consider the actual exposure, i.e. it reflects the relative 
risks associated with the use of pesticides. Besides using PL for monitoring the yearly 
trend in pesticide use and load, it was also used for setting up a new pesticide tax scheme 
and for setting quantitative reduction targets (Kudsk et al., 2018). The Danish indicator 
aims to reflect the relative environmental pressure that occurs due to the differing 
hazardous nature of the pesticides and the variability in quantities applied. These sub-
indicators are then (a) used to determine the level of taxation and (b) combined with 
national usage data to enable the monitoring of usage trends and environmental load over 
time. This system has been evaluated for the UK (Lewis et al., 2021) but various concerns 
were identified that may lead to modifications in how the indicator is calculated and what 
parameters are included to make it better able to support U.K. policy objectives.  

The calculation of Total Applied Toxicity (TAT), as detailed by Bub et al (2022), could also 
be used for biodiversity means. TAT is based on amounts (masses) of pesticide and their 
toxicity for different species groups. 

Non-chemical weed control - Mechanical weeding  
Mechanical weeding kills weeds by burying, cutting or uprooting. Weeders can be 
mounted at the front or rear of a tractor and be powered, or ground driven. They can be 
steered from the tractor, have a second operator (vision guidance), or use GPS, or GIS. 
Weeding can take place both pre- and post-crop emergence. Weeds are best controlled 
as early as possible and early in a crop’s life cycle when plants are smaller although 
multiple passes may be required to ensure adequate control. 

Benefits – mechanical weeding 

Birds: Navntoft et al., (2007) concluded that a low weed cover is beneficial for insects and 
non-ground-nesting birds and harrowing twice in spring wheat could provide this low weed 
cover, provided it is performed before May 20, and it is not too intensive. 

Steen et al. (2015) recognised the effects of mechanical weeders on nesting birds and 
developed an algorithm for use on a mechanical weeder.  

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 
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Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptile: No evidence of positive biodiversity effects found. 

Arthropods: Trials in Germany found mechanical weeding methods were less effective 
than herbicide applications. This led to a higher weed density that is advantageous to a 
range of epigeic arthropods, including staphylinids. Mechanical weeding is thought to 
produce a more favourable soil surface microclimate than herbicide application (Kroos and 
Schaefer, 1998). 

Navntoft et al., (2007) concluded that a low weed cover is beneficial for insects (see ‘Birds’ 
section above). 

Kroos and Schaeffer (1998) citing Basedow (1991) and Lorenz (1994) found no negative 
response to different methods of mechanical weed control for spiders, ground beetles and 
rove beetles.  

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: No evidence of positive biodiversity effects found. 

Negatives – mechanical weeding 

Birds: Weed harrowing in spring had a strong negative effect on the breeding of lapwings 
and oystercatchers and a modest number of skylark nests were damaged in trials in 
Denmark. Only 16% of the monitored skylark nests were exposed to harrowing as most of 
the harrow operations were performed before the peak of skylark nests. Of the 16% of the 
total skylark nests that came into contact with harrowing, 83% of these were destroyed. A 
total of 65% of skylark nests were successful in plots harrowed twice but only 28% were 
successful when harrowed four times. The trial concluded that harrowing no later than 35 
days post-sowing of spring wheat and no later than May 20 would have only minor effects 
on the breeding success of skylarks in Denmark. Harrowing was the most frequent cause 
of nest failure for lapwings. Harrowing performed after May 1, or a few days after crop 
emergence has a negative effect on the breeding success of lapwings. Herbicide and 
insecticide use is also likely to be damaging to food supply for lapwing chicks (direct or 
indirectly) these results show the need for the creation of agri-environmental measures 
specifically for farmers with important lapwing colonies on their land. Low numbers of 
oystercatcher nests were present, but the data suggests weed harrowing is as damaging 
to this species as it is to lapwings. (Navntoft et al., 2007). 
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The frequency of mechanical weeding had a marginally negative affect on the species 
richness and abundance of farmland birds in winter (Geigler, 2011).  

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: In-crop mechanical weeding was considered harmful for most of the indicator 
organisms in a six-year field experiment comparing a range of different integrated weed 
management (IWM) systems with a standard weed management system (Deytieux et al., 
2012). The indicator organisms included birds, small mammals, amphibians, molluscs, 
spiders, carabids and wild bees. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: See mammals. 

Reptile: No evidence of negative biodiversity effects found. 

Arthropods: Weed harrowing killed spiders, reducing numbers by 37%. However, spiders 
recolonised fields within seven days of harrowing to levels equal to the original population. 
Therefore, the effects of mortality and recolonisation cancelled each other out. Weed 
harrowing caused substantial direct mortality on carabid beetles although this was not 
statistically significant (Thorbek and Bilde, 2004). 

Harrowing was shown to have a significant negative effect on numbers of spiders 
(Linyphiidae) and rove beetles (Staphylinids, Tachyporus spp.) but no negative effects on 
the ground beetles (Carabids Agonum spp. and Bembidion spp.). Numbers of common 
arthropods were significantly higher in plots harrowed twice compared to those harrowed 
four times. However, the negative effects of harrowing could be partly explained by an 
indirect effect of lower weed biomass as a positive relationship between weed biomass 
and predator densities was found (Navntoft et al., 2007).  

Navntoft et al (2007) concluded that low dosage herbicides may be a better alternative to 
weed harrowing for beneficial arthropods residing on the soil surface.  

Soil micro, meso and macro fauna: See mammals. 

Non-target plants: Trials in Luxembourg showed mechanical weed control had a negative 
impact on weed diversity. Those species present in low numbers were most likely to 
disappear and a few species became more dominant (Richard et al., 2020). However, this 
is also similar for many herbicide applications. 

Protected species: See Navntoft et al (2007) in the birds section for negatives effects of 
mechanical weeding on skylarks and lapwings.  Navntoft et al (2007 concluded that weed 
harrowing is a realistic alternative to pesticides but further work would be required to 
determine if low dosage herbicides are more beneficial for skylarks and arthropods than 



   

 

Page 54 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

the most efficient weed harrowing. Similar work could also be done for selective herbicides 
that allow certain weed species to survive. 

Summary – mechanical weeding 

The mechanical action of the weeder disturbs the soil surface cutting weed roots or pulling 
them from the soil. Soil is often moved around the crop plants. Weeding generally occurs 
in the spring and summer when weeds are emerging, and soils are dry. Any creatures 
present in the field at the time of weeding are liable to be disturbed. 

Table 5. Summary of the positive and negative impacts of non-chemical weed 
control on biodiversity in arable crops. Note: some cells have been deliberately left 
blank. 
Category  Positive  Negative  
Birds   - Destroys nests of ground nesting birds 

Invertebrates as prey species   - - 

Mammals   - Harmful, if present at time of weeding 

Fish   - - 

Amphibians   - Harmful, if present at time of weeding 

Reptiles   - - 

Arthropods, annelids, molluscs   - Direct mortality to surface dwelling arthropods 

Soil micro, meso and macro 
fauna    

- Harmful 

Non-target plants   - Reduces diversity 

Protected species   - Harmful to nests 

Recommendations for future work – mechanical weeding 

• There is limited information on the general effects of mechanical weeding on 
biodiversity.  

• Further work should be done to develop and implement algorithms that detect bird’s 
nests for mechanical weeders 

Sowing date  
Sowing date can include the use of early or late drilling as an IPM strategy to aid in the 
reduction of key pest, diseases and weeds. The use of spring sowing is included in sowing 
date but also forms a large part of crop rotation and stubble management.  

Winter wheat 
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Delayed drilling in winter wheat was shown to reduce black-grass populations by 31% 
(Lutman et al., 2013). Studies have also shown pre-emergence herbicide applications to 
be more effective at later sowing dates (Moss et al., 2016), This is likely attributed to the 
lower temperatures and increased soil moisture later in the year.  

Later sowings (mid-October) are used to reduce the potential disease transfer from last 
season’s crops and have been shown to reduce eyespot (Colbach et al., 1997) and 
septoria severity in winter wheat (Morgan et al., 2021), and take-all (Gutteridge et al., 
2003) and Barley Yellow Dwarf Virus (BYDV) in winter wheat and winter barley. However 
late sowings can be a risk where wet autumns prevent sowing or reduce seedbed quality 
and can result in a yield reduction. Late sowings can also increase yellow rust severity 
(Gladders et al., 2007), powdery mildew (AHDB, 2021a) and fusarium incidence and 
severity (Gorczyca et al. 2017; Jurkovic et al., 2006). 

Early sowing can increase the tolerance to some pest damage such as slugs (Glen, 2000) 
and wheat bulb fly (Leybourne et al.,2022; Storer et al., 2018) but can increase the risk of 
BYDV infection. 

Oilseed rape 

Delaying drilling in oilseed rape can be detrimental as it increases the number of barley 
volunteers resulting in a less competitive crop (Lutman, 1991) Oilseed rape plants require 
a higher base temperature for accumulating dry matter than volunteer cereals and 
chickweed (Lutman et al., 2013; Cook et al., 2013) so this puts rape at a disadvantage 
when sown later in the year. Delaying sowing can minimize the risk of cabbage root fly 
(Alford, 2003) turnip sawfly (Dewar et al., 2013), turnip yellow mosaic virus (AHDB, 2021b) 
and cabbage stem flea beetle (CSFB) adult and larvae (White et al., 2020). Later sowings 
can also reduce the transfer of light leaf spot spores from previous crop/nearby volunteers 
– which can offer the so-called ‘green bridge’ (Sutherland, 2001). 

Early sowing can increase clubroot epidemics (Oxley, 2007), but can reduce the severity 
of phoma stem canker (Aubertot et al., 2004) and limit pollen beetle damage (Scott et al., 
1973). Early sowing of oilseed rape can increase tolerance to slug damage (Dejoux et al., 
2003) and reduce leaf and cotyledon grazing damage from adult cabbage stem flea beetle 
(Barker, 1991). However, sowing early is likely to increase numbers of CSFB larvae as 
more eggs can be laid which hatch more quickly in the warmer weather so that the larvae 
invade plants earlier. 

Sugar beet 

The date for drilling sugar beet needs to consider soil temperature and soil moisture levels 
as well as varietal susceptibility to bolting. Establishing an even crop rapidly is the key 
driver so there is little flexibility to avoiding spring weed germination. Delaying drilling after 
mid-April will lead to severe yield loss.  
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Benefits – sowing date 

Birds: Skylark surveys between 1994 and 1996 on downland turf, arable reversion 
grasslands, non-environmentally sensitive areas (ESA) grass and arable land found the 
highest densities of skylarks in undersown spring barley compared to winter barley, 
permanent grassland reversion and intensively managed non-ESA grass (Wakeham-
Dawson et al., 1998). 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: Overwintered stubbles, which link to spring sowings, are thought to reduce run-off 
and erosion. This should benefit fish, in terms of helping egg survival, juveniles and 
aquatic invertebrates (fish prey) by reduced sedimentation (Turley et al., 2015; Turley et 
al., 2016). 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods: No evidence of positive biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found 

Non-target plants: The weed spectrum/plant community present in a crop is greatly 
influenced by its sowing date. Winter cropping will select for autumn germinating weeds 
and against spring germinating weeds.  

The increase in autumn sowing of cereals has contributed to the decline in spring 
germinating species such as corn marigold (Glebionis segetum). The decline in this 
species has been linked to the decline in spring cropping in the past 20 years (Marshall et 
al., 2001). 

Earlier harvesting of winter crops has led to declines in late autumn germinating species 
such as corn buttercup (Ranununculus arvensis) and shepherd’s needle (Scandix pecten-
veneris) (Robinson and Sutherland, 2002). 

Hald et al., (1999) showed that a change in land use from spring to winter cereals involved 
an immediate reduction of more than 25% in the density of plants and species and a 
change and increased uncertainty in the composition of the weed flora. 

Winter cropping selects for autumn germinating weed species and against spring 
germinating species such as the Polygonum (Chancellor, (1985) cited by Marshall et al 
(2001)). Lutman (2005) concluded that spring cropping increases the more 
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environmentally beneficial spring emerging weed species whilst also providing benefit to 
birds in terms of winter stubbles.  

Protected species: See Wakeham-Dawson et al., 1998 in the birds section for positive 
effects of spring barley on skylark populations.  

Negatives – sowing date 

Birds: Earlier sowing of cereal crops combined with earlier ripening varieties leads to 
earlier harvesting dates which means that more cultivations (including harvest) fall within 
bird breeding seasons. This causes greater destruction of eggs and chicks of field-nesting 
species, such as yellow wagtail (Motacilla flava) and corn bunting (Emberiza calandra) 
(Crick et al. 1994, Court et al. 2001).  

Invertebrates as prey species: No evidence of negative biodiversity effects found 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: No evidence of negative biodiversity effects found. 

Protected species: See Crick et al. 1994 and Court et al. 2001 in the birds section for 
evidence of earlier sowing of cereals alongside using early ripening varieties causing 
greater destruction of eggs and chicks for field-nesting species including corn bunting. 

Summary – sowing date 

Changing sowing date can mean a small delay of days or weeks as in the case delayed 
autumn drilling through to months where sowing is delayed until the spring. This delay can 
be effective in reducing weed, pest and disease levels or changing the species 
encountered.  
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Table 6. Summary of the positive and negative impacts of changing sowing date on 
biodiversity in arable crops. Note: some cells have been deliberately left blank. 
Category  Positive  Negative  
Birds   Increased densities in spring crops Early harvest and early 

sowing could lead to nest and 
chick destruction  

Invertebrates as 
prey species   

- - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, 
annelids, molluscs   

- - 

Soil micro, meso 
and macro fauna    

- - 

Non-target plants   Spring and autumn sown crops in a 
rotation will increase plant population 
biodiversity. Delaying autumn sowing 
reduces weed populations, potentially 
reducing herbicide usage. Spring 
cropping increases environmentally 
beneficial spring germinating weed 
species 

- 

Protected species   Increased densities of skylarks in spring 
crops 

Early harvest and early 
sowing could lead to nest and 
chick destruction 

Recommendations for future work – sowing date 

• Little is known about the wider effects of changing sowing date outside the effects 
on plants and disruption to birds. It is a wide area for research though nothing 
specific was identified for further research. 

Precision application 
Precision application is the mapping and analysing of field variation to enable the use of high 
accuracy variable rate or spot treatment application of fertilisers and pesticides, rather than a 
blanket application across the whole field.  

Precision application helps to reduce agricultural inputs (pesticides and fertiliser) and 
therefore potentially reduce their environmental impact on non-target organisms 
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particularly plants. Techniques include GPS, technological advancements in pesticide 
application (Brown et al., 2007), plant identification technology (spot and spray), targeted 
area spraying (Blair et al., 2002), weed wiping and fertiliser placement. For a wider list of 
precision application techniques, including integrated farm management (IFM) and 
integrated crop management (ICM)  techniques see 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_
data/file/870307/fps-general-dataset-05mar20.ods  

For this report's purpose, the search was limited to IPM techniques that control pests 
whilst reducing pesticide usage, such as spot and spray. The use of spot-spraying has 
shown reductions in herbicide use ranging from 60-66% (Power et al., 2013 and Kömives 
et al., 2016). 

Benefits - precision application 

No direct evidence of beneficial effects of precision application on biodiversity was found. 
There is a reasonable inference that reduced pesticide use resulting from precision 
application should reduce direct and indirect effects on non-target organisms.  

Negatives - precision application 

No information on the negative aspects of precision application was found. 

Summary - precision application 

Restricting the area of pesticide application to a crop should, in theory, help preserve the 
number of non-target organisms but there is little evidence for this. Precision application is 
a rapidly evolving area and could be developed in line with biodiversity aspirations. 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/870307/fps-general-dataset-05mar20.ods
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/870307/fps-general-dataset-05mar20.ods
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Table 7. Summary of the positive and negative impacts of precision application of 
pesticides on biodiversity in arable crops. Note: some cells have been deliberately 
left blank. 
Category  Positive  Negative  
Birds   - - 

Invertebrates as prey species   - - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, annelids, molluscs   Could be beneficial - 

Soil micro, meso and macro fauna    Could be beneficial - 

Non-target plants   Could target competitive plants only. - 

Protected species   Could be beneficial - 

Recommendations for future work – precision application 

• Research into new precision application technology, such as spot spraying, has to 
date concentrated on the efficacy of detecting and controlling weeds alongside the 
amount of herbicide saved when applying the technology.  

• Further work to determine the biodiversity implications of these technologies would 
give a deeper insight in to what species are affected from these types of precision 
applications. This information could inform priority areas where precision application 
techniques would bring the most benefit to biodiversity. 

Bioprotectants 
The term ‘bioprotection’ is used by the International Biocontrol Manufacturers Association 
(IBMA) as a collective term for all biological control technologies, including Invertebrate 
Biological Control Agents (IBCAs, macrobials), microbial biopesticides, semiochemicals 
and natural substances (IBMA, 2020). Invertebrate Biocontrol Agents or microbiological 
control agents provide control of pests through predation or parasitism. Microbial 
biopesticides are based on microorganisms such as bacteria, fungi, protozoans, viruses, 
viroids, mycoplasmas and any secondary metabolites, fermentation materials and cell 
fragments. IBMA (2020) state that bioprotectants have minimal environmental impact 
since biocontrol agents and microbials have existing ecosystem mechanisms to equilibrate 
their populations. Semiochemicals are volatile substances produced by organisms for intra 
or inter species communication with a target specific and non-toxic mode of action. Natural 
substances originate from nature, for example with components from plants, algae, 
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animals, minerals or microorganisms, and these can be synthesised. According to the 
IBMA (2020) natural substances and semiochemicals have existing degradation pathways 
or are inert, and semiochemicals, biocontrol agents and microbials are usually specific to 
the target organism causing minimal effect on non-target species and any lasting effects 
are likely to be temporary, causing no persistent impact on biodiversity.  

The release of IBCAs has been used for pest management for over 100 years and some 
exotic natural enemies have caused negative effects on biodiversity particularly from 
release of generalist predators including vertebrates for pest control and occasionally for 
weed control (Loomans, 2007). As a result, regulatory procedures are in place for the 
import and release of IBCAs in the UK to mitigate the risk to native biodiversity (Loomans, 
2007). Hence the use of the active ingredient in neem oil (MAPP 18301), azadirachtin, is 
only on the Health & Safety Executive's list of approved substances for ornamental plant 
production (where the crop is under permanent protection with full enclosure). 

Benefits - bioprotectants  

Birds: No evidence of positive biodiversity effects found. 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods: No evidence of positive biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: No evidence of positive biodiversity effects found. 

Negatives- bioprotectants 

No evidence of negative biodiversity effects found in any category. 

Summary- bioprotectants 

The use of bioprotectants could help to reduce pesticide use, potentially benefitting a 
range of species. However, little information is available on the impacts on biodiversity. 
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Table 8. Summary of the positive and negative impacts of bioprotectants on 
biodiversity in arable crops. Note: some cells have been deliberately left blank. 
Category  Positive  Negative  
Birds   - - 

Invertebrates as prey species   - - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptile   - - 

Arthropods, annelids, 
molluscs   

- - 

Soil micro, meso and macro 
fauna    

- - 

Non-target plants   - - 

Protected species   - - 

Recommendations for future work - bioprotectants 

• There is great potential for research in this area, but it will be prolonged (as there 
are many products) and detailed.  

Selective and/or narrow spectrum pesticides 
Selective pesticides (see http://sitem.herts.ac.uk/aeru/ppdb/en/ and 
https://agrobaseapp.com/united-kingdom ) are those that are designed to target only the pest 
and ideally have a minimal impact on non-target organisms.  

A comprehensive review of the non-target effects of herbicides on higher plant species 
and the subsequent indirect effects on fauna can be found in the impact of herbicides on 
weed abundance and biodiversity, Defra review PN09404  

Narrow spectrum pesticides only have a small target range and are designed to control a 
select group of organisms. These could be used to control competitive or undesirable 

 

 

4 https://www.yumpu.com/en/document/view/11412145/the-impact-of-herbicides-on-weed-abundance-and-
biodiversity- 

http://sitem.herts.ac.uk/aeru/ppdb/en/
https://agrobaseapp.com/united-kingdom
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species whilst not controlling more desirable species that may contribute positively to 
biodiversity. 

Benefits – Selective/narrow spectrum pesticides 

Birds:  

The approval of amidosulfuron has allowed selective control of cleavers, whilst not 
controlling desirable species. Amidosulfuron can be used early in spring before the main 
germination period of Polygonum, which are a source of food for ‘chick-food’ insects. It 
also suppresses competitive over wintered chickweed (Stellaria media) so it is less 
competitive and stays below the crop canopy (Boatman et al., 1999 cited by Marshall et 
al., 2001).  

Natural England (personal communication) also have guidance that clodinafop-propargyl, 
fenoxaprop-P-ethyl, pinoxaden and tri-allate can be used for selective weed control in the 
countryside stewardship options whole crop cereals (AB7), unharvested cereal headland 
(AB10), and harvested low input cereals (AB14) Defra, 2022b). 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: In SAFFIE (Clarke at al., 2007) following single 
herbicide applications, arthropod abundance was generally highest where the selective 
herbicide amidosulfuron was applied in the spring. This benefitted nectar feeders, 
omnivores, Diptera and Heteroptera.   

Pirimicarb is a selective carbamate insecticide used to control aphids on vegetable, cereal 
and orchard crops by inhibiting acetylcholinesterase activity but does not affect predators 
such as ladybirds and lacewing larvae that eat them. However, aphid control will also 
reduce the numbers of prey species available to the predatory insects. 

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: Herbicides were shown to be implicated in the decline of scarce weed 
species, though other factors were also said to have contributed to the decline (Cooke and 
Burn, 1995, Andreasen et al., 1996 ). Moreby and Southway (1999) found significantly 
greater floral cover, weed species diversity and higher numbers of arthropod groups that 
are an important part of the diet of farmland birds in untreated plots compared to herbicide 

https://www.sciencedirect.com/science/article/pii/S0006320704003246#bib6
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treated plots. This suggested that the use of selective pesticides may be an effective way 
of controlling only the competitive plants. 

Spring applications of amidosulfuron in winter wheat allowed for a reasonable cover of 
desirable species whilst providing effective control of cleavers (Galium aparine). Where 
other non-desirable species were present adequate control was not always achieved 
(Clarke et al., 2007). 

Lutman (2005) concluded that correct product choice can deliver appropriate selective 
control. The author cited amidosulfuron not controlling chickweed (Stellaria media) and 
pendimethalin not controlling mayweed (Matricaria recutia and Tripleurospermum 
inodorum) and groundsel (Senecio vulgaris) as examples of herbicides controlling 
competitive weeds whilst not being active on non-target, potentially beneficial species. A 
further conclusion was that competitive crops can tolerate more weeds than farmers 
currently believe is the case.  

Specific graminicides can control target weeds, whilst leaving dicots unaffected. For 
example yarrow (Achillea millefolium), black knapweed (Centaurea nigra), lady's bedstraw 
(Galium verum), ox-eye daisy (Leucanthemum vulgare), bird’s foot trefoil (Lotus 
corniculatus), narrow leaf plantain (Plantago lanceolata), sorrel (Rumex acetosa), red 
campion (Silene dioica) and red clover (Trifolium pratense) were unaffected by the use of 
fusillade max (fluazifop-p-butyl) but grass species were controlled (Blake et al., 2012). 

Protected species: No evidence of positive biodiversity effects found. 

Negatives – selective/narrow spectrum pesticides 

The use of selective/narrow spectrum herbicides may still negatively affect biodiversity 
when compared to untreated areas. 

Birds: No evidence of negative biodiversity effects found. 

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 
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Non-target plants: Lutman (2005) concluded that low herbicide doses are unlikely to be 
an effective method to enhance selectivity of weed species controlled. 

Protected species: No evidence of negative biodiversity effects found. 

Summary- selective/narrow spectrum pesticides 

Previous research has identified selective pesticide use to manipulate in-field weed 
populations. This has many beneficial effects on biodiversity but leads to ‘dirty’ crops 
which can have knock on effects for efficient harvest. Highly selective pesticides are rare 
in arable situations.  



   

 

Page 66 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Table 9. Summary of the positive and negative impacts of application of 
selective/narrow spectrum pesticides on biodiversity in arable crops compared to 
the use of broad-spectrum pesticides. Note: some cells have been deliberately left 
blank. 
Category  Positive  Negative  
Birds   Increases food 

availability 
- 

Invertebrates as 
prey species   

Increased plant 
species could increase 
food availability 

- 

Mammals   - - 

Fish   - Many pesticide labels contain warnings of 
toxicity to aquatic life. Care is needed in 
treatment, spraying, and disposal of containers 
of such actives 

Amphibians   - Many pesticide labels contain warnings of 
toxicity to aquatic life. Care is needed in 
treatment, spraying, and disposal of containers 
of such actives 

Reptiles   - - 

Arthropods, 
annelids, 
molluscs   

Increased food 
availability maintains 
beneficial predators.  

-Control of aphids could reduce prey species for 
predatory insects 

Soil micro, meso 
and macro fauna    

- - 

Non-target plants   Can leave desirable 
species in place 

Lower doses are unlikely to be effective. 

Protected species   - - 

Recommendations for future work – selective/narrow spectrum 
pesticides 

• Marshall et al., (2001) concluded information on the susceptibility of weeds to 
existing herbicides is not easy to obtain, with only limited data on herbicide labels. 
They declared a need for easier access to existing information coupled with much 
more comprehensive dose-response data on weed species. Furthermore, they 
stated legislative and regulatory frameworks are required to encourage 
manufacturers to develop narrow-spectrum herbicides, targeted at competitive 
weed species, rather than broad spectrum control, and incentivise growers to use 
them. This is a key requirement in the training of agronomists that wish to practice 
Integrated Pest Management (appendix 1). It will also help farmers and spray 
operators to recognise the presence of desirable or uncompetitive ‘weed, pest and 
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diseases’ and relevant treatment thresholds so they can avoid applications that 
harm them. 

• Managed herbicide use in competitive crops could lead to more opportunities for 
maintaining biodiversity. 

Cover crops, companion cropping, intercropping, 
undersowing, trap crops, banker plants and floral strips 
Cover crops are grown to improve and protect the soil between harvested crops. Cover 
crops can be grown on a short or long-term basis depending on the objective. Autumn 
sown cover crops can provide cover to reduce nutrient losses over winter and longer-term 
cover crops can help to improve soil structure. Cover crops can also be used to disrupt 
pest and disease cycles, suppress weeds and provide habitat for wildlife. 

The term ‘companion cropping’ is defined as a system which involves two or more plant 
species growing together where part or all of their crop cycle overlaps temporally and/or 
spatially to provide potential benefits (Parker et al., 2013; Brooker et al., 2014; Howard, 
2016).  

Intercropping is two crops being sown together in which all plant species are harvested or 
systems in which one plant is harvested, and the other is ‘sacrificial’ (Finch and Collier, 
2011). For a comprehensive review on companion cropping and intercropping see 
(Howard, 2016). 

Most companion crop research has been conducted on its efficacy to control insect pests. 
Breitenmoser et al., (2022) concluded that intercropping winter oilseed rape with frost-
resistant companion plants, Faba bean (Vicia faba) and grass pea (Lathyrus sativus), 
showed a very high potential to reduce insect pest pressure from cabbage stem flea 
beetles (Psylliodes chrysocephala), cabbage stem weevil (Ceutorhynchus napi), and 
pollen beetle (Brassicogethes aeneus) and increase crop yield. But not all companion 
crops are frost sensitive and need specific herbicides to remove them from the crop. 
Hence, the use of companion crops for pest control may eventually reduce our reliance on 
insecticides but could increase herbicide use.  

Undersowing is the sowing of a secondary crop underneath the primary cash crop to 
shade out weeds. The secondary crop is left as a mulch, cover crop or for grazing the 
following year. Living mulches are similar to undersown crops in their function but they 
remain under the crop for at least one year and can remain for several years. Allelopathic 
companion crops can be grown to be antagonistic to weeds. Allelopathy, first used by 
Hans Molisch (Olofsdotter et al., 2002), is the suppression of growth of a plant due to the 
release of toxic compounds (Lambers et al., 1998 as cited in Olofsdotter et al., 2002).  
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A ‘push-pull’ system involves using two companion crops alongside the cash crop. One 
species is planted with the cash crop to repel (push) pests away and the other is planted 
at the edge of the cash crop to attract (pull) pests to ‘sacrificial’ plants where they can be 
controlled with biological control agents or pesticides. A ‘trap’ or ‘catch’ crop refers to the 
‘pull’ part of the system in which one sacrificial species, often planted on the border of the 
cash crop, is used as a sacrificial crop to attract immigrant pests and prevent migration to 
the cash crop.  

Trap cropping is a method of crop pest suppression and distraction that relies upon habitat 
manipulation within the field. This involves the introduction of plant stands that are 
designed to attract invertebrate pests. This protects the crop, either by preventing it from 
being colonised by pests or by concentrating the pest population in areas where they can 
be targeted effectively with control agents (Hokkanen, 1991; Shelton and Badenes-Perez, 
2006; Cook et al., 2007). Ideally the trap crops should not be competitive with the field 
crop and should be fast growing and provide a source of nitrogen. In winter sown arable 
crops, a frost sensitive companion crop would protect the field crop and then succumb to 
frost and no longer interfere with the field crop (Ortega-Ramos et al., 2021). Trap crops 
are most common in horticulture in crops such as field vegetables. The few examples in 
temperate arable production are in oilseed rape for cabbage stem flea beetle management 
(Pickering et al., 2020) or maize for prevention of soil erosion (ADAS and Ricardo Energy 
& Environment, 2016) and improving arthropod diversity (Norris et al., 2018).  

The banker plant system is another method of companion planting, which boosts numbers 
of predators and parasitoids by establishing them on a non-crop plant species, with or 
without an introduced pest species, which is not a risk to the cash crop.  

Floral strips, beetle banks or pollinator margins can be planted along field edges, or 
through a field in strips. Cultivating attractant plants to encourage natural enemies is a 
form of companion cropping. The benefit from flowering strips is increased by a network of 
near natural habitat such as perennial, species-rich hedges and meadows (Messelink et 
al., 2014). 

For information specific to horticultural crops see section 7.5. 

Benefits – cover crops etc 

Birds:  A large-scale study consisting of eight sites in seven European countries found 
bird abundance in winter had a positive link to the area covered by green manure crops 
(Geigler, 2011). 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 
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Fish: Cover crops can reduce run-off volume by 10 to 98% and reduce sediment loss by 
22-100%. Grass cover crops can help to reduce nitrate leaching up to 95% (Blanco-
Canqui, 2018). High fine sediment from terrestrial sources resulting from anthropogenic 
activity are widely recognised to negatively impact freshwater fish and aquatic ecosystems 
(Kemp et al, 2011). 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: A greater occurrence of naturally occurring 
hymenopterous parasitoids (Buntin, 1998; Vinatier et al., 2012), and an increase in the 
parasitism of cabbage seed weevil larvae by 60–80% was recorded in winter oilseed rape 
with a trap crop of an autumn sown spring variety of oilseed rape that flowers two to three 
weeks earlier than the winter crop (Buntin, 1998). 

Soil micro, meso and macro fauna: Higher earthworm abundance was found in clover 
monocultures and grass-clover mixtures when compared to fallow in a one-year trial in the 
Netherlands, with epigeic earthworms positively correlated to the proportion of clover 
(Haas et al., 2019). In a systematic literature review of cover crops Hao et al (2023) 
showed cover crops increased soil microbial biomass by up to 19.5%, The review cited 
studies by Puget and Drinkwater, 2001; Steenwerth and Belina, 2008a and Kallenbach et 
al., 2016 showing cover crop root exudates increases microbial activity and biomass.  

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: No evidence of positive biodiversity effects found. 

Negatives – cover crops etc 

A two year study at eight field sites showed cover crops can be used to suppress weed 
growth, however additional weed management measures are needed for reliable weed 
control (Dorn et al., 2015).  

Summary– cover crops etc 

Adding species to the rotation has been shown to increase a limited number of taxa in the 
limited number of references found. The question is where to place these species? Placing 
them outside of crops is less problematic than placing them within crops. Benefits for pest 
and weed control have been shown but there are potential detrimental effects on crop 
yield.  

https://www.sciencedirect.com/science/article/pii/S0048969722077038#bb0440
https://www.sciencedirect.com/science/article/pii/S0048969722077038#bb0540
https://www.sciencedirect.com/science/article/pii/S0048969722077038#bb0285
https://www.sciencedirect.com/science/article/pii/S0048969722077038#bb0285
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Table 10. Summary of the positive and negative impacts of cover crops etc on 
biodiversity in arable crops. Note: some cells have been deliberately left blank. 
Category  Positive  Negative  
Birds   Winter bird abundance 

positively linked to the area 
covered by green manure 
crops.  

- 

Invertebrates as 
prey species   

- - 

Mammals   - - 

Fish   Can reduce soil runoff and 
erosion benefiting fish and 
aquatic ecosystems. 

- 

Amphibians   - - 

Reptiles   - - 

Arthropods, 
annelids, 
molluscs   

Increase in parasitism. Increase 
in flowers and visiting 
arthropods. 

- 

Soil micro, meso 
and macro fauna    

Higher earthworm and 
microbial abundance 

- 

Non-target plants   - Can suppress weeds however 
additional measures needed so not 
clear of the impact on high biodiversity 
value weeds 

Protected species   - - 

Recommendations for future work – cover crops etc 

• More evidence is needed on the biodiversity effects of various cover crops etc. in a 
range of representative agronomic systems.  

Varietal choice and mixtures  
The use of resistant and tolerant varieties are an important part of non-chemical pest and 
disease control. Sources of information on disease resistance to the major pathogens in 
cereals, oilseed and potatoes are available in the recommended lists published by AHDB 
and by British Beet Research Organisation (BBRO) for sugar beet. 

Varietal mixtures result from growing multiple varieties of the same crop species in one 
field. The increase in within-species genetic diversity (with respect to disease resistance 
genes) has the potential to reduce the threat from diseases. Research has shown varietal 
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mixtures significantly increase yield and reduce septoria tritici blotch (STB) in winter wheat 
(Kristoffersen et al., 2021). Four cultivar mixes with moderate to low fungicide input under 
high disease pressure showed the greatest benefits. The potential to reduce fungicide 
applications was identified in 67% of the cultivar mixtures.  

Crops that are tolerant to specific herbicides have been developed, these are naturally 
bred. Examples include Clearfield® oilseed rape and Conviso® sugar beet. These 
varieties allow for control of weeds that are closely related to the crop such as brassicas in 
oilseed rape and weed beet and fat hen in sugar beet which are difficult to control with 
herbicides in standard varieties. Growers are advised to follow strict stewardship 
guidelines to prevent herbicide tolerant volunteers, and to bear in mind marketing of the 
end-crop, when choosing varietal mixtures.  

Benefits - varietal choice and mixtures  

Birds: No evidence of positive biodiversity effects found. 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of positive biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: No evidence of positive biodiversity effects found. 

Negatives- varietal choice and mixtures 

No evidence of negative biodiversity effects found in any category. 

Summary- varietal choice and mixtures 

There is limited information on the effects of varietal choice and mixtures on biodiversity 
Where competitive crops are grown, such as hybrid barley, an increase in canopy density 
could make it less suitable for birds which prefer open structured cereal crops for foraging 
and nesting.  
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Table 11. Summary of the positive and negative impacts of varietal choice and 
mixtures on biodiversity in arable crops. Note: some cells have been deliberately 
left blank. 
Category  Positive  Negative  
Birds   - - 

Invertebrates as prey species   - - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, annelids, molluscs   - - 

Soil micro, meso and macro 
fauna    

- - 

Non-target plants    May increase the likelihood of herbicide 
resistance 
Reduce plant density 

Protected species   - - 

Recommendations for future work- varietal choice and mixtures 

• The current lack of willingness of end-users and buyers coupled with marketing 
conservatism to accept varietal mixtures off-farm may need to be challenged.  

• Initial work on varietal mixtures has concentrated on reduction in disease levels. 
Assessments could be expanded to look at the additional benefits.  

• In work comparing hybrid, 2-row, 6-row barley and winter wheat there are large 
differences in canopy size and light penetration which is a major contributor to the 
effects on weed control. This has implications for biodiversity, and these could be 
quantified. 

• See section 6.12 for additional comments on gene modification. 

Genetic modification 
Genetic modification (GM) and gene editing techniques, such as CRISPR, are likely to 
gain approval for food production in the UK in future. GM crops are widely grown in other 
parts of the world such as the US and India and the impact on biodiversity has been 
studied.  
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Not surprisingly, the effects on various groups of arthropods followed the effects on the 
abundance of their resources. 

Benefits 

Birds: No evidence of positive biodiversity effects found. 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: The effect of Bt crops on non-target above ground 
invertebrates has been studied in several reviews. Carpenter (2010) concluded that no 
significant adverse effects or landscape level effects have been recorded and abundance 
and activity of parasitoids and predators are similar in Bt and non Bt crops. A meta-
analysis by Wolfenbarger et al. (2008) found that predators and specialist parasitoids of 
the target pest were less abundant in Bt cotton compared with unsprayed non-GM cotton, 
but numbers of other parasitoids were the same in both types of crop. This study also 
found that predators and herbivores were more abundant in Bt crops compared with 
sprayed non-Bt crops due to the use of different insecticides, whereas omnivores and 
detritivores were more abundant in sprayed non-Bt crops than the Bt-crops (Wolfenbarger 
et al., 2008).  

In a review by Areal et al., (2015) the authors stated that scientific evidence so far seems 
to indicate that there has been no environmental damage from growing GM crops. They 
may possibly even be beneficial to the environment as they result in less insecticides and 
herbicides being applied.  

Soil micro, meso and macro fauna: Plants influence biodiversity in the soil by nutrient 
cycling and release of root exudates. Studies have shown few or no toxic effects of Cry 
proteins from Bt crops on woodlice, collembola, mites, earthworms, nematodes, protozoa 
and soil enzymes (Carpenter, 2011).  

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: GM crops have helped to increase yields in several countries, with the 
greatest yield increases in developing countries (Carpenter, 2010). An estimated 2.64 
million hectares of land were not converted to agricultural use in the US, Romania, the 
Philippines and Canada due to yield increases from GM crops (Brookes et al., 2010). Not 
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converting land into agricultural production might potentially enable conservation of habitat 
for protected species.  

Negatives 

Birds: The abundance of birds is related to the availability of food resources such as weed 
seeds and insects (Carpenter, 2011). More granivorous birds were found on non-GM 
sugar beet compared with herbicide tolerant sugar beet but there were no differences in a 
similar comparison in spring oilseed rape (Chamberlain et al., 2007).  

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: A quantitative review looked at 48 non-target 
species and found 21.2% of peer-reviewed papers analysed showed significant negative 
effects of GM plants on natural enemies compared to 4.8% showing significant positive 
responses to resistant crops (Lövei et al., 2009)). In another study negative effects were 
more common in laboratory studies than field studies and were associated with exposure 
to Bt proteins especially when non-target organisms were related to the target pest 
(Naranjo, 2009).  

In 2015 genetically modified herbicide tolerant (GMHT) winter oilseed rape (WOSR) was 
compared to conventional varieties over a three-year period (Bohan et al., 2005). Bees 
and butterflies that select and forage on dicot weeds were less abundant in GMHT WOSR 
management in July than in the conventionally managed crop. Year totals for collembola 
were greater under GMHT than conventional management. There were few other 
treatment effects on invertebrates, despite the marked effects of herbicide management 
on the weeds.  

Limiting herbicide use to single modes of action on tolerant crops has implications for 
increased development of herbicide resistance in target and non-target plant species.  

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found.  

Non-target plants: Genetically engineered herbicide tolerant sugar beet and oilseed rape 
crops were associated with fewer weeds and weed seeds compared with conventional 
crops, whereas herbicide tolerant corn was associated with an increased number of 
dicotyledon weeds and weed seeds and subsequently higher numbers of weed seed-
eating beetles (Carpenter, 2011).  
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There is concern that geneflow from GM crops to wild relatives could have a negative 
impact on biodiversity, however, any impact would depend on whether or not the 
additional genetic material confers any fitness advantage or disadvantage (Carpenter, 
2011).  

Protected species:  See Bohan et al (2005) in the arthropods section citing reduced bees 
and butterflies in GMHT oilseed rape. Some species of bee and butterfly are on Section 41 
of the NERC Act (2006) so could be affected. 

Summary 

The success of GM crops has led to increased conversion of land to agricultural use in 
some parts of the world, such as Brazil and Argentina (Carpenter, 2011). GM may enable 
cropping on poor quality or marginal land, which has traditionally been unsuitable for 
cropping and left for wildlife. 

There is little information available on the impact of genetic modification on biodiversity 
apart from in Bt crops. Many studies have concluded that Bt crops are safe to biodiversity 
and may lead to the reduced use of insecticides. Other studies have found negative 
effects or contrasting effects on different species. In herbicide tolerant crops, increasing 
reliance on a single mode of action can lead to increases in herbicide resistance in 
naturally occurring plant species (Schütte et al., 2017). 



   

 

Page 76 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Table 12. Summary of the positive and negative impacts of genetic modification on 
biodiversity. Note: some cells have been deliberately left blank. 
Category  Positive  Negative  
Birds   - Reduced or static numbers.  

Invertebrates as 
prey species   

- - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, 
annelids, 
molluscs   

No difference in GM crops, 
or increased herbivore and 
predator numbers.  

Reduced omnivores and detritivores in GM 
crops. Non-target organisms closely related to 
target organisms can be affected. Lower 
abundance in GMHT crops. 

Soil micro, meso 
and macro fauna    

- - 

Non-target plants   Potential for increased 
crop diversity 

Potential for gene flow to wild relatives if GM 
trait is beneficial 

Protected 
species   

More land available for 
conservation 

Increased cropping of previously unsuitable 
land 

Recommendations for future work 

• Further work is needed on the impact of genetic modification and gene editing on 
biodiversity in the UK.  

Stubble management  
Stubble is defined as the above-ground plant residue left in the field after harvest, 
including stem, leaf and glume of cereals. Stubble can be mulched, cultivated, drilled into 
or retained over winter for habitat. Stubbles can provide food sources for invertebrates and 
birds by leaving weeds and seeds in the field. Stubbles can be used to take out volunteers 
from the previous crop, pernicious grassweeds and can help minimise the carryover of 
pests and many diseases by removing the ‘green bridge’ between cropping seasons. 

Generally, there are three types of stubble created following harvest in the autumn (Potts 
2003). 

1. Cultivated early to provide a seedbed for autumn sown cereals, usually prior to 
October. 
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2. Ploughed to allow establishment of spring sown crops, usually prior to Christmas 
but could be delayed by poor weather.  

3. Stubble that carries an undersown crop. 

Sprayed stubbles and over-wintered stubbles for agri-environment schemes (AB2 and 
AB6) could be added as further categories.  

Benefits - Stubble management  

Birds: The retention of over-winter stubble under set-aside provided foraging habitat for 
some farmland birds, although plant species diversity is usually low (Firbank et al., 2003). 
The SAFFIE project (Clarke et al., 2007) showed barley stubbles were much better than 
wheat for increasing beneficial plant species due to earlier harvesting. Retaining winter 
stubble led to increases in population growth rates across multiple granivorous species of 
birds (Baker et al., 2012); hence current agri-environment options Overwintered stubble 
(OP1), Basic overwinter stubble (AB2) and Enhanced overwinter stubble (AB6) (Defra, 
2022b). If spring cultivation follows, there is potential for spring-germinating annuals to 
establish further increasing biodiversity (Critchley et al., 2004). 

Hancock et al. (2016) found the abundance of cereal seed eating birds was higher in 
stubble fields after combine harvesting compared to arable silage or reaper binders, but 
this relationship was not found for weed seed eating birds such as finches. Whilst 
Moorcroft et al. (2002) found the abundance of seeds and bare ground in stubble fields 
was positively correlated with the abundance of seed-eating birds and negatively 
correlated with wood pigeons that graze on vegetation.  

Crop seed numbers on stubble were highest after oilseed rape and lowest after winter 
wheat and numbers declined over the winter period. Germination of weeds within the 
stubble and seed set on these plants was shown to provide up to 30,000 seeds/m² 
(Vickery et al., 2005). Bird numbers on stubbles could be low with most stubbles 
supporting no birds at all. Where birds were present, up to 80% of the variation in number 
of granivorous birds was explained by the density of Chenopodiaceae and Polygonaceae 
seeds and the number of chemicals used on the preceding crop (Vickery et al., 2005). This 
study supported work by Moorcroft et al., (2002) who showed a strong correlation between 
the distribution of linnet (Carduelis cannabina), grey partridge (Perdix perdix), chaffinch 
(Fringilla coelebs), yellowhammer (Emberiza citrinella), corn bunting (Miliaria calandra) 
and reed bunting (Emberiza schoeniclus) and food resources. In this work they compared 
stubbles following conventionally grown wheat and barley with an undersown organic 
wheat. The undersown crop discouraged the use of the stubble by birds due to the greater 
ground cover; more open stubbles were favoured where seeds were more available. 

Undersown leys are important to insectivorous birds as they are rich in invertebrates 
(Barker et al., 1999), but are not as good for granivorous birds as the sown grass 
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competes with weeds reducing growth and seed production. Access to the soil surface is 
also restricted (Moorcroft et al., 2002). 

Beet tops and crowns can provide a significant food source for birds such as pink-footed 
geese (Anser brachyrhynchus). They can graze on harvested sugar beet fields for up to 30 
days after harvest (Gill et al., 1996). Twenty five percent of the world population of this 
species spends much of the winter on the beet stubbles and other fields of northwest 
Norfolk together with other species such as Bewick (Cygnis columbianus) and whooper 
swans (Cygnis cygnus), skylarks (Alauda arvensis), golden plover (Pluvialis apricaria), 
lapwing (Vanellus vanellus), pied wagtail (Motacilla albus) and meadow pipit (Anthus 
pratensis). 

A large scale study consisting of eight sites in seven European countries found bird 
abundance in winter had a positive link to the area covered by stubble (Geigler, 2011). 

Invertebrates as prey species: As described in 6.1.1, leaving straw residue can increase 
slug populations, which are prey for birds and invertebrates (South, 1992; O’Hanlon et al., 
2019). 

Mammals: A study by Cybulska et al. (2020) found that increased areas of stubble 
reduced the stress levels of hares and improved food and cover for small mammals. 

Fish: Retaining stubble can protect the soil and minimise the risk of runoff to water. 

Amphibians: Retaining stubble can protect the soil and minimise the risk of runoff to 
water. 

Reptiles: No evidence of positive biodiversity effects found.  

Arthropods, annelids and molluscs: Fields in which oilseed rape has not been grown 
recently or nearby are likely to have relatively low cabbage stem flea beetle pressure. The 
presence of cereal stubble/straw could make it harder for the pest to locate emerging 
oilseed rape, but robust trial data is sparse. It may also help to conserve soil moisture. 
Trials suggest that wheat straw may be better than barley straw. Spiders also use stubble 
to support their webs. It is possible that longer stubble offers greater benefits (AHDB, 
2022d).  

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: Lack of a pre-harvest desiccant improves the survival of in-crop plant 
species, where stubble is left uncultivated as they can complete their lifecycle and return 
seed to the seedbank.  

Protected species: See Gill et al., 1996, Vickery et al., 2005 and Moorcroft et al., (2002) 
in the birds section for the positive effects of stubble on skylark, lapwing, linnet, grey 
partridge, chaffinch, yellowhammer, corn bunting and reed bunting populations.  
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See Cybulska et al (2020) for the benefits of stubble for hares. 

Negatives - Stubble management  

Birds: Stubbles can often lack a diverse range of plants and this lack of biodiversity can 
negatively impact on feeding opportunities for birds in the autumn.  

Invertebrates as prey species: The disappearance of undersown cereals to create a ley 
has been identified as a key factor in the decline of invertebrates (Avery and Moorcroft, 
2003), especially sawflies (Barker et al., 1999). 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: No evidence of negative biodiversity effects found. 

Protected species: No evidence of negative biodiversity effects found. 

Summary- Stubble management  

Retaining a stubble after harvest is already part of environmental schemes. Its value as a 
source of food during the autumn and winter is well known. Stubble management is key to 
maximising its value and its value is reduced by the application of a pre-harvest desiccant 
and cultivation immediately after harvest. Retention of stubbles protects the soil from rain 
and minimises erosion. Stubbles can be very varied depending on the crop they follow and 
the pesticides that have been applied. 
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Table 13. Summary of the positive and negative impacts of stubble management on 
biodiversity in arable crops. Note: some cells have been deliberately left blank. 
Category  Positive  Negative  
Birds   Can be managed to provide 

improved food source 
Diversity of food sources 
can be low. 

Invertebrates as prey 
species   

  

Mammals   Improves environment and food 
sources 

- 

Fish   Minimises erosion, improves 
water quality 

- 

Amphibians   Minimises erosion, improves 
water quality 

- 

Reptiles   - - 

Arthropods, annelids, 
molluscs   

Improves populations - 

Soil micro, meso and macro 
fauna    

 - 

Non-target plants   Increases seed return to 
replenish seedbank 

- 

Protected species   Stubble management can benefit 
skylark, lapwing, linnet, grey 
partridge, chaffinch, 
yellowhammer, corn bunting and 
reed bunting populations 

- 

Recommendations for future work- Stubble management  

• Stubble management can be very variable, work in this area is difficult to plan as 
several factors can influence the type of stubble, its duration, the following crops 
and time of destruction.  
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Outdoor horticulture 
This part of the review considers the impact on biodiversity of IPM techniques used in 
outdoor horticulture, with specific reference to brassicas (such as broccoli, cauliflower, 
cabbage, and Brussels sprouts), root crops (carrots, beetroot, and parsnips) and top fruit 
(apples, pears, cherries, and plums).  

A review by Adamson et al., (2020) found that there was limited data available to quantify 
the uptake of IPM in horticulture. In general, IPM use in horticulture is practiced by most 
growers to some extent but some sectors such as protected edibles and organic growers 
rely on IPM more extensively than other sectors, such as outdoor horticulture (Adamson et 
al., 2020). The Maximum Residue Levels (MRLs) of pesticides permitted in horticultural 
produce are very low since the edible part of the plant is often directly exposed to 
pesticides (Adamson et al., 2020). The number of effective pesticides available for use in 
horticulture has reduced due to regulation and resistance (Adamson et al., 2020). These 
restrictions pose a barrier to use of pesticides by horticultural growers and have driven the 
uptake of IPM.  

Adamson et al., (2020) considered that the impact of IPM on biodiversity was positive 
because of a decrease in the use of conventional pesticides, however there was an 
evidence gap relating to understanding the direct environmental impacts of individual IPM 
techniques. This section of the review will focus on the impact on biodiversity of some 
specific IPM techniques used in outdoor horticulture. Many of these are used in a similar 
way in arable farming and have been covered in the arable section. Refer to section 6.1 
for cultivations, section 6.2 for rotations, section 6.9 for selective pesticides and section 
6.10 for cover cropping.  

Crop Rotation 
See section 6.2 on arable crop rotation for more information. Specific reference to 
horticultural systems is given below.  

Benefits 

Arthropods, annelids and molluscs: Numbers of carabids in vegetable crops following 
clover were lower than in vegetables crops following potatoes (Kromp, 1999). Most 
carabid species have a preference for a warm microclimate but some prefer different 
microclimates, influenced by the phenology of the crop (Kromp, 1999). Autumn breeding 
species such as rain beetle (Pterostichus melanarius) prefer potatoes, which start with a lot 
of bare soil in the spring and become more shaded and humid by autumn (Kromp, 1999). 
Spring breeding species such as the ground beetles Poecilus cupreus and Platynus 
dorsalis prefer crops that are already established in early spring (Kromp, 1999).  
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Summary 

As with arable cropping a varied rotation will provide a wide range of habitats and food 
sources but a range of non-crop areas are needed to provide all year round opportunities. 

Monitoring, decision support systems, pest thresholds 
and forecasting 
For a full description of these techniques see section 6.4.  

Benefits 

Birds: No evidence of positive biodiversity effects found. 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: Researchers found that Northern Irish apple 
growers had been spraying pesticides to control the beneficial predatory whirligig mite 
Anystis baccarum having misidentified it as the fruit tree red spider mite, Panonychus ulmi 
(Cuthbertson and Murchie, 2010). Identification cards were distributed to apple growers in 
the region and several applications of pesticides were prevented, benefiting the population 
of A. baccarum (Cuthbertson and Murchie, 2010). Reducing pesticide applications will 
have benefitted many species as well as A. baccarum, which has been recorded predating 
pests such as aphids, tortricid larvae, fruit tree red spider mite and apple rust mite 
(Cuthbertson and Murchie, 2010).  

Decision support systems can be used to increase the efficacy of pesticide applications 
and reduce the number of applications and any negative effects on biodiversity. The 
woolly apple aphid (Eriosoma lanigerum) is one of the most damaging pests in apple 
orchards (Bangels et al., 2021). A phenology prediction model for woolly apple aphid and 
its natural parasitoid Aphelinus mali was able to successfully predict the migration of E. 
lanigerum and the first- and second-generation flights of A. mali. This enabled growers to 
target the most vulnerable stage of the pest lifecycle and avoid spraying the very sensitive 
parasitoid (Bangels et al., 2021).  

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 
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Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: No evidence of positive biodiversity effects found. 

Negatives 

Birds: No evidence of negative biodiversity effects found. 

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: No evidence of negative biodiversity effects found. 

Protected species: No evidence of negative biodiversity effects found. 

Summary 

No negative effects of decision support systems have been identified; benefits are still 
being recognised as use of the technology increases.  
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Table 14. Summary of the positive and negative impacts of monitoring, decision 
support systems, pest thresholds and forecasting on biodiversity in outdoor 
horticulture. Note: some cells have been deliberately left blank. 
Category  Positive  Negative  
Birds   - - 

Invertebrates as prey 
species   

- - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, annelids, 
molluscs   

Increased numbers by 
avoiding unnecessary 
pesticide applications 

- 

Soil micro, meso and macro 
fauna    

- - 

Non-target plants   - - 

Protected species   - - 

Recommendations for future work 

• Further research is needed to assess the impact on biodiversity of specific DSS 
applications as they become available.  

Non-chemical weed control (includes mechanical, 
thermal and mulches)  
Manual techniques include hand weeding, pulling and hoeing. These methods are very 
expensive due to the labour required, but tractor mounted ‘lie-on’ machinery can make it 
more cost effective (Cook et al., 2019). Mechanical weeding techniques are common in 
organic horticulture and increasingly common in conventional horticulture, particularly to 
remove tap rooted weeds such as docks or ragwort, which can proliferate from small 
pieces of root when cultivated (See section 6.5 for information on mechanical weeding in 
arable cropping). 

Mechanical weeding 

Mechanical weeding has been reported in section 6.5. Mechanical weeding kills weeds by 
burying, cutting or uprooting. Stale seed beds are used for field vegetables where possible 
using shallow cultivating machinery such as a power harrow or a bed former (Cook et al., 
2019). Harrow and tine weeders are typically used pre-emergence in field vegetables to 
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uproot seedling weeds. Inter-row weeders are commonly used once field vegetables are 
established such as the brush weeder which uses nylon brushes to uproot surface weeds 
(Cook et al., 2019). Finger weeders uproot small intra-row weeds in well-established crops 
and use rubber ‘fingers’ which protrude from rotating discs (Cook et al., 2019). Camera- 
and GPS-guided hoes can be used for inter- and intra-row weeding as the cameras can 
distinguish weeds from the crop (Cook et al., 2019). Mowing and cutting is commonly used 
in top fruit orchards to prevent weeds flowering and setting seed and to control the growth 
of the ground cover.  

Thermal weeding 

Thermal weeding techniques are an emerging branch of non-chemical weed control, but 
they are less common due to cost, energy consumption and safety concerns (Cook et al., 
2019). Techniques include flaming, infrared weeding, hot water, steaming and dry heating 
radiation, ultraviolet and lasers, electrical weeding and freezing (Cook et al., 2019). 
Electric weeding has been around since the 1970’s (Diprose & Benson, 1984, Bond et al., 
2003) but recent developments have made the technology5 more accessible to the arable 
and horticultural sectors. The technology has been tried in blackcurrants (Tatnell et al., 
2020) and for desiccation of potato crops6. Weed control by hot foam7 is a recent 
introduction but is currently limited to amenity areas. Flame weeding is used quite often in 
organic field vegetable crops and orchards to provide a stale seed bed and can also be 
used post emergence between or within the rows.  

Mulching 

Mulches are used to physically block light from emerging weeds and reduce seedling 
germination. Mulches are typically made from plastic film or woven polypropylene textiles 
or biodegradable materials such as straw, woodchips or corn/potato starch products 
(Huckle et al., 2011). Plastic film mulches are more commonly used for cucurbits than for 
brassicas or root crops and woven textiles tend to be used for protected edible or 
perennial crops due to the cost of the material. Biodegradable mulches are suitable for 
brassicas, root crops and orchards (Cook et al., 2019). 

 

 

5 https://ubiqutek.com/ 

6 https://nufarm.com/uk/nucrop-ideal-for-desiccation-in-potatoes/ 

7 https://www.weedingtech.com/ 
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Benefits 

Birds: No evidence of positive biodiversity effects found. 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: Mechanical weed control techniques (mechanical 
hoe and brush weeder) did not affect carabid beetles either directly or indirectly through 
altered soil structure (Lorenz, 1995). Numbers of Amara and Harpalus spp. adults and 
Amara larvae were increased with use of mechanical weeding compared with use of 
herbicides due to increased weed coverage (Lorenz, 1995). Flame weeding in organic 
carrots and onions did not affect numbers of carabids as flaming was done on hot days at 
noon, when the beetles were sheltering in the soil since these crops do not provide much 
shade (Dierauer and Pfiffner, 1993).   

Soil micro, meso and macro fauna: In a study comparing four different weed control 
techniques in onion (plastic mulch, hay mulch, critical period cultivation and cultivations 
every 10-days) the hay mulch had the greatest benefit on the number of earthworms and 
the critical period cultivation had the greatest benefit on the number of carabid beetles 
(Brown and Gallandt, 2018).  

Black plastic mulches do not provide a good habitat for beetles and earthworms 
(Birkenshaw et al., 2008; Cirujeda et al., 2012). Whereas biodegradable mulches provide 
habitat for seed predators (Bond and Grundy, 2001).  

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: No evidence of positive biodiversity effects found. 

Negatives 

Birds: No evidence of negative biodiversity effects found. 

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 
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Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: Earwig females make nests in the soil in winter and 
early spring to lay their eggs and rear their nymphs (Lamb, 1976). Soil disturbance and 
compaction from mechanical weeding can negatively affect earwigs and other 
invertebrates.  

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: Non-discriminatory implements can damage feeder roots from fruit 
trees and from surrounding trees, reducing their ability to absorb nutrients. This can have 
a knock-on effect by reducing the ability for trees to sustain a higher biodiversity (Hussain 
et al., 2018). 

Protected species: No evidence of negative biodiversity effects found. 

Summary 

Evidence of effects on non-target species is restricted to data on a few species. 

Non-chemical weed control on field crops in the form of mechanical weeding has been 
reported in section 6.5. Electric weeding has been around since the 1970’s (Diprose & 
Benson, 1984, Bond et al., 2003) but recent developments have made the technology8 
more accessible to the arable and horticultural sectors. The technology has been tried in 
blackcurrants (Tatnell et al., 2020) and for desiccation of potato crops9. Weed control by 
hot foam10 is a recent introduction but is currently limited to amenity areas.  

 

 

8 https://ubiqutek.com/ 

9 https://nufarm.com/uk/nucrop-ideal-for-desiccation-in-potatoes/ 

10 https://www.weedingtech.com/ 
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Table 15. Summary of the positive and negative impacts of non-chemical weed 
control on biodiversity in outdoor horticulture. Note: some cells have been 
deliberately left blank. 
Category  Positive  Negative  
Birds   - - 

Invertebrates as prey 
species   

- - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, annelids, 
molluscs   

Static or increased carabid 
numbers 

Can reduce numbers through 
soil disturbance or direct death 
(flame) 

Soil micro, meso and macro 
fauna    

Biodegradable mulches 
provide habitats for some 
species 

- 

Non-target plants   - Can damage roots of trees 

Protected species   - - 

Recommendations for future work 

• Thermal weeding techniques are a rapidly expanding area of research and work will 
be needed to establish the impact on biodiversity of these novel techniques. 

•  Further work is also needed on the effects on non-arthropod, soil organisms or 
plant species. 

Bioprotectants 
Bioprotectants are described in section 6.8. Bioprotectants are widely used in protected 
horticulture and use in outdoor horticulture is increasing. 

The most commonly used bioprotectants in outdoor horticulture include the microbial 
biopesticide Bacillus thuringiensis (Bt) for control of caterpillars, semiochemicals for 
monitoring moth populations and the release of biocontrol agents such as predatory mites 
and anthocorids.  

Additional information on biopesticides can be found in Collier (2013) and O’Neill & Gwynn 
(2014). 
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Benefits 

Birds: No evidence of positive biodiversity effects found. 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: If bioprotectants can help to reduce the number of 
applications of conventional pesticides, then this could reduce lethal and sub-lethal effects 
on spiders (Benamú et al. 2017). However, Rosos-Ramos et al. (2020) found that 
dominant spider families were unaffected by or even benefitted from application of 
pesticides when comparing conventional and organic management in a cherry orchard in 
Spain. In the same study some mite families, Trombidiidae, Stigmaeidae and Phytoseiidae 
were more prevalent under conventional management than organic management, which 
could be due to tolerance for pesticides in these groups (Rosos-Ramos et al., 2020). In 
contrast, a greater diversity of bee species and other pollinators was found under organic 
management compared with conventional management as most pollinators are highly 
sensitive to pesticides, except for melyrid beetles which were more abundant under 
conventional management (Rosos-Ramos et al., 2020). 

Biocontrol agents 

Release of biocontrol agents is expensive and predominantly used in protected cropping. 
Most exotic biocontrol agents are currently licensed for release under permanent 
protection only and licences state that any identified negative impacts should be reported 
to Defra (Defra, 2022a). Therefore, biocontrol agents used in field and orchard systems 
tend to be native species such as the predatory mite Amblyseius andersoni and the 
anthocorid Anthocoris nemoralis. Integrated pest management strategies increasingly 
focus on augmenting natural enemy populations for example the commercial refuge 
‘Wignest’ is available to provide habitat for earwig nests in orchards and NutrimiteTM, which 
is cattail (Typha sp.) pollen, is commercially available as a supplementary food source to 
boost populations of predatory mites, such as A. andersoni (Shaw et al., 2021; Wedgwood 
et al., 2020). Growers and researchers in the 1980s found that populations of the naturally 
occurring predatory mite Typhlodromus pyri had developed resistance to 
organophosphate and synthetic pyrethroid insecticides and could effectively control the 
equally resistant fruit tree red spider mite where these pesticides were necessary for 
control of other pests (Solomon et al., 1993; J. Allen, personal communication, August 9, 
2022). Growers would move foliage containing these mites to new orchards to improve 
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biocontrol of the fruit tree red spider mite, resulting in a substantial reduction in the use of 
specific acaricides for this pest (Solomon et al., 1993; J. Allen, personal communication, 
August 9, 2022).    

Microbial biopesticides and natural substances 

The Cydia pomonella granulovirus is a species of baculovirus used to control codling moth 
in top fruit.  A review by Flexner et al. (1986) found no evidence of direct toxicity of 
baculoviruses to natural enemies and any indirect effects were associated with parasitoid 
mortality due to deterioration of the host.  

Semiochemicals 

Mating disruption was used to control codling moth in an Australian apple orchard. Three 
strategies were assessed: 

I. mating disruption alone;  
II. mating disruption plus azinphos-methyl;  
III. mating disruption plus fenoxycarb.  

In strategies i and iii populations of generalist predators including ladybirds, lacewings and 
earwigs increased and also provided incidental control of two-spotted spider mite 
(Nicholas et al, 1999).  

White apple leafhopper, (Typhlocyba pomeria) has been developed to be used as an 
indicator-species for non-target insects and system stability within US orchards adopting 
new IPM practices such as mating disruption for control of codling moth (Beers and Jones, 
2004). The white apple leafhopper is a useful indicator species because it reproduces 
rapidly if its egg parasitoid (Anagrus epos) or other generalist predators are disrupted by 
pesticide application (Beers and Jones, 2004).  

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: All bat species in the UK eat insects and are protected by law. A 
review of the European Food Safety Authority (EFSA) bat statement found that there was 
limited information available on the risk of pesticide exposure to bats, but they can be 
exposed to pesticides via oral, dermal and inhalation routes (Brooks et al., 2021). Bats can 
act as biological control agents and can be attracted to orchards by providing water and 
retaining standing dead wood in orchards trees or hedgerows or by putting up bat boxes to 
provide nesting sites (Good Fruit Grower, 2014; PTES, 2022; Macemon, 2011).  
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Negatives 

Birds: Use of Bt sprays for control of Lepidoptera can indirectly affect bird species due to 
reduced prey availability (Höllrigi-Rosta & Wieck, 2013).  

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs:  

Microbial biopesticides 

The use of entomopathogenic nematodes is not common in outdoor horticulture compared 
with protected horticulture. Release of native entomopathogenic nematodes can cause 
mortality of non-target arthropods but only part of the population will be affected, limited 
temporally and spatially (Bathon, 1996). A study by Bathon (1996) found that the impact of 
nematode application on non-target fauna was negligible.  

The bacterium Bacillus thuringiensis (Bt) is commonly applied in outdoor horticulture for 
control of lepidopteran pests. When ingested the bacteria produce crystal proteins in the 
gut, which release a fatal toxin as they break down. Bt toxins can produce multiple toxins 
and therefore have a complex host profile (Sanahuja et al., 2011). Generally, Bt kurstaki 
strains are specific to Lepidoptera, irsraliensis strains are specific to Diptera, and morrisoni 
strains are specific to Coleoptera (Sanahuja et al., 2011). Bt var. kurstaki sprays used to 
control oak processionary moth in woodland have negatively affected populations of non-
target Lepidoptera such as the green oak tortrix, Aleimma loeflingiana, Zeiraphera 
isertana, spring usher, and species of quaker moths (Parsons, 2015).  

Semiochemicals 

Pheromone lures are used to monitor the population of several pests. Pheromones are 
target specific and traps are designed to reduce by-catch of non-target organisms. The 
plum fruit moth trap tends to catch more non-target species than other moth traps; 
Grapholita tenebrosana is commonly caught and mistaken for the plum fruit moth (AHDB, 
2018b).  

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: No evidence of negative biodiversity effects found. 
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Protected species: No evidence of negative biodiversity effects found. 

Summary 

Use of bioprotectants can potentially help to replace pesticide use and benefit many 
different species, however some species have evolved resistance to some pesticides in 
conventional systems, making the effect of switching to IPM less clear.  

Table 16. Summary of the positive and negative impacts of bioprotectants on 
biodiversity in outdoor horticulture. Note: some cells have been deliberately left 
blank. 
Category  Positive  Negative  
Birds   - Reduced prey can reduce numbers 

compared to not treating the pest 

Invertebrates as prey 
species   

- - 

Mammals   Bats can be encouraged as 
biocontrol agents 

- 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, 
annelids, molluscs   

Increased numbers of native 
biocontrol agents.  

Non-target lepidoptera impacted by Bt. 
Pheromone traps - can catch non-
target species. 

Soil micro, meso and 
macro fauna    

No change - 

Non-target plants   - - 

Protected species   Benefits to bats if their 
presence is encouraged to 
provide biocontrol 

- 

Recommendations for future work 

• Further work is needed to look into the impact on the ecological community of 
artificially increasing numbers of generalist predators. 

• Further work is needed to look into the impact on non-target lepidoptera in outdoor 
horticulture systems as the diversity of non-target lepidopteran species in these 
environments is unknown. 

•  Further work is needed to look into the impacts of semiochemicals on non-target 
species. 
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Cover crops, companion cropping, intercropping, 
undersowing, trap crops, banker plants and floral strips 
There are many different IPM techniques which can be considered companion cropping in 
a horticulture system, and these are used primarily for pest control or weed suppression. 
For a description of these techniques see section 6.10. 

Benefits 

Birds: No evidence of positive biodiversity effects found. 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: Sikorska et al. (2019) found that management of 
field margins affected the population of Phytoseiid predatory mites. The frequently tilled 
field margin covered with spontaneous annual plants was beneficial to the predatory mite 
Amblyseius andersoni which helps control Red Spider Mite, whereas the presence of trees 
benefitted the polyphagous predatory mite Euseius finlandicus. The non-native grass 
margin was associated with a low number of mite species. The study concluded that 
management of the field margins only affected the population of mites in the field margin 
and the field edge to a limited extent, but mite diversity in the main crop was not affected 
(Sikorska et al., 2019).  

Pest control techniques 

Increasing the diversity of crop species with companion crops can increase arthropod 
biodiversity in productive landscapes without compromising productivity (Brandmeier and 
Scherber, 2021). Companion cropping systems are more structurally rich than 
monocultures and therefore interactions in the plant canopy and the rhizosphere promote 
coexistence of multiple species (Brandmeier and Scherber, 2021). Companion crops 
provide shelter and food resources for biodiversity when the main crop is harvested or 
treated with pesticides. Crop diversity is particularly important in maintaining arthropod 
diversity when the proportion of semi-natural cover in the landscape is very low (Thomine 
et al., 2022). Field margins and set-aside fields sown with wildflowers were found to 
promote taxonomic diversity of spiders within an agricultural landscape in Germany (Plath 
et al., 2021). Some catch and companion crops, such as buckwheat, sown in August and 
September can flower within weeks of sowing; provision of flowering plants benefits key 
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pollinator species of bee. Flowers are vital sources of amino acids and carbohydrates 
which many species of beneficial insect require for egg production and energy such as, 
hoverflies, lacewings and some species of ladybirds. Nectar and pollen are also the sole 
energy resources for adult parasitic wasps (Rosenfield and Sumption, 2009). Perennial 
stinging nettle Urtica dioica can support over 100 species of insect if left uncut in field 
margins (Shaw et al., 2021). Field margins provide alternative food sources for predatory 
mites, which allows them to recover more quickly from pesticide applications, reducing 
their mortality rate (Pozzebon et al., 2014).  

Weed suppression 

Alleyway living mulches in apple orchards increased the number of predatory beetles, 
parasitoids, active hunting spiders and pollinators without increasing pest populations; 
reduced mowing frequency and increased mowing height further increased the number of 
beneficial species (Webber, 2017). A study compared grass ground cover with six 
selected herb species areas in two wide belts along the tree rows in an apple orchard with 
herbicide-controlled areas. The study found that the diversity of heteropteran species (true 
bugs) was always higher on planted plots, six predatory species and 24 phytophagous 
species were found only on planted plots (Kinkorova and Kocourek, 2000).  

Intercropping 

Cabbage intercropped with white clover contained 32% more carabids than monocropped 
cabbage and cabbage undersown with clover had a greater diversity of carabid species 
compared with the control (Wiech and Wnuk, 1991; Booij et al., 1997). Apple trees were 
interplanted with peaches bearing extrafloral nectaries, the peach trees were attractive to 
hymenoptera and hosted a greater abundance of hymenopteran parasitoids (Brown et al., 
2010). 

Dense, year-round cover of clover vegetation provides adequate moisture and decaying 
organic matter to encourage earthworms, which help to improve soil structure (Burke et al., 
1998). 

Soil micro, meso and macro fauna: Planting a companion crop of common vetch (Vicia 
sativa L.) between the rows of gala apples in Patagonia increased the population of 
bacterivore and herbivore soil nematodes from September to March compared with the 
control (Sanchez et al., 2007). In this experiment the control treatment consisted of natural 
grass and legume vegetation with the soil disced twice in late winter, as is standard 
practice in Northern Patagonia (Sanchez et al., 2007).  

Allelopathic chemicals influence and are influenced by soil microorganisms as microbial 
degradation of allelochemicals requires specific microflora. In some cases, it is only the 
product of microbial degradation which is toxic to plants (Inderjit, 2005).  
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Non-target plants: Two living mulches of lady’s mantle (Alchemilla vulgaris) and 
peppermint (Mentha piperita) were selected to suppress weeds and provide ground cover 
without competing with organic apple trees in Poland. Total weed coverage was 
significantly lower in the peppermint (26%) and Alchemilla (12%) plots compared to the 
control plots of mowed natural vegetation. The number of weed species present was 25% 
higher with the lady’s mantle living mulch plots compared with control plots of mowed 
natural vegetation (Mia et al., 2021).  

Protected species: No evidence of positive biodiversity effects found. 

Negatives 

Birds: No evidence of negative biodiversity effects found. 

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs:  Sikorska et al. (2019) found that management of 
field margins affected the population of Phytoseiid predatory mites The non-native grass 
margin was associated with a low number of mite species. The study concluded that 
management of the field margins only affected the population of mites in the field margin 
and the field edge to a limited extent, but mite diversity in the main crop was not affected 
(Sikorska et al., 2019).  

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: No evidence of negative biodiversity effects found. 

Protected species: No evidence of negative biodiversity effects found. 

Summary 

Increasing the number of plant/crop species increases populations of beneficial and 
predatory species, due to a greater variation in food supplies. An increase in food sources 
generally results in an increase in predators. Plant biodiversity is also increased. 
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Table 17. Summary of the positive and negative impacts of cover crops etc. on 
biodiversity in outdoor horticulture. Note: some cells have been deliberately left 
blank. 
Category  Positive  Negative  
Birds   - - 

Invertebrates as 
prey species   

- - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, 
annelids, 
molluscs   

Increases diversity, increases pollinators. 
Management of field margins can increase the 
number of predatory mites but only in the margin 
and field edge. 

Less predatory mites 
in non-native grass 
margins. 

Soil micro, meso 
and macro fauna    

Increased numbers - 

Non-target plants   Increased biodiversity - 

Protected species   - - 

Recommendations for future work 

• Research has shown that methods of companion cropping can benefit biodiversity. 
Further work should focus on optimising companion cropping practices with suitable 
species for enhancing biodiversity without also benefiting pest species. This will 
enable growers to have the confidence to adopt these practices.  

• Further work is also needed on the effects on non-arthropods, soil organisms and 
plant species.  

Soil amendments 
Soil amendments such as green waste and mushroom compost, anaerobic digestate, 
biosolids, biochar and chitin are materials added to the soil to improve soil quality.  Soil 
amendments can also include biological amendments such as mycorrhizal inoculation 
(Stockdale et al., 2018).  

Benefits 

Birds: No evidence of positive biodiversity effects found. 
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Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: Applications of cattle manure, cattle slurry and 
straw to brassica plots increased the number of carabid beetles including Bembidion 
lampros found in the current and following year, due to the increased availability of prey 
and subsequent breeding of beetles (Kromp, 1999).  

Soil micro, meso and macro fauna: Compost amendments increased the population of 
bacteria in soil and caused a shift in the community to gram-positive bacteria and fungi 
and increased utilisation of complex substrates (Bernard et al., 2012).  

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: No evidence of positive biodiversity effects found. 

Negatives 

Birds: No evidence of negative biodiversity effects found. 

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: Persistent herbicides such as picloram, clopyralid and aminopyralid 
have been found as residues in commercial compost and manure. Where contaminated 
straw or compost is applied these herbicide residues can have deleterious effects on non-
target plants, including potential crops (WRAP, 2010). 

Protected species: No evidence of negative biodiversity effects found. 
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Summary 

Little research was found on the impact of soil amendments on biodiversity but there were 
benefits to beetles and bacterial communities and no observed negative effects except 
where amendments were contaminated with herbicides.  

Table 18. Summary of the positive and negative impacts of soil amendments on 
biodiversity in outdoor horticulture. Note: some cells have been deliberately left 
blank. 
Category  Positive  Negative  
Birds   - - 

Invertebrates as prey 
species   

- - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, annelids, 
molluscs   

Increased carabids - 

Soil micro, meso and 
macro fauna    

More diverse 
bacterial 
community 

Slurry and manure application can lead to 
antibiotics in the soil that reduce diversity of 
microbial communities 

Non-target plants   - Possible presence of persistent herbicides 

Protected species   - - 

Recommendations for future work 

• More research is needed on the impact of both soil amendments and the potential 
impact of pollutants in soil amendments on biodiversity, particularly on non-
arthropod or soil dwelling species.  

Hygiene and pruning  
Maintaining hygiene standards is an important aspect of cultural control in an IPM 
programme to limit spread of weeds, pests and diseases. In outdoor horticulture hygiene 
can be promoted by limiting the movement of infected or infested organic material. This 
can be achieved by visiting clean crops before afflicted crops and cleaning machinery or 
clothing to remove any contaminants. Removal of crop waste can help to prevent 
reoccurring infestations of pests such as carrots infested with carrot fly. Cultivations may 
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be necessary to bury overwintered brassicas infested with aphids (see section 6.1 for the 
impact of cultivations on biodiversity).  

In top fruit orchards pruning is a common practice. Removing excess growth particularly 
from the centre of the tree improves ventilation, sunlight penetration and access to 
predators, which in turn helps to suppress diseases, pests and improve ripening.  

Benefits 

Birds: Canopy thinning top fruit increases access for birds, to predate pest insects in the 
tree canopy such as aphids. Species of tits (Paridae) tend to feed on insects in apple and 
pear orchards (Shaw et al., 2021).  

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of positive biodiversity effects found. 

Soil micro, meso and macro fauna: Rapid breakdown of fallen leaf litter is encouraged in 
apple orchards to reduce presence of apple scab and pear scab inoculum within leaves. 
Urea sprays can be applied in non-organic orchards to encourage microfloral degradation 
of leaf litter, which speeds up earthworm activity (Berrie and Cross, 2006). 

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: No evidence of positive biodiversity effects found. 

Negatives 

Birds: Collecting unharvested fruit from the orchard floor helps to maintain crop hygiene 
and can reduce the population of codling moth in apples and pears. Bouvier et al., (2020) 
found that the abundance of overwintering birds in south-eastern France, including 13 
species of conservation concern was mainly driven by the quantity of unharvested fruit 
available. This suggests that disposing of unharvested fruit for pest control may negatively 
impact these birds. However, bird species diversity was primarily affected by the number 
of ivy bearing trees and seven species were significantly dependent on the number of ivy 
bearing trees; Blackcap (Sylvia atricapilla), blue tit (Parus caeruleus), Great tit (Parus 
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major), Robin (Erithacus rubecula), Redwing (Turdus iliacus), Blackbird (Turdus merula), 
and Song thrush (Turdus philomelos) (Bouvier et al., 2020).  

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: No evidence of negative biodiversity effects found. 

Protected species: No evidence of negative biodiversity effects found. 

Summary 

Maintaining hygiene standards is an important aspect of cultural control in an IPM 
programme to limit spread of weeds, pests and diseases. Little research was found on the 
impact of hygiene and pruning on biodiversity, but there were some positive and negative 
impacts reported on birds.  
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Table 19. Summary of the positive and negative impacts of hygiene and pruning on 
biodiversity in outdoor horticulture. Note: some cells have been deliberately left 
blank. 
Category  Positive  Negative  
Birds   Better access to prey 

species. 
Reduced availability of 
unharvested fruit. 

Invertebrates as prey species   - - 

Mammals   - Reduced availability of 
unharvested fruit. 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, annelids, 
molluscs   

- Reduced availability of 
unharvested fruit. 

Soil micro, meso and macro 
fauna    

Increased worm activity Reduced availability of 
unharvested fruit. 

Non-target plants   - - 

Protected species   - - 

Recommendations for future work 

• Further work is needed to research the impact of hygiene and pruning practices on 
the biodiversity in orchards.  

Physical protection of crops (crop covers, artificial 
shelters, barriers) 
There are many types of crop cover used in UK horticulture predominantly to manipulate 
the crop environment to improve yields, extend the season and improve crop quality. For 
example, the use of temporary Spanish tunnels has markedly increased cherry cultivation 
(Huckle et al., 2011). Some crop covers are used as an IPM technique to protect crops 
from insects and birds, such as fine mesh netting and fleeces. Fleeces are used to 
advance the crop, improve yields, and protect from frost and pests. (Huckle et al., 2011). 
Netting is widely used to protect brassica crops from cabbage root fly and to protect 
cherries from birds (Huckle et al., 2011). Fences made of wire, wood or electric fences are 
used to keep out mammals such as rabbits, badgers and deer. Straw and polythene can 
be used to protect carrots stored over winter in situ in the field. 

There are many commercially available or home-made devices for encouraging natural 
enemies or deterring pests in an IPM programme, including paints applied to tree bark. 
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Fabric bands are tied around tree trunks in orchards to encourage populations of natural 
enemies particularly in young orchards, which lack developed bark and crevices (Shaw et 
al., 2021). Bird scarers are often used in brassica crops to prevent birds from causing 
economic damage. They come in several forms. Some use a rotating disc or make a 
noise, such as a gas gun, to deter the birds.  

Benefits 

Birds: No evidence of positive biodiversity effects found. 

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: Vertebrate pests such as rabbits, badgers, deer, rats, mice and voles can 
cause considerable damage to horticultural crops. Methods of control such as gassing, 
ferreting and shooting of rabbits can be replaced with fencing, although this is not fully 
effective (Hardy, 1990). Voles can be a major agricultural pest in Europe and one study in 
Switzerland found that a combination of fences and traps encouraged natural predators to 
patrol the traps and increased levels of predation (Fuelling et al., 2010). Water voles are 
protected in the UK under the Wildlife and Countryside Act 1981 and listed in Schedule 41 
(NERC Act 2006), but fence and trap systems could be used for other rodents. A suitable 
cage-trap and baiting system has been developed to enable the safe release of non-target 
species (Hardy, 1990).   

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: Artificial refuges are used in top fruit orchards to 
benefit populations of earwigs, the species most commonly found in orchards is Forficula 
auricularia which is a generalist predator of several orchard pests (Fountain and Brian, 
2014). These devices provide daytime shelter and nesting sites for local populations of 
earwigs, which unusually for insects, care for their eggs and nymphs in nests (Staerkle 
and Kölliker, 2008).  Provision of artificial earwig refuges can also provide habitat and 
improve overwintering survival of other invertebrates including anthocorids, coccinellids, 
and spiders from families such as Araneidae, Clubionidae, Linyphiidae, Salticidae, 
Theridiidae, and Thomisidae (Fountain et al., 2020; Solomon et al., 1999).  

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: No evidence of positive biodiversity effects found. 

Protected species: Badgers and their setts are protected under the Protection of Badgers 
Act 1992 in England and Wales, unfortunately they can cause significant crop damage in 
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field vegetables and orchards. Fences can be erected to exclude large mammals such as 
deer and badgers from at risk cropping areas, unelectrified fences offer minimal protection 
as a physical deterrent whereas electric fences alter the animal’s behaviour (Poole et al., 
2004).  

Negatives 

Birds: No evidence of negative biodiversity effects found. 

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: No evidence of negative biodiversity effects found. 

Protected species: No evidence of negative biodiversity effects found. 

Summary 

There are many types of crop cover used in UK horticulture predominantly to manipulate 
the crop environment to improve yields and extend the season and improve crop quality. 
No negative effects on biodiversity were found. Some positive effects for invertebrate were 
found. In other cases, physical exclusion of vertebrate pests can reduce the need for lethal 
control methods. 
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Table 20. Summary of the positive and negative impacts of physical protection on 
biodiversity in outdoor horticulture. Note: some cells have been deliberately left 
blank. 
Category  Positive  Negative  
Birds   - - 

Invertebrates as prey 
species   

- - 

Mammals   Physical exclusion avoids the need for lethal control 
of vertebrate pests. 

- 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, annelids, 
molluscs   

Potential to increase earwig, spider, anthocorid, and 
coccinellid numbers. 

- 

Soil micro, meso and macro 
fauna    

- - 

Non-target plants   - - 

Protected species   Badgers excluded from crops.  - 

Recommendations for future work 

• Further work could take a more detailed look into the effects of protecting 
horticulture crops.  
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GRASSLAND 
In England in 2022 there was estimated to be over 9 million hectares of agricultural land in 
England of which 8.94 million hectares of utilised agricultural area. This includes an 
estimated 398,000 hectares of common rough grazing land, the vast majority being eligible 
for grazing but isn’t necessarily grazed. There is an estimated 3.64 million hectares of 
permanent grassland in agricultural use and 785,529 hectares of temporary grass sown in 
the last five years (Defra, 2023a). Alongside management, soil type, geology and climate 
are key factors in influencing the species composition of both flora and fauna. 
Management such as cutting frequency, drainage regime, stocking rate, intensity of 
grazing and defoliation height, lime and fertiliser application can all result in changes to 
species diversity. In most cases, intensive grass production from semi-natural grasslands 
is incompatible with maintaining a high level of biodiversity (Plantureux et al., 2005). UK 
grasslands have over 200 grass species within them and many more forbs – they are 
highly diverse – but have been classified as an example see 
https://nora.nerc.ac.uk/id/eprint/5980/1/13.pdf page 37 and the 2007 GIS dataset can be 
downloaded from CEH. 

A recent survey (2017) on the uptake of IPM measures in grass and fodder crops was 
done in Scotland (Monie et al., 2017). IPM data was collected from 119 farmers, 
collectively growing 18,711 ha of crops (17,408 ha grass, 1,302 ha fodder). This sample 
represents eight per cent of Scotland’s 2017 fodder crop area (15,965 ha) and 0.4 per cent 
of the grass area (4,453,540 ha). The survey showed that the majority of farmers (95%) 
did not have an IPM plan. An IPM plan is voluntary but helps growers assess their 
approach to IPM. The survey was split into three parts, risk management, pest monitoring 
and control. 

The majority of growers (97%) implemented at least one risk management activity (Table 
21). Soil testing was done by 84% of respondents, soils were tested for nutrients (76%) pH 
and lime requirement (19%) with less than 10% testing for pests (nematodes, 
leatherjackets and wheat bulb fly) or disease (clubroot). The majority of growers used the 
seedbed to improve crop performance and reduce pest risk through increasing organic 
matter (60%) or by changing their cultivations using rotational ploughing (20%), direct 
drilling (10%) or non-inversion tillage (6%) to control weeds, slugs and leatherjackets. A 
stale seedbed technique to reduce weed pressure was used by 6% of farmers. 

 

 

 

https://nora.nerc.ac.uk/id/eprint/5980/1/13.pdf
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Table 21. A summary of the positive responses to IPM risk management in 
grassland and fodder crops (taken from Monie et al, 2017).  
Risk management strategy Positive responses (%) 
Crop rotation 65 

Soil testing 84 

Seedbed cultivations 82 

Cultivations at sowing 48 

Varietal or seed choice 51 

Catch and cover cropping 9 

Protection or enhancement of beneficial organisms 57 

Ninety three percent of respondents implemented at least one pest monitoring measure 
(Table 22) with the majority monitoring and identifying pests, using a BASIS qualified 
agronomist (76%) and/or by themselves (45%). 

For the control of pests, the majority of growers used non-chemical control either in 
combination with chemical control or alone (87%, Table 23). The most commonly used 
non-chemical control method was mowing or topping (76%) to control grass weeds, 
thistles, rushes, ragwort, nettles and docks. A further 10 per cent of grassland farmers 
used intensive grazing to control weeds. The uptake of mechanical control of insects was 
much lower, 2% rolling to control leatherjackets. Control of slugs and leather jackets in the 
seedbed is reported above. 

Fifty-one per cent of the growers targeted their applications to reduce pesticide use. The 
most common methods reported were spot treatments (44%) predominantly for weed 
control, weed wiping, (14%) and reduction of dose rate or frequency of application (10%).  
Minimising pesticide use was also cited as part of a strategy to reduce the development of 
resistance. 

A key part of IPM is monitoring of success and this was done by 82% of growers surveyed 
using reviews with their agronomist, self-inspection and monitoring of yield. 

This survey indicates that some IPM measures are widely used in grassland or in rotations 
containing grassland. 
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Table 22. A summary of the positive responses to IPM pest monitoring in grassland 
and fodder crops (Taken from Monie et al., 2017). 
Pest monitoring activity Positive responses (%) 
Monitor and identify pests 93 

Regular monitoring of crop growth stage 81 

Setting action thresholds for crops 18 

Use of specialist diagnostics 17 

Table 23. A summary of positive responses to IPM pest control in grassland and 
fodder crops (taken from Monie et al., 2017). 
Pest control activity Positive responses 

(%) 
Non-chemical control used in partnership or instead of chemical 
control 

87 

Targeted pesticide application 51 

Follow anti-resistance strategies 39 

Monitor success of crop protection measures 82 

Studies from Italy (Marini et al., (2009) report that high fertilisation and cutting frequency 
created tall, species-poor plant communities. If a grassland is being managed for bird 
populations it may become a less favourable habitat for pollinators (Tanis et al., 2020) and 
therefore a rotational cutting regime may be required to increase species diversity.  

Cultivations 
Newly sown leys (direct sown and undersown crops) and grassland less than five years 
old constitutes 16% of the total area of grassland in England (Defra, 2023a). 

Reseeding is used to maintain productive swards and is done primarily because sward 
production falls due to the presence of weeds. An AHDB reseeding survey reported that 
the top five problematic weed species before reseeding were thistles (Cirsium spp., 36%), 
docks (Rumex spp.,26%), buttercups (Ranunculus spp.,15%), chickweed (Stellaria 
media.11%), and nettles (Urtica spp.,9%) (AHDB, 2016). Additionally, the mechanical 
action of cultivations can be used to reduce soil populations of leatherjackets (Blackshaw, 
1988), chafers and wireworms. The pests are brought to the surface and eaten by birds. 
Cultivations also reduce soil moisture and thus reduce pest mobility and reproduction. The 
levels of disease inoculum of leaf blotch, mildew, crown rust and Drecheslera can also be 
reduced by ploughing. Rolling soils post drilling can minimise damage from leatherjackets 
and slugs. 
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For establishment, cultivation choice would depend on the previous crop or land use but is 
likely to include ploughing to ensure weed seeds and trash, and any applied organic 
manures are buried.  For re-seeding cultivation choices could include direct drilling after 
spraying off the old sward with glyphosate, a minimal cultivation (one-pass cultivation) or 
ploughing with the aim of creating a good level seedbed to allow a consistent seed depth 
(AHDB, 2022b). 

The benefits and negative effects of cultivations have been discussed in the arable section 
and are applicable to cultivations for grassland management (see section 6.1).  

Crop rotation  
Permanent grassland comprised 40% of the utilised agricultural area in England with 
common rough grazing 4% and temporary grassland 9% (Defra, 2023a). This indicates 
that the majority of UK grassland does not form part of a rotation, due to factors such as 
topography, altitude, soil/geology, and climate.  

Studies by Lemaire et al., (2015) showed that integrated crop and livestock systems are a 
positive strategy to enhance diversity. The specific management of each system will vary 
and bring their own environmental impacts but using rotation as an IPM technique favours 
species diversity. Robinson et al., (2001) discussed the negative impact of having 
homogeneous landscapes on certain bird species and that the inclusion of ‘pockets’ of 
arable land within a grassland landscape and vice versa would positively benefit bird 
populations.  

For additional information see section 6.2. Information specific to grassland is reported 
below. 

Benefits 

Birds: A mixed farming system consisting of both grassland and arable crops brings more 
habitat diversity and favours bird populations (Boatman et al., 2007). Studies have shown 
the benefit of having arable crops within any type of grassland landscape for bird species 
such as the skylark (A. arvensis), corn bunting (M. calandra) and grey partridge (P. 
perdix), which are subject to local decline if suitable habitats are not present (Robinson et 
al., 2001). The decline in the numbers of seed-eating birds in the western areas of the UK 
which occurred during the 1980’s and 90’s, may have been influenced by loss in habitat 
diversity and a decline in the amount of arable cultivation (Robinson et al., 2001). Agri-
environment schemes from the late 1990’s have helped to address this issue and 
encourage habitat diversity to support these species. For example, the importance of over-
winter stubbles has been clearly demonstrated for the cirl bunting (E. cirlus), the UK 
population of which had fallen to 118 pairs in 1989, largely concentrated in south-west 
England. Provision of weedy stubble habitat through agri-environment schemes increased 
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cirl bunting numbers to about 500 pairs in less than 10 years (Aebischer, Green & Evans 
2000) but by 2016 had reached over 1000 pairs - https://www.rspb.org.uk/birds-and-
wildlife/wildlife-guides/bird-a-z/cirl-bunting/.  

Invertebrates as prey species: Grassland is a natural habitat for a wide range of 
invertebrates and they are the main diversity of animal life in grassland (Barnett et al., 
2016). Grassland systems are generally viewed as less detrimental ecologically than 
arable systems and the lack of disturbance compared to arable systems will increase 
invertebrate species of many species from frit fly, wireworms and leatherjackets.  

Redhead et al (2020) modelled responses of insect groups to different agricultural land 
cover in Great Britain. This showed the restoration of grassland was generally beneficial 
for pollinators and natural enemies, with individual hectads having up to 22% increase in 
pollinators and 10% increase in natural enemies. 

Mammals: In a review of 77 papers from 12 European countries, areas with large tracts of 
grassland were shown to be negatively associated with hares compared to arable areas 
(Smith et al., 2005). The likelihood of seeing hares improved on pastural farms if improved 
grassland, woodland or in some cases arable land was present (Vaughan et al., 2003).  

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: A six-year study by Hoeffner et al., (2021) 
compared a rotation of three-years grassland, then three further years of arable crops to 
six years of fertilised grassland. Overall, they concluded that a three-year grass ley has a 
positive effect on earthworm abundance, biomass and diversity and is more productive in 
terms of forage than a six-year fertilised grassland ley.  

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: Introduction of a herbal ley into an all grassland rotation can be an 
opportunity to incorporate perennial forbs and legumes into pasture swards, including 
chicory (Cichorium intybus), bird’s foot trefoils (L. corniculatus and Lotus pedunculatus), 
lucerne (Medicago sativa), plantain (P. lanceolata), sainfoin (Onobrychis viciifolia), sulla 
(Hedysarum coronarium) and yarrow (A. millefolium) with the aim of benefiting from certain 
properties of these species for both the livestock and increased biodiversity (Jordon et al., 
2022). 

The decline of an arable seedbank under a grass-sward was monitored over a period of 
twenty years by Chancellor (1986). He concluded that planting a weedy arable field to 
grass for twenty years was insufficient to eradicate the seeds of even the most rapidly 
declining species. 

https://www.rspb.org.uk/birds-and-wildlife/wildlife-guides/bird-a-z/cirl-bunting/
https://www.rspb.org.uk/birds-and-wildlife/wildlife-guides/bird-a-z/cirl-bunting/
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Protected species: See Robinson et al., 2001 and Aebischer, Green & Evans (2000) in 
the birds section for the use of agri-environment schemes and integrating arable fields 
within grassland landscapes for benefitting skylark, corn bunting, cirl bunting, and grey 
partridge populations.  

See Smith et al (2005) and Vaughan et al (2003) for evidence of positive impacts of crop 
rotation on hares. 

Negatives 

Birds: No evidence of negative biodiversity effects found. 

Invertebrates as prey species: No evidence of negative biodiversity effects found. 

Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: Conversion of pasture into arable fields, if associated with loss of cattle 
ponds has been shown to adversely affect the dispersal and population of amphibians 
(Piha et al., 2007; Janin et al. 2009; Curado et al. 2011).  

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 

Non-target plants: No evidence of negative biodiversity effects found. 

Protected species: See Piha et al. 2007; Janin et al. 2009; Curado et al. 2011 cited in the 
amphibians section for potential adverse effects of toads and other amphibians if loss of 
ponds were to occur when converting pasture into arable fields. 

Summary 

A varied rotation provides a wide range of habitats and food sources but is only 
appropriate for temporary grassland. Permanent pasture, by definition, is unlikely to be 
included in a rotation. A varied rotation alone is not enough to support a wide range of 
biodiversity, additional non-crop areas such as margins, hedgerows and woodland are 
necessary to provide year-round opportunities for food and shelter. Care must be taken to 
carefully select sites when introducing arable crops into predominantly grassland areas 
due to potential loss of habitats. The value of herbal leys has been shown to introduce a 
greater range of perennial forbs and legumes to the rotation. Establishment of a grass 
sward that is maintained as a monoculture will lead to a reduction in forb diversity.  
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Table 24. Summary of the positive and negative impacts of crop rotation on 
biodiversity in grassland. Note: some cells have been deliberately left blank. 
Category  Positive  Negative  
Birds   Mixed farming systems increase habitat 

diversity therefore favouring bird 
populations. 

- 

Invertebrates as 
prey species   

-Grassland with its lesser disturbance is 
less detrimental than arable.  

- 

Mammals   Rotations Increase habitat diversity  - 

Fish   - - 

Amphibians   - Amphibian dispersal and 
populations can be negatively 
affected where pasture is 
converted to arable if associated 
with loss of ponds. 

Reptiles   - - 

Arthropods, 
annelids, 
molluscs   

Leys are beneficial to earthworm 
population and diversity as long as good 
soil structure is maintained 

- 

Soil micro, meso 
and macro 
fauna    

- - 

Non-target 
plants   

Offers opportunities to introduce more 
species into the mix. Arable weed seed 
abundance declines under grassland but 
wouldn’t eradicate even rapidly declining 
species 

- 

Protected 
species   

Mixed farming systems increase habitat 
diversity therefore favouring bird 
populations 

Amphibian dispersal and 
populations can be negatively 
affected where pasture is 
converted to arable due to loss of 
ponds 

Recommendations for future work 

Research on rotations requires large areas of land over spans of many years. It is difficult 
to tease out the individual factors contributing to the whole picture as has been shown by 
the previous work done in the main IPM projects (Section 4).  
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Monitoring of crops, DSS, forecasting and pest 
thresholds 
A full description of these techniques is available in arable section 6.4. 

A literature review uncovered no current DSS used specifically against insect pests or 
disease in grasslands. Blackshaw (2009) showed the potential benefits of simulation 
modelling for leatherjacket populations (Tipula spp.) but this was not developed further. 

The IPM decisions project (IPM decisions, 2020) identified one DSS for grassland for the 
control of wild-oat, broad-leaved weeds, docks, thistle and barren brome, this is available 
as the Corteva forage app (Corteva, 2022). A DSS for calculating the effect of mowing and 
grazing regimes on biodiversity for agri-environment schemes (DSS-Ecopay11) was 
developed (Sturm et al., 2018). This system captured ecological and economic input data 
and used an ecological model for calculating the effect of mowing regimes, grazing 
regimes and combinations of mowing and grazing regimes on endangered birds, 
butterflies and habitat types. 

Monitoring in grasslands, as in arable cropping, is a robust tool for identifying management 
successes and areas where management practices are having a detrimental impact on 
biodiversity. Research using monitoring can identify the value of landscape elements for 
biodiversity in agricultural systems. This can be used to identify management strategies 
that may be detrimental and adjust accordingly. For example, the monitoring of orthoptera 
(grasshoppers, leafhoppers and crickets) in Sweden identified areas that were previously 
believed to be of low value to these insects and highlighted the value of maintaining their 
presence as part of the landscape (Riggi & Berggren, 2020). It is good practise to 
determine pest levels before deciding on whether control measures are necessary, so 
monitoring is very important (Petroskii et al., 2014). Examples of pest monitoring 
exclusively in grasslands could not be found, more often monitoring is used to assess the 
effects of management on beneficial organisms and wider biodiversity (McCravy, 2018.; 
Berg et al., 2019). 

The benefits and negative effects have been discussed in the arable section and some are 
applicable to grassland management (see section 6.4). 

 

 

11 http://www.inf.fu-berlin.de/DSS-Ecopay/kontakt_eng.html  

http://www.inf.fu-berlin.de/DSS-Ecopay/kontakt_eng.html
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Precision application 
Precision application has been defined in arable section 6.7. The main research evaluates 
the efficacy of the technology in detecting weeds. Spot-spraying has been shown to 
reduce herbicide usage by 60-66% (Power et al., 2013; Kömives et al., 2016) and the use 
of other precision application techniques would reduce pesticide usage compared to 
standard application techniques.  

Trial work in grassland showed automated spot-spraying had fewer negative effects on 
non-target organisms than traditional application techniques. The majority of blanket and 
manual application techniques reduced non-target plant diversity compared to the 
untreated control. The automated spot-spraying treatments (glyphosate, aminopyralid + 
fluroxypyr, triclopyr + fluroxypyr) did not reduce plant diversity or richness with the 
exception of the triclopyr + fluroxypyr treatment (Power et al., 2013). 

Weed wiping is commonly used to target weeds in grassland. It can be useful where 
reseeding is difficult due to soil type, topography or where the field is in an environmentally 
sensitive area. For safe application, weeds should be a minimum of 10 cm above the 
height of the crop. Weeds not touched by the herbicide will not be controlled, and two 
passes in opposite directions may be needed where weeds are dense. Weed-wipers can 
manage rushes more efficiently than conventional boom sprayers using less chemical with 
a dramatic reduction in spray drift and minimal runoff to watercourses (AHDB, 2013). 
Currently only glyphosate is authorised for use for weed-wiping in the UK, but in New 
Zealand and Canada metsulfuron, clopyralid, triclopyr and picloram have been trialled 
(Harrington & Ghanizadeh, 2017). Weed wipers are also used for controlling bracken, 
either on ATV or tractor mounted rotating pressurised systems (Natural England, 1999 and 
2008). There are examples of several water companies, including Welsh water (2018) and 
Northern Ireland Water (2018), offering to hire weed wipers to farmers for free to reduce 
the amount of pesticides reaching water and their impact in sensitive areas. 

Some of the biodiversity impacts outlined in the arable section would also apply to 
precision application techniques in grassland. 

Summary 

Most research evaluates the efficacy of detection technologies and the reduction of 
pesticide usage rather than the effect this would have on biodiversity.  

Recommendations for future work 

Precision application is a rapidly developing area and could be developed in line with 
biodiversity aspirations. Research from work on the wider implications of reduced pesticide 
usage could be used to determine the impact of these developing technologies on 
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biodiversity. Increasing the range of herbicides that could be put through a weed wiper 
would increase the versatility of this tool. 

Varietal choice and diverse seed mixtures 
Woodcock et al. (2012,2013 and 2014) found plant species-rich swards had a higher 
diversity of phytophagous and predatory beetles, spiders, bees, butterflies and hoverflies 
than species-poor grassland. The addition of forbs helped to maintain biodiversity as the 
legumes declined rapidly. The use of diverse species herbal leys comprising grasses, 
legumes and other forbs can, depending on management technique, increase resources 
for pollinators and therefore improve biodiversity of birds and insects as outlined in 
Sections 6.3 and 6.10. Adding plant species to grassland can increase yield as well as 
biodiversity in low intensity grasslands (Bullock., 2020). A long-term study on non-fertilised 
restored grasslands found grassland with 11 grasses and 28 forbs had 43% higher hay 
yield on average than grassland with just seven grass species (Bullock et al, 2007).  

Benefits 

Birds: Diverse seed mixtures are beneficial compared to dense, uniform, more 
homogenous grass swards, where fewer bird numbers and a smaller range of bird species 
can nest and forage (Wilson et al 2005).   

Invertebrates as prey species: No evidence of positive biodiversity effects found. 

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: The presence of legume species increased the 
total density of springtails (Collembola, Symphypleona, Neelipleona and Isotomidae) in 
experimental grassland studies in Switzerland. The results indicated that microbivorous 
soil invertebrates are controlled by food quality not food quantity (Salamon et al., 2004). 

Woodcock et al (2012, 2013 and 2014) found plant species-rich swards had a higher 
diversity of phytophagous and predatory beetles, spiders, bees, butterflies and hoverflies 
than species-poor grassland. The addition of forbs - yarrow (A. millefolium), black 
knapweed (C. nigra), chicory (Cichorium intybus), oxeye daisy (L. vulgare), sorrel (R. 
acetosa) and salad burnet (Sanguisorba minor) helped to maintain biodiversity as the 
legumes; bird’s foot trefoil (L. corniculatus), clovers (trifolium dubium, T. hybridium, T. 
pratense and T. repens) declined rapidly once sown under a cutting regime. 
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Different field margin management strategies were tested with the aim of putting 
bumblebee and butterfly biodiversity back into intensive grasslands. Seven grass-based 
treatments; conventional silage management, unfertilized, raised mowing height, no 
aftermath grazing, single early cut, single late cut, no summer disturbance, and two sown 
mixtures; undersown spring cereal with grass and legumes and a diverse conservation mix 
with kale, mixed cereals, linseed and legumes were tested. Bumblebees were most 
abundant, species-rich and diverse in the sown treatments and virtually absent from the 
grass-based treatments. The diverse conservation mix treatment supported larger and 
more diverse bumblebee assemblages than the cereal, grass and legume mix treatment. 
The sown treatments, and the most extensively managed grass-based treatments, had the 
highest abundance, species richness and diversity of adult butterflies, whereas butterfly 
larvae were only found in the grass-based treatments (Potts et al., 2009). The authors 
noted that extensification of conventional grass management by stopping fertilisation, 
reducing cutting frequency and not grazing, benefits butterflies. However, to enhance 
bumblebees requires a more interventionist approach in the form of sowing flower-rich 
habitat (Potts et al., 2009). 

Newly established grasslands with diverse seed mixtures were found to be more attractive 
to bees, bumblebees and hoverflies than legume-grass mixtures in comparisons in Austria 
(Brandl et al., 2022).  

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: A comparison of low diversity and high diversity seed mixtures, sown 
on ex-arable land, has indicated that higher plant diversity gave higher productivity and 
better weed suppression (Van der Putten et al., 2000), although this result was dependent 
on individual species within the grass and herb mixtures. 

There is also experimental evidence that more diverse grassland is less susceptible to 
invasion by invasive weeds, although this effect is often obscured by extrinsic factors 
(Naeem et al., 2000). 

The sowing of yellow rattle (Rhinanthus minor), a hemiparasite on grass, to restore 
traditional hay meadows helps reduce the competition from grass, enhancing the 
effectiveness of increasing plant diversity (Pywell et al., 2004; Bullock and Pywell, 2005) 

Protected species: See Potts et al., (2009) and Brandl et al., (2022) in the arthropods 
section for the positive effects of diverse seed mixtures and flower rich habitats for 
bumblebee populations. 

Negatives 

Birds: No evidence of negative biodiversity effects found. 

Invertebrates as prey species: No evidence of negative biodiversity effects found. 
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Mammals: No evidence of negative biodiversity effects found. 

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of negative biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found.  

Non-target plants: Field experiments involving four grassland species; perennial ryegrass 
(Lolium perenne), cocksfoot (Dactylis glomerata), red clover (Trifolium pratense) and white 
clover (Trifolium repens) were grown in both monocultures and mixtures. The invasion of 
unsown species was reduced by the diverse species mix compared to the monocultures. 
However, species identity was important. Cocksfoot and white clover suppressed unsown 
species whilst red clover was the least suppressive variety (Frankow-Lindberg et al. 2009). 

Protected species: No evidence of negative biodiversity effects found. 

 Summary 

Species rich swards can help to suppress weeds and increase invertebrates and bird 
diversity by diversifying sward structure. The addition of non-leguminous flowering plants 
in mixtures will help to increase population numbers and species diversity of bumblebees. 

Table 25. Summary of the positive and negative impacts of varietal choice and 
diverse species mixtures on biodiversity in grassland. Note: some cells have been 
deliberately left blank. 
Category  Positive  Negative  
Birds   Fewer bird numbers and species can nest and 

forage in more homogenous grass swards 
- 

Invertebrates as prey 
species   

- - 

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, annelids, 
molluscs   

The presence of legume species increase 
microbivorous soil invertebrates. Species-rich 
swards have higher diversity of invertebrates. 

- 
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Category  Positive  Negative  
Bumblebees and butterflies favour flower rich 
and diverse species mixtures. 

Soil micro, meso and 
macro fauna    

- - 

Non-target plants   Yellow rattle can help to enhance plant diversity 
when restoring traditional hay meadows 

Vigorous species 
can reduce plant 
diversity 

Protected species   Bumblebees favour diverse and flower rich seed 
mixtures 

- 

Recommendations for future work 

There is plenty of available research work documenting the positive impacts of diverse 
species mixtures in grassland, as an integrated crop management practice. Evidence of 
efficacy as an integrated pest management practice is limited. No information was found 
on the effects of the increased root structure and variety of species rich swards on soil 
biodiversity.  

Mowing and topping 
Mowing and topping are key IPM methods for managing weeds in grassland. For semi-
natural hay meadows maintenance of their conservation value is dependant, in part, in 
cutting for hay (Natural England, 1999). The timing of the cutting maintains the grassland 
communities of flora and fauna, limits the establishment of undesirable species and 
prevents the establishment of shrubs and trees.  

The conservation benefits of mowing and cutting are different to grazing and can be used 
as an alternative management method of plant species (Natural England, 1999).  

Weed surfer methods could be used for all taller weed species. Topping before plants can 
flower and set seed helps control thistles, docks, buttercups, bracken and nettles.  

Cutting would need to be incorporated into an integrated weed management (IWM) 
system to achieve the best overall weed control. However, it is effective for reducing the 
energy stored within tubers and rhizomes and limiting the spread by seed, which could 
increase the success of other alternative methods of weed control e.g. electrical and 
manual removal, especially where non-chemical options are required. 

Benefits 

Birds: Manipulating sward height can favour different species. Boatman et al., (2007) 
reported that sward height favours different bird species, where taller swards encourage 
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higher numbers of cranefly larvae as a food source, but shorter swards favour aerial 
hunters such as kestrels (Falco tinnunculus). 

Invertebrates as prey species: Studies by Humbert et al., (2012) showed that by 
delaying the spring (May-June) cutting until summer (July-September) increased 
invertebrate diversity, but not always abundance.  If it is not possible to delay cutting on a 
field scale it was shown that even the creation of smaller areas (mosaics) of different 
cutting regimes favoured a wider range of species.  

Mammals: No evidence of positive biodiversity effects found. 

Fish: No evidence of positive biodiversity effects found. 

Amphibians: No evidence of positive biodiversity effects found. 

Reptiles: No evidence of positive biodiversity effects found. 

Arthropods, annelids and molluscs: No evidence of positive biodiversity effects found. 

Soil micro, meso and macro fauna: No evidence of positive biodiversity effects found. 

Non-target plants: Plant species diversity increases by delaying the first grass cut until 
summer instead of cutting in the spring (Humbert et al., 2012).  

Timing cuts in hay meadows can be used to increase populations of desirable plant 
species such as yellow rattle (Rhinanthus minor). Meadows are cut after the seeds have 
ripened. (Natural England, 1999). 

A long-term experiment investigating the long term effects of cutting chalk grassland 
showed uncut plots had significantly fewer plant species compared to the cut plots after 
seven years. No significant differences were seen in the number of species in plots cut 
once, twice or three times a year (Terry et al., 1993). 

Two years of scrub clearance and hay mowing doubled the floristic species richness on 
grassy verges (Gardiner and Vaughan, 2009). Plants that benefitted from this 
management included black knapweed (Centaurea nigra), hairy St. John’s wort 
(Hypericum hirsutum) and primrose (Primula vulgaris). 

Management of semi-natural grasslands requires the maintenance of a low supply of 
specific soil nutrients, such as phosphate and potassium. Low soil phosphorus availability 
seems to be a key factor in maintaining high species richness in grasslands (Tallowin, 
1997). Mowing and the removal of cuttings can remove biomass from dominant species, 
reducing soil nutrients to increase species diversity (Crawley, 1983 and Bakker, 1989 cited 
in Simpson and Jefferson. 1996).  
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Protected species: Some butterfly species require very specific habitats and plants to lay 
eggs successfully. This includes the Duke of Burgundy butterfly (Hamearis lucina) which 
requires primrose species (Primula spp.) in chalk grassland to survive. A study over a 14-
year period by Hayes et al., (2021) concluded that the grassland must be maintained by 
cutting and keeping scrub clear to ensure the correct habitat for both Primula and butterfly.  

Negatives 

Birds: Increase cutting frequency and timing can result in a loss of food source for birds, 
such as cranefly larvae (Tipulidae) (Boatman et al., 2007). 

Singing skylark density was lower after mowing in May-June (Wakeham-Dawson et al., 
1998). 

Cutting prior to hatching of chicks can reduce populations of waders and wildfowl (Natural 
England, 1999). 

Field bird populations such as curlew, black-tailed godwit, lapwing or harrier are the 
victims of significant losses due to mowers and tractor wheels (CIC, 2011).  

Invertebrates as prey species: The cutting of grass can result in species-specific effects 
tending to cause more death and emigration of generalist arthropod predators such as 
spiders (Thorbek and Bilde (2004).  The timing of cutting and whether the grass is then 
removed will result in different levels of species decline.  

Mammals: Following mowing of grassland, the home-range size for common voles was 
reported to decrease by up to 74% (Jacob and Hempel, 2003) this was thought to be due 
to a reduction in cover which exposes small mammals to increased predation risk 
(Sheffield et al. 2001). 

Mowing or topping grass may be detrimental for leverets or hares depending on the timing 
of cutting (Boatman et al., 2007). When making a cut for silage the best advice it to cut a 
field from the centre outwards to allow the hares to escape the machinery into 
neighbouring field or not cut marginal areas (GWCT Factsheet 2022a).  

Leverets, fawns and various field birds, small mammals, amphibians and insects fall victim 
to the practice of early and more frequent mowing. (CIC, 2011).  

Fish: No evidence of negative biodiversity effects found. 

Amphibians: No evidence of negative biodiversity effects found. 

Reptiles: No evidence of negative biodiversity effects found. 
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Arthropods, annelids and molluscs: Cutting grass is generally considered undesirable 
for arthropods, however these effects can be mitigated by the creation and management 
of refuge areas within and adjacent to fields (Thorbek and Bilde (2004). 

High fertilisation and cutting frequency created tall, species-poor plant communities 
resulting in reduced orthopteran (grasshoppers & crickets) diversity by providing an 
unsuitable sward structure, and reduced butterfly diversity by creating disturbed plant 
communities with low species richness and abundance of flowering forbs and host plants. 
(Marini et al., (2009).  

Mowing of grasses shortens the plant and removes the flower head, leading to a reduced 
abundance of beetles (Coleoptera) and hoverflies (Syrphidae) that are sensitive to 
vegetation height. However, there are arthropod species (e.g., long-legged flies 
(Dolichopodidae) that are less sensitive to changes in vegetation height or other 
disturbances caused by harvest. This indicates that when mowing grasses, the height of 
harvest can impact some arthropods but not all (Lee et al., 2018). Maintenance of similar 
cutting or grazing regimes (height, timing) prior to designation is critical on many nature 
reserves to aid the desired forbs and/or invertebrates. 

Bee species richness and abundance decreased with increasing number of mechanical 
operations such as cutting (Luscher et al., 2015).  

Four lowland farms with a predominance of improved grasslands that were classified as 
species-poor perennial ryegrass (Lolium perenne) were used to test a range of field 
margin management techniques (Blake et al., 2011). The experimental plots also 
contained common bent (Agrostis capillaris), Yorkshire fog (Holcus lanatus), white clover 
(Trifolium repens) and creeping buttercup (Ranunculus repens). Conventional 
management practices (inorganic fertiliser, cutting frequency and height, and aftermath 
grazing) were manipulated to create seven treatments along a gradient of decreasing 
management intensity and increasing sward architectural complexity. Leaf hopper and 
plant hopper (Auchenorrhyncha) abundance and species richness was highest in the most 
extensively managed treatments, either unmanaged, a single silage cut in May or a hay 
cut in July. Abundance was lowest with frequent grass cutting, while species richness was 
lowest where cattle grazing occurred. 

Arthropods (insects and spiders) were sampled on 142 grassland plots in three regions in 
Germany, which were managed with different ways (mowing, fertilisation and/or grazing) 
and intensities of land use. Increasing fertilisation and grazing intensity increased the 
decay rate of all taxa, while increasing mowing frequency significantly affected the decay 
rate only in interaction with fertilisation (Simons et al., 2015). The authors concluded that 
increased land use intensity favoured the dominance of the most abundant species. 
Dominance generally increased with increasing fertilisation and rarity decreased with 
increasing grazing or mowing intensity. 

Soil micro, meso and macro fauna: No evidence of negative biodiversity effects found. 
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Non-target plants: Rare plant species richness decreased with mechanical operations 
(Luscher et al., 2015). However, some species persist under mowing and in semi natural 
hay meadows. See (Gardiner and Vaughan, 2009) in the positive effects section. 

Protected species: See Wakeham-Dawson et al., 1998 in the birds section for the 
negative effects of mowing on skylark density and CIC (2011) for the effects of mowing on 
lapwing and curlew populations.   

See Boatman et al., (2007) and GWCT Factsheet (2022a) for best practise advice and the 
effects of cutting time on hare populations.  

Summary 

Generally mowing and topping tends to be detrimental to biodiversity. Reducing cutting 
frequency and timing cuts can be used to manipulate plant communities, from an IPM and 
conservation management perspective. Geographic location and local species must be 
considered in conservation management plans to achieve the best balance to improve 
biodiversity.  
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Table 26. Summary of the positive and negative impacts of mowing and topping on 
biodiversity in grassland. Note: some cells have been deliberately left blank. 
Category  Positive  Negative  
Birds   Low swards can favour aerial 

hunting birds. 
Increased and / or early cutting can 
result in reduced food source. Early 
cutting can impact nesting waders and 
wildfowl. 

Invertebrates as 
prey species   

Delaying cutting can improve 
diversity but not abundance. 
Creating small areas of different 
cutting regimes favour a wider 
range of species.  

Cutting can result in decline and 
emigration of generalist arthropod 
predators such as spiders.  

Mammals   - Reduces cover for small mammals 
increasing the risk of predation. 
Cutting from the centre of the field 
outwards gives hares the best chance 
of escaping machinery.  

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, 
annelids, 
molluscs   

Grass cutting, especially below 
12.5cm, is generally undesirable for 
arthropods. Creation of refuge 
areas in and adjacent to fields and 
cutting later will reduce the impact. 

Cutting reduces, bee, beetle and 
hoverfly numbers but some arthropod 
species are less sensitive to a change 
in vegetation height. Tall swards can 
reduce orthopteran and butterfly 
diversity. 

Soil micro, 
meso and 
macro fauna    

- - 

Non-target 
plants   

Managing the timing of cuts can be 
used to manipulate species 
diversity 

Diversity of rare plant species can 
decrease with mechanical operations, 
however some species persist under 
mowing and in semi natural hay 
meadows 

Protected 
species   

Can be specifically managed for 
protected species  

Cutting from the centre of the field 
outwards gives hares the best chance 
of escaping machinery 

Recommendations for future work  

There is a wide range of research information on cutting operations and timings.  
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Grazing management 
Grazing can be used to manage weeds in an IPM system whilst providing habitat for dung 
beetles and other invertebrates. Animals grazing pasture can influence weeds either 
directly, by eating or damaging them, or indirectly, by 'conditioning' the pasture and making 
it more competitive and resistant to subsequent weed invasion. The effect on the 
grassland is influenced by the type of animal and plant species present for example, 
horses and cattle are selective grazers, avoiding certain weed species, sheep graze more 
evenly (Popay & Field, 1996). Choice of animal species can be combined with timing to 
manage weeds particularly during the establishment of grass leys. Grazing with young 
cattle which are not selective feeders soon after establishment can reduce the first flush of 
weeds AHDB (2015). Grazing pastures before winter will reduce winter kill and reduce the 
number of bare patches. But pastures can be overgrazed, reducing competitiveness of 
grasses and causing poaching allowing undesirable species such as docks, ragwort or 
thistles to establish; although having some bare soil is beneficial to some invertebrates, 
including some dung beetle species. 

Grazing has value for conservation management and increased biodiversity through 
creation of gaps to allow recruitment of new individuals, selective control of more palatable 
species and creates patchiness and structure of vegetation amongst other benefits 
(Natural England, 1999). Weiss et al (2013) suggest that grazing is more suitable for 
maintaining a high biodiversity in calcareous grassland than mowing. 

The use of rare native breeds such as Exmoor, Dartmoor, Fell, Highland and Eriskay 
ponies or the Polish Konik Pony is a well-established method of conservation grazing for 
rewilding purposes with increased benefits to biodiversity (Wildlife and Countryside Link, 
2020). Equines are selective grazers, creating vegetation mosaics with shortly grazed 
patches interspersed with areas of undisturbed vegetation, and they can be useful for 
slowing down scrub encroachment through browsing.  

The increased presence of ponies in the vicinity of the salt blocks increased the 
percentage occurrence of bare ground, reduced sward surface height, reduced 
percentage occurrence of purple moor grass (Molina) and increased the germination of 
heather (Calluna vulgaris) seedlings. Through grazing and trampling, ponies can reduce 
the dominance of Molinia, leading to an increase in the germination and establishment of 
heather seedlings (Lunt et al., 2021). 

Mob grazing with cattle using electric fencing can be used as a technique for bracken 
management.  

Fencing off watercourses is usually done for water quality benefit by preventing livestock 
access. From an IPM perspective fencing can also allow a managed amount of ragwort to 
grow providing biodiversity benefit while the grazed or conserved part of the field is, 
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ideally, hand rogued to comply with ragwort legislation and to ensure livestock health is 
not adversely impacted. 

There are a wide variety of different types of grassland, divided into upland and lowland. 
Both upland and lowland grassland can be calcareous, acidic or neutral and can be 
classified as: 

• Improved grassland –High input, intensively managed for high yielding grass. 
Typically, fewer plant species present 

• Semi-improved grassland – Grassland modified through previous agricultural 
management. Less intense use of inputs and wider range of species present  

• Unimproved grassland – Never improved for agricultural production. Most species 
rich grasslands are in this category 

Management techniques will vary depending on the type of grassland and the species 
present. The evidence in this section is grouped into broad management techniques. This 
gives a brief overview of a wide-ranging topic.   

Reduced grazing intensity 

Birds: Singing skylarks were six times more abundant and non-singing skylarks twice as 
abundant in long-grazed (15-25cm) fields than short-grazed fields (10cm). Fields were 
surveyed during the skylark breeding season in experiments carried out over 12 fields 
(5ha each) between 1995-96 (Wakeham-Dawson et al (1998). 

Arthropods, annelids and molluscs: Different frequency and height of grazing were 
found to change spider numbers and species (Gibson et al., 1992). Over grazing of heavily 
grazed areas favoured Linyphiidae. Large web-spinner spiders preferred the rigid grasses 
of less disturbed areas.  

The number of taxa and total number of chick-food invertebrates were about twice as large 
in long-grazed fields than in short-grazed fields in experiments carried out over 12 fields 
(5ha each) between 1995-96. Ungrazed areas (swards up to 40cm tall) had over five times 
the number of invertebrates and over three times the number of invertebrate taxa as 
grazed areas (sward <2cm tall). (Wakeham-Dawson et al (1998). 

Studies of different sheep grazing intensities on semi-natural calcareous grassland in 
Belgium and the Netherlands found nest volume and caterpillar survival of the Glanville 
fritillary (Melitaea cinxia) were 50% lower on the high intensity grazed treatments 
compared to the ungrazed and low intensity grazed treatments (Van Noordwiijk et al., 
2012). The study concluded that grazing intensity will likely have similar effects on other 
invertebrates and the impact of grazing depends on the timing in relation to the lifecycle of 
individual species. 
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Improved high input grassland 

In a study in thirteen areas of upland Britain between 1968-80 and 2000, improved 
grassland either reseeded or receiving regular annual applications of fertiliser to promote a 
dense, uniform monoculture of ryegrass were associated with increase of wood pigeon 
(Columba palumbus), pied wagtail (Motacilla alba), carrion crow (Corvus coreone), 
jackdaw (C. monedula) and goldfinch (Carduelis carduelis) probably due to their less 
specialised habitat requirements (Henderson et al., 2004).  

A three-year study in Norway found no difference in population growth rates between 
different grazing intensities in field scabious (Knautia arvensis) populations in semi-natural 
grassland (Johansen et al., 2016).  

In a study in thirteen areas of upland Britain between 1968-80 and 2000, improved 
grassland either reseeded or receiving regular annual applications of fertiliser to promote a 
dense, uniform monoculture of ryegrass were attributed to the decline of grey partridge (P. 
perdix), snipe (Gallinago gallinago), redshank (Tringa totanus), skylark (A. arvensis), 
meadow pipit (Anthus pratensis) yellow wagtail (Motacillus flava), dipper (Cinclus cinclus), 
whinchat (Saxicola rubetra), wheatear (Oenanthe oenanthe), ring ouzel (Turdus 
torquatus), goldfinch (Carduelis cannabina), reed bunting (E. schoeniclus) and 
yellowhammer (E. citrinella) by over 67% (Henderson et al., 2004).  

An experiment on Tadham/Talham Moors in Somerset demonstrated the use of inorganic 
fertiliser inputs caused the loss of botanical diversity on hay meadows. Once botanical 
loss from fertiliser use has occurred the diversity does not recover, even if fertiliser inputs 
stop and traditional management is reinstated (Natural England, 1993a) 

Grazing intensity  

High intensity grazing in this section implies long duration intense grazing with short grass 
recovery periods keeping sward heights low.  

Baines (1996) reported that black grouse (Tetrao tetrix) numbers had declined due to 
increased stocking densities which reduce the sward height and diversity of plant 
populations. Newton (2004) also reported that the kestrel and barn owl (Tyto alba) had 
declined in numbers due to overgrazing of rough grassland which supports their principal 
prey species the field vole 

Arthropods (insects and spiders) were sampled in 142 grassland plots in three regions in 
Germany, which were managed with different modes (mowing, fertilization and/or grazing) 
and intensities of land use. Increasing grazing intensity increased the decay rate of all taxa 
(Simons et al., 2015).  

High intensity grazing results in a lower number of grasshoppers and butterflies, compared 
to low intensity grazing (Wallis De Vries et al., 2007).  
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Intensive grazing reduces botanical diversity and favours a select few competitive species 
that can tolerate grazing such as perennial ryegrass (Lolium perenne), Rough stalk 
meadow grass (Poa trivialis) and white clover (Trifolium repens) as well as plants avoided 
by grazing animals such as thistles (Cirsium spp) (Vickery et al., 2001). Sheep and horses 
tend to avoid these species more than cattle (Natural England, 1993b). 

Grazing timings  

Goodenough and Sharp (2016) found autumn and winter grazing intensity are positively 
associated with primrose (Primula spp.) abundance on calcareous grassland. Primula is 
the sole larval host plant for The Duke of Burgundy butterfly (Hamearis Lucina). From 
studies they recommend moderately high grazing intensity during autumn with a free 
roaming system, rather than rotational grazing, with reduced grazing intensity or grazing 
removal in winter. Other butterfly host plants such as bird’s foot trefoil (L. corniculatus) also 
benefitted. This plant is the host for the dingy skipper (Erynnis tages), green hairstreak 
(Callophrys rubi), chalkhill blue (Polyommatus coridon), common blue (Polyommatus 
icarus), and silver-studded blue (Plebejus arguslarval). 

Heteroptera (true bugs) are reduced by spring grazing but increased by autumn grazing 
(Brown, Gibson and Sterling 1990 cited by Vickery et al., 2001). 

Summary 

Grazing can be used to manipulate weeds or undesirable species in grassland. Subtle 
changes can be made to grassland area through the choice of animal species used 
through selective feeding, timing of grazing in relation to developmental stage of the crop 
and weed and density of stocking. High intensity grazing and overgrazing reduce 
biodiversity in grassland. Timing of grazing in relation to a species lifecycle influences 
impacts either positively or negatively on a species. Types of regenerative grazing using a 
high stocking density, frequently moved with long resting periods between grazing, result 
in positive impacts on biodiversity. 
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Table 27. Summary of the impacts of grazing management on biodiversity in 
grassland. Note: some cells have been deliberately left blank. 
Category  Reduced intensity grassland Intensive grassland 
Birds   Tall grass favour skylarks. 

Improved grassland favours 
species with less specialised 
habitat requirements. such as 
wood pigeon and carrion crow. 

Increased stocking density and 
overgrazing reduce species such as 
grouse, kestrel and barn owl.  

Invertebrates as 
prey species   

Heavily grazed grassland can 
benefit certain species of spider  

High intensity grazing results in a lower 
number of invertebrates.  

Mammals   - - 

Fish   - - 

Amphibians   - - 

Reptiles   - - 

Arthropods, 
annelids, 
molluscs   

Ungrazed grassland has higher 
invertebrate numbers and taxa. 
Invertebrates numbers are higher 
in long grass than in short grazed 
grass. .  

High intensity grazing reduces 
invertebrate numbers.  

Soil micro, meso 
and macro fauna    

- - 

Non-target plants   Autumn and winter grazing 
intensity are positively associated 
with spring flowering plants  

Intensive grazing reduces botanical 
diversity, favouring a few competitive 
species that can tolerate grazing or are 
avoided by grazing animals. 

Protected 
species   

Tall grass favours skylarks. Intense grazing leads to dominance of 
abundant species risking loss of rare 
species. 

Recommendations for future work 

A comprehensive review of grazing management is necessary to identify its value in IPM 
systems. 

Weed tolerant approach 
Some grassland weeds are of important conservation value as a food source or habitat for 
many species of invertebrates, birds and mammals.  Specific weed species and their 
benefits are shown below (Table 28) summarised by SRUC (2014). Surveys suggest that 
around 5% of UK grassland receives a weedkiller in any year and few farmers treat more 
than 10% of their pasture in a season (Voluntary initiative, n.d.). In areas of species rich 
grassland or organic systems good husbandry and physical and cultural controls can 
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reduce the need for herbicides. Weeds are often linked to pH, Phosphorus or Potassium 
levels, or other factors such as over/under grazing, poor drainage, compaction or poaching 
and these factors should be considered, and problems rectified if weeds are a problem 
(AHDB, 2018a). 
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Table 28. Conservation value examples of specific weed species in grassland – not 
an exhaustive checklist. Note: some cells have been deliberately left blank. 
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Common name of 
weed 

Value to invertebrates Value to birds/ mammals 

Annual meadow-
grass 

Three red data list species; various 
butterfly larvae 

Grey partridge and chicks - 
seed and invertebrates 

Bur chervil Butterfly and moth caterpillars - 

Buttercups - Seeds eaten by small 
mammals, tree sparrow, turtle 
dove 

Chickweed, 
common 

26 species of insects including 
honeybees, small bees, aphids, moth 
larvae 

Skylark, linnet, grey partridge 
adult and chicks 

Couch-grass, 
common 

Speckled wood, gatekeeper and ringlet 
butterfly caterpillars 

- 

Cow parsley Some moth caterpillars - 

Daisy Larvae of some moths, aphids and flies - 

Dandelion Large red-tailed bumblebees Finches eat seed 

Dock, broad-leaved 80 species found Small mammals and birds use 
seed 

Dock, curled Several aphis, beetles, and moths. 
Larvae of blood-vein moth 

Small mammals and birds use 
seed 

Fool’s parsley Bees visit flowers. Parasitoids of wheat 
blossom midge feed on flowers. 

- 

Groundsel Host and food for many insects Number of birds eat seeds 

Hawksbeard, 
smooth 

Moth caterpillars - 

Knapweeds Great yellow bumblebee and male 
shrill carder bee 

- 

Mouse-ear 
chickweed 

Hosts flies and bugs Various birds eat seed 

Nettle, common Small tortoiseshell caterpillars; 
peacock butterfly 

Dunnock eat seed 

Nettle, small Various moths and aphids Bullfinch, dunnock eat seed 

Plantains Plantain aphid Various adult birds eat seed 

Ragworts Cinnabar moth caterpillar; long- and 
short-tailed bumblebees 

- 

Thistle, creeping Short-haired and large red-tailed 
bumblebees 

Goldfinches eat seed 

Thistle, spear- Short-haired and large red-tailed 
bumblebees; four species of moth 
larvae 

Goldfinches eat seed 
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Common name of 
weed 

Value to invertebrates Value to birds/ mammals 

Yarrow - Small mammals eat seed 

Yorkshire-fog  Wall brown, speckled wood and small 
skipper caterpillars 

- 

For a more in depth look in to the conservation value of grassland plants for invertebrates, 
birds and other vertebrates please see: 
http://publications.naturalengland.org.uk/publication/87001  

Summary 

Weed species can provide benefits to biodiversity and can be tolerated at low levels with 
minimal effect on yield. 

Recommendations for future work 

Work to determine the desired weed population that would impact on yield and farm 
economics sufficiently to warrant control measures as well as the environmental and 
conservation impacts. 

ELM options and Agri-environment schemes 
The Defra policy paper (Defra, 2021a) states the scope to increase biodiversity in 
improved grassland by having areas of increased structural diversity, allowing for flowering 
and seed production. Linking these areas with woodlands, hedgerows and semi-natural 
areas will create wildlife corridors to increase habitat diversity and resources for wildlife 
bringing wider benefits to wildlife. The more efficient and targeted use of nutrients will help 
to reduce the impacts on the environment  

Mills et al, 2007 and Wallis De Vries et al., 2007 summarise that Agri-environment 
schemes requirements should include individual sites more often than a blanket approach. 
Stocking density should not be prescribed as it varies depending on which species you 
have or trying to favour. For example, butterflies and grasshoppers require certain sward 
heights and these can be achieved in different ways. A set stocking density would not be 
useful although it is understood that schemes need some level of prescribed structure. 

Kleijn et al (2006) evaluated the biodiversity effects of agri-environment schemes in five 
European countries, which included hay meadows in Switzerland and wet grassland in the 
Netherlands. Species density of vascular plants, birds, bees, grasshoppers, crickets and 
spider were compared on 202 paired fields. Results showed agri-environment schemes 
had marginal to moderately positive effects on biodiversity. However positive effects for 
uncommon species were only found in two of the countries and Red Data listed species 

http://publications.naturalengland.org.uk/publication/87001
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seldom benefited from the schemes. They concluded that the schemes need to distinguish 
between biodiversity of common species that can be benefitted by simple changes or 
abundance of endangered species that require more complex measures. Norris has a 
Science and Evidence team that regularly publishes evidence and reports from Agri-
environment work, examples include: Landscape-scale species monitoring of agri-
environment schemes (LandSpAES project) and Natural England Access to Evidence 
http://publications.naturalengland.org.uk/publication/64014?category=47017  

Agri-environment schemes (AES) are likely to increase biodiversity where there are larger 
resource areas, as opposed to the current practice of smaller, fragmented areas 
(Whittingham, 2007). Hedgerow trees were found to have a higher impact on the 
abundance and diversity of large moths than six-metre-wide grassy field margins. Where 
the amount of land in AES in one area was increased the presence of hedgerow trees 
gave a substantially higher abundance and diversity of moths (Merckx et al., 2009). 

Improving understanding of the overwintering ecology of arthropod groups is needed to 
reverse biodiversity decline in agricultural landscapes. Arthropod diversity is important in 
many ecosystem services and these arthropods require shelter habitats for overwintering 
in agricultural landscapes, such as perennial agri-environment schemes e.g. flowering 
fields (Boetzl et al., 2022).  

Comparisons of newly established grasslands with diverse seed mixtures compared to 
subsidised legume-grasslands for pollinators and old grasslands found bees, bumblebees 
and syrphids were significantly less attracted to the subsidised legume-grassland 
compared to the newly established diverse grasslands. Butterflies were most abundant in 
the old grasslands. The work urged policy makers to use high quality, regionally adapted 
seed species and mixtures to increase plant diversity whilst preserving permanent 
grasslands to support different sets of insect communities (Brandl et al., 2022).  

The policy paper ‘Environmental Land Management (ELM) update: how government will 
pay for land-based environment and climate goods and services’ (Defra, 2023) sets out 
how government intends to work with farmers and land managers to 'improve the natural 
environment, alongside food production, with environmental goods and services playing a 
key role in all farm businesses.’ The policy paper sets out the range of environmental land 
management actions that farmers and land managers will be paid for through the 
Sustainable Farming Incentive (SFI) and Countryside Stewardship (CS). The SFI enables 
farmers to be paid for farming in a more environmentally sustainable and integrated pest 
management is one of six new standards to be introduced in 2023. 

GAP analysis 
This review is not exhaustive but gives a good indication on the information available on 
how IPM affects biodiversity. A total of 414 references have been quoted, most of the 

https://randd.defra.gov.uk/ProjectDetails?ProjectId=20012
https://randd.defra.gov.uk/ProjectDetails?ProjectId=20012
http://publications.naturalengland.org.uk/publication/64014?category=47017
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literature related to arable IPM techniques, followed by outdoor horticulture then 
grassland.  Within the individual IPM techniques, the greatest amount of references were 
found for crop rotation and cultivations (Table 30). All references for bioprotectants  were 
associated with horticultural crops only, but this is a technique of increasing interest in all 
crops. 

There are several IPM techniques that were poorly supplied with references including 
physical protection, monitoring of crops (DSS, forecasting and pest thresholds),  hygiene 
and pruning, soil amendments, precision application and a weed tolerant approach.  

The techniques associated with the most negative references were cultivations and 
mowing. 

Table 29. Number of references - positive, negative and total for each IPM technique 
IPM Practices Posi

tive  
Nega
tive  

To
tal  

Crop rotation 64 31 95 

Cultivations 31 42 73 

Mowing and topping 10 22 32 

Bioprotectants 15 15 30 

Cover crops, companion cropping, intercropping, undersowing, trap 
crops, banker plants and floral strips 

24 2 26 

Non-chemical weed control  12 12 24 

Stubble management 21 2 23 

Field margins and in-field strips 20 1 21 

Grazing management 8 9 17 

Genetic modification 6 8 14 

Sowing date 10 4 14 

Varietal choice and diverse seed mixtures 13 1 14 

Selective and/or narrow spectrum pesticides 10 1 11 

Physical protection of crops (crop covers, artificial shelters, barriers) 8 0 8 

Monitoring of crops, DSS, forecasting and pest thresholds 6 0 6 

Hygiene and pruning 2 1 3 

Soil amendments 2 1 3 

Precision application 0 0 0 

Weed tolerant approach 0 0 0 

Within the biodiversity search terms the greatest percentage of references found covered 
arthropods, annelids and molluscs, followed by birds, non-target plants and protected 
species (Table 29). Looking at the summaries from the main IPM projects (Chapter 4) 
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birds, mammals, plants, arthropods and annelids were the main species groups 
monitored, with general counts of species encountered being made. There were some 
instances of specific species being targeted such as skylarks in the SAFFIE project. 

There was a lack of information found relating to other groups of organisms such as fish, 
amphibians and reptiles, possibly reflecting how difficult they are to monitor and ascribe 
relevant impacts, with commensurate research cost implications. Mammals were counted 
within the Boxworth project but not in the other IPM projects. Soil micro, meso and macro 
fauna have been monitored in many of the IPM projects, but there were generally few 
references found on these groups.  

Table 30. Percentage of references to the listed subject area, made within the review 
(a total of both benefits and negatives). 
Species % 
Arthropods, annelids, molluscs 30 

Birds 18 

Non-target plants 14 

Protected species 13 

Mammals 7 

 Soil micro, meso and macro fauna 7 

Invertebrates as prey species 5 

Fish 3 

Amphibians 2 

Reptile 0 

 

Summary and conclusions 
There was little published evidence found on the effect of IPM methods on biodiversity in 
its strict sense. The evidence reviewed was therefore almost exclusively from studies 
where changes in abundance of species were measured under different management 
regimes. Although abundance is relevant to biodiversity, it is not a measure of species 
diversity. Where an IPM method was found to result in increases in species abundance, or 
more increases in abundance than decreases, the review has categorised the method as 
being broadly positive for biodiversity. Caution is needed in the interpretation of the 
findings. 

Thirteen IPM techniques were covered in the arable sector, nine in horticulture and ten in 
grassland. These were identified as priority techniques in the AHDB broadacre crops IPM 
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review (Blake et al., 2021) and by Natural England. The biodiversity categories covered 
were birds, mammals, fish, amphibians, reptiles, arthropods, annelids, molluscs, soil 
micro, meso and macro fauna, non-target plants and protected species. Some of these 
categories were poorly represented in the evidence.  

A summary is reported of seven IPM projects conducted between 1981 and 2005. The 
projects looked at the effects of reducing inputs on biodiversity but not all were designed 
with an IPM remit. These projects were complicated and most tried to look at a whole 
system approach to improving biodiversity whilst reducing pesticide use in crops. The 
reporting predominantly covered both the benefits and the negative effects to biodiversity. 
In general, the projects showed that an integrated approach to crop and pest management 
led to an increase in species abundance and can lead to an increase in species diversity. 
However, there are no fixed ‘blueprint’ for integrated systems. Methods need to be site 
specific, adapted to local circumstances with a diverse range of techniques used to benefit 
a wide range of species.  In IPM there is much crossover between techniques and 
achieving a balance between positives and negatives for biodiversity groups can be 
difficult.  

An assessment was made of both positive and negative impacts of the potential 
components of IPM systems. In general, the majority of techniques were positive towards 
biodiversity with crop rotation, field margins, cover crops and companion crops, stubble 
management, varietal choice and seed mixtures, and bioprotectants having the most 
positive references. The techniques that had the most negative impact on biodiversity 
were cultivations (arable) and mowing and topping (grassland). However, these 
techniques sometimes have positive benefits as well. 

Cultivations 

Cultivations were identified as being generally detrimental to biodiversity. The less soil is 
moved and/or the shallower the depth of cultivation the lower the negative benefits to 
biodiversity due to lower losses in soil organic matter and direct disruption of organisms. 
Ploughing was the most damaging cultivation followed by deep non-inversion tillage, 
shallow non-inversion tillage, no-till and direct drill.  

Crop rotations 

A varied rotation including spring and winter sown crops, grassland, herbal leys and fallow 
provides a wide range of habitats and food sources. A varied rotation even with a mosaic 
of land uses / crops alone are not enough to support a wide range of biodiversity, 
additional non-crop areas such as margins, hedgerows and woodland are necessary to 
provide year-round opportunities for survival and thriving – with sufficient food, water and 
shelter – for warmth, security and rest. Rotations were identified as being beneficial for 
biodiversity. 

Field margins and in-field strips 



   

 

Page 136 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

The majority of UK cropped fields currently have at least a 2m wide green cover margin, 
sometimes with additional margins and in-field strips, either funded through agri-
environment schemes or as voluntary measures to provide biodiversity benefits. Field 
margins introduce a varied range of habitats and increasing food sources and have been 
identified as being beneficial to biodiversity. They can be a reservoir of weed seeds and 
disease inoculum e.g. ergot, but overall, the benefits outweigh the negatives. 

Field margins in grassland can be developed through differential seeding or management 
providing similar benefits to those in cropped situations. 

Monitoring of crops, decision support systems, forecasting and pest thresholds 

These are tools that can help growers better understand pest risk and how to target 
treatments according to need. Effective monitoring/DSS/thresholds may benefit 
biodiversity by reducing pesticide usage.  

Mechanical weeding 

The mechanical action of weeders disturbs the soil surface cutting weed roots or pulling 
them from the soil. Other methods include hand pulling and hoeing. Weeding generally 
occurs in the spring and summer when weeds are emerging and soils are dry. Any 
creatures present in the field at the time of weeding are liable to be disturbed. Overall, 
non-chemical weeding was identified as being slightly detrimental to biodiversity. 

Sowing date 

Changing sowing date can be a small delay of days or weeks, as in the case of delayed 
autumn drilling, or months where sowing is delayed until the spring. This delay can be 
effective in reducing weed, pest and disease levels or changing the species encountered. 
Effects on biodiversity are minimal, but spring crops generally have lower pesticide usage 
than winter sown crops. 

Precision application 

Restricting the area of pesticide application in a crop should reduce impacts on 
biodiversity. 

Bioprotectants 

The use of bioprotectants could help to reduce use of conventional chemical pesticides, 
potentially benefitting a range of species. However, limited information is available on the 
impacts on biodiversity.  
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Selective pesticides 

Previous research has shown that use of selective pesticides can manipulate in-field weed 
populations. This has beneficial effects on biodiversity but can lead to ‘dirty’ crops which 
can have knock on effects for efficient harvest. Highly selective pesticides are rare in 
arable situations as currently there is a limited market for their use, but all pesticide actives 
have specificity. 

Cover crops, companion cropping, intercropping, undersowing, trap crops, banker plants 
and floral strips 

Adding species to an area has been shown to increase populations of beneficial and 
predatory species, due to a greater variation in food. An increase in food sources generally 
results in an increase in predators. The question is where to add these plant species? 
Placing species outside crops is less problematic than placing them within crops. Benefits 
for pest and weed control have been shown but there are potential detrimental effects on 
cost, complexity of management and crop yield and /or quality.  

Overall, the introduction of cover crops was seen to be beneficial to biodiversity, but more 
work needs to be done to exploit them for maximum benefit. 

Varietal choice and mixtures 

The use of resistant and tolerant varieties are an important part of non-chemical pest and 
disease control and can reduce the need for pesticides which may benefit biodiversity.    

Genetic modification is not currently available in the UK but in countries where it is it has 
been used it has been shown to be generally beneficial to biodiversity by reducing the use 
of pesticides. Other studies have found negative effects or contrasting effects of genetic 
modification on different species.  

Naturally bred crops that are tolerant to specific herbicides are available in oilseed rape 
and sugar beet to control weeds that are closely related to the crop. Growing herbicide 
tolerant crops e.g. Clearfield® varieties of oilseed rape still requires herbicide use. 
Growing more competitive species, e.g. hybrid barley, can reduce herbicide use, but weed 
species which are less competitive and of biodiversity value will also be suppressed.  

Interest in the use of varietal mixtures is increasing for disease control in arable crops 
particularly cereals. In grassland, species rich swards can help to increase invertebrates 
and bird diversity by diversifying sward structure.  

Stubble management  

Retaining a stubble after harvest is already part of environmental schemes, as it provides 
a source of food during the autumn and winter. Management is key to maximising the 
value of the stubble. The value is reduced by the application of a pre-harvest desiccant 
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and cultivation immediately after harvest. Retaining stubbles generally has positive 
biodiversity benefits. 

Soil amendments 

Little research was found on the impact of soil amendments on biodiversity, with the 
exception of organic manures. There were some benefits to beetles and bacterial 
communities and no observed negative effects except where the amendment was 
contaminated with herbicides.  

Hygiene and pruning 

Maintaining hygiene standards is an important aspect of cultural control in an IPM 
programme to limit spread of weeds, pests and diseases. However, there has been little 
research on the impact of hygiene and pruning on biodiversity. There were some positive 
and negative impacts on birds. 

Physical (crop covers, artificial shelters, barriers) 

There are many types of crop cover used in horticulture, predominantly to manipulate the 
crop environment to improve yield and quality and extend the season. No negative effects 
on biodiversity were found and a number of positive effects were identified for a wide 
range of species including birds, mammals, arthropods and protected species. Some 
benefits  relate to keeping non-target vertebrate species out of cropped areas to avoid the 
need for lethal methods of control.  

Mowing and topping 

Reducing cutting frequency and timing cuts can be used to manipulate plant communities, 
from an IPM and conservation management perspective. Generally, mowing and topping 
tends to be detrimental to biodiversity. Geographic location and local species must be 
considered in conservation management plans to minimise impacts on biodiversity. 

Cutting at different timings or leaving smaller areas uncut for longer can favour a much 
wider range of species than having a monoculture of habitats. 

Grazing management 

Grazing can be used to manipulate weeds or undesirable species in grassland. Subtle 
changes can be made to grassland through the choice of grazing animal, timing of grazing 
in relation to developmental stage of the crop and weed and density of stocking. High 
intensity grazing and overgrazing reduce biodiversity in grassland. Timing of grazing in 
relation to a species’ lifecycle will determine if grazing has a positive or negative impact. 
Types of regenerative grazing that use a high stocking density, frequently move the 
animals, and incorporate long resting periods, can have positive impacts on biodiversity. 
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Future work 
There are many studies of the effects of IPM practices on species abundance. Studies of 
the effects on species diversity and biodiversity are required. 

The effects on biodiversity and species abundance of the paid actions within the new SFI 
IPM Standard should be monitored.  This would ensure the actions are delivering a key 
area of public good.  

  



   

 

Page 140 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

References 
Conservation Evidence is a free information resource summarising scientific literature, 
including non-peer reviewed and unpublished sources, on the effects of conservation 
actions. A conservation action or intervention is what is done to manage, protect, enhance 
or restore wildlife or ecosystems. A synopsis of the evidence for each action is provided 
and an assessment of the effectiveness of the action is provided by an expert panel. The 
Conservation Evidence team is based at the University of Cambridge with collaborators 
and advisers in all continents in the world. The resource is available at: 
https://www.conservationevidence.com/content/page/24 and see for many relevant Natural 
England publications on biodiversity 
http://publications.naturalengland.org.uk/category/47017 including IPM at 
http://publications.naturalengland.org.uk/publication/62023?category=47017  

Adamson, H., Turner, C., Cook, E., Creissen, H. E., Evans, A., Cook, S., Ramsden, M., Gage, E., 
Froud, L., Ritchie, F., and Clarke, J. (2020). Review of evidence on Integrated Pest Management. 
DEFRA. 
ADAS and Ricardo Energy & Environment (2016) Impacts of bioenergy maize cultivation on 
agricultural land rental prices and the environment. Defra, London 
Aebischer, N. J., Green, R. E., & Evans, A. D. (2000). From science to recovery: four case studies 
of how research has been translated into conservation action in the UK. Ecology and conservation 
of lowland farmland birds, 43-54. 
AHDB. (2013) Management and Control of Common (Soft) Rush 
https://www.fas.scot/downloads/better-returns-programme-management-control-common-rush/   
AHDB. (2015) Beef and sheep BRP Manual 1 Improving pasture for better returns. 
https://www.swarmhub.co.uk/wp-content/uploads/2019/01/BRP-improving-pasture-manual-1-
180116.pdf  
AHDB. (2016). Grassland reseeding guide. Available: 
https://projectblue.blob.core.windows.net/media/Default/Beef%20/Reseeding%20guide_190701_
WEB.pdf  
AHDB. (2018a). Improving pasture for Better Returns. Accessed April 2022. Retrieved from: 
https://projectblue.blob.core.windows.net/media/Default/Imported%20Publication%20Docs/Improv
ing%20pasture%20for%20better%20returns.pdf 
AHDB. (2018b). Plum Fruit Moth (PFM) Grapholita funebrana [PDF]. Agriculture and Horticulture 
Development Board. Accessed April 2022: 
https://projectblue.blob.core.windows.net/media/Default/Imported%20Publication%20Docs/Plum%
20fruit%20moth%20wallchart.pdf 
AHDB. (2021a). Management of powdery mildew in cereals | AHDB. Accessed July 2021, from 
https://ahdb.org.uk/powderymildew 
AHDB. (2021b). Turnip yellow virus (TuYV) management in oilseed rape | AHDB. Accessed July 
2021, from https://ahdb.org.uk/knowledge-library/turnip-yellow-virus-tuyv-management-in-oilseed-
rape 

https://www.conservationevidence.com/content/page/24
http://publications.naturalengland.org.uk/category/47017
http://publications.naturalengland.org.uk/category/47017
http://publications.naturalengland.org.uk/publication/62023?category=47017
https://www.fas.scot/downloads/better-returns-programme-management-control-common-rush/
https://www.swarmhub.co.uk/wp-content/uploads/2019/01/BRP-improving-pasture-manual-1-180116.pdf
https://www.swarmhub.co.uk/wp-content/uploads/2019/01/BRP-improving-pasture-manual-1-180116.pdf
https://projectblue.blob.core.windows.net/media/Default/Beef%20/Reseeding%20guide_190701_WEB.pdf
https://projectblue.blob.core.windows.net/media/Default/Beef%20/Reseeding%20guide_190701_WEB.pdf


   

 

Page 141 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

AHDB. (2022b). Establishing grassland reseeds. Accessed April 2022. 
https://ahdb.org.uk/knowledge-library/establishing-grassland-reseeds 
AHDB. (2022d). The benefits of herbal leys. Accessed April 2022. Retrieved from: 
https://ahdb.org.uk/knowledge-library/benefits-herbal-leys 
Alford, D.V. (2003). Biocontrol of oilseed rape pests. Oxford. Blackwell Science Ltd. 
Alyokhin, A., Nault, B., and Brown, B. (2020). Soil conservation practices for insect pest 
management in highly disturbed agroecosystems – a review. Entomologia Experimentalis et 
Applicata, 168(1), 7–27. https://doi.org/10.1111/eea.12863  
Andersen, A. (1999). Plant protection in spring cereal production with reduced tillage. II. Pests and 
beneficial insects. Crop protection, 18(10), 651-657. 
Andreasen, C., Stryhn, H., and Streibig, J. C. (1996). Decline of the flora in Danish arable 
fields. Journal of Applied Ecology, 619-626. 
Anon (2002) Focus on farming practice – The case for integrated farm management 
Areal, F., Dunwell, J., Jones, P., Park, J., McFarlane, I., Srinivasan, C., & Tranter, R. (2015). An 
evidence-based review on the likely economic and environmental impact of genetically modified 
cereals and oilseeds for UK agriculture. 
Aubertot, J., Pinochet, X., and Doré, T. (2004). The effects of sowing date and nitrogen availability 
during vegetative stages on Leptosphaeria maculans development on winter oilseed rape. Crop 
Protection, 23(7), 635-645. doi: 10.1016/j.cropro.2003.11.015 
Avery, M. I. and Moorcroft, D. (2003) What biodiversity should we expect from farmland. BCPC 
international congress 2003. 211-218. 
Baines, D. (1996). The implications of grazing and predator management on the habitats and 
breeding success of black grouse Tetrao tetrix. Journal of Applied Ecology, 54-62. 
Baker, D. J., Freeman, S. N., Grice, P. V., and Siriwardena, G. M. (2012). Landscape‐scale 
responses of birds to agri‐environment management: a test of the English Environmental 
Stewardship scheme. Journal of Applied Ecology, 49(4), 871-882. 
Bangels, E., Alhmedi, A., Akkermans, W., Bylemans, D., and Belien, T. (2021). Towards a 
Knowledge-Based Decision Support System for Integrated Control of Woolly Apple Aphid, 
Eriosoma lanigerum, with Maximal Biological Suppression by the Parasitoid Aphelinus 
mali. Insects, 12(6), 479. https://doi.org/10.3390/insects12060479 
Barker, A. M., N. Brown, J. and Reynolds, C. J. M. (1999) Do host-plant requirements and 
mortality from soil cultivation determine the distribution of graminivorous sawflies on farmland? 
Journal of Applied Ecology 36 (2), 271–282. 
Barker, G. (1991). Slug density-seedling establishment relationships in a pasture renovated by 
direct drilling. Grass and Forage Science. 46(2); 113–120. 
Barnett, K. L., & Facey, S. L. (2016). Grasslands, invertebrates, and precipitation: a review of the 
effects of climate change. Frontiers in plant science, 7, 1196. 
Barré, K., Le Viol, I., Julliard, R., and Kerbiriou, C. (2018). Weed control method drives 
conservation tillage efficiency on farmland breeding birds. Agriculture, Ecosystems and 
Environment, 256, 74–81. https://doi.org/10.1016/j.agee.2018.01.004   

https://doi.org/10.1016/j.agee.2018.01.004


   

 

Page 142 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Barzman, M., Bàrberi, P., Birch, A.N.E., Boonekamp, P., Dachbrodt-Saaydeh, S., Graf, B., 
Hommel, B., Jensen, J.E., Kiss, J., Kudsk, P. and Lamichhane, J.R., (2015). Eight principles of 
integrated pest management. Agronomy for sustainable development, 35(4), pp.1199-1215. 
Bass, C., Puinean, A. M., Zimmer, C. T., Denholm, I., Field, L. M., Foster, S. P.,... and Williamson, 
M. S. (2014). The evolution of insecticide resistance in the peach potato aphid, Myzus 
persicae. Insect biochemistry and molecular biology, 51, 41-51. 
Bathon, H. (1996). Impact of Entomopathogenic Nematodes on Non-target Hosts. Biocontrol 
Science and Technology, 6:3, 421-434 
Bayles, R., Fletcher, M., Gladders, P., Hall, R., Hollins, W., Kenyon, D., & Thomas, J. (2009). 
Towards a sustainable whole-farm approach to the control of Ergot. HGCA Project report, (456). 
Beers, E., and Jones, V. (2004). Fixed Precision Sampling Plans for White Apple Leafhopper 
(Homoptera: Cicadellidae) on Apple. Journal Of Economic Entomology, 97(5), 1752-1755. doi: 
10.1603/0022-0493-97.5.1752 
Benamú, M.A. Lacava, M. García L.F., Santana M., Viera C. (2017). Spiders associated with 
agroecosystems: roles and perspectives. Behaviour and Ecology of Spiders. pp. 275-303, 
10.1007/978-3-319-65717-2  
Berg, Åke, Erik Cronvall, Åsa Eriksson, Anders Glimskär, Matthew Hiron, Jonas Knape, Tomas 
Pärt, Jörgen Wissman, Michal Żmihorski, and Erik Öckinger.(2019) Assessing agri-environmental 
schemes for semi-natural grasslands during a 5-year period: can we see positive effects for 
vascular plants and pollinators? Biodiversity and Conservation 28, no. 14: 3989-4005. 
Bernard, E., Larkin, R.P., Tavantzis, S., Erich, M.S., Alyokhin, A., Sewell, G. Lannan, A., Gross, 
S.D. (2012). Compost, rapeseed rotation, and biocontrol agents significantly impact soil microbial 
communities in organic and conventional potato production systems. Applied Soil 
Ecology. 52, 29–41. 
Berrie A, Cross J. 2006. Development of an integrated pest and disease management system for 
apples to produce fruit free from pesticide residues – Aspects of disease control. Pome Fruit 
diseases, IOBC Bulletin, 29(1), 129-138. 
Birkenshaw J, Tiffin D, Watling M (2008) Early production lettuce, calabrese, carrots and 
overwinter field storage of carrots. Bio-degradable covers and mulches – comparison of field 
performance and economic evaluation. 
https://horticulture.ahdb.org.uk/sites/default/files/research_papers/FV%20280%20final%20report
% 202008.pdf  
Blackshaw, R. P. (1988). Effects of cultivations and previous cropping on leatherjacket 
populations in spring barley. Research and Development in Agriculture, 5(1), 35-37. 
Blake, J., Cook, S., Godfrey, K., Tatnell, L., White, S., Pickering, F., Ritchie, F., Smallwood, I.L., 
Young, C., Ellis, S. Paveley, N. and Wright, P., 2021. Enabling the uptake of integrated pest 
management (IPM) in UK arable rotations (a review of the evidence). AHDB Research Review 
No. 98. 
Blake, R. J., Westbury, D. B., Woodcock, B. A., Sutton, P., & Potts, S. G. (2012). Investigating the 
phytotoxicity of the graminicide fluazifop‐P‐butyl against native UK wildflower species. Pest 
management science, 68(3), 412-421. 



   

 

Page 143 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Blake, R., Woodcock, B., Ramsay, A., Pilgrim, E., Brown, V., Tallowin, J., and Potts, S. 2011. 
Novel margin management to enhance Auchenorrhyncha biodiversity in intensive grasslands. 
Agriculture, ecosystems & environment. 140 (3-4), 506-513.  
Blanco‐Canqui, H. (2018). Cover crops and water quality. Agronomy Journal, 110(5), 1633-1647. 
Boatman, N. D., Parry, H. R., Bishop, J. D., and Cuthbertson, A. G. (2007). Impacts of agricultural 
change on farmland biodiversity in the UK. Issues in Environmental Science and Technology. No. 
25. Biodiversity under Threat, 1-32. 
Boetzl, F. A., Krimmer, E., Holzschuh, A., Krauss, J., & Steffan-Dewenter, I. (2022). Arthropod 
overwintering in agri-environmental scheme flowering fields differs among pollinators and natural 
enemies. Agriculture, Ecosystems & Environment, 330, 107890. 
Bohan, D.A., Boffey, C.W., Brooks, D.R., Clark, S.J., Dewar, A.M., Firbank, L.G., Haughton, A.J., 
Hawes, C., Heard, M.S., May, M.J. and Osborne, J.L., (2005). Effects on weed and invertebrate 
abundance and diversity of herbicide management in genetically modified herbicide-tolerant 
winter-sown oilseed rape. Proceedings of the Royal Society B: Biological Sciences, 272(1562), 
pp.463-474. 
Boinot, S., Poulmarc’h, J., Mézière, D., Lauri, P.-É., and Sarthou, J.-P. (2019). Distribution of 
overwintering invertebrates in temperate agroforestry systems: Implications for biodiversity 
conservation and biological control of crop pests. Agriculture, Ecosystems and Environment, 285, 
106630. 
Bond W, Turner RJ, Grundy AC (2003). A review of non-chemical weed management. HDRA, the 
Organic Organisation, Ryton Organic Gardens, Coventry, UK, 81. 
https://www.gardenorganic.org.uk/sites/www.gardenorganic.org.uk/files/updated_review_0.pdf 
Accessed 19 October 2018 
Booij, C.J.H., Noorlander, J., Theunissen, J.,1997. Intercropping cabbage with clover: effects on 
ground beetles. In: Kromp, B., Meindl, P. (Eds.), Entomological Research in Organic Farming, 
Biol. Agric. Hortic. 15, 261–268. 
Bouvier, J., Boivin, T., and Lavigne, C. (2020). Conservation value of pome fruit orchards for 
overwintering birds in southeastern France. Biodiversity And Conservation, 29(11-12), 3169-3189.  
Brandl, M., Hussain, R. I., Maas, B., Rabl, D., Pachinger, B., Holzinger, W.& Frank, T. (2022). 
Improving insect conservation values of agri-environment schemes through diversified seed 
mixtures. Biological Conservation, 269, 109530. 
Brandmeier, J. and Scherber, C. (2021). Intercropping in high input agriculture supports arthropod 
diversity without risking significant yield losses. Basic and Applied Ecology. 53, 26-38.  
Breitenmoser, S., Steinger, T., Baux, A., and Hiltpold, I. (2022). Intercropping Winter Oilseed 
Rape (Brassica napus L.) Has the Potential to Lessen the Impact of the Insect Pest 
Complex. Agronomy, 12(3), 723. 
Brenchley, W.E. & Warington, K. (1933) The weed seed population of arable soils. II. Influence of 
crop, soil and methods of cultivation upon the relative abundance of viable seeds.  Journal of 
Ecology, 21, 103-127. 
Briones, M. J. I., & Schmidt, O. (2017). Conventional tillage decreases the abundance and 
biomass of earthworms and alters their community structure in a global meta‐analysis. Global 
change biology, 23(10), 4396-4419. 



   

 

Page 144 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Brooker, R. W., Bennet, A. E., Cong, W-F., Daniell, T. J., George, T. S., Hallet, P. D., Hawes, C., 
Iannetta, P. P. M., Jones, H. G., Karley, A. J., Li, L., McKenzie, B. M., Pakeman, R. J., Paterson, 
E., Schöb, C., Shen, J., Squire, G., Watson, C. A., Zhang, C., Zhang, F., Zhang, J., White, P. J. 
(2014). Improving intercropping: a synthesis of research in agronomy, plant physiology and 
ecology. New Phytologist. 206(1), 107-117. 
Brookes, G., Yu, T.H., Tokgoz, S., Elobeid, A, (2010). The production and price impact of biotech 
corn, canola and soybean crops. AgBioForum. 13, 25-52. 
Brooks, A., Nopper, J., Weyers, A., Crosland, H., Foudoulakis, M., and Haaf, S. et al. (2021). 
Assessing the Risks to Bats from Plant Protection Products: A Review of the Recent European 
Food Safety Authority Statement Regarding Toxicity and Exposure Routes. Environmental 
Toxicology And Chemistry, 40(11), 2978-2989.  
Broughton, R. K., Shore, R. F., Heard, M. S., Amy, S. R., Meek, W. R., Redhead, J. W.,... and 
Pywell, R. F. (2014). Agri-environment scheme enhances small mammal diversity and abundance 
at the farm-scale. Agriculture, ecosystems and environment, 192, 122-129. 
Brown, B. and Gallandt, E.R., (2018). A systems comparison of contrasting organic weed 
management strategies. Weed Science. 66, 109–120. 
Brown, L., Soltani, N., Shropshire, C., Spieser, H., and Sikkema, P. H. (2007). Efficacy of four 
corn (Zea mays L.) herbicides when applied with flat fan and air induction nozzles. Weed Biology 
and Management, 7(1), 55-61. 
Brown, M., Mathews, C., and Krawczyk, G. (2010). Extrafloral Nectar in an Apple Ecosystem to 
Enhance Biological Control. Journal Of Economic Entomology, 103(5), 1657-1664. 
https://doi.org/10.1603/ec10019 
Bub, S., Wolfram, J., Petschick, L. L., Stehle, S., & Schulz, R. (2022). Trends of Total Applied 
Pesticide Toxicity in German Agriculture. Environmental Science & Technology. 
Bullock, J. M., & Pywell, R. F. (2005). Rhinanthus: a tool for restoring diverse grassland? Folia 
Geobotanica, 40(2), 273-288. 
Bullock, J. M., Pywell, R. F., & Walker, K. J. (2007). Long‐term enhancement of agricultural 
production by restoration of biodiversity. Journal of applied ecology, 44(1), 6-12. 
Bullock, J., Woodcock, B., Herzon, I., & Pywell, R. (2020). Biodiversity in intensive grasslands: is 
a compromise possible? In Meeting the future demands for grassland production. Wageningen 
Academic Publishers. 
Buntin, G.D., 1998. Cabbage seedpod weevil (Ceutorhynchus assimilis, Paykull) management by 
trap cropping and its effect on parasitism by Trichomalus perfectus (Walker) in oilseed rape. Crop 
protection, 17(4), pp.299-305.  
Burke, J.I, Thomas, T.M, and Finnan, J.M. (1998). Bi-cropping of winter wheat and white clover. 
End of Project Reports, Teagasc. 
Cannell, R. Q. (1985). Reduced tillage in north-west Europe—a review. Soil and Tillage 
Research, 5(2), 129-177.  
Cardina, J., Webster, T. M., Herms, C. P., Regnier, E. E., and Buhler, D. D. (1999). Development 
of weed IPM: levels of integration for weed management. Journal of crop production, 2, 239-267.  
Carpenter, J.E., (2010). Peer-reviewed surveys indicate positive impact of commercialized GM 
crops. Nat Biotech. 28, 319-21. 

https://doi.org/10.1603/ec10019


   

 

Page 145 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Carvell, C., Meek, W. R., Pywell, R. F., Goulson, D., and Nowakowski, M. (2007). Comparing the 
efficacy of agri‐environment schemes to enhance bumble bee abundance and diversity on arable 
field margins. Journal of applied ecology, 44(1), 29-40. 
Chamberlain, D.E., Freeman, S.N., Vickery, J.A., (2007). The effects of GMHT crops on bird 
abundance in arable fields in the UK. Agr Ecosyst Environ. 118, 350-6. 
Chancellor, R.J. (1986) Decline of arable weed seeds during 20 years in soil under grass and 
periodicity of seedling emergence after cultivation. Journal of Applied Ecology, 23, 631-637. 
Chaudron, C., Perronne, R., Bonnin, P., and Rattier, T. (2020). An agro-environmental mowing 
regime favors the number of inflorescences and flower-visiting insects but not ground beetles of 
herbaceous boundaries of arable fields. Basic and Applied Ecology, 48, 1-10. 
CIC (2011) International Council for Game and Wildlife Conservation. Mowing Mortality – in 
Grassland Ecosystems http://cic-wild-life.azurewebsites.net/wp-
content/uploads/2013/04/Mowing_guide_EN.pdf  
Cioni, F., & Maines, G. (2010). Weed control in sugar beet. Sugar Tech 12: 243–255. 
Cirujeda A, Aibar J, Anzalone A, Martín-Closas L, Meco R, Moreno MM, Pardo A, Pelacho AM, 
Rojo F, Royo-Esnal A, Suso ML, Zaragoza C (2012) Biodegradable mulch instead of polyethylene 
for weed control of processing tomato production. Agronomy for Sustainable Development. 32, 
889-897  
Clarke, J.H., Cook, S.K., Harris, D., Wiltshire, J.J.J., Henderson, I.G., Jones, N.E., Boatman, N.D., 
Potts, S.G., Westbury, D.B., Woodcock, B.A., Ramsay, A.J., Pywell, R.F., Goldsworthy, P.E., 
Holland, J.M., Smith, B.M., Tipples, J., Morris, A.J., Chapman, P. and Edwards, P. (2007). The 
SAFFIE Project Report. ADAS, Boxworth, UK. 
Colbach, N., Lucas, P., Cavelier, N., and Cavelier, A. (1997). Influence of cropping system on 
sharp eyespot in winter wheat. Crop Protection, 16(5), 415-422. doi: 10.1016/s0261-
2194(97)00018-5 
Collier, R. (2013) Combining biopesticides and other treatments to increase pest control. 
https://horticulture.ahdb.org.uk/fv-389-combining-biopesticides-and-other-treatments-to-increase-
pest-control  
Cook S, Froud-Williams B, Lutman P, Ginsburg D, (2013) The effect of weed seedbank depletion 
of cover crops, fallowing and spring cropping – a review and re-analysis of old data. Defra Project 
Report PS2724 
Cook, S. K., Davies, L. R., Pickering, F., Tatnell, L. V., Huckle, A., Newman, S., Whiteside, C., 
White, C., Talbot, D., Holmes, H., Turnbull, P. E., Buckley, D. C., Scrimshaw, J., Chambers, P. 
(2019). Research Review No. CP 182 / 1807258 Weed control options and future opportunities for 
UK crops [PDF]. Agriculture and Horticulture Development Board.  
Cook, S.M., Khan, Z.R. and Pickett, J.A., 2007. The use of push-pull strategies in integrated pest 
management. Annual Review of Entomology 52, pp.375-400. 
https://doi.org/10.1146/annurev.ento.52.110405.091407 
Cooke, A.S., Burn, A.J., 1995. The Environmental Impacts of Herbicides used in Intensive 
Farming Systems. In: Brighton Crop Protection Conference: Weeds. British Crop Protection 
Council, Farnham, pp. 603–612 
Corteva (2022) Corteva forage App, https://www.corteva.co.uk/tools-and-advice/app-
downloads.html  

http://cic-wild-life.azurewebsites.net/wp-content/uploads/2013/04/Mowing_guide_EN.pdf
http://cic-wild-life.azurewebsites.net/wp-content/uploads/2013/04/Mowing_guide_EN.pdf
https://horticulture.ahdb.org.uk/fv-389-combining-biopesticides-and-other-treatments-to-increase-pest-control
https://horticulture.ahdb.org.uk/fv-389-combining-biopesticides-and-other-treatments-to-increase-pest-control
https://doi.org/10.1146/annurev.ento.52.110405.091407
https://www.corteva.co.uk/tools-and-advice/app-downloads.html
https://www.corteva.co.uk/tools-and-advice/app-downloads.html


   

 

Page 146 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Cowie, R. H., Bouchet, P., Fontaine, B. (2022). The Sixth Mass Extinction: fact, fiction or 
speculation. Biological Reviews. 97 (2), 640-663.  
Crick, H. Q. P., Dudley, C., Evans, A. D., & Smith, K. W. (1994). Causes of nest failure among 
buntings in the UK. Bird Study, 41(2), 88-94. 
Critchley, C. N. R., Allen, D. S., Fowbert, J. A., Mole, A. C., and Gundrey, A. L. (2004). Habitat 
establishment on arable land: assessment of an agri-environment scheme in England, UK. 
Biological Conservation, 119(4), 429-442. 
Cunningham, H. M., Bradbury, R. B., Chaney, K., and Wilcox, A. (2005). Effect of non-inversion 
tillage on field usage by UK farmland birds in winter. Bird Study, 52(2), 173–179.  
Cunningham, H. M., Chaney, K., Bradbury, R. B., and Wilcox, A. (2004). Non-inversion tillage and 
farmland birds: A review with special reference to the UK and Europe. Ibis, 146(s2), 192–202.  
Cunningham, H. M., Chaney, K., Wilcox, A., and Bradbury, R. B. (2003). Non-inversion tillage and 
farmland birds in winter. In The BCPC International Congress: Crop Science and Technology, 
Volumes 1 and 2. Proceedings of an international congress held at the SECC, Glasgow, Scotland, 
UK, 10-12 November 2003 (pp. 533-536). British Crop Protection Council. 
Curado, N., Hartel, T., and Arntzen, J. W. (2011). Amphibian pond loss as a function of landscape 
change–a case study over three decades in an agricultural area of northern France. Biological 
Conservation, 144(5), 1610-1618. 
Daraghmeh, O. A., Jensen, J. R., and Petersen, C. T. (2009). Soil structure stability under 
conventional and reduced tillage in a sandy loam. Geoderma, 150(1), 64–71. 
https://doi.org/10.1016/j.geoderma.2009.01.007  
Defra (2002) Integrated and lower input crop management. CE0175 (-32) Project Report, Defra, 
London. 
Defra (2003) LIFE, Effect of ploughing after non-inversion tillage. AR0907 Final project report, 
Defra, London 
Defra (2015) Field margins for biocontrol and biodiversity across crop rotations. Defra project 
1122, Defra London 
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&ProjectID=1
7807  
Defra (2021a) Agriculture in the UK Evidence Pack October 2021 update. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file
/1027599/AUK-2020-evidencepack-21oct21.pdf  
Defra (2022). UK Biodiversity Indicators 2022. Accessed January 2023. Retrieved from:  
https://hub.jncc.gov.uk/assets/8fab1c70-e45f-4c41-ad5c-5c23fad46dbb 
Defra (2022a). Proposal to licence the release of augmentative arthropod biological control agents 
outside of glasshouses (p. 13). York: Crown copyright 2022. 
Defra (2022b) Countryside stewardship grants. https://www.gov.uk/countryside-stewardship-
grants 
Defra (2023). Policy paper. Environmental Land Management (ELM) update: how government will 
pay for land-based environment and climate goods and services. Updated 3 February 2023. 
Retrieved  
Defra (2023a). Land use, livestock populations and agricultural workforce in England (Updated 
February 2023) Accessed: March 2023. Available at: 

https://doi.org/10.1016/j.geoderma.2009.01.007
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&ProjectID=17807
http://randd.defra.gov.uk/Default.aspx?Menu=Menu&Module=More&Location=None&ProjectID=17807
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1027599/AUK-2020-evidencepack-21oct21.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1027599/AUK-2020-evidencepack-21oct21.pdf
https://hub.jncc.gov.uk/assets/8fab1c70-e45f-4c41-ad5c-5c23fad46dbb


   

 

Page 147 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file
/1137905/structure-june-eng-series-21feb23.ods 
Dejoux, J-F., Meynard, J-M., Reau, R., Roche, R., Saulas, P. (2003). Evaluation of 
environmentally-friendly crop management systems based on very early sowing dates for winter 
oilseed rape in France. Agronomie. 23(8); 725-736. 
Dewar, A, Ferguson A, Pell J, K, Nicholls C, Watts J, (2013). A review of pest management in 
cereals and oilseed rape in the UK. AHDB Cereals and Oilseeds Research Review No. 86. 249pp. 
Deytieux, V., Nemecek, T., Knuchel, R. F., Gaillard, G., and Munier-Jolain, N. M. (2012). Is 
integrated weed management efficient for reducing environmental impacts of cropping systems? 
A case study based on life cycle assessment. European Journal of Agronomy, 36(1), 55-65. 
Dierauer H.U., Pfiffner L. (1993). Auswirkungen des Abflammens auf die Laufkäfer (Col. 
Carabidae) Ökologie + Landbau, 87, 27-29. 
Diprose MF, Benson FA (1984) Electrical methods of killing plant. Journal of Agricultural 
Engineering Research, 30, 197-209 
Dorn, B., Jossi, W., & van der Heijden, M. G. (2015). Weed suppression by cover crops: 
comparative on‐farm experiments under integrated and organic conservation tillage. Weed 
Research, 55(6), 586-597. 
Doucet, C., Weaver, S.E., Hamill, A.S. & Zhang, J. (1999) Separating the effects of crop rotation 
from weed management on weed density and diversity. Weed Science, 47, 729-735. 
Ernst, G., and Emmerling, C. (2009). Impact of five different tillage systems on soil organic carbon 
content and the density, biomass, and community composition of earthworms after a ten year 
period. European Journal of Soil Biology, 45(3), 247–251. 
Eyre, M. D., Luff, M. L., and Leifert, C. (2013). Crop, field boundary, productivity and disturbance 
influences on ground beetles (Coleoptera, Carabidae) in the agroecosystem. Agriculture, 
Ecosystems and Environment, 165, 60-67. 
Ferguson, A.W., Skellern, M.P., Johnen, A., von Richthofen, J.S., Watts, N.P., Bardsley, E., 
Murray, D.A. and Cook, S.M., 2016. The potential of decision support systems to improve risk 
assessment for pollen beetle management in winter oilseed rape. Pest management science, 
72(3), pp.609-617. https://doi.org/10.1002/ps.4069 
Field, R. H., Kirby, W. B., and Bradbury, R. B. (2007). Conservation tillage encourages early 
breeding by Skylarks Alauda arvensis. Bird Study, 54(1), 137–141. 
Finch, S and Collier, R. (2011). The influence of host and non-host companion plants on the 
behaviour of pest insects in field crops. Entomologica Experimentalis et Applicata. 142(2), 87-96.  
Firbank, L. G., Smart, S. M., Crabb, J., Critchley, C. N. R., Fowbert, J. W., Fuller, R. J.,... and Hill, 
M. O. (2003). Agronomic and ecological costs and benefits of set-aside in England. Agriculture, 
ecosystems and environment, 95(1), 73-85. 
Flexner, J., Lighthart, B., & Croft, B. (1986). The effects of microbial pesticides on non-target, 
beneficial arthropods. Agriculture, Ecosystems &Amp; Environment, 16(3-4), 203-254. 
Fountain, M. and Brain, P. (2014).TF 196 - Investigation of the effects of commonly used 
insecticides on earwigs, important predators in apple and pear. AHDB year 3 final report.  
Fountain, M., Berrie, A., Jay, C., Lucas, S., Papp-Rupar, M., Passey, T., Shaw, B., Powell, G., 
Walker, A., Maria Rogai, F., Xavier e Silva, C., Rosalina, U., Clarke, Z., Antoniella, G., Lowe, J., 
Perry-Clark, M., Brough, B., Mohay, P., Cannon, M., Deakin, G., Brain, P., Nicholson, C., 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1137905/structure-june-eng-series-21feb23.ods
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1137905/structure-june-eng-series-21feb23.ods


   

 

Page 148 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Newman, S., Hall, D., Farman, D., and Jackson, R. (2020). TF223 – Improving integrated pest 
and disease management in tree fruit. AHDB Annual report 2020.  
Frankow-Lindberg, B. E., Brophy, C., Collins, R. P., & Connolly, J. (2009). Biodiversity effects on 
yield and unsown species invasion in a temperate forage ecosystem. Annals of botany, 103(6), 
913-921. 
Fraser, P. M., and Piercy, J. E. (1998). The effects of cereal straw management practices on 
lumbricid earthworm populations. Applied Soil Ecology, 9(1), 369–373. 
Froud-Williams RJ, Drennan DSH, Chancellor RJ (1983) Influence of cultivation regime on weed 
floras of arable cropping systems. Journal of Applied Ecology, 20, 187–197. 
Frylestam, B. (1980). Utilization of farmland habitats by European hares, (Lepus europaeus 
Pallas) in southern Sweden. Swedish Wildlife Research (Sweden). 
Fuelling, O., Walther, B., Nentwig, W., & Airoldi, J. (2010). Barriers, Traps and Predators – An 
Integrated Approach to Avoid Vole Damage. Proceedings Of The Vertebrate Pest Conference, 24.  
Gaba, S., Cheviron, N., Perrot, T., Piutti, S., Gautier, J. L., and Bretagnolle, V. (2020). Weeds 
enhance multifunctionality in arable lands in south-west of France. Frontiers in Sustainable Food 
Systems, 4, 71. 
Gabriel D., Sait S.M., Kunin W.E. and Benton T.G. (2013) Food production vs. biodiversity: 
comparing organic and conventional agriculture. Journal of Applied Ecology, 50, 355-364 
Gayer, C., Berger, J., Dieterich, M., Gallé, R., Reidl, K., Witty, R.,... and Batáry, P. (2021). 
Flowering fields, organic farming and edge habitats promote diversity of plants and arthropods on 
arable land. Journal of Applied Ecology, 58(6), 1155-1166. 
Gardiner, T., & Vaughan, A. (2009). Hay mowing and scrub clearance enhance floristic species 
richness on a green lane in Norwood End, Essex, England. Conservation Evidence, 6, 62-65. 
Geiger, F. (2011). Agricultural intensification and farmland birds. Wageningen University and 
Research. 
Gibson, C. W. D., Hambler, C., and Brown, V. K. (1992). Changes in spider (Araneae) 
assemblages in relation to succession and grazing management. Journal of Applied Ecology, 132-
142. 
Gilburn, A. S., Bunnefeld, N., Wilson, J. M., Botham, M. S., Brereton, T. M., Fox, R., & Goulson, 
D. (2015). Are neonicotinoid insecticides driving declines of widespread butterflies? PeerJ, 3, 
e1402. 
Gill, J. A., Watkinson, A. R., and Sutherland, W. J. (1996). The impact of sugar beet farming 
practice on wintering pink-footed goose Anser brachyrhynchus populations. Biological 
Conservation, 76(2), 95-100. 
Gladders, P., Langton, S., Barrie, I., Hardwick, N., Taylor, M., and Paveley, N. (2007). The 
importance of weather and agronomic factors for the overwinter survival of yellow rust (Puccinia 
striiformis) and subsequent disease risk in commercial wheat crops in England. Annals Of Applied 
Biology, 150(3), 371-382. doi: 10.1111/j.1744-7348.2007.00131.x 
Glen, D.M. (2000). The effects of cultural measures on cereal pests and their role in integrated 
pest management. Integrated Pest Management Reviews. 5(1); 25-40. 
Good Fruit Grower. (2014). Putting bats to work. Good Fruit Grower. Retrieved 25 March 2022, 
from https://www.goodfruit.com/putting-bats-to-work/. 



   

 

Page 149 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Goodenough, A. E., and Sharp, M. H. (2016). Managing calcareous grassland for the declining 
Duke of Burgundy Hamearis lucina butterfly: effects of grazing management on Primula host 
plants. Journal of Insect Conservation, 20(6), 1087-1098. 
Gorczyca, A., Oleksy, A., Gala-Czekaj, D., Urbaniak, M., Laskowska, M., Waśkiewicz, A., and 
Stępień, Ł. (2017). Fusarium head blight incidence and mycotoxin accumulation in three durum 
wheat cultivars in relation to sowing date and density. The Science Of Nature, 105(1-2). doi: 
10.1007/s00114-017-1528-7 
Greenop A., Woodcock B.A., Wilby A., Cooke S.M. and Pywell R.F. (2018) Functional diversity 
positively affects prey suppression by invertebrate predators: a meta-analysis. Ecology. ISSN 
0012-9658 (In Press) 
Greig-Smith, P., Frampton, G., and Hardy, A. (1992). Pesticides, cereal farming and the 
environment: the Boxworth Project. HMSO. 
Griffiths G.J.K., Holland J.M., Bailey A. and Thomas M.B. (2008) Efficacy and economics of 
shelter habitats for conservation biological control. Biological Control, 45, 200-209 
Gutteridge, R., and Hornby, D. (2003). Effects of sowing date and volunteers on the infectivity of 
soil infested with Gaeumannomyces graminis var. tritici and on take-all disease in successive 
crops of winter wheat. Annals Of Applied Biology, 143(3), 275-282. doi: 10.1111/j.1744-
7348.2003.tb00295.x  
GWCT (2022a) What farmers can do for brown hares. Factsheet. Accessed March 2022 
https://www.gwct.org.uk/advisory/guides/conserving-the-brown-hare/what-farmers-can-do-for-
brown-hares/  
Haas, B., Hoekstra, N., Schoot, J. R., Visser, E. J., Kroon, H., and Eekeren, N. V. (2019). 
Combining agro-ecological functions in grass-clover mixtures. AIMS Agriculture and Food, 4(3), 
547-567. 
Hald, A. B. (1999). The impact of changing the season in which cereals are sown on the diversity 
of the weed flora in rotational fields in Denmark. Journal of Applied Ecology, 36(1), 24-32. 
Hancock, M. H., Duffield, S., Boyle, J., and Wilson, J. D. (2016). The effect of harvest method on 
cereal stubble use by seed-eating birds in a High Nature Value farming system. Agriculture, 
Ecosystems and Environment, 219, 119–124. https://doi.org/10.1016/j.agee.2015.12.014 
Hansen, K. (1996). Impact of modern farming on food supply of hares (Lepus Europaeus, Pallas) 
during the summer period. In Proceedings of the I European Congress of Mammalogy. Lisboa: 
Museu Nacional de Historia Natural, Portugal. 
Hardy, A. R. (1990). Vertebrate pests of uk agriculture: present problems and future solutions. 
Proceedings of the Fourteenth Vertebrate Pest Conference 1990. 39. 
Harrington K.C., Ghanizadeh H. (2017) Herbicide application using wiper applicators-A 
review. Crop Protection, 102, 56-62. 
Hatten, T. D., Bosque-Pérez, N. A., Labonte, J. R., Guy, S. O., and Eigenbrode, S. D. (2007). 
Effects of Tillage on the Activity Density and Biological Diversity of Carabid Beetles in Spring and 
Winter Crops. Environmental Entomology, 36(2), 356–368. https://doi.org/10.1093/ee/36.2.356  
Hayes, M. P., Ashe-Jepson, E., Hitchcock, G. E., Knock, R. I., Lucas, C. B. H., Bladon, A. J., and 
Turner, E. C. (2021). Consistent oviposition preferences of the Duke of Burgundy butterfly over 14 
years on a chalk grassland reserve in Bedfordshire, UK. Journal of Insect Conservation, 25(4), 
611-628. 

https://www.gwct.org.uk/advisory/guides/conserving-the-brown-hare/what-farmers-can-do-for-brown-hares/
https://www.gwct.org.uk/advisory/guides/conserving-the-brown-hare/what-farmers-can-do-for-brown-hares/


   

 

Page 150 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

He, H., Liu, L., Munir, S., Bashir, N. H., Wang, Y., Yang, J., and Li, C. (2019). Crop diversity and 
pest management in sustainable agriculture. Journal of Integrative Agriculture, 18(9), 1945–1952. 
https://doi.org/10.1016/S2095-3119(19)62689-4 
Helps, J., Milne, A., Holst, N. and van den Bosch, F (2021) IPM Decisions D4.14 - DSS evaluated 
for economic and environmental benefits: aphids and vegetable pests. 
https://www.ipmdecisions.net/media/amoln4y2/d4-14-dss-evaluated-for-economic-and-
environmental-benefits-aphids-and-vegetable-pests.pdf Accessed May 2022) 
Henderson, I. G., Fuller, R. J., Conway, G. J., and Gough, S. J. (2004). Evidence for declines in 
populations of grassland-associated birds in marginal upland areas of Britain. Bird Study, 51(1), 
12-19. 
Henderson, I. G., Holland, J. M., Storkey, J., Lutman, P., Orson, J., and Simper, J. (2012). Effects 
of the proportion and spatial arrangement of un‐cropped land on breeding bird abundance in 
arable rotations. Journal of Applied Ecology, 49(4), 883-891. 
Henderson, I. G., Ravenscroft, N., Smith, G., and Holloway, S. (2009). Effects of crop 
diversification and low pesticide inputs on bird populations on arable land. Agriculture, 
ecosystems and environment, 129(1-3), 149-156. 
Henderson, I., Clark, N., Bodey, T., Holloway, S.J. and Armitage, M. ( 2005) Abstract from BTO 
Research Report No 358: The use of pea crops by farmland birds: evidence for an extended 
breeding and enhanced feeding opportunities in crop mosaics. Thetford, BTO 
Hernández, D. L., Vallano, D. M., Zavaleta, E. S., Tzankova, Z., Pasari, J. R., Weiss, S.,... & 
Morozumi, C. (2016). Nitrogen pollution is linked to US listed species declines. BioScience, 66(3), 
213-222. 
Hoeffner, K., Hotte, H., Cluzeau, D., Charrier, X., Gastal, F., and Peres, G. (2021). Effects of 
temporary grassland introduction into annual crop rotations and nitrogen fertilisation on earthworm 
communities and forage production. Applied Soil Ecology, 162, 103893. 
Hokkanen, H.M., 1991. Trap cropping in pest management. Annual Review of Entomology, 36(1), 
pp.119-138. https://doi.org/10.1146/annurev.en.36.010191.001003 
Holland, J. M. (2004). The environmental consequences of adopting conservation tillage in 
Europe: Reviewing the evidence. Agriculture, Ecosystems and Environment, 103(1), 1–25. 
https://doi.org/10.1016/j.agee.2003.12.018  
Holland, J. M. and Reynolds, C.J.M. (2003) The impacts of soil cultivation on arthropod 
(Coleoptera and Araneae) emergence on arable land. Pedobiologia 47, 181-191.  
Howard, A. (2016). The potential for companion cropping and intercropping on UK arable farms. 
Nuffield Scholarship Trust (UK). AHDB Cereals and Oilseeds.  
Hubbard, V. C., Jordan, D., and Stecker, J. A. (1999). Earthworm response to rotation and tillage 
in a Missouri claypan soil. Biology and Fertility of Soils, 29(4), 343–347. 
https://doi.org/10.1007/s003740050563 
Huckle, A., Creed, C., Allen, J., Nicholson, C., Talbot, D., Perkins, S., Ford, S., Hughes, G. O., 
(2011). Horticultural crops grown under protection – impact of use of temporary covers and plastic 
mulches on UK agronomic practice, Final Report for Defra project PS2246 [PDF]. Defra. 
Retrieved 20/03/22, from 
https://www.researchgate.net/publication/304658862_Horticultural_crops_grown_under_protectio
n_-_impact_of_use_of_temporary_covers_and_plastic_mulches_on_UK_agronomic_practice  

https://www.ipmdecisions.net/media/amoln4y2/d4-14-dss-evaluated-for-economic-and-environmental-benefits-aphids-and-vegetable-pests.pdf
https://www.ipmdecisions.net/media/amoln4y2/d4-14-dss-evaluated-for-economic-and-environmental-benefits-aphids-and-vegetable-pests.pdf
https://doi.org/10.1146/annurev.en.36.010191.001003
https://www.researchgate.net/publication/304658862_Horticultural_crops_grown_under_protection_-_impact_of_use_of_temporary_covers_and_plastic_mulches_on_UK_agronomic_practice
https://www.researchgate.net/publication/304658862_Horticultural_crops_grown_under_protection_-_impact_of_use_of_temporary_covers_and_plastic_mulches_on_UK_agronomic_practice


   

 

Page 151 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Humbert, J. Y., Pellet, J., Buri, P., and Arlettaz, R. (2012). Does delaying the first mowing date 
benefit biodiversity in meadowland? Environmental Evidence, 1(1), 1-13. 
Hunt, N. D., Hill, J. D., & Liebman, M. (2017). Reducing freshwater toxicity while maintaining weed 
control, profits, and productivity: Effects of increased crop rotation diversity and reduced herbicide 
usage. Environmental Science & Technology, 51(3), 1707-1717. 
Hunt, N. D., Hill, J. D., and Liebman, M. (2019). Cropping system diversity effects on nutrient 
discharge, soil erosion, and agronomic performance. Environmental science and technology, 
53(3), 1344-1352. 
Hussain, M., Farooq, S., Merfield, C. and Jabran, K., 2018. Mechanical weed control. In: Non-
chemical weed control (pp. 133-155). Academic Press. 
IBMA, I. (2020). DEFINITION Bioprotection as the global term for all biocontrol 
technologies [PDF]. International Biocontrol Manufacturers Association. Retrieved 10 March 2022, 
from https://ibma-global.org/wp-content/uploads/2020/12/ibmadefinitionleafletweb.pdf. 
Inderjit. (2005). Soil microorganisms: An important determinant of allelopathic activity. Plant and 
Soil, 274(1/2), 227–236. http://www.jstor.org/stable/24129045 
IPM Decisions (2020) Deliverable 4.9 Catalogue of DSS collated with details on inputs, outputs 
and functionality 
Iuliano, B., and Gratton, C. (2020). Temporal resource (dis) continuity for conservation biological 
control: from field to landscape scales. Frontiers in Sustainable Food Systems, 127. 
Jabbour, R., Pisani-Gareau, T., Smith, R. G., Mullen, C., and Barbercheck, M. (2016). Cover crop 
and tillage intensities alter ground-dwelling arthropod communities during the transition to organic 
production. Renewable Agriculture and Food Systems, 31(4), 361–374. 
https://doi.org/10.1017/S1742170515000290   
Jacob, J., and Hempel, N. (2003). Effects of farming practices on spatial behaviour of common 
voles. Journal of Ethology, 21(1), 45–50. https://doi.org/10.1007/s10164-002-0073-8 
Jakubowska, M., Bocianowski, J., Nowosad, K. and Kowalska, J., 2020. Decision support system 
to improve the effectiveness of chemical control against cutworms in sugar beet. Sugar Tech, 
22(5), pp.911-922.  
Janin, A., Léna, J. P., Ray, N., Delacourt, C., Allemand, P., and Joly, P. (2009). Assessing 
landscape connectivity with calibrated cost‐distance modelling: predicting common toad 
distribution in a context of spreading agriculture. Journal of Applied Ecology, 46(4), 833-841. 
Johansen, L., Wehn, S., and Hovstad, K. A. (2016). Clonal growth buffers the effect of grazing 
management on the population growth rate of a perennial grassland herb. Flora, 223, 11-18. 
Jordon, M. W., Willis, K. J., Bürkner, P. C., & Petrokofsky, G. (2022). Rotational grazing and 
multispecies herbal leys increase productivity in temperate pastoral systems–A meta-
analysis. Agriculture, Ecosystems & Environment, 337, 108075. 
Josefsson, J., Berg, Å., Hiron, M., Pärt, T., and Eggers, S. (2017). Sensitivity of the farmland bird 
community to crop diversification in Sweden: does the CAP fit? Journal of Applied Ecology, 54(2), 
518-526. 
Jurkovic, D., Cosic, J., Vrandecic, K., Drezner, G., and Josipovic, M. (2006). Influence of sowing 
date on the occurrence of fusarium head blight on wheat — A phytosanitary food safety 
problem. Cereal Research Communications, 34(1), 805-807. doi: 10.1556/crc.34.2006.1.200 



   

 

Page 152 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Kanatas, P., Travlos, I.S., Gazoulis, I., Tataridas, A., Tsekoura, A. and Antonopoulos, N., 2020. 
Benefits and limitations of decision support systems (DSS) with a special emphasis on weeds. 
Agronomy, 10(4), p.548. 
Kells, A. R., Holland, J. M., and Goulson, D. (2001). The value of uncropped field margins for 
foraging bumblebees. Journal of Insect Conservation, 5(4), 283-291.  
Kemp, P., Sear, D., Collins, A., Naden, P., & Jones, I. (2011). The impacts of fine sediment on 
riverine fish. Hydrological processes, 25(11), 1800-1821. 
Kinkorova, J., and Kocourek, F. (2000). The effect of integrated pest management practices in an 
apple orchard on Heteroptera community structure and population dynamics. Journal Of Applied 
Entomology, 124(9-10), 381-385. doi: 10.1046/j.1439-0418.2000.00488.x 
Kleijn, D., Baquero, R. A., Clough, Y., Díaz, M., De Esteban, J., Fernández, F.,... & Yela, J. L. 
(2006). Mixed biodiversity benefits of agri‐environment schemes in five European 
countries. Ecology letters, 9(3), 243-254. 
Kogel, W.J. (2022) Biodiversity is the basis for Integrated Pest Management. 
https://www.wur.nl/en/newsarticle/Biodiversity-is-the-basis-for-Integrated-Pest-Management.htm  
Kömives, T. (2016). Report on the feasibility and benefits of spot spraying. Julius-Kühn-Archiv, 
(455), 162-171. 
Kromp, B. (1999). Carabid beetles in sustainable agriculture: a review on pest control efficacy, 
cultivation impacts and enhancement. Agriculture, Ecosystems and Environment, 74(1-3), 187-
228. https://doi.org/10.1016/s0167-8809(99)00037-7  
Krooss, S., and Schaefer, M. (1998). The effect of different farming systems on epigeic 
arthropods: a five-year study on the rove beetle fauna (Coleoptera: Staphylinidae) of winter 
wheat. Agriculture, ecosystems and environment, 69(2), 121-133. 
Lamb, R. (1976). Parental behavior in the dermaptera with special reference to Forficula 
auricularia (dermaptera: forficulidae). The Canadian Entomologist, 108(6), 609-619.  
Lee, M. B., Campbell, J. W., and Martin, J. A. (2018). Effect of bioenergy crop type and harvest 
frequency on beneficial insects. Agriculture, Ecosystems and Environment, 261, 25-32. 
Legrand, A., Gaucherel, C., Baudry, J., and Meynard, J. M. (2011). Long-term effects of organic, 
conventional, and integrated crop systems on Carabids. Agronomy for Sustainable 
Development, 31(3), 515-524. 
Legrand, F., Picot, A., Cobo-Díaz, J. F., Carof, M., Chen, W., and Le Floch, G. (2018). Effect of 
tillage and static abiotic soil properties on microbial diversity. Applied Soil Ecology, 132, 135–145. 
https://doi.org/10.1016/j.apsoil.2018.08.016  
Lemaire, G., Gastal, F., Franzluebbers, A., and Chabbi, A. (2015). Grassland–cropping rotations: 
an avenue for agricultural diversification to reconcile high production with environmental 
quality. Environmental management, 56(5), 1065-1077. 
Lewis, K., Rainford, J., Tzilivakis, J., & Garthwaite, D. (2021). Application of the Danish pesticide 
load indicator to arable agriculture in the United Kingdom (Vol. 50, No. 5, pp. 1110-1122). 
Leybourne, D. J., Storer, K. E., Berry, P., and Ellis, S. (2022). Development of a pest threshold 
decision support system for minimising damage to winter wheat from wheat bulb fly, Delia 
coarctata. Annals of Applied Biology, 180(1), 118-131. 

https://www.wur.nl/en/newsarticle/Biodiversity-is-the-basis-for-Integrated-Pest-Management.htm
https://doi.org/10.1016/s0167-8809(99)00037-7


   

 

Page 153 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Li, Y., Li, Z., Cui, S., Jagadamma, S., and Zhang, Q. (2019). Residue retention and minimum 
tillage improve physical environment of the soil in croplands: A global meta-analysis. Soil and 
Tillage Research, 194, 104292. https://doi.org/10.1016/j.still.2019.06.009  
Loomans, A. (2007). Regulation of invertebrate Biological Control Agents in Europe: review and 
recommendations in its pursuit of a harmonised regulatory system. Report EU project REBECA 
[Regulation of Biological Control Agents]. Department of Entomology Plant Protection Service. 
Wageningen, The Netherlands,  
Lorenz, E., (1995). Mechanische Unkrautbekämpfungsverfahren in Zuckerrübenkulturen und ihre 
Nebenwirkungen auf Laufkäfer (Coleoptera, Carabidae) und andere epigäische Arthropoden, 
Ph.D. Thesis, University of Göttingen. 
Lövei, G. L., Andow, D. A., & Arpaia, S. (2009). Transgenic insecticidal crops and natural 
enemies: a detailed review of laboratory studies. Environmental entomology, 38(2), 293-306. 
Lunt, P. H., Leigh, J. L., McNeil, S. A., & Gibb, M. J. (2021). Using Dartmoor ponies in 
conservation grazing to reduce Molinia caerulea dominance and encourage germination of 
Calluna vulgaris in heathland vegetation on Dartmoor, UK. 
Lüscher, G., Jeanneret, P., Schneider, M. K., Hector, A., Arndorfer, M., Balázs, K.,... & Herzog, F. 
(2015). Strikingly high effect of geographic location on fauna and flora of European agricultural 
grasslands. Basic and Applied Ecology, 16(4), 281-290. 
Lutman P (1991) Weeds in oilseed crops. Oilseeds research review OS2, HGCA, London 
Lutman, P. J. W. (2005). Sustainable weed management: development of techniques to balance 
biodiversity benefits with retention of yield. Research Project Final Report, UK Government. 
Lutman, P. J. W., Moss, S. R., Cook, S., and Welham, S. J. (2013). A review of the effects of crop 
agronomy on the management of A lopecurus myosuroides. Weed Research, 53(5), 299-313. 
Macemon, A. (2011). The Big Brown Bat (Eptesicus fuscus) and the Little Brown Bat (Myotis 
lucifugus) as a Biological Pest Control for the Adult Female Codling Moth (Cydia pomonella) in 
Illinois Apple Orchards. 
Mallinger, R. E., Ternest, J. J., Weaver, S. A., Weaver, J., and Pryer, S. (2021). Importance of 
insect pollinators for Florida agriculture: a systematic review of the literature. Florida Entomologist, 
104(3), 222-229. 
Mann R. M., Hyne R. V., Choung C. B. and Wilson S. P. (2009) Amphibians and agricultural 
chemicals: Review of the risks in a complex environment. Environmental Pollution, 157, 2903-
2927 
Marini, L., Fontana, P., Battisti, A., and Gaston, K. J. (2009). Agricultural management, vegetation 
traits and landscape drive orthopteran and butterfly diversity in a grassland–forest mosaic: a multi‐
scale approach. Insect Conservation and Diversity, 2(3), 213-220. 
Marshall, E. J. P., Brown, V. K., Boatman, N. D., Lutman, P. J. W., Squire, G. R., & Ward, L. K. 
(2003). The role of weeds in supporting biological diversity within crop fields. Weed research, 
43(2), 77-89. 
Marshall, J., Brown, V., Boatman, N., Lutman, P., and Squire, G. (2001). The impact of herbicides 
on weed abundance and biodiversity PN0940. A Report for the UK Pesticides Safety Directorate. 
IACR-Long Ashton Research Station. 



   

 

Page 154 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Marwitz, A., Ladewig, E., and Märländer, B. (2012). Impact of herbicide application intensity in 
relation to environment and tillage on earthworm population in sugar beet in Germany. European 
journal of agronomy, 39, 25-34. 
McCravy, K.W., 2018. A review of sampling and monitoring methods for beneficial arthropods in 
agroecosystems. Insects, 9(4), p.170. 
McKenzie A. J., and Whittingham M. J. (2009) Why are birds more abundant on organic farms? 
Journal of Food, Agriculture and Environment, 7, 807-814 
Merckx, T., Feber, R. E., Riordan, P., Townsend, M. C., Bourn, N. A., Parsons, M. S., & 
Macdonald, D. W. (2009). Optimizing the biodiversity gain from agri-environment 
schemes. Agriculture, Ecosystems & Environment, 130(3-4), 177-182. 
Mérő, T., Bocz, R., Polyák, L., Horváth, G., and Lengyel, S. (2015). Local habitat management 
and landscape-scale restoration influence small-mammal communities in grasslands: Effect of 
grassland restoration on small mammals. Animal Conservation, 18, 442–450. 
https://doi.org/10.1111/acv.12191  
Messelink, G. J., Bennison, J., Alomar, O., Ingegno, B. L., Tavella, L., Shipp, L., Palevsky, E., 
Wäckers, F. L. (2014). Approaches to conserving natural enemy populations in greenhouse crops: 
current methods and future prospects. BioControl. 59, 377-393.  
Mia, M., Furmanczyk, E., Golian, J., Kwiatkowska, J., Malusá, E., and Neri, D. (2021). Living 
Mulch with Selected Herbs for Soil Management in Organic Apple Orchards. Horticulturae, 7(3), 
59. https://doi.org/10.3390/horticulturae7030059 
Mills, J., Rook, A. J., Dumont, B., Isselstein, J., Scimone, M., and Wallis De Vries, M. F. (2007). 
Effect of livestock breed and grazing intensity on grazing systems: 5. Management and policy 
implications. Grass and Forage Science, 62(4), 429-436. 
Møller Marcussen, B., Axelsen, J. A., & Toft, S. (1999). The value of two Collembola species as 
food for a linyphiid spider. Entomologia experimentalis et applicata, 92(1), 29-36. 
Mohler, C. L. (1993). A Model of the Effects of Tillage on Emergence of Weed Seedlings. 
Ecological Applications, 3(1), 53–73. https://doi.org/10.2307/1941792  
Monie, C., Reay, G., Wardlaw, J. & Hughes, J. (2017) Pesticide Usage in Scotland: Grassland 
and Fodder Crops 2017 Science and Advice for Scottish Agriculture (SASA) 
Moorcroft, D., Whittingham, M. J., Bradbury, R. B., and Wilson, J. D. (2002). The selection of 
stubble fields by wintering granivorous birds reflects vegetation cover and food abundance. 
Journal of Applied Ecology, 535-547. 
Moreby, S. J., and Southway, S. E. (1999). Influence of autumn applied herbicides on summer 
and autumn food available to birds in winter wheat fields in southern England. Agriculture, 
Ecosystems and Environment, 72(3), 285-297. 
Morgan, C., Wright, P., Blake, J., Corkley, I., Knight, S., and Burnett, F. (2021). Combining 
agronomy, variety and chemistry to maintain control of Septoria tritici in wheat. AHDB. Retrieved 
from 
https://projectblue.blob.core.windows.net/media/Default/Research%20Papers/Cereals%20and%2
0Oilseed/2021/PR634%20final%20project%20report.pdf 
Morris, N. L., Miller, P. C. H., J.H.Orson, and Froud-Williams, R. J. (2010). The adoption of non-
inversion tillage systems in the United Kingdom and the agronomic impact on soil, crops and the 



   

 

Page 155 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

environment—A review. Soil and Tillage Research, 108(1), 1–15. 
https://doi.org/10.1016/j.still.2010.03.004  
Moss S, Hull R., Knight S. and Cussans J (2016) Sustaining winter cropping under threat from 
herbicide-resistant black-grass (Alopecurus myosuroides) AHDB Project report No. 650 
Muoni, T., Mhlanga, B., Forkman, J., Sitali, M., and Thierfelder, C. (2019). Tillage and crop 
rotations enhance populations of earthworms, termites, dung beetles and centipedes: Evidence 
from a long-term trial in Zambia. The Journal of Agricultural Science, 157(6), 504–514. 
https://doi.org/10   
Naeem, S., Knops, J. M., Tilman, D., Howe, K. M., Kennedy, T., and Gale, S. (2000). Plant 
diversity increases resistance to invasion in the absence of covarying extrinsic factors. Oikos, 
91(1), 97-108. 
Naranjo, S.E., (2009). Impacts of Bt crops on non-target invertebrates and insecticide use 
patterns. CAB Reviews. 4,1-11. 
Natural England, (1993a). Effect of inorganic fertilisers on botanical diversity and agriculture on 
the Somerset Levels (ENRR087). Available at: 
http://publications.naturalengland.org.uk/publication/64049?category=47017. Accessed: March 
2023 
Natural England, (1993b). A summary of information on the autecology and control of six 
grassland weed species (ENRR044). Available at: 
http://publications.naturalengland.org.uk/publication/212869?category=47017. Accessed: March 
2023 
Natural England (1999) The lowland grassland management handbook. A Crofts and R G 
Jefferson (eds) http://publications.naturalengland.org.uk/publication/35034  
Natural England (2008). Bracken management and control TIN048. 
Natural England, 2013. Section 41 Species – Priority Actions Needed (B2020-008). Available at: 
http://publications.naturalengland.org.uk/publication/4958719460769792. Accessed: August 2022. 
Navntoft, S., Petersen, B. S., Esbjerg, P., Jensen, A., Johnsen, I., Kristensen, K.,... and Ørum, J. 
E. (2007). Effects of Mechanical Weed Control in Spring Cereals: Flora, Fauna and Economy. 
Pesticides Research No: Danish Environmental Protection Agency. 
Newton, I. (2004). The recent declines of farmland bird populations in Britain: an appraisal of 
causal factors and conservation actions. ibis, 146(4), 579-600. 
Nicholas, A., Thwaite, W., and Spooner-Hart, R. (1999). Arthropod abundance in an Australian 
apple orchard under mating disruption and supplementary insecticide treatments for codling moth, 
Cydia pomonella (L.) (Lepidoptera: Tortricidae). Australian Journal Of Entomology, 38(1), 23-29.  
Norris, S. L., Blackshaw, R. P., Critchley, C. N. R., Dunn, R. M., Smith, K. E., Williams, J.,... & 
Murray, P. J. (2018). Intercropping flowering plants in maize systems increases pollinator 
diversity. Agricultural and Forest Entomology, 20(2), 246-254. 
Norton L., Johnson P., Joys A., Stuart R., Chamberlain D., Feber R., Firbank L., Manley W., Wolfe 
M., Hart B., Mathews F., Macdonald D. and Fuller R. J. (2009) Consequences of organic and non-
organic farming practices for field, farm and landscape complexity. Agricultural Ecosystems and 
Environment, 129, 221-227 

https://doi.org/10
http://publications.naturalengland.org.uk/publication/64049?category=47017
http://publications.naturalengland.org.uk/publication/212869?category=47017
http://publications.naturalengland.org.uk/publication/35034
http://publications.naturalengland.org.uk/publication/4958719460769792


   

 

Page 156 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

O’Neill, T. & Gwynn, R. (2014) Getting the best from biopesticides. HDC factsheet 18/14. 
https://projectbluearchive.blob.core.windows.net/media/Default/Horticulture/Publications/Getting%
20the%20best%20from%20biopesticides.pdf  
Ogilvy, S. (2000). LINK Integrated Farming Systems (a field-scale comparison of arable rotations). 
Volume 1: Experimental work. LINK Integrated Farming Systems (a field-scale comparison of 
arable rotations). Volume 1: Experimental work., (173). 
O'Hanlon, A., Williams, C.D. and Gormally, M.J., 2019. Terrestrial slugs (Mollusca: Gastropoda) 
share common anti‐predator defence mechanisms but their expression differs among 
species. Journal of Zoology, 307(3), pp.203-214. 
Olofsdotter, M., Jensen, L. B., & Courtois, B. (2002). Improving crop competitive ability using 
allelopathy—an example from rice. Plant Breeding, 121(1), 1-9. 
Ortega‐Ramos, P.A., Coston, D.J., Seimandi‐Corda, G., Mauchline, A.L. and Cook, S.M., 2021. 
Integrated pest management strategies for cabbage stem flea beetle (Psylliodes chrysocephala) 
in oilseed rape. GCB Bioenergy. https://doi.org/10.1111/gcbb.12918 
Oxley, S. (2007). Clubroot disease of oilseed rape and other brassica crops. SAC/HGCA. 
Retrieved from https://www.sruc.ac.uk/media/5cmlcpcj/tn602-clubroot.pdf 
Parker, J. E., Snyder, W. E., Hamilton, G. C. and Rodriguez-Saona, C. (2013). Weed and Pest 
Control: Conventional and New Challenges, Chapter 1 Companion Planting and Insect Pest 
Control. In Tech. 
Parsons., M. (2015). A brief summary of the impact of control (using Bacillus thurengiensis (Bt) 
var. kurstaki) of Oak Processionary moth on biodiversity [PDF]. Butterfly Conservation. Retrieved 
from: https://butterfly-conservation.org/sites/default/files/2018-
11/A%20brief%20summary%20of%20the%20impact%20of%20control%20of%20Oak%20Process
ionary%20moth%20on%20biodiversity.pdf 
Pavliska, P. L., Riegert, J., Grill, S., & Šálek, M. (2018). The effect of landscape heterogeneity on 
population density and habitat preferences of the European hare (Lepus europaeus) in contrasting 
farmlands. Mammalian Biology, 88, 8-15. 
Perego, A., Rocca, A., Cattivelli, V., Tabaglio, V., Fiorini, A., Barbieri, S., Schillaci, C., Chiodini, M. 
E., Brenna, S., and Acutis, M. (2019). Agro-environmental aspects of conservation agriculture 
compared to conventional systems: A 3-year experience on 20 farms in the Po valley (Northern 
Italy). Agricultural Systems, 168, 73–87.  
Petrovskii, S., Petrovskaya, N. and Bearup, D., 2014. Multiscale approach to pest insect 
monitoring: random walks, pattern formation, synchronization, and networks. Physics of life 
reviews, 11(3), pp.467-525. 
Pickering, F., White, S., Ellis, S., Collins, L., Corkley, I., Leybourne, D.,... & Phillips, R. (2020). 
Integrated Pest Management of Cabbage Stem Flea Beetle in Oilseed Rape. Outlooks on Pest 
Management, 31(6), 284-290. 
Piha, H., Luoto, M., and Merilä, J. (2007). Amphibian occurrence is influenced by current and 
historic landscape characteristics. Ecological Applications, 17(8), 2298-2309. 
Plantlife, n.d. Back from the brink habitat management guide: Conserving important arable plants. 
The challenge and opportunity for arable farmers. Accessed: February 2023. 
https://www.plantlife.org.uk/uk/discover-wild-plants-nature/habitats/arable-farmland/land-
management-for-arable-plants-agri-environment-schemes 

https://projectbluearchive.blob.core.windows.net/media/Default/Horticulture/Publications/Getting%20the%20best%20from%20biopesticides.pdf
https://projectbluearchive.blob.core.windows.net/media/Default/Horticulture/Publications/Getting%20the%20best%20from%20biopesticides.pdf
https://doi.org/10.1111/gcbb.12918
https://www.sruc.ac.uk/media/5cmlcpcj/tn602-clubroot.pdf
https://www.plantlife.org.uk/uk/discover-wild-plants-nature/habitats/arable-farmland/land-management-for-arable-plants-agri-environment-schemes
https://www.plantlife.org.uk/uk/discover-wild-plants-nature/habitats/arable-farmland/land-management-for-arable-plants-agri-environment-schemes


   

 

Page 157 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Plantureux, S., Peeters, A., and McCracken, D. 2005. Biodiversity in intensive grasslands: Effect 
of management, improvement and challenges. Agronomy Research. 3 (2), 153-164 
Plath, E., Rischen, T., Mohr, T., and Fischer, K. (2021). Biodiversity in agricultural landscapes: 
Grassy field margins and semi-natural fragments both foster spider diversity and body size. 
Agriculture, Ecosystems & Environment. 316, 107457.  
Poole, D., Western, G., & McKillop, I. (2004). The effects of fence voltage and the type of 
conducting wire on the efficacy of an electric fence to exclude badgers (Meles meles). Crop 
Protection, 23(1), 27-33. https://doi.org/10.1016/s0261-2194(03)00164-9 
Popay, I., & Field, R. (1996). Grazing animals as weed control agents. Weed Technology, 10(1), 
217-231. 
Potts, S., Woodcock, B., Roberts, S., Tscheulin, T., Pilgrim, E., Brown, V., Tallowin, J. 2009. 
Enhancing pollinator biodiversity in intensive grasslands. Journal of applied ecology. 46 (2), 369-
379.  
Powell, W., A'Hara, S.A., Harling, R., Holland, J.M., Northing, P., Thomas, C.F.G. and Walters, 
K.F.A. (2004) Managing biodiversity in field margins to enhance integrated pest control in arable 
crops (3-D Farming Project). HGCA Project Report 356. HGCA, London. 
Power, E. F., Kelly, D. L., and Stout, J. C. (2013). The impacts of traditional and novel herbicide 
application methods on target plants, non‐target plants and production in intensive 
grasslands. Weed Research, 53(2), 131-139.  
Pozzebon, A., Ahmad, S., Tirello, P., Lorenzon, M., Duso, C. (2014). Does pollen availability 
mitigate the impact of pesticides on generalist predatory mites? Biol Control. 59, 585–596 
Prendergast-Miller, M. T., Jones, D. T., Berdeni, D., Bird, S., Chapman, P. J., Firbank, L., 
Grayson, R., Helgason, T., Holden, J., Lappage, M., Leake, J., and Hodson, M. E. (2021). Arable 
fields as potential reservoirs of biodiversity: Earthworm populations increase in new leys. Science 
of The Total Environment, 789, 147880. https://doi.org/10.1016/j.scitotenv.2021.147880  
Pretorius, R. J., Hein, G. L., Blankenship, E. E., Purrington, F. F., Wilson, R. G., and Bradshaw, J. 
D. (2018). Comparing the Effects of Two Tillage Operations on Beneficial Epigeal Arthropod 
Communities and Their Associated Ecosystem Services in Sugar Beets. Journal of Economic 
Entomology, 111(6), 2617–2631. https://doi.org/10.1093/jee/toy285  
PTES, P. (2022). Orchard biodiversity tips - People's Trust for Endangered Species. People's 
Trust for Endangered Species. Retrieved 25 March 2022, from 
https://ptes.org/campaigns/traditional-orchard-project/orchard-biodiversity/orchard-biodiversity-
tips/.  
Puech C., Baudry J., Joannon A., Poggi S., and Aviron S. (2014). Organic vs. conventional 
farming dichotomy: Does it make sense for natural enemies? Agriculture, Ecosystems and 
Environment, 194, 48-57 
Pywell R. F., Bullock J. M., Walker K. J., Coulson S. J., Gregory S. J. and Stevenson M. J. (2004). 
Facilitating grassland diversification using the hemiparasitic plant Rhinanthus minor. Journal of 
Applied Ecology 41, 880- 887 
Ramsden M. W., Menendez R., Leather S. R. and Wäckers F. (2016) Do natural enemies really 
make a difference? Field scale impacts of parasitoid wasps and hoverfly larvae on cereal aphid 
populations. Agricultural and Forest Entomology, 19, 139-145 



   

 

Page 158 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Ramsden M.W., Kendall S.L., Ellis S.A., and Berry P.M. (2017) A review of economic thresholds 
for invertebrate pests in UK arable crops. Crop Protection, 96, 30-43 
Ranjha, M. H. (2013). Role of grassy strips on the biodiversity and movement of ground beetles 
(Carabidae: Coleoptera) in organic arable ecosystems (Doctoral dissertation, Christian-Albrechts 
Universität Kiel). 
Redlich, S., Martin, E. A., Wende, B., and Steffan-Dewenter, I. (2018). Landscape heterogeneity 
rather than crop diversity mediates bird diversity in agricultural landscapes. PLoS One, 13(8), 
e0200438. 
Richard, D., Leimbrock-Rosch, L., Keßler, S., Zimmer, S., and Stoll, E. (2020). Impact of different 
mechanical weed control methods on weed communities in organic soybean cultivation in 
Luxembourg. Organic Agriculture, 10(1), 79-92. 
Riggi, L.G. and Berggren, Å., 2020. Small field islands systems include a large proportion of the 
regional orthopteran species pool in arable landscapes. Journal of Insect Conservation, 24(4), 
pp.695-703. 
Robinson, R. A., and Sutherland, W. J. (2002). Post‐war changes in arable farming and 
biodiversity in Great Britain. Journal of applied Ecology, 39(1), 157-176. 
Robinson, R. A., Wilson, J. D., and Crick, H. Q. (2001). The importance of arable habitat for 
farmland birds in grassland landscapes. Journal of Applied Ecology, 38(5), 1059-1069. 
Rodgers, H. R., Norton, J. B., and van Diepen, L. T. A. (2021). Effects of Semiarid Wheat 
Agriculture Management Practices on Soil Microbial Properties: A Review. Agronomy, 11(5), 852. 
https://doi.org/10.3390/agronomy11050852  
Roger-Estrade, J., Anger, C., Bertrand, M., and Richard, G. (2010). Tillage and soil ecology: 
Partners for sustainable agriculture. Soil and Tillage Research, 111(1), 33–40. 
https://doi.org/10.1016/j.still.2010.08.010   
Ronnenberg, K., Strauß, E., and Siebert, U. (2016). Crop diversity loss as primary cause of grey 
partridge and common pheasant decline in Lower Saxony, Germany. BMC ecology, 16(1), 1-15. 
Rosenfield, A. and Sumption, P. (2009). RESEARCH TOPIC REVIEW: Controlling pests and 
diseases in organic field vegetables. Institute of Organic Training & Advice: PACARes Research 
Review. Defra.  
Rusch, A., Bommarco, R., Jonsson, M., Smith, H. G., & Ekbom, B. (2013). Flow and stability of 
natural pest control services depend on complexity and crop rotation at the landscape scale. 
Journal of Applied Ecology, 50(2), 345-354. 
Salamon, J. A., Schaefer, M., Alphei, J., Schmid, B., & Scheu, S. (2004). Effects of plant diversity 
on Collembola in an experimental grassland ecosystem. Oikos, 106(1), 51-60. 
Sánchez, E., Giayetto, A., Cichón, L., Fernández, D., Aruani, M., and Curetti, M. (2007). Cover 
crops influence soil properties and tree performance in an organic apple (Malus domestica Borkh) 
orchard in northern Patagonia. Plant And Soil, 292(1-2), 193-203. https://doi.org/10.1007/s11104-
007-9215-7 
Santilli, F., Paci, G., and Bagliacca, M. (2014). Winter habitat selection by the European hare 
(Lepus europaeus) during feeding activity in a farmland area of southern Tuscany (Italy). 
Schmidt, A., Fartmann, T., Kiehl, K., Kirmer, A., and Tischew, S. (2022). Effects of perennial 
wildflower strips and landscape structure on birds in intensively farmed agricultural 
landscapes. Basic and Applied Ecology, 58, 15-25. 



   

 

Page 159 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Schütte, G., Eckerstorfer, M., Rastelli, V., Reichenbecher, W., Restrepo-Vassalli, S., Ruohonen-
Lehto, M., ... & Mertens, M. (2017). Herbicide resistance and biodiversity: agronomic and 
environmental aspects of genetically modified herbicide-resistant plants. Environmental Sciences 
Europe, 29, 1-12. 
Scott, R.K., Ogunremi, E.A., Ivins, J.D., Mendham, N.J. (1973). The effect of sowing date and 
season on growth and yield of oilseed rape (Brassica napus). The Journal of Agricultural Science. 
81; 277-285. 
Shaw, B., Nagy, C., and Fountain, M. (2021). Organic Control Strategies for Use in IPM of 
Invertebrate Pests in Apple and Pear Orchards. Insects, 12(12), 1106. 
https://doi.org/10.3390/insects12121106 
Sheffield, L. M., Crait, J. R., Edge, W. D., and Wang, G. (2001). Response of American kestrels 
and gray-tailed voles to vegetation height and supplemental perches. Canadian Journal of 
Zoology, 79(3), 380-385. 
Shelton, A.M. and Badenes-Perez, F.R., 2006. Concepts and applications of trap cropping in pest 
management. Annual Review of Entomology., 51, pp.285-308.  
Shi, Y., Lalande, R., Hamel, C., Ziadi, N., Gagnon, B., and Hu, Z. (2013). Seasonal variation of 
microbial biomass, activity, and community structure in soil under different tillage and phosphorus 
management practices. Biology and Fertility of Soils, 49. https://doi.org/10.1007/s00374-013-
0773-y  
Shore, R. F., Meek, W. R., Sparks, T. H., Pywell, R. F., and Nowakowski, M. (2005). Will 
environmental stewardship enhance small mammal abundance on intensively managed 
farmland?. Mammal Review, 35(3‐4), 277-284. 
Sikorska, D., Garnis, J., Dąbrowski, Z., Sikorski, P., Gozdowski, D., and Hopkins, R. (2019). Thus 
far but no further: predatory mites do not migrate effectively into strawberry 
plantations. Experimental And Applied Acarology, 77(3), 359-373. https://doi.org/10.1007/s10493-
019-00357-5 
Simons, Nadja K.; Gossner, Martin M.; Lewinsohn, Thomas M.; Lange, Markus; Türke, Manfred; 
Weisser, Wolfgang W.; Newman, Jonathan (2015). Effects of land-use intensity on arthropod 
species abundance distributions in grasslands. Journal of Animal Ecology, 84(1), 143–154. 
Simpson, N. A., & Jefferson, R. G. (1996). Use of farmyard manure on semi-natural (meadow) 
grassland. English Nature. 
Sirami, C., Gross, N., Baillod, A. B., Bertrand, C., Carrié, R., Hass, A.,... and Fahrig, L. (2019). 
Increasing crop heterogeneity enhances multitrophic diversity across agricultural regions. 
Proceedings of the National Academy of Sciences, 116(33), 16442-16447. 
Smith, R. K., Vaughan Jennings, N., and Harris, S. (2005). A quantitative analysis of the 
abundance and demography of European hares Lepus europaeus in relation to habitat type, 
intensity of agriculture and climate. Mammal review, 35(1), 1-24. 
Solomon, M., Easterbrook, M., & Fitzgerald, J. (1993). Mite-management programmes based on 
organophosphate-resistant Typhlodromus pyri in UK apple orchards. Crop Protection, 12(4), 249-
254. doi: 10.1016/0261-2194(93)90042-h 
Solomon, M.G., Fitzgerald, J.D., Jolly, R.L. (1999). Artificial refuges and flowering plants to 
enhance predator populations in orchards. IOBC/WPRS Bulletin, 22 (7), 31-37.  

https://doi.org/10.1007/s00374-013-0773-y
https://doi.org/10.1007/s00374-013-0773-y
https://doi.org/10.1007/s10493-019-00357-5
https://doi.org/10.1007/s10493-019-00357-5


   

 

Page 160 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Sosnoskie, L.M., Herms, C.P & Cardina, J. (2006) Weed seedbank community composition in a 
35-yr-old tillage and rotation experiment. Weed Science, 54,263-273. 
South, A., 1992. Predators, parasites and disease. In Terrestrial Slugs (pp. 220-241). Springer, 
Dordrecht. 
SRUC (2014) https://www.sruc.ac.uk/media/qrokfpiy/tn643-grassland-weed-management.pdf 
Staerkle, M.; Kölliker, M. (2008). Maternal food regurgitation to nymphs in earwigs (Forficula 
auricularia). Ethology. 114, 844–850. 
Stark, J.D. and Banks, J.E., 2001. “Selective” pesticides: are they less hazardous to the 
environment?. BioScience, 51(11), pp.980-982. https://doi.org/10.1641/0006-
3568(2001)051[0980:SPATLH]2.0.CO;2 
Steen, K. A., Therkildsen, O. R., Green, O., & Karstoft, H. (2015). Detection of bird nests during 
mechanical weeding by incremental background modeling and visual saliency. Sensors, 15(3), 
5096-5111. 
Stoate, C. (2010). Exploring a productive landscape. Fordingbridge: Game and Wildlife 
Conservation Trust. 
Stockdale, E., Bhogal, A., Griffiths, B., Elphinstone, J., Crotty, F., Stoate, C. (2018). Soil Biology 
and Soil Health Partnership Project 8: Industry benchmarking, Final Report [PDF]. AHDB and 
BBRO. Accessed from: 
https://projectblue.blob.core.windows.net/media/Default/Research%20Papers/Cereals%20and%2
0Oilseed/2019%20(and%20earlier)/91140002%20final%20report%2008.pdf 
Storer, K., Ellis, S., Berry P. (2018). Crop management guidelines for minimising wheat yield 
losses from wheat bulb fly. AHDB Cereals and Oilseeds Project Report No. 598. 59pp. 
Storkey, J., & Westbury, D. B. (2007). Managing arable weeds for biodiversity. Pest Management 
Science: Formerly Pesticide Science, 63(6), 517-523. 
Stroda, E. & Garthwaite, D. (2020) Integrated pest management on arable crops in England & 
Wales 2020. Pesticide usage survey report. Fera.. Available at: 
https://pusstats.fera.co.uk/published-reports 
Sturm, A., Drechsler, M., Johst, K., Mewes, M. and Wätzold, F., 2018. DSS-Ecopay–A decision 
support software for designing ecologically effective and cost-effective agri-environment schemes 
to conserve endangered grassland biodiversity. Agricultural Systems, 161, pp.113-116. 
Sutherland, K. (2001). Light Leaf Spot in Winter Oilseed Rape. SAC. Retrieved from 
http://www.adlib.ac.uk/resources/000/099/850/tn512.pdf 
Talle, M., Deak, B., Poschold, P., Valko, O., Westerberg, L., and Milberg, P. 2016. Grazing vs. 
mowing: A meta-analysis of biodiversity benefits for grassland management. Agriculture, 
Ecosystems & Environment. 222 (1), 200-212. 
Tallowin, J. R. B. (1997). The agricultural productivity of lowland semi-natural grassland: a review. 
English Nature. 
Tamburini, G., De Simone, S., Sigura, M., Boscutti, F., and Marini, L. (2016). Conservation tillage 
mitigates the negative effect of landscape simplification on biological control. Journal of Applied 
Ecology, 53(1), 233–241. https://doi.org/10.1111/1365-2664.12544  
Tapper, S. C., and Barnes, R. F. W. (1986). Influence of farming practice on the ecology of the 
brown hare (Lepus europaeus). Journal of applied Ecology, 39-52. 

https://www.sruc.ac.uk/media/qrokfpiy/tn643-grassland-weed-management.pdf
https://doi.org/10.1641/0006-3568(2001)051%5b0980:SPATLH%5d2.0.CO;2
https://doi.org/10.1641/0006-3568(2001)051%5b0980:SPATLH%5d2.0.CO;2


   

 

Page 161 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Tatnell, L.V., Osborne, S. Diprose (2020) European Agricultural Fund for Rural Development 
(EAFRD) project 104559 ‘Electrical weeding in bush and cane fruit. 
Tattersall, F. H., Hart, B. J., Manley, W. J., Macdonald, D. W., and Feber, R. E. (1999). Small 
mammals on set-aside blocks and margins. Aspects of Applied Biology, 54, 131-138. 
Terry, C. W., & Cox, R. (1993). The long-term effects of cutting on the yield, floristic composition 
and soil nutrient status of chalk grassland. English Nature. 
Tew, T. E., and Macdonald, D. W. (1993). The effects of harvest on arable wood mice Apodemus 
sylvaticus. Biological Conservation, 65(3), 279–283. https://doi.org/10.1016/0006-3207(93)90060-
E 
Thomine, E., Mumford, J., Rusch, A. Desneux, N. (2022). Using crop diversity to lower pesticide 
use: Socio-ecological approaches approaches. Science of the Total Environment. 804, 150156.  
Thorbek, P., and Bilde, T. (2004). Reduced numbers of generalist arthropod predators after crop 
management. Journal of Applied Ecology, 41(3), 526-538. 
Tørresen, K. S., Skuterud, R., Tandsæther, H. J., and Hagemo, M. B. (2003). Long-term 
experiments with reduced tillage in spring cereals. I. Effects on weed flora, weed seedbank and 
grain yield. Crop Protection, 22(1), 185–200. https://doi.org/10.1016/S0261-2194(02)00145-X  
Turley, M. D., Bilotta, G. S., Krueger, T., Brazier, R. E., & Extence, C. A. (2015). Developing an 
improved biomonitoring tool for fine sediment: Combining expert knowledge and empirical 
data. Ecological Indicators, 54, 82-86. 
Turley, M. D., Bilotta, G. S., Chadd, R. P., Extence, C. A., Brazier, R. E., Burnside, N. G., & 
Pickwell, A. G. (2016). A sediment-specific family-level biomonitoring tool to identify the impacts of 
fine sediment in temperate rivers and streams. Ecological Indicators, 70, 151-165. 
UK Centre for Ecology and Hydrology (UKCEH) (2022). Agri-environment measures boost wildlife 
populations in long-term farm study. Accessed: March 2023. Accessed from: 
https://www.ceh.ac.uk/press/agri-environment-measures-boost-wildlife-populations-long-term-
farm-study 
Unilever (2005) The Colworth farm Project – putting sustainable agriculture to the test. Unilever, 
Sharnbrook 
Van der Putten, W. H., Mortimer, S. R., Hedlund, K., Van Dijk, C., Brown, V. K., Lepä, J.,... and 
Smilauer, P. (2000). Plant species diversity as a driver of early succession in abandoned fields: a 
multi-site approach. Oecologia, 124(1), 91-99. 
Van Groenigen, J. W., Lubbers, I. M., Vos, H. M., Brown, G. G., De Deyn, G. B., and Van 
Groenigen, K. J. (2014). Earthworms increase plant production: a meta-analysis. Scientific 
reports, 4(1), 1-7. 
Van Groenigen, K.-J., Bloem, J., Bååth, E., Boeckx, P., Rousk, J., Bodé, S., Forristal, D., and 
Jones, M. B. (2010). Abundance, production and stabilization of microbial biomass under 
conventional and reduced tillage. Soil Biology and Biochemistry, 42(1), 48–55. 
https://doi.org/10.1016/j.soilbio.2009.09.023  
Van Noordwijk, C. G. E., Flierman, D. E., Remke, E., WallisDeVries, M. F., and Berg, M. P. 
(2012). Impact of grazing management on hibernating caterpillars of the butterfly Melitaea cinxia 
in calcareous grasslands. Journal of Insect Conservation, 16(6), 909-920. 

https://doi.org/10.1016/j.soilbio.2009.09.023


   

 

Page 162 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Vaughan, N., Lucas, E. A., Harris, S., and White, P. C. (2003). Habitat associations of European 
hares Lepus europaeus in England and Wales: implications for farmland management. Journal of 
Applied Ecology, 40(1), 163-175. 
Venter, Z. S., Jacobs, K., and Hawkins, H.-J. (2016). The impact of crop rotation on soil microbial 
diversity: A meta-analysis. Pedobiologia, 59(4), 215–223. 
https://doi.org/10.1016/j.pedobi.2016.04.001 
Vickery, J. A., Atkinson, P.W., Marshall, J.H., West, T., Norris, K., Robinson, L.J., Gillings, S., 
Wilson, A. and Kirby, W. (2005) The effects of different crop stubbles and straw disposal methods 
on wintering birds and arable plants. BTO, Thetford, 84pp 
Vickery, J. A., Tallowin, J. R., Feber, R. E., Asteraki, E. J., Atkinson, P. W., Fuller, R. J., and 
Brown, V. K. (2001). The management of lowland neutral grasslands in Britain: effects of 
agricultural practices on birds and their food resources. Journal of applied ecology, 38(3), 647-
664. 
Vinatier, F., Gosme, M. and Valantin-Morison, M., 2012. A tool for testing integrated pest 
management strategies on a tritrophic system involving pollen beetle, its parasitoid and oilseed 
rape at the landscape scale. Landscape ecology, 27(10), pp.1421-1433. 
https://doi.org/10.1007/s10980-012-9795-3 
Voluntary Initiative, n.d. Grassland weed control – A best practice guide to controlling weeds and 
protecting the environment. Accessed: April 2022. Retrieved from: 
https://voluntaryinitiative.org.uk/media/bu1dcz3y/grassland-weed-control_nov2021.pdf 
Wakeham‐Dawson, A., Szoszkiewicz, K., Stern, K., and Aebischer, N. J. (1998). Breeding 
skylarks Alauda arvensis on Environmentally Sensitive Area arable reversion grass in southern 
England: survey‐based and experimental determination of density. Journal of Applied 
Ecology, 35(5), 635-648. 
Walker, K. J., Critchley, C. N. R., Sherwood, A. J., Large, R., Nuttall, P., Hulmes, S.,... and 
Mountford, J. O. (2007). The conservation of arable plants on cereal field margins: an assessment 
of new agri-environment scheme options in England, UK. Biological Conservation, 136(2), 260-
270. 
Wallis De Vries, M. F., Parkinson, A. E., Dulphy, J. P., Sayer, M., and Diana, E. (2007). Effects of 
livestock breed and grazing intensity on biodiversity and production in grazing systems. 4. Effects 
on animal diversity. Grass and Forage Science, 62(2), 185-197. 
Webber, S.M. (2017). Managing biodiversity ecosystem services in apple orchards (Ph.D). Centre 
for Agri-Environment Research, School of Agriculture, Policy and Development, University of 
Reading.  
Wedgwood, E., D’Urban Jackson, R., Pettitt, T., Allen, J., Bennison J., Bartel, E., Jay, C., 
Whitfield, C., Brown, S., Boardman, K. and Dyer, C. (2020). Integrated Pest Management (IPM) of 
Cane Fruit Pests and Diseases [PDF]. AHDB Final Report. Accessed from: 
https://projectblue.blob.core.windows.net/media/Default/Research%20Papers/Horticulture/SF%20
158_Report_Final_2020.pdf 
Weiss, Naja; Zucchi, Herbert; Hochkirch, Axel (2013). The effects of grassland management and 
aspect on Orthoptera diversity and abundance: site conditions are as important as management. 
Biodiversity and Conservation, 22(10), 2167–2178.  

https://doi.org/10.1007/s10980-012-9795-3


   

 

Page 163 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

White S, Ellis S, Pickering F, Leybourne D, Corkley I, Kendall S, Collins L, Newbert M ,Cotton L, 
Phillips R (2020). Integrated pest management of cabbage stem flea beetle in oilseed rape. AHDB 
Cereals and Oilseeds Project Report No. 623. 257pp 
Whittingham, M. J. (2007). Will agri‐environment schemes deliver substantial biodiversity gain, 
and if not why not? Journal of applied ecology, 44(1), 1-5. 
Wiech, K. and Wnuk, A. (1991). The effect of intercropping cabbage with white clover and French 
bean on the occurrence of some pests and beneficial insects. Folia Horticulturae. 3, 39-45. 

Wildlife and Countryside Link, 2020. Why you should be using native ponies for conservation 
grazing. Accessed: February 2023. Accessed from: https://www.wcl.org.uk/why-you-should-be-
using-native-ponies-for-conservation-grazing.asp 

Williams, N. M., Crone, E. E., Roulston, T. H., Minckley, R. L., Packer, L., and Potts, S. G. (2010). 
Ecological and life-history traits predict bee species responses to environmental disturbances. 
Biological Conservation, 143(10), 2280–2291. https://doi.org/10.1016/j.biocon.2010.03.024  
Wilson, J. D., Whittingham, M. J., & Bradbury, R. B. (2005). The management of crop structure: a 
general approach to reversing the impacts of agricultural intensification on birds? Ibis, 147(3), 
453-463. 
Wolfenbarger, L.L., Naranjo, S.E., Lundgren, J.G., Bitzer, R.J., Watrud, L.S. (2008). Bt crop 
effects on functional guilds of non-target arthropods: a meta-analysis. PloS ONE. 3, 2118 
Woodcock, B. A., Bullock, J. M., Nowakowski, M., Orr, R., Tallowin, J. R. B., & Pywell, R. F. 
(2012). Enhancing floral diversity to increase the robustness of grassland beetle assemblages to 
environmental change. Conservation Letters, 5(6), 459-469. 
Woodcock, B. A., Savage, J., Bullock, J. M., Nowakowski, M., Orr, R., Tallowin, J. R. B., & Pywell, 
R. F. (2013). Enhancing beetle and spider communities in agricultural grasslands: the roles of 
seed addition and habitat management. Agriculture, ecosystems & environment, 167, 79-85. 
Woodcock, B. A., Savage, J., Bullock, J. M., Nowakowski, M., Orr, R., Tallowin, J. R. B., & Pywell, 
R. F. (2014). Enhancing floral resources for pollinators in productive agricultural 
grasslands. Biological conservation, 171, 44-51. 
Woźniak, A. (2019). Effect of crop rotation and cereal monoculture on the yield and quality of 
winter wheat grain and on crop infestation with weeds and soil properties. International journal of 
plant production, 13(3), 177-182. 
WRAP (2010) An investigation of clopyralid and aminopyralid in commercial composting systems. 
WRAP https://www.yumpu.com/en/document/read/50974169/an-investigation-of-clopyralid-and-
aminopyralid-in-wrap Accessed May 2022 
Young, J. E. B., Griffin, M. J., Alford, D. V., Ogilvy S. E. [eds] (2001) Reducing agrochemical use 
on the arable farm: The TALISMAN and SCARAB Projects. London: Defra. 

 

 

 

https://www.yumpu.com/en/document/read/50974169/an-investigation-of-clopyralid-and-aminopyralid-in-wrap
https://www.yumpu.com/en/document/read/50974169/an-investigation-of-clopyralid-and-aminopyralid-in-wrap


   

 

Page 164 of 165 Integrated Pest Management (IPM) for Biodiversity Enhancement 
NECR575 

Appendix 1. Farmer training 
The opportunities for training in pesticide use for advisers has developed in recent years 
as conservation, enhancing the environment and biodiversity and sustainable farming 
practices have become key goals in the farming sector. BASIS have recently introduced a 
Certificate in Sustainable Land Management qualification which covers many aspects of 
environmental management, including Agri-environment schemes, habitat and species 
management, soil and water management, and IPM. 

Those applying professional plant protection products under the Plant Protection Products 
(Sustainable Use) Regulations, 2012) must hold the mandatory unit for a LANTRA or City 
and Guilds (NPTC) Certificate of Competence such as the ‘Principles of Safe Handling 
and Application of Pesticides (PA1)’ with the relevant additional specialist modules that are 
available for the machinery to be operated - including mounted or trailed sprayers, boat 
mounted equipment, hand held sprayers, pellets or granules, pesticide plugs in tree 
stumps and pesticide injection equipment (http://www.nptc.org.uk/). Agricultural and 
horticultural spray operators after passing the relevant Certification exam should join the 
National Register of Sprayer Operators (NRoSO) which provides for continuing 
professional development (CPD). Amenity users should join the BASIS Amenity Training 
Register (BAR). 

http://publications.naturalengland.org.uk/publication/87001?category=47017
http://www.nptc.org.uk/
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