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The results and conclusions reported in this review are based on experimental results.
Because of the biological nature of the research and development work it must be
borne in mind that different circumstances and conditions could produce
different results.
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Science Section

Introduction

This report reviews new and potential biocontrol strategies and novel compounds that

are likely to control the key pests and diseases of strawberry and raspberry in the UK.

The report updates the review produced by East Malling Research (then part of HRI)
in 2001 (Cross et al, 2001) for arthropod biocontrol agents. Information included in
that published review is not included here. No similar review of biocontrol agents for
soil and air-borne diseases of strawberries and raspberries has previously been

produced in UK.

Background

Arthropod pests

Predatory arthropods and insect parasitoids have been used as biocontrol agents for a
range of pests on different crops for many years. Naturally occurring species will
often colonise plantations in response to pest numbers if broad spectrum insecticides
are avoided. However, these may arrive too late in the crop to prevent economic
damage by the pest. Also some predator and parasitoid species only have one
generation per year so cannot increase rapidly in response to pest outbreaks. Because
of this several species have been commercially mass produced for release into crops
as a substitute for insecticide applications. Other biological control strategies are also
possible; entomopathogenic fungae and nematodes can be applied to the pests,
biological insecticides are under investigation, and cultural techniques have some
potential. The increasing understanding of insect behavioural cues and behaviour
modifying chemicals is leading to new pest control possibilities.

Predators and parasitoids

The species of commercially produced predators and parasitoids will differ from
country to country as species native to a particular country will be reared and

released. Release of non-native species in UK requires a licence that will ensure that
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the predator will not survive in the field throughout the year, and will not adversely
affect the native fauna. Each predator and parasitoid species will have its own prey
preferences and habitat requirements and these must be determined before any
decisions on release are made. The effectiveness of artificial releases of predators and
parasitoids will depend, among other things, on climatological conditions within the
crop, rates of release of the arthropods and their fecundity and longevity. Many
predatory insects and mites are generalists and will consume more than one pest
species. Insect parasitoids are specific to one group of insects and sometimes to a
particular species. The adult females generally lay their eggs within the body of the

pest and the larvae develop within it, eventually Killing it.

Entomopathogenic fungae

These fungal pathogens are sprayed onto the pests and infect them. The infected pest
dies and sporulates giving rise to more innoculum. Entomopathogenic fungae work
best in high humidity, such as that found in the glass house. Development of strains
with lower humidity requirements would enable them to be used more successfully in
the field.

Entomopathogenic nematodes

Entomopathogenic nematodes enter the body of the insect and produce toxic
metabolites that Kill the host. Insects with a soil inhabiting life stage can be targeted
with soil applications of nematodes. New formulations of nematodes have been
developed that can be sprayed onto leaves of plants and infect the pest on the leaf
surface. However, for success the leaf surface needs to be kept moist for up to two
hours to enable the nematodes to locate and penetrate the host. Strains with different
temperature requirements, so suiting them to use in different conditions have also

been developed.

Biological insecticides

Insecticides derived from biological material require approval from PSD before they
can be used. Although they are biologically derived they may still have toxic effects
on beneficial species. Many of these compounds are less effective than the

conventional insecticides used to control the different pests.
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Semiochemicals

Behaviour modifying chemicals include plant volatiles and insect pheromones. Some
can be used to alter the behaviour of the pest to make it more susceptible to biological
control and others can be used to attract beneficial species to the area containing the

pests, so increasing predator and parasitoid numbers within the crop.

Other techniques

These are generally cultural techniques to reduce pest occurrence within the crop.

Diseases

Biological control of plant diseases has been studied for more than 50 years, but
despite this there are few commercial products and very few instances where the
method is relied on as the sole means of control. One of the main problems has been
reliability. Conventional chemical controls, if used correctly, generally produce a
consistent result in disease control, whereas biocontrol agents are usually less
effective and, because they are affected by environmental conditions, especially
temperature and humidity, are often inconsistent in control. For air borne diseases
alternative chemicals also tend to be less effective than conventional fungicides and
often need to be applied frequently to work. However, biocontrol agents and
alternative chemicals, if incorporated into an integrated control programme, can
provide useful disease control, allowing the use of conventional fungicides to be
reduced. Development of biocontrol agents and alternative chemicals for air borne
diseases has generally been focused on main disease problems such as Botrytis or
powdery mildew. Very little work has been done on other air borne diseases.

Soil borne diseases

Biocontrol agents or biofungicides

Fungi, oomycetes and bacteria have been studied as potential biocontrol agents,
particularly those that are natural constituents of the soil or root zone microflora.
Biocontrol agents for fungal pathogens act in several ways (a) by producing diffusing
substances with fungistatic or fungicidal action; (b) competition — the ability to
exploit the environment at the expense of the pathogen; (c) mycoparasitism —
destruction of the pathogen by physical contact and predation. Many biocontrol agents

act by competition whereas some are mycoparasites. For some microbial control

©2005 Horticultural Development Council 11



agents, antifungal characteristics have not been determined, but either direct or

indirect plant growth and yield enhancement is observed

Alternative cultural practices

A number of physical/ natural chemical approaches are being studied that either
directly target pathogens (e.g. steam) or that induce soil conditions that are toxic to
them (e.g meat and bone meal). Some may act by encouraging antimicrobial activity

(e.g. composts).

Aerial diseases

Biocontrol agents or Biofungicides

Initial research on biocontrol concentrated on using saprophytic fungi such as
Cladosporium herbarum that were normal constituents of microflora of aerial plant
surfaces. Many of these results, though of interest, were never developed into
practical applications. Much of the research on biocontrol of Botrytis and other
diseases has since concerned the fungus genus Trichoderma whose antagonistic
properties are well documented. Trichoderma spp are fungi that are present in large
numbers in most agricultural soils and in other environments such as decaying wood
or plant debris. More recently other fungi have been studied as potential biocontrol
agents, particularly those that are natural constituents of the plant microflora. Many
biocontrol agents act by competition whereas some, especially those effective against

powdery mildews, are mycoparasites.

Plant defense inducers or SAR compounds

Plants have natural defense mechanisms that are initiated in response to attack by
disease or insects. One response is to Kill off cells around the point of attack to limit
pathogen spread, which may appear as a yellowing area. In addition to this visual
response the plant responds further by releasing various chemical compounds that
alert the rest of the plant to begin producing other compounds that increase plant
resistance to attack in other plant parts. These responses are called systemic acquired
resistance (SAR) or induced resistance (IR). Certain chemicals such as salicylic acid
have been shown to initiate SAR and subsequently demonstrated to give protection
against a wide range of diseases. Some have been developed into commercial

products and have potential for use as alternatives to conventional fungicides
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Alternative chemicals

These include commodity chemicals such as potassium or calcium compounds, plant
extracts and oils. They may have a direct effect on the pathogen or on the plant by
increasing resistance. The effect may be short lived so that repeated applications may
be necessary. Such products however, may be used alone or in combination with
reduced dose conventional fungicides to reduce the risk of residues in the fruit. A

potential problem associated with use in strawberries and raspberries is phytotoxicity.

Antitranspirant coatings

Various film-forming polymers such as oils, waxes, polyterpenes and alcohols are
used as antitranspirants and to delay dessication of agricultural and horticultural
crops. These coatings are non-phytotoxic, permeable to gases, have good weathering
properties and are biodegradable. Some experimental work has shown that foliar
diseases such as powdery mildew could be controlled using these coatings, which
probably produced a mechanical barrier to fungal penetration. HDC trials on potted

glasshouse strawberries gave mixed results on control of powdery mildew

Main Conclusions

Arthropod biocontrol agents

This review has shown that for arthropod biocontrol agents the same genera of
predators and parasitoids are used for the control of the same pests in different
countries. Locally, native species within the genus are generally used in each country.
This is because the native species are adapted to local conditions, which is especially
important if the species is being released into the field. In some countries (including
the UK) the introduction of non-native species into the environment is now not
permitted without a licence, and this can only be obtained after extensive research to
ensure that no damage to native species is likely to occur as a result of the
introduction. Information on the effectiveness, optimal release rates and methods of
release of non-native biocontrol agents are of particular interest, as they may lead to

more effective methods of use of our native species.

©2005 Horticultural Development Council 13



Entomopathogenic fungi

The use of entomopathogenic fungi to control pests in field grown crops has generally
proved unsuccessful due to environmental conditions (e.g. low humidity, etc.), but
have been more successful in reducing pest numbers in protected cropping. Further
development of different species or strains with lower humidity requirements may

increase their usefulness, but would require approval from PSD.

Biopesticides
Plant derived insecticides require approval from PSD. Currently, there are no

biofungicides registered for use in the UK. A number of biocontrol bacteria,
oomycetes and fungi have shown potential against UK relevant soil-borne pathogens
when tested on specific crops and under certain climatic/soil conditions. European
researchers and companies are actively seeking opportunities to validate these in the
UK, and there is potential in exploring the use of some of these organisms. Many of
the cultural techniques suggested are either under current investigation, or are
unsuitable for UK use.

Table 1 shows the biocontrol agents that are currently widely used by soft fruit

growers for control of pests.

Tablel. Commonly used biocontrol agents in soft fruit production in the UK
Biocontrol agent Pest species
Neoseiulus (Amblyseius) cucumeris Thrips; tarsonemid mites on strawberry
Phytoseiulus persimilis Two-spotted spider mite on strawberry

Table 2 shows the biocontrol agents used in other crops for control of the main groups
of pests that attack soft fruit. Their effectiveness on field or tunnel grown strawberries
has not yet been demonstrated. Two novel chemical control agents for mildew are
also included. Possible barriers to the use of these agents are outlined. Table 3 shows
additional biocontrol options worthy of further investigation. The full review is found
in Table 4 (Arthropod Pests), Table 5 (Soil-borne Pathogens) and Table 6 (Aerial
Pathogens). No new information was found on biocontrol agents for caterpillars and

tortrix moths so these are not included in Table 4.
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Table 2.

and diseases in soft fruit and other crops

Biocontrol agents commercially available in UK for use against pests

Biocontrol agent

Pest species targeted by
BCA

Possible barriers to use
in soft fruit production

Orius
laevigatus/majusculus

Thrips; two spotted spider
mite

Cost; may only be
feasible for pest hot-spots

Amblyseius degenerans Thrips Effectiveness not fully
demonstrated for soft
fruit use

Hypoaspis miles Thrips Effectiveness not fully

demonstrated for soft
fruit use

Verticillium lecanii

Aphids; possibly thrips

Effectiveness not fully
demonstrated; humidity
may be a problem

Entomopathogenic
nematodes

Thrips, vine weevils

Further evaluation
needed

Stethorus species

Two spotted spider mite

Cost; may only be
feasible for pest hot-spots

Feltiella acarisuga

Two spotted spider mite

Release techniques to
maximise survival in
field not determined

Aphidoletes aphidimyza

Aphids

Release techniques to
maximise survival in
field not determined

Chrysoperla carnea

Aphids; two-spotted spider
mites

Cost; may only be
feasible for pest hot-spots

Aphid parasitoids

Some species of aphid only

None of those currently
commercially available
will parasitise the
strawberry aphid

Potassium bicarbonate

Mildew control

Further evaluation
needed to identify best
way to use and efficacy
against other diseases

Potassium phosphite

Mildew control

Further evaluation
needed to identify best
way to use and efficacy
against other diseases
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Table 3. Biocontrol options that warrant further investigation

Arthropod pests

Biocontrol option

Thrips Hypoaspis miles
Nematodes
Entomopathogenic fungae

Capsids Sex pheromone
Entomopathogenic fungae

Raspberry beetle Floral attractants

Raspberry cane midge

Sex pheromone
Entomopathogenic fungae
Bacillus thuringiensis (Bt)

Strawberry blossom weevil

Nematodes
Physical barriers

Wine weevil

Entomopathogenic fungae

Two-spotted spider mite

Feltiella acarisuga
Entomopathogenic fungae
Cover crops

Raspberry leaf and bud mite

Predatory phytoseiid mites

Aphids

Aphidoletes aphidimyza

Nabids

Behaviour modifying chemicals (attractants for
naturally occurring predators)

Soil borne diseases

Biocontrol option

Verticillium wilt

Serratia plymuthica
Bacillus subtilis
Trichoderma harzianum

Phytophthora

Rhizostar

Pythium species

Trichoderma harzianum
Direct fired steam generation

Crown gall in raspberry

Agrobacterium radiobacter strains

Aerial diseases

Biocontrol option

Botrytis

Sentinel (Trichoderma atroviride)
Ulocladium atrum (new commercial formulations
when available)

Powdery mildew

Lecanicillium lecanii
Ampelomyces quisqualis (new isolates from
Hungary when available)
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Table 4: Review of biological control agents for arthropod pests of strawberry and raspberry

Thrips, including Western Flower Thrips (WFT), Frankliniella occidentalis

Important pest of mid and late season strawberry crops both under protection and outdoors in the UK. The problem has been made worse by the
establishment of Western Flower Thrips which is particularly difficult to control due to resistance to many broad-spectrum insecticides. Feeding
damage by thrips causes brown marking on the flowers, developing and ripe fruits, and the latter have a dull brownish appearance. Thrips in general
are controlled biologically by predatory mites or sprays of various insecticides. Spinosad is particularly effective against WFT.

Control agent Commercial Crops in Notes on agent How to use Usefulness to UK Key references
availability which used growers
Predatory mites
Amblyseius cucumeris Widely Used Attacks thrips larvae. Needs Available loose in Very useful and widely | Grasselly, 1995;
available, commercially in | pollen as alternate food. Needs | vermiculite for used in UK strawberry | Trottin-Caudal et al,
including in UK | a wide range of | long days (<11 hrs) to sprinkling incropona | crops because of 2002; Groenewoud et
horticultural reproduce. Use of supplemental | regular basis or in comparative low cost al., 2002; Sarrazyn et
crops in UK lighting to extend day length sachets which release and ease of use. al., 1998; Meesters et
advantageous. Can use non- mites over a period of Already widely used for | al., 1998;
diapausing strain. several weeks. thrips and tarsonemid Vanderbruggen, 1998.
control in the UK.
Amblyseius barkeri Was widely Was used in Prey consumption rates lower Superseded by A. Superseded by A. Van Driesche web
(=mckenziei) used for many than A. cucumeris. Propensity cucumeris above. cucumeris above. page; Jarosik & Pliva
biocontrol of glasshouse to enter diapause in winter. 1995
onion thrips but | salad and
superseded by ornamental
non-diapausing | crops.

strains of A.
cucumeris.
Probably no
longer available
commercially.
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Control agent Commercial Cropsin Notes on agent How to use Usefulness to UK Key references
availability which used growers

Amblyseius degenerans Widely Sweet peppers Attacks thrips larvae, Available loose in Less favoured by Van Driesche web page
available, particularly first stage larvae. vermiculite for growers than A.
including in UK Needs pollen as alternate food. | sprinkling in crop. Rec | cucumeris and use has

Tolerates low humidities. More | rate 0.2/m% declined., mainly
expensive to produce than A because of greater costs
cucumeris (doesn’t feed on and lack of controlled
grain mites) and controlled release dispensers.
release sachets not available.

Hypoaspes miles Widely Many crops, Soil dwelling mite. Principally | Supplied in bottles Useful to UK Vanderbruggen, 1998;
available, including used for control of sciarid flies | mixed with peat and strawberry growers. Berndt et al, 2004a;b.
including in UK | ornamentals, but will also predate other soil | vermiculite. Rec. rate Greater use should be

protected salad | arthropods including thrips 100-500/m?. encouraged.
crops and pupae and colembola.
strawberries.

Hypospes aculeifer Widely Bulbs, Soil dwelling mite. Principally | Supplied in bottles Useful to UK Berndt et al, 2004a;b.
available, mushrooms. used for control of sciarid flies | mixed with peat and strawberry growers but
including in UK in mushrooms and bulb mites vermiculite. Rec. rate H. miles probably

but will also predate other soil 100-500/m?. preferable.
arthropods including thrips
pupae and colembola. More
specialist predator and feeds
deeper in the soil than H. miles.
Typhlodromips swirskii No Experimental Information not available Information not Information not Kruistun (personal

only. In
development in
Netherlands and
UK.

available

available

communication);
Knight (personal
communication)
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Control agent Commercial Cropsin Notes on agent How to use Usefulness to UK Key references
availability which used growers
Predatory insects (bugs)
Dicyphus tamaninii Not available. Strawberries, Known natural enemy of thrips | Natural predator but not | Not useful. Riudavets et al., 1992;
vegetables, in strawberry crops in Italy. suitable for biocontrol? 1993
mainly peppers, | Attacks larvae. Expensive to Phytophagous.
in Spain. rear at high densities.
Macrolophus caliginosus | Widely Mainly Biocontrol agent of whitefly Available loose in Usefulness needs to be | Riudavets et al., 1992,
available, tomatoes and (including tobacco whitefly), vermiculite. Rec, rates: | investigated but low 1993
including in UK | cucumbers in spider mites and thrips. Known | preventive 0.5/m? priority. Likely to
but under Spain. Use in natural enemy of thrips in curative 0.5-5/m?. attack strawberries
licence and can | strawberry strawberry crops in Italy. causing damage similar
only be used in | needs Attacks larvae. Expensive to to capsids when it runs

permanent
protected crops.

investigating.

rear at high densities.
Phytophagous feeding on both
arthropods and plants

out of prey!

Orius laevigatus

Widely
available,
including in UK

Strawberries,
and many
glasshouse
vegetable crops
including
tomatoes and
cucumbers
throughout
Europe.

A flower loving species,
occurring where thrips
predominate in strawberry
crops. Attacks larvae & adults
but can survive on pollen as
alternative food. Also predates
aphids and spider mites.
Readily establishes. Needs long
days (> 12 hrs) to reproduce

Available loose in
buckwheat husks. Rec,
rates: preventive
0.5/m?, curative 1-
10/m?.

Easy to breed and
currently considered the
most useful Orius
species for thrips
control.

Villevieille &. Millot,
1991; Riudavets et al.,
1992; Gonzalez-
Zamora et al, 1994;
Riudavets et al., 1993;
Nicoli & Tommasini,
1996; Benuzzi &
Antoniacci. 1995;
Dissevelt et al., 1995;
Frescata & Mexia,
1996; Trottin-Caudal et
al, 2002; Tommasini et
al., 2001; Funaro, 1997;
Vanderbruggen, 1998;
Fitzgerald 2005a.
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Control agent Commercial Cropsin Notes on agent How to use Usefulness to UK Key references
availability which used growers

Orius majusculus Widely Strawberry and | Occurs more on foliage so Available loose in Probably less useful Riudavets et al., 1992;
available, many other perhaps less suitable than O buckwheat husks. Rec than Orius laevigatus Riudavets et al. 1993,
including in UK | crops including | laevigatus for strawberry. rates: curative 1-10/m% | because of distribution | Gambaro, 1995.

tomatoes and
cucumbers in
Europe.

Attacks larvae & adults but can
survive on pollen as alternative
food. Needs long days (> 16

hrs) to reproduce.

on plant and
requirement for long
days.

Dissevelt et al., 1995:
Vanderbruggen, 1998;
Fitzgerald 2005a.

Orius strigicollis

Not available in
UK. Not native
to UK and
licence would
be needed for its
use.

Protected crops.

Japan, Taiwan

Attacks larvae & adults but can
survive on pollen as alternative

food.

Available loose in
buckwheat or
vermiculite. Rec rates
0.5/m? preventive, 1-
10/m? curative.

Probably less effective
than Orius laevigatus
and requirement for
licence for release in
UK makes it of low
interest

Van Driesche web
page; Wang ChinLing
1999.

Orius insidiosus

A common
natural predator
of thrips. Not
commercially
available in UK
and licence
needed for its

Widely used in
tomatoes,
cucumbers and
peppers. Used
in protected
raspberries for
WEFT control in

Attacks larvae & adults but can
survive on pollen as alternative
food. Needs long days (> 12

hrs) to reproduce.

Available loose in
vermiculite. Rec rates:
preventive 0.5/m?,
curative 1-10/m?.

Probably less useful
than Orius laevigatus
because of requirement
for long days and
warmer temperatures.
Requirement for licence
for release in UK makes

Riudavets et al., 1992;
Riudavets et al. 1993;
Gambaro, 1995; van
den Meiracker, 1994;
Veire & Degheele
1995.

use. Belgium. it of low interest.

Orius albidipennis Available in Widely used on | Attacks larvae & adults but can | Rec rates: preventive Usefulness needs Riudavets et al., 1993;
Europe but peppers, survive on pollen as alternative | 0.5/m? curative 1- investigating. Only Dissevelt et al., 1995;
probably not tomatoes and food. Less tendency to enter 10/m?. Orius sp that seems not | van den Meiracker,
native to UK. cucumbers in diapause at day lengths down to to enter diapause, even | 1994; Veire &
Licence would Belgium and 8 hours but considered less at very short day length, | Degheele 1995.
probably be Spain. efficient than O laevigatus. and may be useful for
needed for its autumn and winter use.
use in UK. Licence requirement

could be main barrier.
© 2005 Horticultural Development Council 20




Control agent Commercial Cropsin Notes on agent How to use Usefulness to UK Key references
availability which used growers
Parasitoids
Thripobius semiluteus Not available Glasshouse Does not attack WFT but Innoculative or Not useful. Methods of | Van Driesche web
crops in New effective against other species innundative release. mass rearing have not page; Viggiani et al,
Zealand and in glasshouses. been developed. 2000.
Italy.
Ceranisus menes Not available Glasshouse Parasitises WFT larvae. Innoculative or Not useful. Commercial | Van Driesche web
crops. USA, innundative release. methods of mass page; Murai &
Netherlands, rearing have not been Loomans, 2001.
Japan. developed. Slow
development and lack
of pest control.
Ceranisus americensis Not available Glasshouse Parasitises WFT larvae Innoculative or Not useful. Commercial | Van Driesche web
crops. USA, innundative release methods of mass page; Loomans, 2003;
Netherlands, rearing have not been Murai & Loomans,
Japan. developed. 2001.
Entomopathogenic fungi
Beauveria bassiana 2 products, Cucumbers and | WFT eggs not affected, WFT Apply foliar spray then | Very promising, Brownbridge et al,

Naturalis and
Botaniguard,
available in
USA and
Europe.
Naturalis
registration
pending in the

UK. Application
for Botaniguard

registration in
UK withdrawn.

glasshouse
salad crops

adults very susceptible, WFT
larvae of intermediate
susceptibility. Requires good
coverage and preferably high
humidity to be effective. 70%
control of thrips typical.

maintain high humidity.

especially if better
strains can be
developed. New
lepodopteran strain
being developed at
Cornell, USA, needs
investigating for thrips.

1996; Gill, 1997;
Murphy et al., 1998;
Thompson et al 1998.
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Control agent Commercial Cropsin Notes on agent How to use Usefulness to UK Key references
availability which used growers

Paecilomyces Product Mainly used for | WFT eggs not affected, WFT Apply foliar spray then | Promising, especially if | Lindquist 1996;

fumosoroseus PreFeRal whitefly control | adults very susceptible, WFT maintain high humidity | better strains can be Brownbridge &
registered in of glasshouse larvae of intermediate or as a soil drench to developed. Adamowicz, 1995.
Belgium, salad crops but | susceptibility. Requires good control pupae in soil.
Sweden and also has activity | coverage and high humidity to
Switzerland. against thrips. be effective.

Verticillium lecanii Aphid strain For aphid and Mainly active against aphids Apply foliar spray then | Promising, especially if | Brownbridge &

Vertalec and
whitefly strain
Mycotal
registered and
widely
available,
including in
UK.

whitefly control
respectively on
glasshouse
ornamental and
salad crops.

and whitefly respectively but
whitefly strain also has some
activity against thrips. WFT
eggs not affected, WFT adults
very susceptible, WFT larvae
of intermediate susceptibility.
Requires good coverage and
high humidity to be effective.

maintain high humidity
or a soil drench to
control pupae in soil.

better strains can be
developed, but less
interesting than other
species above. Addition
of “‘Addit’ adjuvant may
improve activity.

Adamowicz, 1995.

Metarhizium anisopliae

No sprayable
formulation is
available.
Bio1020
formulation on
cereal grains for
soil treatment
possibly
available in
Scandinavia.

Investigated for
vine weevil
control on many
crops including
strawberry.

Mainly used as a soil pathogen
and could be used for control of
thrips pupae in soil.

Apply foliar spray then
maintain high humidity
or a soil drench or
granules to control
pupae in soil.

Bi01020 strain has
activity against thrips in
bioassays, so some
limited promise worth
investigating.

Helyer et al, 1995.
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Control agent Commercial Cropsin Notes on agent How to use Usefulness to UK Key references
availability which used growers

Entomopathogenic nematodes

Steinernema carpocapse | Available inthe | Vine weevil Surface water film for several Could be applied as Currently available None

UK (as
Nemasys
carpocapse) and
used for control
in forestry of
weevil pests on
stumps.

control in wide
range of crops.

hours after application needed.
Probably more effective against
pupae in soil.

foliar sprays or soil
drenches.

strains of little interest
for thrips control.

Superseded by
low temperature
species S.
kraussei.

Steinernema feltiae Widely Glasshouse Widely used for control of Apply foliar spray Surface moisture must | Cross, 2003b; Tomalak,
available, ornamentals and | sciarid fly larvae and adults but | when thrips populations | be present for 2 hours 1994; Fitzgerald 2005a.
including in vegetable crops. | also used on ornamentals and start to increase. after application.

UK. other crops including Normal dose 2.5 Activity may mainly
strawberries to control WFT. billion/ha. occur in soil against
pupae.

Heterorhabditis Widely Soil dwelling Surface water film for several Apply foliar spray Little interest as not Chyzik et al., 1996.

bacteriophora available in EU | larvae in turf hours after application needed. | when thrips populations | native and other species
and USA but and vine weevil | Probably more effective against | start to increase or are available.
not in UK. Not a | on wide range pupae in soil. drench soil or compost.
native of the UK | of crops.
and importation
illegal without
licence.

Thripinema nicklewoodii | Not available Potentially a Infects larval stages and adult No information Not useful. Obligate Van Driesche web

wide range of
crops.

stage is sterilised.

available.

thrips parasite and
methods of mass
rearing have not been
developed.

page; Greene &.
Parrella, 1993.

© 2005 Horticultural Development Council

23




Capsids, mainly the European tarnished plant bug, Lygus rugulipennis

Important pest of mid and late season strawberry crops, particularly everbearers, both under protection and outdoors in the UK. Adults and nymphs
feed in the flowers causing the malformation of fruits. Causes damage at very low population densities. The pest can be controlled very effectively by
a spray of the organophosphate, chlorpyrifos. However, pymetrozine, a pesticide which has a greatly superior safety and selectivity profile, now has a
SOLA on strawberries albeit with a 12 week harvest interval. The congeners, Lygus lineolaris and Lygus hesperus, known as the tarnished plant bug
and the western tarnished plant bug respectively, are serious pests of strawberries in America and Canada and have been the subject of extensive
investigation into non-chemical control methods including biocontrol.

Biocontrol agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Parasitoids

Peristenus varisae spec. | Occurs naturally | Wheat field. Parasitises all nymphal stages | Exploit naturally Unlikely to be useful. Varis & Achterberg,
nov. (Braconidae) in Finland except the first. occurring parasitoid or | Parasitism rates too low | 2001.
though if it does not occur in and pest damaging at
occurrence in UK, make one off low population
UK unknown. introduction. densities. License for
introduction if it
doesn’t occur naturally
in UK could be difficult
to obtain.
Peristenus digoneutis Not available Parasitoid of One-off introduction from Mass rearing likely to Possibly useful but Day et al, 2003; Tilmon
(Braconidae) commercially Lygus lineolaris. Europe of non-native natural be impossible in requires investigation. & Hoffmann, 2003.

but may occur
naturally in UK

Occurs naturally
in Europe and
introduced into
USA Used in
lucerne, apple,
strawberries,
vetch, clover.

enemy of the tarnished plant
bug, Lygus lineolaris, into
Europe and Canada originally
into Lucerne 10 years ago has
suppressed the pest in many
crops. 60% parasitism is
common.

practical terms. One off
introductions of
parasitoid to establish it
in an area.

Pest damaging at low
population densities.
License for introduction
if it doesn’t occur
naturally in UK could
be difficult to obtain.
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Biocontrol agent Commercial Crops in which | Notes on agent How to use Usefulness to UK Key references
availability used growers

Peristenus pallipes Not available Parasitoid of Naturally occurring parasitoid | Likely to be impossible | Possibly useful but Tilmon & Hoffmann,

(Braconidae) commercially Lygus lineolaris. has been successfully in practical terms. One | requires investigation. 2003.

and probably
does not occur
naturally in UK

Occurs naturally
in USA
strawberries.

exploited in USA.

off introductions of
parasitoid to establish it
in an area.

Pest damaging at low
population densities.
License for introduction
as it doesn’t occur
naturally in UK could
be difficult to obtain.

Anaphes iole
(Mymaridae)

This or similar
suitable
parasitoid not
available in UK

Parasitoid of
Lygus lineolaris.
Strawberry, USA.

Parasitises eggs of Lygus
lineolaris. Innundative release
of parasitoid reduced
population by about 50%.

Parasitoid released
weekly at rate of approx
40,000 per ha.

Interesting approach but
egg parasitoids of
Lygus sp not available
in Europe and unlikely

Udayagiri et al, 2000.

or Europe to be in foreseeable
future. Level of control
insufficient to justify
expense.
Entomopathogenic fungi
Beauveria bassiana Commercially Protected Microbial biopesticide found Apply foliar sprays to Promising, requires Gleason et al, 2002; Liu
available in strawberry, to be effective against protected crops and investigation in UK. etal, 2002; Liu et al,
USA, raspberry, tarnished plant bug, Lygus maintain high humidity 2003; Liu et al, 2003.
availability in cucumber. lineolaris, in USA. afterwards.
UK pending.
Metarhizium anisopliae Protected Microbial biopesticide found Apply foliar sprays to Promising, requires Liu etal, 2002; Liu, et
strawberry, to be effective against protected crops and investigation in UK. al, 2003.
raspberry, tarnished plant bug, Lygus maintain high humidity
cucumber. lineolaris, in USA. afterwards.
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Biocontrol agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Semiochemicals

Hexyl butyrate+

One component

Strawberries,

Female produced sex

Special low release rate

Potentially very useful.

Innocenzi et al, 2004

hexenyl butyrate+oxo not currently cucumbers. pheromone which attracts lures need to be
hexenyl available males. Could be developed for | developed which if
commercially pest monitoring purposes. used in green delta traps
though EMR will provide a sex
and NRI have pheromone trap for pest
small quantities monitoring purposes.
for testing.
Host plant volatiles Plants are Work done in Volatiles from specific plants | Deploy lures and traps | Unlikely to be useful. Glinwood et al, 2003.
from Trifolium readily available | Sweden. attract females. Potential use in crop.

pratense, Medicago
falcata, and M. sativa

but refined host

odour lure is not.

for monitoring or control
purposes.

Other techniques

Lucerne

Seed readily
available in UK.

Used as trap crop
in strawberries,
aubergine,

cucumber in Italy.

Provides alternative host plant
to attract pest. However, pest
will breed and may invade
crop in larger numbers when
trap crop senesces.

Sow in headlands or as
barrier strips.

Interesting, but
probably not
appropriate for low
density pest.

Ferrari et al, 2004.

Yellow sticky traps

Readily
available in UK.

Mass trapping in
strawberries,
aubergine,
cucumber.

Attracts pest to trap where
individuals die in sticky
material.

Deploy in large
numbers in crop.

Not useful. Traps
insufficiently attractive
to prevent damage by
this low density pest
and cost high.

Ferrari et al, 2004.

Netting

Readily
available in UK

Used to exclude
pests in
strawberries,
aubergine,
cucumber.

Physically excludes pest from
crop. Highly effective if done
well

Enclose the crop in
netting so pest cannot
enter

Probably impractical
and likely to be costly
for this single pest

Ferrari et al, 2004.
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Biocontrol agent Commercial Crops in which | Notes on agent How to use Usefulness to UK Key references
availability used growers
Plastic construction Similar material | Strawberry in Physically excludes pest from | Surround crop by fence | Interesting approach but | Gleason et al, 2002.
fence probably USA. crop. Highly effective if done | so pest cannot enter. probably impractical
available in UK well. and likely to be costly
for this single pest.
Insect vacuum device Available in Protected and field | Insects are sucked from crop Drive through crop Interesting but probably | Vincent & Chagnon
(tractor drawn) USA and grown strawberry. | by large fan then killed when regularly to suck up not effective against 2000 ;Rancourt et al,
Canada and they collide with deflector pest insects and some pests (e.g. vine 2003
could be plate. European tarnished maintain low weevil) and costly to
imported. plant bug adults readily take populations. operate. May also

flight if disturbed and may
hear device approaching,
reducing effectiveness.
Effectiveness at dislodging
certain insects, e.g. vine
weevil, questionable.

remove beneficial
insects.

Area wide reduction of
wild host plants (by
cultivation and/or
herbicides)

Possible in most
area where
strawberries are
grown.

Protected and field
grown strawberry
in USA.

A > 4 fold decrease in pest
populations resulted from area
wide reduction of wild hosts in
this experiment in USA.

Control wild hosts in
areas of at least 100 m
surrounding crop.

A useful approach
available to UK
growers but not widely
practiced. The distances
over which wild hosts
need to be controlled
may make the approach
impractical in many
situations.

Snodgrass et al, 2000.

Strawberry varieties
‘Jewel’, 'Mesabi', 'Sable'

Low
susceptibility
strawberry
varieties to
capsid pests
probably already
exist in UK, but
have not been
identified.

Strawberry in
USA

If resistant or low
susceptibility varieties already
exist, then these could be
identified and if commercially
viable would provide means of
reducing pest importance.

Conduct investigation
of relative susceptibility
of varieties and make
information available to
growers.

May have some limited
use but initial
investigations would be
costly and in any case,
growers are likely to
choose varieties for
other reasons primarily.

Handley & Dill, 2003.
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Raspberry beetle, Byturus tomentosus

The most important pest of raspberries and other cane fruits in UK. Adults lay eggs in flowers. After hatching, larvae feed in plug and on flesh of
berries. There is a virtual zero tolerance of raspberry beetle damage or infestation in fresh raspberries. Pest is controlled mainly by sprays of the OP
chlorpyrifos which is often applied routinely just before flowering and/or at green or first pink fruit. Alternative insecticides including spinosad,
thiacloprid and abamectin have shown promise in ongoing HDC-funded trials being conducted currently by EMR. The congener Byturus unicolor, is
an important pest of raspberry in America.

Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK Key references
availability used growers
Semiochemicals
Floral attractants from Not Raspberry, Host volatile substances Deploy lures in white Likely to be very useful | Woodford et al, 2003.
raspberry commercially blackberry etc isolated from raspberry sticky traps for when made
available flowers by SCRI are highly monitoring. Disruption, | commercially available
currently but attractive to raspberry beetle mass trapping and lure | and development
likely to be in adults. Chemical structure a and kill control completed.

near future.

commercial secret currently
but chemical is available
commercially at low cost from
chemical suppliers in UK.
Lures containing volatiles
could be used in conjunction
with white sticky traps for
monitoring.

approaches being
investigated in

raspberry LINK project.

Other techniques

White sticky traps

Readily

available in UK.

Raspberry and
other cane fruits.

Beetles are attracted to white
colour of traps, especially
before flowering when there is
no competing crop. Can be
used to monitor pest activity.

Deploy traps in crop
margins and monitor
weekly.

Very useful though
growers may spray
anyway because of low
damage threshold and
risk of serious loss or
crop rejection.

Woodford et al, 2003;
MacConnell et al, 2004.
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Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK Key references
availability used growers

Wolbachia Occurs naturally | Raspberry, In other arthropods, this group | No information Extensive research Malloch et al 2000;
in 99% of blackberry etc. of bacteria is known to alter available. needed. Not of Malloch & Fenton
raspberry beetle host reproduction by inducing immediate use to 2003.
adults in UK. parthenogenesis, feminization growers.

of genetic males, son killing
and cytoplasmic
incompatibility.

© 2005 Horticultural Development Council

29




Raspberry cane midge, Resseliella theobaldi

An important pest of raspberries in the UK. Eggs laid in natural splits or wounds in the bark of primocanes result in larvae that feed on the newly
exposed periderm layer. These feeding sites are colonized by a range of pathogenic fungi causing the disease complex 'midge blight'. Yield losses
frequently exceed 50%, making the crop unprofitable to harvest. Effective control of midge blight relies on accurate timing of sprays of the OP

chlorpyrifos directed against the first generation midge eggs and resultant larvae laid by overwintered females in the spring.

Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK Key references
availability used growers

Microbial control agent

Bacillus thuringiensis Different Raspberry in Bt israelensis is a strain of Bt | Direct high volume Interesting and needs to | Shternshis et al, 2002.

subsp. israelensis

formulations of
Bt israelensis
are available in
the UK.

Russia.

that is active against Diptera.
The bacterium produces
crystal toxins which when
ingested kill the target pest.
Presumably some of the
product is consumed by larvae
feeding under the epidermis.

drenching sprays to the
base of the canes as
eggs are hatching.
Penetration into the
splits may be improved
by an adjuvant.

be tested in the UK
though probably not as
effective as
chlorpyrifos.
Penetration into the
splits is likely to be the
main limiting factor.

Fermentation product

Streptomyces
avermitilis metabolites

Not available in
the UK.

Raspberry in
Russia.

The mode of action in unclear.
Possibly some of the product
is consumed by larvae feeding
under the epidermis.

Direct high volume
drenching sprays to the
base of the canes as
eggs are hatching.
Penetration into the
splits may be improved
by an adjuvant.

Interesting and needs to
be tested in the UK
though probably not as
effective as
chlorpyrifos.
Penetration into the
splits is likely to be the
main limiting factor.

Shternshis et al, 2002.
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Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK Key references
availability used growers

Semiochemicals

Raspberry cane midge Available for Raspberry. Sex pheromone is produced Lures in pheromone Potentially very useful No published

sex pheromone research only by naturally by females to attract | traps for pest for pest monitoring. references. The
EMR and NRI. males for mating. The monitoring. Disruption, | Development of the pheromone is the

components have been
identified and synthesised.

mass trapping and lure
and kill control
approaches being
investigated in

raspberry LINK project.

pheromone for pest
monitoring and control
is being investigated in
the new raspberry IPM
LINK project.

subject of a patent
application by EMR
and NRI.
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Strawberry blossom weevil, Anthonomus rubi

Strawberry blossom weevil is a moderately important pest of strawberry and a minor pest of raspberry in the UK. Females lay eggs in strawberry
flower buds and sever the buds by feeding. Severing damage can cause yield loss depending on the number of flower buds severed in relation to the
yield compensation capacity of the plant. The pest is controlled by application of a spray of a broad spectrum insecticide, normally the OP
chlorpyrifos, at the beginning of flower stem extension in spring when damage starts to occur.

Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Entomopathogenic nematode

Heterorhabditis Several species Strawberry Lab bioassays (Petri dish tests) | High volume sprays to Interesting approach but | Trandem et al, 2004.
megadis and other of nematode are indicated that the nematode foliage and soil would research is needed to
entomopathogenic available in can invade and kill larvae be needed and surface investigate
nematodes Europe, inside severed buds. wetness maintained for | effectiveness in field
including the an extended period after | and select best
UK. treatment. nematode species.
Semiochemicals
Grandlure | + Grandlure | Pheromone traps | Strawberry, Aggregation pheromone is Place pheromone traps | Very useful for Innocenzi et al, 2001;
I + lavandulol available from raspberry, produced by males and attracts | in crops in early spring | monitoring but in trials | Cross et al, 2005a;
Agralan UK. All | blackberry. males and females for mating. | and monitor weekly to in the UK it was not 2005b; Lethmayer et al,
individual Weevils are attracted determine timing of possible to exploit the 2004,
pheromone throughout the growing emergence, numbers of | pheromone for control
components season, including those of pest and timing and by mass trapping or
available summer emerged adults in need for sprays. lure and kill.
individually reproductive diapause.
from fine
chemical
suppliers.
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Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK Key references
availability used growers

Other techniques

Blossom weevil A few highly Strawberry There are considerable Avoid highly Useful, but choice is Simpson et al, 2002;

resistant strawberry susceptible differences in the susceptible varieties unlikely to be based on | Simpson et al, 1997;

varieties

varieties have
been identified
and these should
be avoided if
possible, but no
fully resistant
varieties have
been identified.

susceptibility of different
strawberry cultivars to attack
by strawberry blossom weevil.
The mechanisms of resistance
are not understood though
they are heritable. Some
reports in literature identify
flower stalk thickness and
other characters as being
correlated with relative
susceptibility.

like Sophie

blossom weevil
susceptibility.

Stol’nikova &
Shamanskaya 2002;
Vidano et al, 1990.

2m tall fine mesh fence

Suitable

Strawberry in

Any suitable fine mesh netting

Crop is surrounded by

Physical barriers could

Trandem et al, 2004.

materials are Norway would exclude migrating fine mesh fence to be used to exclude
readily available weevils. The height of the exclude weevils which | several important pests
in the UK, barrier has not been invade the crop from of strawberry and
though costly as investigated. In the work in woodland and hedge raspberry, especially for
mechanical Norway a barrier of only 2m bottoms in spring. crops grown in tunnels.
barriers. height was effective in view of However, growers may
the strong flying ability of the not be prepared to
strawberry blossom weevil. tolerate the practical
difficulties.
Yellow sticky traps Widely Strawberry Strawberry blossom weevil Deploy traps in crop Not useful. Low Hohn 1991.
available, attracted to traps for and examine regularly. | sensitivity. Superseded
including in the monitoring purposes. Also by aggregation
UK. attract other insects. Useful for pheromone trap.
monitoring e.g. thrips.
Vacuum extraction from | Experimental in | Strawberry Vacuum device extracts pests | Use when pest seen in Not practical for large Tuovinen et al, 2001.

vegetation

Finland

from plants

crop

areas.
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Vine weevil, Otiorhynchus sulcatus

Larvae attack roots of strawberries. Damaged plants are weakened and may die. Control is by drenching with the OP chlorpyrifos or by application
of entomopathogenic nematodes.

Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Predatory insects

Predatory ground Occur naturally. Strawberry. Ground beetle larvae | Avoid harming Has been researched Evenhuis, 1983,;
beetles (carabids) are natural predators population by and found to be Fitzgerald & Solomon
of vine weevil. applications of effective in UK 2001; Crook 2001.
harmful pesticides strawberry crops.
(e.g. methiocarb slug
pellets) and provide
refuges to encourage
populations.
Entomopathogenic fungae
Metarhizium Not available Picea abies Fungus pathogenic to | Potting media Interesting approach Bruck, 2005.
anisopliae (potting ‘Nidiformis’ vine weevil larvae. amendment or but has not been
media amendment) (Norway spruce) Effective for up to a inoculation of roots. pursued.
year. Added to potting
media or roots before
planting.
Metarhizium Not available Cranberry Fungus pathogenic to | Application and Interesting approach Booth et al, 2000.

anisopliae (dried
mycelial formulation)

vine weevil larvae in
soil.

incorporation in soil.

but has not been
pursued.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Metarhizium
anisopliae BIO 1020
formulation on grain

Possibly available for
experimental
purposes from Bayer.

Several vine weevil
susceptible crops
including strawberry.

Fungus pathogenic to
vine weevil larvae in
soil.

Incorporate infected
cereal grains into soil
or compost.

Commercialisation
has not been pursued
presumably for
reasons of cost or
efficacy. Results in
field were variable in
trials.

Stenzel, K 1994;
Moorhouse et al,
1993a;b;c; Easterbrook et
al, 1992; Stenzel et al,
1992; Soares et al 1983.

Metarhizium
anisopliae, Beauveria
bassiana,
Paecilomyces tenuipes

Not available

Samples from soil,
field grown nursery
stock.

New isolates of
entomopathogenic
fungus.

Potential soil or
compost treatment.

Further research
needed.

Bruck, 2004; France et al,
2000.

Beauveria bassiana

2 products, Naturalis
and Botaniguard,
available in USA and
Europe. Naturalis
registration pending
in the UK.
Application for
Botaniguard
registration in UK
withdrawn.

Strawberry and many
other crops.

Naturally occurs in
soil where it is likely
to be most effective
as an insect pathogen.

Normally applied as a
foliar spray but could
be applied as drench
or incorporated into
soil.

Interesting possibility
requires further
investigation. Strain
selection probably
important.

Labanowska & Olszak,
2003; Coremans-
Pelseneer & Nef, 1986.

Beauveria brongniartii

Available in Europe
where used for
cockchafer control.

Seedling trees.

Fungal pathogen of
larvae in soil. Used
for biocontrol of
Melolontha on
extensive scale in
Europe, but the
activity of the strain
used needs to be
evaluated against vine
weevil.

Rooting medium (soil
or compost?)
artificially inoculated
with fungus in small
scale experiment.

Interesting but low
priority.

Tillemans. et al, 1990;
1991; Tillemans &
Coremans-Pelseneer
1989;
Coremans-Pelseneer et al,
1989; Coremans-
Pelseneer & Nef, 1986.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Paecilomyces
fumosoroseus

Product PreFeRal
registered in 3
European countries

Mainly used for
whitefly control of
glasshouse salad
crops.

Fungus is known
pathogen of vine
weevil larvae.

Apply to soil or
compost.

Would be interesting
to test PreFeRal for
vine weevil control if
this has not already
been done. May not
be a vine weevil
active strain.

Mietkiewski et al, 1993.

Entomopathogenic nematodes

Heterorhabditis
megidis

Commercially
available in UK
(Nemasys H).

Strawberry

Commercially
available agent
applied as drench to
soil, possibly through
irrigation system. Not
used much as not a
low temperature
strain.

Soil or compost
drench

Useful in warm
conditions.
Superseded by low
temperature strains of
Steinernema kraussei.

Labanowska et al, 2004;
Grassi et al, 2003; Boff et
al, 2002a; Fitters et al,
20014, b; Schirocki, &
Hague, 1997; Kakouli-
Duarte et al, 1997; Tol
1993.

Heterorhabditis
bacteriophora

Widely available in
EU and USA but not
in UK. Not a native of
the UK and
importation illegal
without licence.

Container plants

Soil dwelling larvae
in turf and vine
weevil on wide range
of crops.

Soil or compost
drench.

Not useful because
not native to UK.

Gill et al, 2001; Shields et
al, 1999.

Heterorhabditis Not available. Strawberry Entomopathogenic Potential soil or Probably not native in | Wilson et al, 1999;
marelatus nematode. compost treatment. UK so not useful. Cowles, 1997; Berry et al,
1997,

Steinernema feltiae Commercially Strawberry and many | Applied as drenchto | Soil or compost Already well known Grassi et al, 2003.

available in UK other crops. soil, possibly through | drench. as vine weevil control

(Nemasys F, irrigation system. agent and

Nemasys). Used for glasshouse commercially

ornamentals. available.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Steinernema

Commercially

Strawberry and many

Used for control of

Soil or compost

Superseded by more

Booth et al, 2002; Hayes

carpocapsae available in UK other crops. pine weevil in tree drench. effective product. et al, 1999; Cowles,
(Nemasys stumps in forestry in 1997; Schirocki &
Carpocapse). the UK. Superseded Hague, 1997; Kakouli-
by and less effective Duarte et al, 1997.
than low temperature
strains of Steinernema
kraussei.
Steinernema kraussei Commercially Strawberry and many | Nematode seeks out Commercially Already well known Willmott et al, 2002.

available in UK

other crops.

larvae in soil and

available biocontrol

as vine weevil control

(Nemasys L). parasitizes them. Low | agent applied as agent and
temperature strain of | drench to soil, commercially
this nematode makes | possibly through available.
it the preferred irrigation system.
nematode for vine
weevil control in
strawberries in
autumn or spring.

Steinernema glaseri Not commercially Strawberry. Nematode seeks out Soil treatment. Other Jackson et al, 1985.

available.

larvae in soil and
parasitizes them.

entomopathogenic
species have been
selected.

Steinernema
oregonense

Not available.

Field grown nursery
stock.

New isolate of
entomopathogenic
nematode.

Potential soil or
compost treatment.

Further research
needed.

Bruck, 2004.

© 2005 Horticultural Development Council

37




Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Biological insecticides

Azadirachtin

Available, though not
registered in the UK.
Product NeemAzal
TS from Trifolio
Gmbh, Germany.

Foliar sprays used for
control of a wide
range of pests,
especially in organic
crops.

A dosage-dependent
reduction in
oviposition
discovered for foliar
surface residues of
azadirachtin including
inhibition of viable
egg production.

Foliar sprays to
achieve deposit.
Persistence of effect
needs to be
investigated.

Interesting effect but
multiple sprays likely
to be needed during
extended oviposition
period to be effective.

Cowles, 2004.

Rotenone mixed with
pyrethrum

Both available in UK,
but not the
formulations used in
the work reported.

Ruscus (Danae
racemosa).

Programme of 11
sprays from May to
July gave control of
vine weevil adults.
Disruptive to natural
enemies.

Intensive programme
of sprays.

A costly option; might
have attraction for
control of severe
infestations in organic
crops.

Sacco et al, 2001.

Defatted rapeseed
meal- Brassica-derived
isothiocyanates

Presumably a
biproduct of the
rapeseed oil industry
and potentially
available

Rhododendron and
strawberry

Rapeseed meal found
to be toxic to black
vine weevil larvae

Mulch surface of soil
or compost or soil
amendment

Rates necessary for
effective control may
be too high for
practical use

Borek et al, 1997;
Elberson et al, 1997;
Borek et al, 1998.

Semiochemicals

Various

Not available

Taxus baccata,
Euonymus fortunei.

Odours from various

host plants have been
shown to be attractive
to vine weevil adults.

Develop lure with
attractive host volatile
blend and use it for
pest monitoring.

Interesting area of
research has not met
with much practical
success.

Visser et al, 2001; Tol et

al, 2000.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Other techniques

Vesicular-arbuscular
mycorrhizal fungus
Glomus mosseae

Some mycorrhizal
products available.

Work done on
ornamental trees.

Mycorrhizal presence
mitigated the effects
of larval feeding at
low densities of
larvae. Infection
conferred some
degree of resistance in
roots.

Apply to roots or soil
or compost at
planting.

Benefits were small
but treatment could
also have other
general benefits.

Gange et al, 1994;
Tillemans et al, 1990.

Exudates from
damaged conifer roots
and faeces of
conspecifics

Not available

Conifer, cherry laurel.

Biocontrol agents
attracted by exudates
and faeces from
conspecifics.

Natural phenomena of
attraction.

Interesting avenue for
research but unlikely
to be useful in the

short or medium term.

Tol, 2003.

Cowpea trypsin
inhibitor gene (genetic
transformation)

Transformed variety
tested at SCRI

Strawberry

'‘Melody' and
'‘Symphony'
transformed lines had
less vine weevil
larvae and better
growth.

Grow transformed
variety.

Genetically
transformed varieties
not acceptable in
current market.

Graham et al, 1997;
Graham et al, 2002.
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Spider mites, Tetranychus urticae

A pest of both strawberry and raspberry. Feeding on leaves causes the leaves to turn brown and so reduces photosynthesis leading to a loss of
growth and yield. The mites also produce webbing when infestations are high. Currently controlled biologically by releases of Phytoseiulus
persimilis. Chemical control options include clofentezine, tebufenpyrad and bifenthrin.

Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers

Predatory mites

Phytoseiulus persimilis | Yes Protected and field Specialised predator on | Supplied in vials in Currently widely Cross et al 2001;

crops including spider mite. Used vermiculite. Release | used by UK growers. | Waite 2002.
strawberry and throughout strawberry rate are from 4-20 per | Very useful to all
raspberry. growing areas. Will not | m?depending on pest | strawberry growers.
establish if pest population levels.
numbers low. In Performs best in
Australia a ‘pest in warm relatively
first’ approach has been | humid conditions.
successful.
Neoseiulus Yes. Widely used but | Various including Not a native UK species | Lowest Effectively reduces T. | Easterbrook et al
californicus only approved for strawberry. and cannot be released | recommended rate is | urticae populations. 2001;
protected crops in in the field, although it | 2 per m?. Works at Unless Department of | Bylemans et al 2003;
UK. has established in lower humidity than Environment Trandem 2003;
several areas in SE P. persimilis. Transport and Garcia-Mari &

England. As this
species can survive on a
range of prey it is likely
to provide a more stable
predator-prey
equilibrium.

Naturally colonises in
some areas in SE.

Regions licence is
obtained this cannot
be used in field
grown strawberries or
raspberries. Only
useful for fruit grown
in glasshouses.

Gonzales-Zamora
1999.
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Neoseiulus cucumeris | Yes Used commercially Produced for thrips and | Available either in In use now for Easterbrook et al

in a wide range of
horticultural crops in

tarsonemid control on
strawberry. However it

sachets containing
breeding colonies for

tarsonemid and thrips
control on

2001;
Trandem 2003.

UK, including also attacks all stages of | hanging on plants or | strawberry. Has also
strawberry spider mites. Can also in loose bran-based been shown to reduce
survive on pollen. As formulations for spider mite numbers
this species can survive | shaking on infested in experimental
on a range of prey it is plants. conditions. Release
likely to provide a more | Recommendations rates for spider mite
stable predator-prey for use are made for control have not been
equilibrium. Should thrips or tarsonemid determined. May be
overwinter in control. of some use to
strawberry fields. growers; feeding on
T. urticae will enable
the predator to
survive so that it is
available to control
other pests if their
populations increase.
Galendromus Yes in USA and Strawberry Naturally occurring in Prefers warm dry Recommended for www.ipm.ucdavis.ed
occidentalis Australia. USA. conditions. use in strawberry in u
USA, but is not
native to UK. No
immediate use for
growers.
Neoseiulus fallacis Yes in USA. Raspberry, Naturally occurring Produced for field Recommended for Bounfour &
strawberry. populations found in release in USA. Early | use in strawberry in Tanigoshi 2002;

raspberry in
Washington, USA but
population increase was
too late to prevent
damage.

releases may be
effective.

USA, but is not
native to UK. No
immediate use for
UK growers.

Abdallah et al 2001;
Www.rinconvitova.co
m;www.ipm.ucdavis.
edu
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Amblyseius andersoni | Yes in UK Raspberry Natural populations in Naturally occurring Native to UK. Linder et al 2004;
Switzerland. species in UK. Effectiveness in Fitzgerald &
strawberry needs Solomon 2002.
evaluating GreatRex pers comm
Amblyseius No Strawberry Used in Thailand Release rates of 2,5, | Not native to UK. No | Kongchuensin et al
longispinosus 10 mites per plantat | immediate use for 2001.
2 week intervals gave | growers.
good control of T.
urticae.
Phytoseiulus No Strawberry An experimental mass Releases of this Not native to UK. No | Heikal & Ibrahim
macropilis production system has species at 10 per immediate use for 2002; Heikal et al
been developed in plant 2, 4, or 6 times | growers. 2000.
Egypt. The mite is have given good
reared on T. urticae on | control of T. urticae
bean plants. in field grown
strawberry in Egypt.
Prefers hot and
humid conditions.
Other phytoseiid Not in UK Various crops Various species are Release rate depends | Effectiveness of Gajek 2003;

species

native to different
countries. Experiments
where natural
populations were
conserved have often

given good control of T.

urticae in strawberry.
Native species are
being mass produced
for release in several
countries.

on species.

different species of
native predatory
mites on T. urticae is
not known. They are
unlikely to consume
as much as P.
persimilis but may
have other traits that
would make them
useful biocontrol
agents. No immediate
use for growers.

Tuovinen et al 2000;
www.goodbugs.org.a

u;
Osakabe 2002;
Steiner et al 2003.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Predatory insects

Stethorus spp

Yes (some species).
S. punctillum not
available

commercially in UK.

Most research work
done on glasshouse
crops.

In raspberry S. punctum
picipes was able to
detect and attack T.
urticae even if the mites
were present at low
densities

S. punctillum feeds only
on spider mite.
Humidity has little
effect on its movement
and activity.

Recommended for
release in mite
‘hotspots’ in crops in
Canada.

May be of some use
if made commercially
available in UK. It is
native and does
invade strawberry
fields. Research may
be needed on release
strategies for
strawberry.

Congdon et al 1993;
Raworth 2001; Rott
& Ponsonby 2000;
Easterbrook 1998.

Feltiella acarisuga
/Therodiplosis
persicae

Yes including UK.

Protected crops. Also
sold for field grown
strawberry in USA.

Predatory midge that
feeds on T. urticae.
Require at least 50%
RH for normal
development. Optimal
conditions are 20°C and
90% RH. Need source
of sugar/honeydew for
adults. Has been found
naturally occurring in
strawberry in UK.

Supplied as pupae for
release among T.
urticae colonies.
Weekly releases of
1000 per ha gave
good control on
tomato, pepper and
cucumber.
Recommended that it
should be used in
combination with
predatory mites.
Experiments in
France did not give
reliable control of T.
urticae on
strawberry.

May be of use to
growers. Research is
needed to determine
if they can be
successfully released
in field grown
strawberry.

Gillespie et al 2000;
WWW.gov.on.ca ;
Easterbrook 1998;
Trottin-Caudal et al
2002.
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Scolothrips Yes in USA. Used in many Predatory thrips species | Supplied on plant Some predatory www.ipm.ucdavis.ed
sexmaculatus different crops that not native to UK. Will material with T. thrips species are u
become infested with | attack all stages of urticae as prey. This | native to UK but their
mite pests. different mite genera species has a very use as biocontrol
including tarsonemids. | high rate of increase | agents has not been
Females can consume laying around 6 eggs | investigated and no
up to 52 prey items per | per day (total 220 mass rearing
day. Adapted to hot dry | eggs). techniques have been
conditions. Thrips will developed.
not establish in low
density mite
infestations. They are
cannibalistic when prey
is low.
Coleomegilla spp Yes in USA Various C. mactilata fuscitabris | Not determined on Not native to UK. Rondon et al 2004.
consumes T. urticae. strawberry Not of use to growers
Geocoris sp Yes in USA Various G. puntipes will Not determined on Not native to UK. Rondon et al 2004.
consume T. urticae, and | strawberry Not of use to growers
preferred the mite to
Aphis gossypii.
Orius sp Some species Various O. insidiosus will Not determined on Native Orius species | Rondon et al 2004.

available in UK.

consume T. urticae, and
preferred the mite to
Aphis gossypii.

strawberry

will consume T.
urticae. Research is
needed to determine
if they can be used
profitably for T.
urticae control in the
field.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Entomopathogenic fungae

Beauveria bassiana

Yes in USA, Europe;

Various including

Found infecting

In experiments on

Sold as Naturalis-L.

Chandler et al 2005.

UK pending. tomatoes tetranychid mites. glasshouse grown May be worth
tomatoes was found investigating in poly
to be as effective tunnels, but humidity
against T. urticae as may be too low.
an application of
Torqg.
Hirsutella thompsonii | No Not used for control Found infecting Pathogenic to T. Not of immediate Chandler et al 2005.
of mites tetranychid mites. urticae in laboratory | use; no commercial
bioassay. formulations
Metarhizium No Not used for control Found infecting Pathogenic to T. Not of immediate use | Chandler et al 2005.
anisopliae of mites tetranychid mites. urticae in laboratory

bioassay.

Verticillium lecanii

Yes in Europe,

Not used for control

Found infecting

Pathogenic to T.

Sold as Mycotal.

Chandler et al 2005.

including UK. of mites tetranychid mites. urticae in laboratory
bioassay.
Neozygites spp No Not used for control Found infecting N. floridanus is Not of immediate Reported in Chandler
of mites tetranychid mites. thought to be a key use; no commercial et al 2000; Klingen et
Investigated for natural enemy of T. formulations al, 2004; Nordengen
ocurrence in T. urticae | urticae in mid W and & Klingen 2004.
populations in Norway. | SE USA. Cannot yet
be cultured in bulk
Conidiolus spp No Not used for control Found infecting No relevant Unlikely to be of use | Chandler et al 2000
Basidiobolus sp of mites tetranychid mites. information. in immediate future.

Zoophthora radicans
Aspergillus sp
Aspergillus sp
Paecilomyces
terricola
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Biological insecticides
Artemisia absinthium | No Laboratory testing Experimental use in No relevant Unlikely to be of use | Chiasson et al 2001.
only contact tests against T. information. to growers. Would
urticae proved effective need to be registered.
Tanacetum vulgare No Laboratory testing Experimental use in No relevant Unlikely to be of use | Chiasson et al 2001.
only contact tests against T. information. to growers. Would
urticae proved effective need to be registered.
Semiochemicals
Jasmonic acid No Experimental only Experimentally induced | No relevant More work needed Gols et al 1999.
production of plant information. on use of plant

volatiles that attracted
P. persimilis.

volatiles to
attract/enhance
beneficials. Not of
immediate use to UK
growers.

Other techniques

Cover crops

Available but not
commercially used
for pest control

Experimental only

Permanent cover crops
of white clover or
perennial ryegrass had
no effect on pest
numbers on strawberry.
Alternative cover crops
that provide nectar,
pollen or alternative
prey may be useful as
attractants for a range
of predatory species.

Work done in UK
with apple showed
that several plant
species were
attractive to
beneficials and that
pest numbers were
reduced on trees
grown among these
plants.

This technique was
also tried in small
scale experiments in
strawberry. More
work is needed to
determine if thisis a
viable pest
management
strategy.

Shanks & Chamberlain
1993;

Fitzgerald & Solomon
2004;

Cross 2003a.
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Tarsonemid mites - sometimes known as strawberry mite or cyclamen mite, Phytonemus pallidus

These mites feed on the young developing strawberry leaves. The surface of these damaged leaves becomes rough and wrinkled as they expand
and the plant becomes stunted. The mites also feed on the flowers and fruit. Damage is most severe on everbearer varieties. Controlled by
releases of Amblyseius (Neoseiulus) cucumeris. No pesticides approved for use on strawberry in UK have a label recommendation for
tarsonemid mites. Abamectin and tebufenpyrad are effective (Cross 2003c).

Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK | Key references
availability used growers

Predatory mites

Neoseiulus cucumeris | Yes Used commercially Attacks all stages of Available either in In use now. Gives Cross 2003c;
in a wide range of tarsonemid mites. Can sachets containing effective control. Easterbrook et al
horticultural crops in | also survive on pollen. breeding colonies for | Will also feed onand | 2001;
UK, including hanging on plants or | control T. urticae Trandem 2003;
strawberry. in loose bran-based populations. Tuovinen 2002.

formulations for
shaking on infested
plants. Rates for
prevention of mite
build up are 20 per
m? per introduction.
Weekly introductions
should be made until
the predator has
established. Rates for
curative action are
200-400 per m? in the
infested areas.
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Neoseiulus Yes. Widely used but | Various including Not a native UK species | Lowest Effective in protected | Easterbrook et al
californicus only approved for strawberry. and cannot be released | recommended rate is | crops. Also consumes | 2001.
protected crops in in the field, although it | 2 per m?. T. urticae and
UK. has established in effectively reduces
several areas in SE populations.
England.
Neoseiulus aurescens No Strawberry Found to be a predator | May occur naturally No immediate benefit | Strand 1994;
of tarsonemid mites in in strawberry to growers Fitzgerald et al 2004;
California. plantations. Has been Fitzgerald 2004a
found in old plantings
in SE England.
Probably colonises
too late to exert
control.
Typhlodromus pyri Not normally reared Strawberry In laboratory May occur naturally No immediate benefit | Croft et al 1998.
commercially. Often experiments consumed | in strawberry to growers.
collected from apple tarsonemid mites. plantations. Probably
orchards for artificial colonises too late to
release exert control.
Neoseiulus fallacis Yes in USA. Not Strawberry In laboratory Effectiveness not No immediate benefit | Croft et al 1998.

available in UK.

experiments was more
effective than N.
cucumeris at reducing
tarsonemid populations.

determined in
strawberry. Not a UK
native.

to growers.

Anthoseius rhenanus No Naturally occurring Experimental releases Effectiveness not No immediate benefit | Tuovinen 2002
in Europe, including | in Finland effectively determined in to growers.
UK. reduced tarsonemid strawberry.
populations.
Neoseiulus barkeri No Naturally occurring Will become Effectiveness not No immediate benefit | Tuovinen, personal

in Europe.

commercially available
for release in Finland in
2005

determined in
strawberry.

to growers.

communication
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers

Predatory insects

Scolothrips Yes in USA. Used in many Predatory thrips species | Supplied on plant Some predatory www.ipm.ucdavis.ed

sexmaculatus

different crops that
become infested with
mite pests.

not native to UK. Will
attack all stages of
different mite genera
including tarsonemids.
Females can consume
up to 52 prey items per
day. Adapted to hot dry
conditions. Thrips will
not establish in low
density mite
infestations. They are
cannibalistic when prey
is low.

material with T.
urticae as prey. This
species has a very
high rate of increase
laying around 6 eggs
per day (total 220

eggs)

thrips species are
native to UK but their
use as biocontrol
agents has not been
investigated and no
mass rearing
techniques have been
developed.

u

Entomopathogenic fungae - Reported in Chandler et al 2000
Hirsutella nodulosa No Origin of isolate- Found infecting Effectiveness not Not studied in Cabrera et al 1987.
Cuba. Found tarsonemid mites determined in Phytonemus pallidus

infecting tarsonemid
mites
(Polyphagotarsonem
us latus).

strawberry.

No immediate benefit
to growers.

Hirsutella thompsonii | No Origin of isolates — In laboratory studies Effectiveness not Not studied in Pena et al 1996;
Florida and Cuba. was able to infect determined in Phytonemus pallidus. | Cabrera et al 1987.
Found infecting tarsonemid mites. strawberry. No immediate benefit
tarsonemid mites to growers.
(Polyphagotarsonem
us latus).

Paecilomyces No Found infecting Successful artificial Effectiveness not Not studied in Pena et al 1996.

fumosoroseus

tarsonemid mites
(Polyphagotarsonem

us latus).

introduction of
pathogen to host
species.

determined in
strawberry.

Phytonemus pallidus.
No immediate benefit
to growers.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Other techniques

Heat treatment

Not applicable for
use in established
plantings

Strawberry

(experimental use).

Dipping plants into hot
water for defined time
before planting kills
any tarsonemids
present.

Can only be used
before planting

Useful method to
ensure initial planting
material is clean.
Some plant damage
may occur.

Hellgvist 2002.

Heat treatment

Not applicable for
use in established
plantings

Strawberry

(experimental use).

Hot air used instead of
water treatment. Gives
similar results.

Can only be used
before planting

Useful method to
ensure initial planting
material is clean.
Some plant damage
may occur.

Tuovinen et al, 2003.
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Raspberry leaf and bud mite, Phyllocoptes gracilis

Mites feeding on the foliage of raspberries cause distortion. Apical buds of young canes are sometimes killed. Feeding on fruits causes irregular
drupelet development, uneven ripening and distortion. No insecticides are currently approved for control of leaf and bud mite. Cultural control -
removal of infested plant material

Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Predatory mites
Typhlodromus pyri Not normally reared | Apple In laboratory May occur naturally Effect on eriophyid Alford 1984
commercially. Often experiments consumed | in raspberry mites in raspberry has
collected from apple Aculus schlechtendali plantations. May not been
orchards for artificial (apple rust mite), the colonises too late to demonstrated. Not of
release. eriophyid mite found on | exert control in immediate use to
apple. In apple orchards | young plantings. growers.
T. pyri regulates
numbers of this pest
mite.
Neoseiulus cucumeris | Yes Used commercially Can survive on pollen. May occur naturally Effect on eriophyid None
in a wide range of in raspberry mites in raspberry has
horticultural crops in plantations. May not been
UK. colonises too late to demonstrated. Not of
exert control in immediate use to
young plantings. growers.
Neoseiulus Yes. Widely used but | Various Not a native species and | May occur naturally Effect on eriophyid None
californicus only approved for cannot be released in in raspberry mites in raspberry has

protected crops in
UK.

the field, although it has

established in several
areas in SE England.

plantations. May
colonises too late to
exert control in
young plantings.

not been
demonstrated. Not of
immediate use to
growers.
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Predatory insects
Orius spp Yes Used commercially Orius species are used No information is It is likely that None
in a wide range of as biocontrol agents available on predatory insects that
horticultural crops in | against a range of pests | predatory insects that | will attack other
UK. on different crops consume eriophyid mites will
worldwide Phyllocoptes gracilis. | also attack this
species. Not of
immediate use to
growers.
Entomopathogenic fungae
Hirsutella kirchneri No Experimental only All isolated from No information None reported as All listed in Chandler

Hirsutella necatrix
Hirsutella thompsonii
Paecilomyces
eriophyes

Ramularia ludoviciana

Sporothrix schenckii

different species of
eriophyid mites. Some
derived from UK.

available.

tested against
Phyllocoptes gracilis
but they will infect
related eriophyid
species. Not of
immediate use to
growers.

et al 2000

© 2005 Horticultural Development Council

52




Aphids

Aphids are common and important pests of strawberry and raspberry. They damage plants directly by sucking sap, causing plant distortion, and
contaminating foliage, flowers and fruits with honeydew and cast skins. Several species are also virus vectors. Can be controlled by applications

of chlorpyrifos, pirimicarb, pymetrozine or thiacloprid.

Strawberry aphids

The species most often found on strawberry are:

Strawberry aphid (Chaetosiphon fragaefolii); this species is a virus vector
Shallot aphid (Myzus ascalonicus)

Potato aphid (Macrosiphum euphorbiae)

Glasshouse potato aphid (Aulacorthum solani)

Melon and cotton aphid (Aphis gossypii); this species is a virus vector

Other species found on strawberry occasionally are:

The pelargonium aphid (Acrythosiphon malvae rogersii)
The violet aphid (Myzus ornatus)

The black bean aphid (Aphis fabae)

The yellow rose aphid (Rhodobium porosum)

Raspberry aphids
The small raspberry aphid (Aphis idaei); this species is a virus vector
The large raspberry aphid (Amphorophora idaei); this species is a virus vector
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Commercial
availability

Control agent

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Predatory insects

Predatory midge

Aphidoletes
aphidimyza

Yes, widespread
including UK

Protected crops

Larvae feed on aphids.
Adults are attracted to
honeydew produced by
aphids and lay their
eggs in aphid colonies.
Adults can distinguish
between infested and

Supplied as pupae for
release into crop.
Introduced at 5-10
per m” around aphid
colonies, or lower
rates for prevention
or cure of low

HDC project SF 61
demonstrated
potential usefulness
in strawberry. Needs
validation in field
experiments with
different release

Fitzgerald 2005b;
Cross & Fitzgerald
(in prep);
www.syngenta-
bioline.co.uk ;
Choi et al 2004.

clean plants infestations. Bubble methods. Not tested
packs have been yet on raspberry
developed by
Syngenta Bioline to
maximise pupal
emergence
Coccinellidae (ladybirds) and other predatory beetles
Adalia bipunctata Yes in Europe, Open field. Native in UK. Supplied as larvae to | Release of A. Wyss et al
including UK. Consumption of be introduced into bipunctata early in 19993;1999b;
different aphid species | aphid colonies. Rates | season may be useful | Kehrli & Wyss 2001;
may affect behaviour. of release for to reduce aphid build | Kalushkov 1999.

Releases have been
shown to reduce rosy
apple aphid numbers on
apple. Naturally
occurring coccinellids
are often found in
strawberry plantations
in response to aphid
infestations.

strawberry and
raspberry aphids not
yet determined.
Consumption rates of
these aphids not
determined.

up. This requires
demonstration.
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers

Harmonia axyridis Yes in USA and Open field as well as | Will feed on aphids and | In USA supplied as May be useful if http://207.5.71.37/bio
mainland Europe. protected crops scales. larvae or adults. licence for release best/en ;

Requires DETR
licence before can be
released in UK
although it is now

A flightless strain has
been bred in France.

Develops successfully
on A. gossypii and M.

Needs long daylength
to prevent diapause.
Best used as a
preventative measure

obtained

Tsaganou et al 2004;
Snyder et al 2004;
Trouve et al 1997.

feral in UK. euphorbiae. with other biocontrol
Successfully reduced P. | agents. Suggested
humuli numbers in release rates in USA
Northern France. are 250-1250 per ha.
Adults live for 6
months. Can survive
low temperatures.
Propylea Yes in USA. Strawberries No information Native in UK. Often Not of immediate use | Cross et al 2001,
quatuordecimpunctata available found in infested to growers. www.attra.ncat.org
strawberry fields.
Hippodamia Yes in USA. Protected crops. Feeds on aphids and These are collected Not native to UK so WwWw.rinconvitova.co
convergens scales. Consumed up to | from the wild in USA | not of use to growers. | m;

170 melon aphids
during development.

and then sold.
Suggested release
rates are 10 per m?.

Dreistadt & Flint
1996.

Hippodamia variegata

Yes in Australia.

Field and orchard
crops, vegetables and
protected crops.

Generalist predator.
Will feed on wide range
of aphid species.
Optimal temperature for
development is 26°C.

Sold as eggs on tape.
Place in aphid
hotspots.

Not native to UK so
not of use to growers.

www.goodbugs.org.a
u,
El Habi et al 2000.

Coleomegilla maculata

Yes in USA.

Protected crops,
vegetables.

Will feed on aphids,
caterpillars, mites,
scales, thrips and
whitefly. 50% of diet
can be pollen.

Supplied as adults,
larvae or cocoons to
be released at 10 per
m?,

Not native to UK so

not of use to growers.

WWWw.rinconvitova.co
m
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers

Coleomegilla nactilata | Not in UK Strawberries Will feed on A. gossypii | No information Not native to UK so Rondon et al 2004.

fuscitabris and spider mites. available not of use to growers.

Predatory bugs

Geocoris punctipes Yes in USA. Strawberries Used for control of Supplied as nymphs. | Not native to UK so www.rinconvitova.co

lygus, mites,
caterpillars, and aphids.
Will consume A.

gossypii.

Suggested release

rates are 620K per ha.

not of use to growers.

m;
Rondon et al 2004.

Orius laevigatus

Widely available,
including in UK

Strawberries, and
many glasshouse
vegetable crops
including tomatoes
and cucumbers

A flower loving
species. Can survive on
pollen as alternative
food. Readily
establishes. Needs long
days (> 12 hrs) to
reproduce

Available loose in
buckwheat husks.
Rec, rates: preventive
0.5/m?, curative 1-10
per m?.

HDC project SF 61
demonstrated the
potential usefulness
of Orius species for
reducing aphid
numbers on
strawberry. This
needs validation in
the field.

Fitzgerald 2005b.

Orius majusculus

Widely available,

Strawberry and many

Occurs more on foliage

Auvailable loose in

HDC project SF 61

Fitzgerald 2005b.

including in UK other crops including | than O laevigatus on buckwheat husks. demonstrated the
tomatoes and strawberry. Can survive | Rec rates: curative 1- | potential usefulness
cucumbers. on pollen as alternative | 10 per m?. of Orius species for
food. Needs long days reducing aphid
(> 16 hrs) to reproduce. numbers on
strawberry. This
needs validation in
the field.
Orius insidiosus Yes in USA. Protected crops. Generalist predator. 10-100 per m* Not native to UK so www.attra.ncat.org ;

May be affected by host
plant type. Used
experimentally on soy
beans in USA.

not of use to growers.

Rutledge & O’Neil
2005; Rutledge et al
2004.
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Orius tristicolor Yes in USA Protected crops Curative 1-10 per m*. | Not native to UK so None
not of use to growers
Nabis kinbergii No In development in Generalist predator. Under development If rearing system for | www.goodbugs.org.a
Australia for field Will feed on aphids and | for brassicas in nabids can be u;
crops, especially small caterpillars. Australia. developed there may | Easterbrook
brassicas. Native UK nabid be the possibility of (unpublished results
species are known to rearing UK native in Cross et al 2001).
feed on strawberry species; these have
aphids, but these native been shown to
species are not consume large
commercially available. numbers of aphids in
laboratory
experiments.
Nabis ferus No Found in commercial | Naturally occurring in No information If rearing system can | Easterbrook 1998;
strawberry plantings. | UK. Can consume up to be developed this Easterbrook

50 C. fragaefolii or M.
euphorbiae per day.

may have promise for
strawberry.

(unpublished results
in Cross et al 2001)

Macrolophus
caliginosus

Widely available,
including UK under
licence. Can only be
used in protected
crops in UK.

Tomatoes, cucumbers

Polyphagous predator
that feeds preferentially
on whitefly. Lays fewer
eggs when fed on
aphids. Also a plant
feeder-may cause
damage to crops.

Preventative release
rates for whitefly,
0.5/m?

Not native in UK but
is supplied for
glasshouse crops. Not
of use for growers.

Malais & Ravensberg
2003.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Predatory lacewings

Chrysoperla carnea

Yes including UK

Various crops,
protected and open
field

Generalist predator.
Native in UK.
Experiments in UK
showed that it could
reduce populations of
C. fragaefolii and A.
gossypii on potted
strawberry plants. Field
releases gave variable
results. Augmentative
releases unsuccessful
against black bean
aphid in California.

Generally supplied as
young larvae.

Shows some promise
for growers. More
work needed to
determine release
rates for strawberry
aphids. Work needed
to demonstrate
efficacy on raspberry
aphids.

Easterbrook et al (in
prep); McEwen et al
2001.

Chrysoperla rufilabris

Yes in USA.

Various crops,
protected and open
field

Native in SE
USA.Small larvae feed
on mites and insect
eggs. Larger larvae feed
on aphids. Not native to
UK. Releases reduced
aphids on fir trees in
USA. Consume mean
of 142 A. gossypii
during development
Food sprays attracted
naturally occurring
species.

Supplied either as
eggs on card with
moth eggs as food or
as young larvae.

Unlikely to be of
benefit to UK
growers.

WWWw.rinconvitova.co
m;

Fondren et al 2004;
Chen & Liu 2001;
Ehler et al 1997.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Mallada signata

Yes in Australia.

Field vegetables and
protected crops.

Generalist predator,,
Will feed on aphids,
moth eggs and small
larvae, scale insects and
whitefly.

Supplied as eggs on
card. Under
protection 1000 eggs
per 200 m%; then
regular releases of
1000 per 1000 m. In
field crops 1000-
4000 eggs per ha.

Not native to UK.
Unlikely to be of
benefit to growers.
Information on rates
of release possibly
useful for UK
growers.

www.goodbugs.org.a
u

Other chrysopid
species

Not in UK

Experimental only

About 25 other species
of chrysopids (green
lacewings) and
hemerobiids (brown
lacewings) are native in
UK and will feed on
aphids. Some are less
cannibalistic than C.
carnea.

No information

Information is
required on
effectiveness of the
different species
There may be some
benefit to the use of

species other than C.

carnea as they may
be easier to rear
commercially if not
cannibalistic.

None
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Predatory hoverflies

Episyrphus balteatus

Yes including UK.

Protected crops.

Native to UK. Larvae
will feed on many
species of aphids.
Effective at reducing
rosy apple aphid
numbers in the field.

Supplied as pupae or
larvae. Adults do not
prey on aphids. No
reproduction takes
place at temperatures
below 15°C. Release
rates suggested are 50
per ha for preventive
and 100 per ha for
light infestations.

Adults are mobile
and will fly off to
nectar producing
plants. Release into
open fields may not
result in eggs being
laid on the infested
strawberry plants.
Management of
surroundings may
encourage the adults
to remain. May be of
use in tunnel grown
strawberries. Release
of larvae more
promising. Could be
used in combination
with other predators.

www.koppert.nl ;
Wyss et al 1999b.

Aphid parasitoids

Aphidius ervi

Yes

Mainly protected
crops.

Known to parasitise M.

euphorbiae, A. solani.

Recommended to be
released at 0.25 per
m? per week for
prevention and 0.5-1
per m? per week for
curative treatment of
low populations of
aphids under
protection.

Does not parasitise C.

fragaefolii.
Effectiveness at
controlling other
strawberry aphids not
documented. Not
targeted yet at
raspberry.

Fitzgerald 2005b.
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Aphelinus abdominalis | Yes Mainly protected Known to parasitise M. | Recommended to be | Does not parasitise C. | Fitzgerald 2005b.
crops. euphorbiae, A. solani released at 0.25 per fragaefolii
and Myzus spp. m? per week for Effectiveness at
prevention and 0.5-1 | controlling other
per m* per week for strawberry aphids not
curative treatment of | documented. Not
low populations of targeted yet at
aphids under raspberry.
protection.
Aphidius colemani Yes Mainly protected Known to parasitise A. | Recommended to be | Does not parasitise C. | Fitzgerald 2005b

crops

gossypii, M. persicae

released at 0.25 per
m2 per week for
prevention and 0.5-1
per m2 per week for
curative treatment of
low populations of
aphids under
protection

fragaefolii
Effectiveness at
controlling other
strawberry aphids not
documented. Not
targeted yet at
raspberry

Aphidius matricariae

Yes but not in UK at
present. Formerly
was available in UK.

Mainly protected
crops.

Parasitises a range of
aphid species.

Does not parasitise C.

fragaefolii
Effectiveness at
controlling other
strawberry aphids not
documented. Not
targeted yet at
raspberry.

Fitzgerald 2005b.

Aphidius eglanteriae

No

Strawberry

Identified in C.
fragaefolii populations
in strawberry
plantations in UK. Not
known to parasitise any
other aphid species.

Naturally occurring
in aphid populations.

Work needed to
determine if it can
effectively reduce C.
fragaefolii numbers
and if so, if it can be
mass reared.

Fitzgerald 2005b.
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Entomopathogenic fun

ae

Verticillium lecanii

Europe including
UK.

Glass house
ornamentals and
salad crops

Fungus penetrates hosts
body and kills it.
Requires high humidity
for best effect.

Supplied as Vertalec
or Mycotal.

Humidity in tunnels
and open field likely
to be too low for this
to be effective.

Whitehead 2005

Beauveria bassiana Yes in USA, Europe, | Naturalis registration | Fungus penetrates hosts | Supplied as Humidity in tunnels Thompson et al 1998
UK pending. pending in UK body and kills it. Naturalis-O or and open field likely
Requires high humidity | BotaniGard. to be too low for this
for best effect. to be effective.
Other pathogens: No Experimental Difficult to culture and | No information No immediate Shah et al 1998;
Erynia neophidis; to formulate for use. M. | available. potential for use by Milner 1997;
Entomophthora anisopliae has UK growers. Chandler 1997.
planchoniaria; effectively reduced
Metarhizium lettuce aphid numbers.
anisopliae;
Paecilomyces spp
Use of insects to No Experimental only Ants used No information No immediate Bird et al 2004;
transmit pathogens experimentally to available potential for use by Roy et al 2001.
disperse pathogens into UK growers.
rosy apple aphid
colonies. Coccinellids
can also distribute
pathogens.
Adjuvants Yes Laboratory Some may increase the | May promote No immediate e.g Williams et al
experiments only effectiveness of virulence of potential for use by 2000.
pathogens. pathogens UK growers.
Behaviour modifying No Laboratory May be possible to No information No immediate Roditakis et al 2000.
chemicals experiments increase pick up of available potential for use by
pathogens by UK growers.
manipulating aphid
behaviour
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Biological insecticides

Natural plant extract

Yes including UK.

Various, including

Works by physical

Ensure good spray

Potentially useful but

Whitehead 2005;

(Eradicoat/Majestik) strawberry action-coats the target coverage. Can will kill biocontrol Sampson 2005;
pest and prevents introduce biocontrol | agents already in Arnaud unpublished
respiration. Acts against | agents 24 hours after | place. results
aphids, mites, thrips, treatment. Can be
whitefly etc. used in organic

production.

Plant extracts — Widely available. Not | Various Insecticidal activity Not available in UK No immediate Lowery & Isman

neem/azadirachtin registered in UK. potential for use by 1994; 1996;

UK growers. Williams et al 2000

Garlic extract/barriers

Yes, including UK.

Fruit, vegetables and
ornamentals, both
protected and field
grown.

Plant biostimulant.
Claimed to reduce pest
and disease levels in
various crops, including
aphids on lettuce and
thrips in strawberry. Is
approved for organic
production.

Used as either a
water based spray or
soil applied granules.
Rates and number of
applications vary.

Possible use in
combination with
other biocontrol
agents. May reduce
numbers of
biocontrol agents
needed in crop by
suppressing pest
numbers. Needs
verification as to

www.garlicfarms.co
m

efficacy.
Hot pepper wax Yes in USA. Protected crops. Contains capsaicin, Applied to infested Damaging to www.attra.ncat.org
paraffin and mineral crop. beneficial species
oils. Not compatible present.
with other biocontrol
agents.
Repellent oils No Laboratory Rosemary and ginger Experimental only. Not demonstrated on | Hori 1998; 1999.

experiments and
tobacco.

oils are reported to
prevent aphids landing
on plants.

Beads or rope soaked
in compound and
placed around plants.

strawberry. No
immediate benefit to
growers.
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Semiochemicals
Plant volatiles No Experimental use in Plant volatiles to attract | No information More research Powell et al 1998
UK and other naturally occurring available needed Powell & Pickett
countries but not on beneficials into the 2003
soft fruit. Tried in crop. Methyl salicylate James 2003
apple, hops increased recruitment of James & Price 2004
naturally occurring
predators.
Aphid alarm No Experimental use in Aphid alarm No information More research Acar et al 2001;
pheromone UK and other pheromones attract available. needed. This Ninkovic et al 2001.
countries but not on coccinellids to aphid technique is being
soft fruit. Tried in colonies. commercialised for
apple, hops etc. some moth pests.
Aphid sex pheromones | No Experimental use in Aphid sex pheromones | No information More research Roy et al 2001;
UK and other used to attract malesto | available. needed. This Roditakas et al 2000;
countries but not on a fungal pathogen technique is being Fitzgerald 2004b.
soft fruit. Tried in which they then pass on commercialised for
apple, hops etc. to females. some moth pests.
Aphid sex pheromones | No Experimental use in Aphid sex pheromone No information More research is Glinwood et al 1998.
UK in apples used to attract available. needed.
parasitoids to the
colonies.
Plant resistance No Experimental in Selection for resistance | No information Varieties likely to be | Milenkovic 1994.

Serbia in
strawberries.

to pests

available.

chosen on other
criteria than
resistance to aphids.
No immediate
potential for growers.
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Control agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers

Other techniques

Conservation Yes in Australiaand | Strawberry Natural populations of | Selection of Possibilities but in Waite pers comm.;

biocontrol

other countries.

predators and
parasitoids encouraged
and conserved.

pesticides crucial.

general predators
respond to pest build
up and so are too late
to prevent damage.

Fitzgerald
(unpublished).
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Table 5: Review of biological control agents for soil borne diseases of strawberry and raspberry

Verticillium wilt of strawberry and raspberry, Verticillium dahliae

Causes marginal and inter-veinal browning particularly of older leaves, loss of turgor, wilting and defoliation of plants
Current control: Soil disinfestation — favoured chemical has been methyl bromide (currently being phased out). Alternative chemical treatments
include chloropicrin, dazomet, metam sodium, formaldehyde. For some of these, various application techniques (shank or drip application), or
use in mixtures (chloropicrin + 1,3-D) are possible. Aside from maintaining pathogen-free soils, the disease may be controlled by use of resistant
or tolerant varieties, and by good farm hygiene.

Agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references

availability used growers

Antimicrobial bacterium

Serratia plymuthica Being registered in Strawberry including | Rhizosphere bacterium. | Root dip Good potential, can Kurze et al. 2001,

HRO-C48 Germany as open field Yield increase. reduce wilt by 35-40%| Berg et al., 2000

Rhizostar (e-nema Chitinolytic activity and can triple yields
GmbH)
Pseudomonas Yes as Cedomon Cereals Bacterium - plant Seed treatment Low, though a non- Berg et al., 2001;
chlororaphis (BioAgri AB). growth promoting, commercially. Root commercial strain Hessenmuller &
antibiosis, competition | dip, soil drench in shown to increase Zeller, 1996
experimental work yield of strawberry in
pot tests by 113%.

Myxobacteria No Not tested, but Antimicrobial Not yet determined Potential, but much Bull et al.,2002;
isolated from compounds more research needed | Martin & Bull, 2002
strawberry fields
initially

Erwinia spp. No Not tested Bacterium -antibiosis Not determined Low, because effects | Berg & Ballin, 1994

not tested on plants

Pseudomonas No Not tested Bacterium — antifungal | Not determined Low, because effects | Berg & Ballin, 1994

paucimobilis activity not tested on plants
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Agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Xanthomonas No Not tested Bacterium - growth Not determined Low, because effects | Berg & Ballin, 1994
maltophilia inhibitor, plant not tested on plants
promoter
Pseudomonas putida No Strawberry in Plant growth promoting | Not determined Potential, with 11% Berg et al, 2001
glasshouse tests bacterium, antifungal disease reduction and
104% vyield increase
in glasshouse trials
Pseudomonas No Strawberry, olive Bacterium - improved Root dip Potential, with yield Mercado-Blanco et
fluorescens yield, pathogen increases of 247% al., 2004; Berg et al.,
suppression reported in 2000
strawberry
Streptomyces lydicus - | Yes, as Actinovate Turfgrass, Parasitic bacterium, Drench Potential, but not www.naturalindustrie

(Natural Industries
Inc.)

ornamentals

possible antimicrobials

listed for field use on
strawberry.

S.com

Fungal antagonist

Talaromyces flavus Previously Strawberry and other | Fungal antagonist Incorporated into Potential, but data on | Nagtzaam et al, 1998;
commercially field and protected alginate prill success are Fravel 1996; Tjamos
available in Germany | crops inconsistent & Fravel, 1995;
as Protus WG Fravel et al, 1995
(Prophyta)

Gliocladium roseum No Protected crops, and Fungal antagonist Not determined Low — not tested on Natzgaam et al, 1998;

has been isolated
from strawberry roots

strawberry

Fravel, 1996; Keinath
etal, 1991

Trichoderma
harzianum

Yes as Rootshield,
BioTrek 22G,
Supresivit, T-22G, T-
22HC; (BioWorks,
Wilbur-Ellis,
Borregaard)

Strawberry and a
range of other plants

Parasitic, competitive
fungus

Granules in soil, or as
adrench

Good potential

Ordentlich et al.,
1990
www.bioworksbioco
ntrol.com
www.wilbur-
ellis.com
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Agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers

Trichoderma Yes, as Plant Helper | A range of crops, but | Parasitic fungus Drench or root dip Low, as not tested on | www.ampacbiotech.n

atroviride (AmPac Biotech) not strawberry strawberry et

Plant growth promotin

bacterium or bacterium lacking confirmed antimicrobial action

Bacillus subtilis

Yes, as Rhizo-Plus

Strawberry, field veg

Plant growth promoting

Water dispersible

Good potential. Up to

Natzgaam et al, 1998;

FzB24 (KFZB Biotechnik) and ornamentals bacterium granules for 54% increased yield Berg & Ballin, 1994
seed, soil drench, root | reported
dip
Streptomyces spp. No Strawberry Bacterium — mode of Not determined Potential, with yield Berg et al, 2000
action not confirmed increases of 113%
reported
Endophytic bacteria No Oilseed rape and Improved plant growth | Seed inoculation Low, as not tested on | Nejad & Johnson,
tomato and less disease strawberry 2000

Plant growth/physiolog

enhancing fungus

Arbuscular- Yes, in UK as Strawberry, and a Improved plant Establish on plant Potential. At 2-4g per | Harrier & Watson,
mycorrhizal fungi Vaminoc-S (Becker wide range of other physiology roots as a free- planting hole can lead | 2004; Garmendia et
Underwood) crops flowing granular to up to 40% yield al, 2004a, b;
inoculant increase (without Withnall, 2003
disease pressure) www.microbiogroup.
com
Oomycete antagonist
Penicillium oxalicum No Tomato (field in Fungus - induced Drench Low, because Larena et al., 2003

Spain)

resistance conferred in
plant

performance on
strawberry and UK
conditions not known
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Agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Pythium oligandrum Yes, as Polyversum Strawberry and many | Oomycete - parasitism, | Mix with soil Potential, though Al-Rawahi &
(Biopreparaty) other plants (not plant growth promotion Verticillium not listed | Hancock, 1998
targeting Verticillium as a commercial
specifically) target. Yield
increases and
improved plant
growth of pepper
plants in Verticillium-
infested soils
Physical or cultural methods
Meat and bone meal Not as biocontrol Not determined Compounds toxic to Add to soil Low. — cost and Tenuta & Lazarovits,
agent pathogen regulatory issues 2004
Liquid swine manure Not as biocontrol Not determined Acidity toxic to Add to soil Low - cost and Conn et al, 2005
agent pathogen regulatory issues
Direct Fired Steam No Awaiting testing on Direct kill Soil pick-up and Good potential, Van Loenen et al.,

Generation strawberry treatment dependent on costs 2003
and effectiveness at
depth
Composts Not for biocontrol Potato Not known, but As a compost Potential, but more Noble & Coventry,

microbial involvement
likely

research required,
and economic
benefits uncertain

2005
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Phytophthoras

Crown rot of strawberry, Phytophthora cactorum
This causes sudden wilting and collapse of plant. Red-brown discoloration of crowns often evident internally.

Red core of strawberry, Phytophthora fragariae var. fragariae
Plants may be stunted and wilt in heat. Characteristic symptom is rotting of lateral roots, known as “rattails”. The steles appear reddened when

cut open.

Raspberry root rot, Phytophthora fragariae var. rubi
This causes reduced emergence of primocanes, rapid wilt and collapse, or slower build up of chlorosis and wilt. Floricanes also affected in this

way, and may also produce weak lateral shoots.

Current control: Soil sterilisation (chloropicrin, dazomet, metam sodium, formaldehyde); Aliette 80 WG as a root dip or foliar spray; avoidance
of waterlogging; good farm hygiene; use of healthy, vigorous planting material; resistant varieties where available

Agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Antimicrobial bacterium
Streptomyces Yes, as Mycostop Ornamentals and Antagonistic bacterium, | Soil, root dip, spray Low, as no data from | Toussaint et al., 1997
griseoviridis (Verdera) vegetables antifungal compounds strawberry/raspberry, | www.verdera.fi
or indication of use in
field situations.
Streptomyces lydicus Yes, as Actinovate Turfgrass, Parasitic bacterium, Drench Potential, but not www.naturalindustrie

(Natural Industries
Inc.)

ornamentals

possible antimicrobials

listed for field use on
strawberry.

s.com
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Agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references

availability used growers

Rhizostar Being registered in Strawberry including | Rhizosphere bacterium | Root dip Good potential, can Kurze et al. 2001,

(Serratia plymuthica Germany as open field Yield increase reduce crown rot by Berg et al 2000

HRO-C48) Rhizostar (e-nema Chitinolytic activity up to 18%, and can

GmbH) triple yields
Pseudomonas Yes as Cedomon Cereals Plant growth promoting | Seed treatment Low, though a non- Hessenmiiller &
chlororaphis (BioAgri AB). bacterium, antibiosis, commercially. Root commercial strain Zeller, 1996
competition dip, soil drench in shown to reduce
experimental work strawberry diseases
by up to 50%

Erwinia spp. No Strawberry Bacterium - antibiosis Not determined Low, though a non- Hessenmiiller &
commercial strain Zeller, 1996
shown to reduce
strawberry diseases
by up to 50%

Fungal antagonist

Chaetomium globosum | No Not tested Fungus -antagonistic Not determined Low, due to lack of Heller & Theiler-

and parasitic testing on plants Hedtrich, 1994

Gliocladium virens Yes, as SoilGard Ornamentals, Antagonistic fungus Granules in soil or Low, as no label data | Heller & Theiler-

(Certis, vegetables, cotton drench on Phytophthora or Hedtrich, 1994;
Kemira) on open field use WWW.certisusa.com

Trichoderma
harzianum and T.
viride

Yes, as Trichopel R
and Trichoflow
(Agrimm
Technologies)

Strawberry

Fungi - improved plant
growth and microbial
antagonism

Granular (Trichopel),
wettable powder
(Trichoflow)

Potential, with
success in New
Zealand trials.

www.tricho.com

Trichoderma viride

Yes, as Trieco
(Ecosense Labs)

Citrus, grape, many
others

Antagonistic fungus

Drench or broadcast

Low, as not listed for
soft fruit use

Roiger & Jeffers,
1991
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Agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers
Plant growth/physiology enhancing fungus
Arbuscular- Yes, in UK as Strawberry, and a Improved plant Establish on plant Potential. At 2-4g per | Harrier & Watson,
mycorrhizal fungi Vaminoc-S (Becker wide range of other physiology roots as a free- planting hole can lead | 2004;
Underwood) crops flowing granular to up to 40% yield Murphy et al., 2000;

inoculant increase (without
disease pressure) www.microbiogroup.
com
Oomycete antagonist
Pythium oligandrum Yes, as Polyversum Strawberry and many | Parasitic oomycete, Mix with soil Potential
(Biopreparaty) other plants plant growth promoter
Physical or cultural methods
Solarisation Not applicable Strawberry and Direct kill Plastic films (0.6mm, | Low, unless Pinkerton et al.,
raspberry transparent) for 2 maximum 2002;
months temperatures greater | Hartz et al., 1993
than 45°C and means
of 30-35°C can be
achieved
Composts Not for biocontrol Potato Not known, but As a compost Potential, but more Noble & Coventry,
microbial involvement research required, 2005
likely and economic
benefits uncertain
Raised beds Not applicable Raspberry Not confirmed Not applicable Good potential, with | Wilcox et al., 1999

280% yield increase
reported
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Root rot of strawberry, Pythium species (non-specific)
Causes reduced vigour, small fruit and poor yields.

Current control: Many practices targeting Phytophthora will also be effective against Pythium. Generally Pythium is not a primary concern for

growers.

Agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references
availability used growers

Antimicrobial bacterium

Streptomyces lydicus Yes, as Actinovate Turfgrass, Parasitic bacterium, Drench Potential, but not www.naturalindustrie

(Natural Industries

ornamentals

possible antimicrobials

listed for field use on

S.com

Inc.) strawberry.
Myxobacteria No Not tested, but Antimicrobial Not yet determined Potential, but much Bull et al.,2002;
initially isolated from | compounds more research needed | Martin & Bull, 2002

strawberry fields.

Pseudomonas
chlororaphis

Yes as Cedomon
(BioAgri AB).

Cereals

Plant growth promoting
bacterium, antibiosis,
competition

Seed treatment
commercially. Root
dip, soil drench in
experimental work

Low, as no data on
strawberry crops

www.bioagri.se

Fungal antagonists

Gliocladium virens

Yes, as SoilGard
(Certis,
Kemira)

Ornamentals,
vegetables, cotton

Antagonistic fungus

Granules in soil or
drench

Low, as no label data
on open field use

Heller & Theiler-
Hedtrich, 1994;
WWW.certisusa.com

Gliocladium
catenulatum

Yes, as Prestop or
Primastop (Kemira,
AgBio)

Ornamental,
vegetable, tree crops

Antagonistic fungus

Powder in soil, or
root dip

Low, as data on
strawberry lacking

www.verdera.fi

Trichoderma
harzianum and T.
viride

Yes, as Trichopel R
and Trichoflow
(Agrimm

Technologies)

Strawberry

Fungi - improved plant
growth and microbial
antagonism

Granular (Trichopel),
wettable powder
(Trichoflow)

Potential, with
success in New
Zealand trials.

www.tricho.com
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Agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Trichoderma viride

Yes, as Trieco
(Ecosense Labs)

Citrus, grape, many
others

Antagonistic fungus

Drench or broadcast

Low, as not listed for
soft fruit use

Trichoderma
harzianum

Yes as Rootshield,
BioTrek 22G,
Supresivit, T-22G, T-
22HC; (BioWorks,
Wilbur-Ellis,
Borregaard)

Strawberry and a
range of other plants

Parasitic fungus,
competitor

Granules in soil, or as
adrench

Good potential

Ordentlich et al.,
1990;
www.bioworksbiocon
trol.com;
www.wilbur-
ellis.com

Trichoderma

Yes, as Plant Helper

A range of crops, but

Parasitic fungus

Drench or root dip

Low, as not tested on

www.ampachiotech.n

atroviride (AmPac Biotech) not strawberry strawberry et
Plant growth/physiology enhancing fungus
Gliocladium spp. - Yes, as Gliomix Protected crops Fungi - enhanced plant | Seedling use, mix Low, as www.verdera.fi

Gliomix

(Verdera)

growth

with substrate

recommended for
glasshouse crops

Oomycete antagonist

Pythium oligandrum

Yes, as Polyversum
(Biopreparaty)

Strawberry and many
other plants

Parasitic oomycete,
plant growth promotion

Mix with soil

Potential

Al-Rawahi &
Hancock 1998

Physical or cultural me

thods

Direct Fired Steam No Awaiting testing on Direct kill Soil pick-up and Good potential, Van Loenen et al.,

Generation strawberry treatment dependent on costs 2003

Compost teas Yes (Common Sense | Strawberry Stimulation of Spray or via Potential, used in WWW.COmMMmonsensec
Landscape and antagonists irrigation system Holland. are.com;
Garden Care, Van www.vanierselcompo
lersel) st.com

Composts Not for biocontrol Potato Not known, but As a compost Potential, but more Noble & Coventry,

microbial involvement
likely

research required,
and economic
benefits uncertain

2005
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Crown gall of raspberry, Agrobacterium tumefaciens
Causes galling on crown or roots. Leads to stunting, poor quality fruit, chlorosis and wilting.

Current control: Good farm hygiene; avoidance of infected soils and planting material.

Agent Commercial Crops in which Notes on agent How to use Usefulness to UK | Key references

availability used growers
Antimicrobial bacterium
Pseudomonas No Raspberry Bacterium - improved Root dip Potential, with Khmel et al., 1998
aureofaciens yield, pathogen complete suppression

suppression of gall formation
reported

Agrobacterium Yes, as Galltrol, Raspberry Antagonistic bacterium | Root dip or spray Proven potential. www.newbioproducts
radiobacter strains Nogall, Dygall, K1026 has greater .com
K84 or K1026 Norbac 84- CTM stability for

(AgBioChem, avoidance of

New Bioproducts resistance

Inc,Bio-Care

Technology Pty Ltd)
Pseudomonas No Grapevine Bacterium - improved Root dip Potential, with Khmel et al., 1998

fluorescens

yield, pathogen
suppression

significant disease
reduction, but not
tested on raspberry
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Table 6: Review of biological control agents for aerial diseases of strawberry and raspberry

Botrytis fruit rot of strawberry and raspberry (Botrytis cinerea)
Botrytis is probably the most important disease of strawberry and raspberry and to which much of the fungicide programme is directed. Botrytis
primarily causes a fruit rot both pre and post harvest and consequently often requires fungicidal control near harvest resulting in residues in the
fruit. Much effort has therefore been devoted to the development of alternative means of control. The fruit rot arises mainly from infection of
flowers, developing fruits remaining symptomless until the fruit start to mature. In raspberry Botrytis also causes lesions on the canes where the
disease can overwinter as sclerotia (resting bodies) embedded in the cane. Botrytis in both strawberry and raspberry overwinters in crop debris
either as mycelium or sclerotia. Spores produced on this in spring initiate the new epidemic. Biocontrol methods can be applied to suppression or
elimination of disease inoculum or as protectants to flowers and fruits. Current control of Botrytis (see Berrie 2004) relies on an integrated
approach combining elimination of crop debris with use of fungicides (e.g. tolylfluanid, pyrimethanil, iprodione) from early flower.

Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Biocontrol agents or biofungicides

Trichoderma spp -
fungus

No experimental only

Apples,
strawberries,
grapes

Various species and
strains evaluated.
Efficacy dependent on
environmental
conditions

Foliar spray of spores
applied during
flowering. Most
effective when used in
mixtures with
fungicides at reduced
dose.

Could also be applied
via bees. May also be
used for control of
sclerotia

Requires commercial
development

Trosmo, 1986;
Gullino et al. 1990;
D’Ercole et al. 1988;
Kovach 1996;
www.extension.iastat
e.edu; Gleason et al.
1996; Kohl &
Schlosser 1988;
1989.
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Control agent Commercial Crops inwhich | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Trichoderma Yes as Sentinel Grapes Formulated as wettable | Foliar spray Worth evaluation in Collins 2005;
atroviride (Agrimm Technologies, powder UK www.lincoln.ac.nz/ne
New Zealand) ws/media/2005/botryt
is.htm
Trichoderma spp Yes as Binab, Sweden Strawberry Fungus Foliar spray or mixed Evaluated in UK in Anon 2002
with compost Defra trials in 1990s.
Results inconsistent
Trichoderma Yes as Top Shield, Greenhouse crops, | Strain T22 Foliar spray or drench May be worth Anon. PlantShield;
harzianum Plant Shield, USA flowers, evaluating Ellis & Nita web site
vegetables, herbs
Trichoderma Yes as Trichodex Cucumber, tomato, | Strain T39 Foliar spray. Most Evaluated in Defra Elad 1991; D’Ercole

harzianum

(Makhteshim, Israel)

grapes, strawberry,
sunflower, stone
fruit, soybean

effective when mixed
with low dose fungicide

trials in 1990s.
Results inconsistent

1985; Anon.
Trichoderma; Elad &
Zimand 1992.

Trichoderma viride

No experimental only

Grapes, strawberry

Two strains of the
fungus used Tv1, Tv2

Foliar spray variable
results in field trials

Commercial product
needed for evaluation

D’Ercole 1985 ;
Trosmo 1987;
lalongo & Del
Serrone 1985.

Gliocladium roseum No experimental only Strawberry Fungus Foliar spray. Commercial product | Sutton & Peng 1993;
Suppressed sporulation | needed for evaluation | Peng & Sutton 1990;
of botrytis in crop Sutton 1994,
debris

Ulocladium atrum Commercial product in | Strawberry, Fungus Foliar spray to flowers | Evaluate commercial | Boff et al. 2002; Kohl

development flowers and fruits. Spray to crop | product when et al. 2000.

debris to suppress available
sporulation

Epicoccum No experimental only Strawberry Fungus Spray Commercial product | Sutton 1994.

needed for evaluation
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Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Pythium oligandrum Yes as Polyversum, Vegetables, fruits, | Fungus Root or stem drench or | Needs evaluation Anon. 2002;
(Biopreparaty Ltd, cereals foliar spray
Czech Rep)
Cryptococcum albidus | No experimental only Strawberry Yeast Foliar spray. Efficacy Commercial product | Helbig 2002.
improved by addition of | needed for evaluation
various substances
Aureobasidium No experimental only Strawberry Yeast Foliar spray at Commercial product | Sutton 1994.
flowering needed for evaluation
Candida No experimental only Strawberry Yeast Foliar spray at Commercial product | Sutton 1994.
flowering needed for evaluation
Pichea No experimental only Strawberry Yeast Foliar spray. More Commercial product | Guetsky et al. 20023;
effective in needed for evaluation | b.
combination with
Bacillus mycoides
Bacillus mycoides No experimental only Strawberry bacteria Foliar spray. More Commercial product | Guetsky et al. 20023;

effective in
combination with
Pichea

needed for evaluation

b

Streptomyces
griseoviridis

Yes as Mycostop
(Kemira, Finland)

Ornamentals,
vegetables

Bacteria strain K61.
Powder formulation

Drench or spray

Limited use

Anon. 2003b;
www.oardc.ohio-
state.edu/fruitpatholo

ay/

Bacillus subtilis Yes as Serenade, USA | Various crops bacteria Foliar spray applied Trials in apple on Ellis & Nita web site
frequently for control mildew were not
promising
Brevibacillus brevis No experimental only Strawberry, tomato | bacteria Foliar spray Commercial product | Hellen et al. 1996;

needed

Mchugh et al. 2002.

© 2005 Horticultural Development Council

78




Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Plant defence inducers

or SAR compounds

Chitin / carbohydrate Yes as Elexa.(Safe Grape, strawberry, | Chitin Used as preventative Needs evaluation Julien 2000;

complex Science, USA) tomato, cucurbit, spray Wiesbrook 2003;
pepper, ornamental Anon. 2000b.
potato, lettuce

Harpin Yes as Messenger Ornamental and Uses Erwinia Used as preventative Needs evaluation Anon. 2002; Julien,

(Eden Bioscience ,
USA)

vegetable crops

amylovora HrpN harpin
protein

spray

2000; Ellis & Nita
web site; Anon.
2003a

Alternative chemicals

Propionic acid

No experimental only

Strawberry

Elimination of botrytis
from crop debris

Drenching spray to crop
debris

limited

Sutton 1990

Seaweed extracts Yes as Maxicrop Range of fruit Increase ability of plant | Foliar spray Already used as Anon; Maxicrop.
(Maxicrop international | crops to tolerate disease nutrient spray. Mixed
UK) results on disease
suppression
Sodium bicarbonate Yes as a commodity Grapes Chemical causes spray Needs evaluation in Gabler & Smilanick
substance damage to fungal cell strawberry 2001; Reuveni et al.
wall causing 1996; Homma et al.
dehydration and death. 1981; Julien 2000;
Mainly eradicant Moschetti 2003;
Hydrogen dioxide Yes as Zerotol Strawberry and Acts as surface spray May merit trials Julien 2000; Ellis &
Oxidate (Biosafe, USA) | other berry fruits disinfectant, sanitising evaluation Nita web site
plant surfaces. Possibly
similar to Jet 5
Stylet oil Yes as JMS Stylet oil Strawberry, cane Limited protectant, spray May merit trials Julien 2000; Ellis &
(USA) fruit, blueberry eradicant, repeated evaluation Nita web site

sprays needed
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Control agent Commercial Crops inwhich | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Methyl jasmonate No experimental only Strawberry Possible use as a spray May merit trials Maas 1997.
vaporising chemical for evaluation
post harvest rot control
Calcium salts Commercial products Strawberry Protectant by Spray frequent Under evaluation in Smith & Guptin 1993
improving resistance of | applications of low HDC trials in
fruit doses strawberry (SF 68)
Potassium phosphite Yes as Hortiphyte plus, | Various fruit crops | Protectant Spray Under evaluation in Anon. Hortiphyte
plus citrus and Hortifeeds, UK HDC trials on plus
essential oils strawberry
Citrus and coconut Yes as Crop Life, Various fruit and Protectant Spray Under evaluation in Anon. Crop Life
extract plus vitamins Citrox Chemical, UK vegetable crops HDC trials on
strawberry
Antitranspirant coatings (all those commercially available are sold only as antitranspirants)
di-1-p-menthene Yes as Vapor Gard, Various crops Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
(polyterpene) USA including trees and | disease control on evaluation in field 1983; 1987; Walters
cereals several different crops. trials 1992; Quarles 1991,
No experience Smith & Gupton
commercially 1993.
Beta-pinene polymer Yes as Wilt Pruf, UK Various crops Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
(polyterpene) including trees disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991.
No experience Smith & Gupton
commercially 1993.
Hydrocarbon wax Yes as Folicote, USA Various crops Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen

emulsion

including trees

disease control on
several different crops.
No experience

commercially

evaluation in field
trials

1983; 1987; Walters
1992; Quarles 1991,
Smith & Gupton
1993.
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Control agent Commercial Crops inwhich | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Storage fruit wax Yes as Sta Fresh, USA | Fruit Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991,
No experience Smith & Gupton
commercially 1993.
Storage fruit wax Yes as Super gard, Fruit Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
USA disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991;
No experience Smith & Gupton
commercially 1993.
Storage fruit wax Yes as Rhioplex, USA | Fruit Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991,
No experience Smith & Gupton
commercially 1993.
Pinolene Yes as Nu Film P, USA | Various crops and | Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
trees disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991;
No experience Smith & Gupton
commercially 1993.
Film-forming polymer | Yes as Emerald, USA Various crops and | Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
trees disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991;
No experience Smith & Gupton
commercially 1993.
Spreader-sticker- Yes as Bio Film, USA | Various cropsand | Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen

surfactant

trees

disease control on
several different crops.
No experience
commercially

evaluation in field
trials

1983; 1987; Walters
1992; Quarles 1991,
Smith & Gupton
1993.
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Powdery mildew of strawberry and raspberry(Podosphaera macularis — synonymous with Sphaerotheca macularis)

Powdery mildew attacks leaves and fruits of strawberry and raspberry and losses can be high especially on crops grown under protection. On
strawberry the disease overwinters either as mycelium on old leaves or as cleistothecia (resting bodies) on leaves. On raspberry the method of
overwintering is not clear. Cleistothecia may be important or the fungus may overwinter in dormant buds. As with Botrytis current control of
powdery mildew involves intensive fungicide use, often near harvest. Fugicides such as bupirimate, myclobutanil or fenpropimorph are applied
from flowering or earlier to control powdery mildew in strawberries. Sulphur may be used nearer harvest, and more recently potassium
bicarbonate (with wetter) has been used with some success for mildew control. Both biocontrol agents and alternative chemicals have been
developed as alternatives to conventional fungicides for control of powdery mildew.

Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Biocontrol agents or biofungicides

Ampelomyces
quisqualis

Commercial product
AQ10

Other commercial
products in
development in
Hungary

Apple, cucurbit,
grape, ornamentals,
tomato, strawberry

Fungus hyperparasite
Needs high humidity

Foliar spray. Promising

results when used with
low dose fungicides.
Not compatible with
sulphur.

New isolates may be
worth evaluation

Anon. 2002;
www.oardc.ohio-
state.edu/fruitpatholo
gy/; Julien 2000

Tilletiopsis albescens

No experimental only

Cucumber

Fungus hyperparasite
Needs high humidity.

spray

Limited

Knudsen & Skou
1993.

Bacillus subtilis

Yes as Serenade, USA

Cucurbit, grape,
hops, vegetables,
peanut, pome fruit,
stone fruit

Bacteria

Foliar spray applied
frequently for control

Trials in apple on
mildew were not
promising

Ellis & Nita web site;

Lecanicillium lecanii
= Verticillium lecanii

No experimental only

Strawberry, sweet
pepper

Hyperparasite. Needs
high humidity

Repeated sprays gave
partial control in field
trials.

Needs evaluation

Miller et al. 2004.
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Control agent Commercial Crops inwhich | Notes on agent How to use Usefulness to UK | Key references
availability used growers

Trichoderma Yes as Top Shield, Greenhouse crops, | Strain T22 Foliar spray or drench May be worth Anon. PlantShield;

harzianum Plant Shield, USA flowers, evaluating Ellis & Nita web site

vegetables, herbs

Plant defence inducers

or SAR compounds

enzothiadiazole

Yes as Actigard, Bion,
Syngenta, USA

Leafy vegetables,
tomato, tobacco,
lettuce

Available as dispersible
granule

Used as preventative
spray

Possible use against
powdery mildew.
Needs evaluation

Anon. 2000a;
Matheron & Porchas
2000; Anon. 2002;

Julien 2000
Chitin / carbohydrate Yes as Elexa. (Safe Grape, strawberry, | Carbohydrate Used as preventative Possible use against Julien 2000;
complex Science, USA) tomato, cucurbit, biofungicide spray powdery mildew. Wieshrook 2003;
pepper, Needs evaluation Anon. 2000b.
ornamentals,
potato, lettuce
Harpin Yes as Messenger, Ornamentals, Uses Erwinia Used as preventative Possible use against po] Anon. 2002; Julien,

(Eden Bioscience ,
USA)

vegetable crops

amylovora HrpN harpin
protein

spray

Needs evaluation

Text needs to wrap aro

2000; Ellis & Nita
web site; Anon.
2003a

Extract of Knot weed Yes as Milsana, Roses Induces a localised Applied as a spray. May be of use. Julien 2000; Mchugh
Germany and USA resitance to a range of Needs frequent Evaluation on apple et al. 2002.
diseases including application to protect diseases gave some
powdery mildew new growth disease control
Salicylic acid Yes as Adjust, Stoller Various Used as preventative Possible use against Julien 2000
(USA) spray powdery mildew.
Needs evaluation
Alternative chemicals
Seaweed extracts Yes as Maxicrop, Various Increase ability of plant | Foliar spray Already used as Anon; Maxicrop.

(Maxicrop internat,

UK)

to tolerate disease

nutrient spray. Mixed
results on disease

© 2005 Horticultural Development Council

83




Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Sodium bicarbonate Yes as a commodity Tomato Chemical causes spray Needs evaluation Gabler & Smilanick
substance damage to fungal cell 2001; Reuveni etal.
wall causing 1996; Homma et al.
dehydration and death. 1981; Julien 2000;
Mainly eradicant Moschetti 2003
Potassium bicarbonate | Yes as Armicarb Apple, strawberry, | Chemical causes spray Already used on Julien 2000; Ellis &
(Church & Dwight, and many other damage to fungal cell strawberries. Good Nita web site; Anon.
USA) crops wall causing results reported. HDC | 2004.
Remedy (Kaligreen, dehydration an d death. trial in progress to
Nichiman, Japan) Mainly eradicant evaluate for control
of rots
Hydrogen dioxide Yes as Zerotol Roses Acts as surface spray May merit trials Julien 2000; Ellis &
Oxidate (Biosafe, USA) disinfectant, sanitising evaluation Nita web site
plant surfaces. Possibly
similar to Jet 5
Potassium dihydrogen | Commercial product Roses and other Chemical causes spray Already used on Julien 2000; Anon.
phosphate eks Punge, USA crops damage to fungal cell strawberries. Good 2003a
wall causing results reported.
dehydration an d death.
Mainly eradicant
Mono & di potassium | Yes as Foli-R-Fos Ornamentals and Chemical causes spray Already used on Julien 2000; Anon.
phosphate Agbio-222 bedding plants damage to fungal cell strawberries. Good 2003a; Reuveni et al.
Nutrol, USA and wall causing results reported. 1996.
Australia dehydration an d death.
Mainly eradicant
Cinnamon ail Yes as Cinnacure Vegetables and Mainly eradicant spray May merit trials Julien 2000
(ProGuard, USA) ornamentals evaluation
Neem oil Yes as Trilogy (Green Roses, grape, Mainly protectant spray May merit trials Julien 2000; Anon.
Light, USA) strawberry, cane evaluation 2003a

fruit, blueberry
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Control agent Commercial Crops inwhich | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Stylet oil Yes as JMS Stylet oil Strawberry, Limited protectant, spray May merit trials Julien 2000; Ellis &
(USA) raspberry eradicant, repeated evaluation Nita web site
sprays needed
Potassium phosphite Yes as Farmfos, UK Various fruit crops | protectant spray Under evaluation in Glendinning 2000.
HDC trials on
strawberry
Potassium phosphite Yes as Hortiphyte plus | Strawbery Protectant spray Under evaluation in Anon. Hortiphyte
plus citrus and (Hortifeeds, UK) HDC trials on Plus
essential oils strawberry
Citrus and coconut Yes as Crop life (Citrox | Various fruit crops | protectant Spray Anon. Crop Life
extract plus vitamins Chemicals, UK) Under evaluation in
HDC trials on
strawberry
Garlic liquid Experimental, possible | Various crops protectant spray Promising results in Glendinning 2000.
commercial product in including hop trials in UK
development vegetables
milk No experimental only Cucumber protectant spray Variable results in Glendinning 2000.
trials in hops in UK
Antitranspirant coatings (all those commercially available are sold only as antitranspirants)
di-1-p-menthene Yes as Vapor Gard, Various crops Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
(polyterpene) USA including trees and | disease control on evaluation in field 1983; 1987; Walters
cereals several different crops. trials 1992; Quarles 1991;
No experience Smith & Gupton
commercially 1993.
Beta-pinene polymer Yes as Wilt Pruf, UK Various crops Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen

(polyterpene)

including trees

disease control on
several different crops.
No experience

commercially

evaluation in field
trials

1983; 1987; Walters
1992; Quarles 1991.
Smith & Gupton
1993.
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Control agent Commercial Crops inwhich | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Hydrocarbon wax Yes as Folicote, USA Various crops Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
emulsion including trees disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991,
No experience Smith & Gupton
commercially 1993.
Storage fruit wax Yes as Sta Fresh, USA | Fruit Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991;
No experience Smith & Gupton
commercially 1993.
Storage fruit wax Yes as Super gard, Fruit Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
USA disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991,
No experience Smith & Gupton
commercially 1993.
Storage fruit wax Yes as Rhioplex, USA | Fruit Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991;
No experience Smith & Gupton
commercially 1993.
Pinolene Yes as Nu Film P, USA | Various crops and | Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen
trees disease control on evaluation in field 1983; 1987; Walters
several different crops. trials 1992; Quarles 1991;
No experience Smith & Gupton
commercially 1993.
Film-forming polymer | Yes as Emerald, USA Various crops and | Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen

trees

disease control on
several different crops.
No experience
commercially

evaluation in field
trials

1983; 1987; Walters
1992; Quarles 1991,
Smith & Gupton
1993.
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Control agent Commercial Crops inwhich | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Spreader-sticker- Yes as Bio Film, USA | Various cropsand | Used experimentally for | Foliar spray May be worth further | Ziv & Frederiksen.

surfactant

trees

disease control on
several different crops.
No experience
commercially

evaluation in field
trials

1983; 1987; Walters
1992; Quarles 1991,
Smith & Gupton
1993.
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Strawberry blackspot (Colletotrichum acutatum)

Blackspot is rapidly becoming an important disease of strawberry. Like Botrytis, blackspot primarily causes a fruit rot and similarly requires
intensive fungicide use to achieve control. The disease also attacks all above ground parts of the strawberry plant and these along with crop debris
provide inoculum to infect fruit. Blackspot can only be effectively controlled by an integrated approach, combining cultural and hygiene measures
with fungicide control (see Berrie 2002). Growing under protection reduces the risk. Both biocontrol agents and alternative chemicals have been

developed as alternatives to conventional fungicides for control of blackspot.

Control agent Commercial Crops in which | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Biocontrol agents or biofungicides
Trichoderma spp Yes as Binab, Sweden Strawberry Fungus Foliar spray or mixed Evaluated in UK in Anon 2002
with compost Defra trials in 1990s.
Results inconsistent
Trichoderma Yes as Top Shield, Greenhouse crops, | Strain T22 Foliar spray or drench May be worth Anon. PlantShield;
harzianum Plant Shield, USA flowers, evaluating Ellis & Nita web site
vegetables, herbs
Trichoderma Yes as Trichodex Cucumber, tomato, | Strain T39 Foliar spray. Most Evaluated in Defra Elad 1991; D’Ercole

harzianum (Makhteshim, Israel) grape, strawberry, effective when mixed trials in 1990s. 1985; Anon.
sunflower, stone with low dose fungicide | Results inconsistent Trichoderma; Elad &
fruit, soybeans Zimand 1992.

Plant defence inducers or SAR compounds

enzothiadiazole Yes as Actigard, Bion Leafy vegetables, Available as dispersible | Used as preventative Possible use against Anon. 2000a;

Syngenta, USA

tomato, tobacco,
lettuce

granule

spray

powdery mildew.
Needs evaluation

Matheron & Porchas
2000; Anon. 2002;
Julien 2000
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Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Harpin Yes as Messenger Ornamentals and Uses Erwinia Used as preventative Possible use against Anon. 2002; Julien,
(Eden Bioscience , vegetables amylovora HrpN harpin | spray powdery mildew or 2000; Ellis & Nita
USA) protein bacterial diseases. web site; Anon.
Needs evaluation 2003a
Alternative chemicals
Seaweed extracts Yes as Maxicrop, Various Increase ability of plant | Foliar spray Already used as Anon; Maxicrop.
(Maxicrop international to tolerate disease nutrient spray. Mixed
UK) results on disease
suppression
Calcium salts Commercial products Strawberry Porotectant by Spray frequent Under evaluation in Smith & Gupton
improving resistance of | applications of low HDC trials (SF 68) 1993
fruit doses
Potassium phosphite Yes as Hortiphyte plus | Strawbery Protectant spray Under evaluation in Anon. Hortiphyte
plus citrus and (Hortifeeds, UK) HDC trials on Plus
essential oils strawberry
Citrus and coconut Yes as Crop life (Citrox | Various fruit crops | protectant Spray Anon. Crop Life

extract plus vitamins

Chemicals, UK)

Under evaluation in
HDC trials on
strawberry
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Other fruit rots — Rhizopus/Mucor

Control agent

Commercial
availability

Crops in which
used

Notes on agent

How to use

Usefulness to UK
growers

Key references

Biocontrol agents or biofungicides

Trichoderma spp Yes as Binab, Sweden Strawberry Fungus Foliar spray or mixed Evaluated in UK in Anon 2002
with compost Defra trials in 1990s.
Results inconsistent
Trichoderma Yes as Trichodex Cucumber, tomato, | Strain T39 Foliar spray. Most Evaluated in Defra Elad 1991; D’Ercole
harzianum (Makhteshim, Israel) grapes, strawberry, effective when mixed trials in 1990s. 1985; Anon.
sunflower, stone with low dose fungicide | Results inconsistent Trichoderma; Elad &
fruit, soybean Zimand 1992.
Aureobasidium No experimental only Strawberry Yeast Foliar spray at Commercial product | Sutton 1994.
flowering needed for evaluation
Candida No experimental only Strawberry Yeast Foliar spray at Commercial product | Sutton 1994.
flowering needed for evaluation
Plant defence inducers or SAR compounds
Harpin Yes as Messenger Ornamental and Uses Erwinia Used as preventative Needs evaluation Anon. 2002; Julien,

(Eden Bioscience ,
USA)

vegetable crops

amylovora HrpN harpin
protein

spray

2000; Ellis & Nita
web site; Anon.
2003a

Alternative chemicals

Calcium salts Commercial products Strawberry Protectant by Spray frequent Under evaluation in Smith & Guptin 1993
improving resistance of | applications of low HDC trials in
fruit doses strawberry (SF 68)
Potassium phosphite Yes as Hortiphyte plus, | Various Protectant Spray Under evaluation in Anon. Hortiphyte
plus citrus and Hortifeeds, UK HDC trials on plus
essential oils strawberry
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Control agent Commercial Crops inwhich | Notes on agent How to use Usefulness to UK | Key references
availability used growers
Citrus and coconut Yes as Crop Life, Various Protectant Spray Under evaluation in Anon. Crop Life
extract plus vitamins Citrox Chemical, UK HDC trials on
strawberry
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Other strawberry and raspberry diseases

There has been little research or development work on biocontrol or the effect of alternative chemicals on control of other aerial diseases of
strawberry such as various leafspots (eg Gnomonia comaria, Mycosphaerella fragariae) or of raspberry cane diseases (cane spot, spur blight, cane
blight) or raspberry rust. Current control of these diseases is dependant on fungicides. Products targeted at Botrytis or powdery mildew, in
particular the antitranspirant coatings, may also be effective against these disease problems.

© 2005 Horticultural Development Council 92




References

Abdallah, A. A.; Zhang, Z-Q.; Masters, G. J.; McNeill, S. 2001. Euseius finlandicus
(Acari: Phytoseiidae) as a potential biocontrol agent against Tetranychus
urticae (Acari:Tetranychidae): life history and feeding habits on three different
types of food. Experimental and Applied Acarology 25, 833-847

Acar, E. B.; Medina, J. C.; Lee, M. L.; Booth, G. M. 2001. Olfactory behaviour of
convergent lady beetles (Coleoptera: Coccinellidae) to alarm pheromone of
green peach aphid (Hemiptera: Aphididae). Canadian Entomologist 133, 389-
397

Alford, D.V. 1984. A Colour Atlas of Fruit Pests. Wolfe Science. 320 pp

Al-Rawahi, A. K.; Hancock, J. G. 1998. Parasitism and biological control of
Verticillium dahliae by Pythium oligandrum. Plant Disease 82, 1100-1106

Anon. Crop Life. Technical leaflet. Citrox chemicals, Middlesbrough, UK

Anon. Hortiphyte Plus. Technical leaflet. Hortifeeds, Kettlethorpe, Lincoln, UK

Anon. Maxicrop. Technical Leaflet. Maxicrop International Ltd, Crby, Northants.

Anon. PlantShield and RootShield. Technical leaflet
www.ipmofalaska.com/files/trichoderma.html

Anon. Trichoderma harzianum Rifai Strain T-39 (119200). Fact Sheet.
www.epa.gov/pesticides/biopesticides/ingredients/factsheets/factsheet

Anon. 2000a. Actigard. Technical Leaflet. Syngenta Crop

Anon. 2000b. Pesticide notes. Michigan State University pesticide education
programme, Vol XII1, Number 2

Anon. 2002. Kentucky Pest News. Number 970.
www.uky.edu/agriculture/kpn/kpnhome.htm

Anon. 2003a. Berry Notes. University of Massachusetts Fruit Team. Vol 15 No 14.
www.umass.edu/fruitadvisor/berrynotes/index.html

Anon. 2003b. Mycostop Mix. Technical Leaflet. Verdera Oy, Riihitontuntie, Espoo,
Finland

Anon. 2004. Disease control? Reach for the bicarb. HDC News July 2004

Benuzzi, M.; Antoniacci, L. 1995. Recent successes in biological and integrated
control strategies on strawberry. Rivista di Frutticoltura e di Ortofloricoltura
57: 6, 63-65

Berg, G.; Ballin, G. 1994. Bacterial antagonists to Verticillium dahliae Kleb. Journal
of Phytopathology 141, 99-110

Berg, G.; Kugler, A.; Wellington, E. H. M.; Smalla, K. 2000. Successful strategy for
the selection of new strawberry-associated rhizobacteria antagonistic to
Verticillium wilt. Canadian Journal of Microbiology 46, 1128-1137

Berg, G.; Fritze, A.; Roskot, N.; Smalla, K. 2001. Evaluation of potential biocontrol
rhizobacteria from different host plants of Verticillium dahliae Kleb. Journal
of Applied Microbiology 91, 963-971

Berndt, O.; Meyhofer, R.; Poehling, H. M. 2004a. The edaphic phase in the
ontogenesis of Frankliniella occidentalis and comparison of Hypoaspis miles
and Hypoaspis aculeifer as predators of soil-dwelling thrips stages. Biological
Control. 30: 1, 17-24

Berndt, O.; Poehling, H. M.; Meyhofer, R. 2004b. Predation capacity of two predatory
laelapid mites on soil-dwelling thrips stages. Entomologia Experimentalis et
Applicata 112: 2, 107-115

Berrie, A. 2002. Strawberry blackspot. HDC factsheet 14/02

Berrie, A. 2004. Control of grey mould in strawberry crops. HDC factsheet 18/04

© 2005 Horticultural Development Council 93



Berry, R. E.; Liu, J.; Groth, E. 1997. Efficacy and persistence of Heterorhabditis
marelatus (Rhabditida: Heterorhabditidae) against root weevils (Coleoptera:
Curculionidae) in strawberry. Environmental Entomology 26: 2, 465-470

Bird, A. E.; Hesketh, H.; Cross, J. V.; Copland, M. 2004. The common black ant,
Lasius niger (Hymenoptera: Formicidae), as a vector of the entomopathogen
Lecanicillum longisporum to rosy apple aphid, Dysaphis plantaginea
(Homoptera: Aphididae). Biocontrol Science & Technology 14, 757- 767

Boff, M. I. C.; Tol, R. H. W. M.; van Smits, P. H. 2002. Behavioural response of
Heterorhabditis megidis towards plant roots and insect larvae. Biocontrol. 47:
1, 67-83

Boff, P; Kohl, J; Gerlagh, M; De Kraker, J. 2002. Biocontrol of grey mould by
Ulocladium atrum applied at different flower and fruit stages of strawberry.
Biocontrol 47, 193-206

Booth, S. R.; Tanigoshi, L.; Dewes, |. 2000. Potential of a dried mycelium
formulation of an indigenous strain of Metarhizium anisopliae against
subterranean pests of cranberry.] Biocontrol Science and Technology. 10: 5,
659-668

Booth, S. R.; Tanigoshi, L. K.; Shanks, C. H., Jr. 2002. Evaluation of
entomopathogenic nematodes to manage root weevil larvae in Washington
State cranberry, strawberry, and red raspberry. Environmental Entomology.
31: 5, 895-902

Borek, V.; Elberson, L. R.; McCaffrey, J. P.; Morra, M. J. 1997. Toxicity of rapeseed
meal and methyl isothiocyanate to larvae of the black vine weevil (Coleoptera:
Curculionidae). Journal of Economic Entomology. 1997. 90: 1, 109-112

Borek, V.; Elberson, L. R.; McCaffrey, J. P.; Morra, M. J. 1998. Toxicity of
isothiocyanates produced by glucosinolates in Brassicaceae species to black
vine weevil eggs. Journal of Agricultural and Food Chemistry 46: 12, 5318-
5323

Bounfour, M.; Tanigoshi, L. K. 2002. Predatory role of Neoseiulus fallacies (Acari:
Phytoseiidae): spatial and temporal dynamics in Washington red raspberry
fields. Journal of Economic Entomology 95, 1142-1150

Brownbridge, M.; Adamowicz, A. 1995. Activity and persistence of thrips
mycopathogens in potting soil, pp. 10. In Abstracts, Society for Invertebrate
Pathology 28th Annual Meeting, 16-21 July 1995, Ithaca, New York

Brownbridge, M.; Adamowicz, A.; Skinner, M.; Parker, B.L. 1996. Management of
silverleaf whitefly and western flower thrips with Beauveria bassiana: effect of
spray techniques on efficacy, pp. 11-12. In Abstracts, Society for Invertebrate
Pathology 29th Annual Meeting. 1-6 Sept, 1996, Cordoba, Spain

Bruck, D. J. 2004. Natural occurrence of entomopathogens in Pacific Northwest
nursery soils and their virulence to the black vine weevil, Otiorhynchus
sulcatus (F.) (Coleoptera: Curculionidae). Environmental Entomolog. 33: 5,
1335-1343

Bruck, D. J. 2005. Ecology of Metarhizium anisopliae in soilless potting media and
the rhizosphere: implications for pest management. Biological Control 32: 1,
155-163

Bull, C. T.; Shetty, K. G.; Subbarao, K. V. 2002. Interactions between myxobacteria,
plant pathogenic fungi, and biocontrol agents. Plant Disease 86, 889-896

Bylemans, D.; Janssen, C.; Latet, G.; Meerstes, P.; Peusens, G.; Pitsioudis, F.;
Wagelmans, G. 2003. Pest control by means of natural enemies in raspberry
and red currants under plastic tunnel. Bulletin IOBC/WPRS 26 (2) 37-44

© 2005 Horticultural Development Council 94



Cabrera, R.1.: Caceres, I.: Dominguez, D. 1987. Study of two species of Hirsutella and
their hosts in guava cultivation. Agrotecnica de Cuba 19, 29-34

Chandler, D. 1997. Selection of an isolate of the insect pathogenic fungus
Metarhizium anisopliae virulent to the lettuce root aphid. Pemphigus
bursarius. Biocontrol Science & Technology 7, 95-104

Chandler, D.; Davidson, G.; Pell, J. K; Ball, B. V.; Shaw, K.; Sunderland, K. D.
2000. Fungal biocontrol of Acari. Biocontrol Science & Technology 10, 357-
384

Chandler, D.; Davidson, G.; Jacobson, R. J. 2005. Laboratory and glasshouse
evaluation of entomopathogenic fungi against the two-spotted spider mite,
Tetranychus urticae (Acari: Tetranychidae) on tomato, Lycopersicon
esculentum. Biocontrol Science & Technology 15, 37-54

Chen, T. Y.; Liu, T. X. 2001. Relative consumption of three aphid species by the
lacewing, Chrysoperla rufilabris and effects on its development and survival.
Biocontrol 46, 481-491

Chiasson, H.; Belanger, A.; Bostanian, N.; Vincent, C.; Poliquin, A. 2001. Acaricidal
properties of Artemesia absinthium and Tanacetum vulgare (Asteraceae)
essential oils obtained by here methods of extraction. Journal of Economic
Entomology 94, 167-171

Choi, M. Y.; Roitberg, B. D.; Shani. A.; Raworth, D. A.; Lee. G. H. 2004. Olfactory
response by the aphidophagous gall midge, Aphidoletes aphidimyza to
honeydew from green peach aphid, Myzus persicae. Entomologia
Experimentalis et Applicata 111, 37-45

Chyzik, R.; Glazer, I.; Klein, M. 1996. Virulence and efficacy of different
entomopathogenic nematode species against western flower thrips
(Frankliniella occidentalis). Phytoparastica 24: 103-110

Collins, I 2005. Lincoln University = News  Release. Sentinel.
www.lincoln.ac.nz/news/media/2005/botrytis.htm

Congdon, B. D.; Shanks, C. H.; Antonelli, L. 1993. Population interaction between
Stethorus punctum picipes (Coleoptera: Coccinellidae) and Teranychus urticae
(Acari: Tetranychidae) in red raspberries at low predator and prey densities.
Environmental Entomology 22, 1302-1307

Conn, K. L.; Tenuta, M.; Lazarovits, G. 2005. Liquid swine manure can Kill
Verticillium dahliae microsclerotia in soil by volatile fatty acid, nitrous acid
and ammonia toxicity. Phytopathology 95, 28-35

Coremans-Pelseneer, J.; Nef, L. 1986. Otiorrhynchus sulcatus (Coleoptera): larval
control by the fungus Beauveria (first results). Mededelingen van de Faculteit
Landbouwwetenschappen, Rijksuniversiteit Gent 51: 3a, 1049-1056

Coremans-Pelseneer, J.; Tillemans, F.; Lempereu, J. M. 1989. Soil persistence of
Beauveria brongniartii (Sacc.) Petch (Hyphomycete Mededelingen van de
Faculteit Landbouwwetenschappen, Rijksuniversiteit Gent 54: 2b, 597-599

Cowles, R. S. 1997. Several methods reduce insecticide use in control of black vine
weevils. Frontiers of Plant Science. Connecticut Agricultural Experiment
Station, New Haven, USA: 1997. 49: 2, 2-4

Cowles, R. S. 2004. Impact of azadirachtin on vine weevil (Coleoptera:
Curculionidae) reproduction. Agricultural and Forest Entomology. 6: 4, 291-
294

Croft, B. A.; Pratt, P. D.; Koskela, G.; Kaufman, D. 1998. Predation, reproduction and
impact of phytoseiid mites (Acari: Phytoseiidae) on cyclamen mite (Acari:
Tarsonemidae) on strawberry. Journal of Economic Entolology 91, 1307-1314

© 2005 Horticultural Development Council 95



Crook, A.M.E. 2001. Predation on vine weevil by polyphagous predators in soft fruit
plantations. PhD Thesis, University of Newcastle. 168 pp

Cross, J. V. 2003a. Flowering herbs to enhance natural enemies in soft fruit crops.
Confidential report to KG Fruits, 10 pp

Cross, J. V. 2003b. Integrated control of thrips on strawberries. HDC factsheet 05/03,
8 pp

Cross, J. V. 2003c. Tarsonemid mite on strawberry. HDC Factsheet 15/03

Cross, J. V.; Easterbrook, M. A.; Crook, A. M.; Crook, D.; Fitzgerald, J. D.;
Innocenzi, P. J.; Jay, C. N.; Solomon, M. G. 2001. Review: Natural enemies
and biocontrol of pests of strawberry in northern and central Europe.
Biocontrol Science & Technology 11, 165-216

Cross, J. V.; Hall, D. R.; Innocenzi, P. J.; Hesketh, H.; Jay, C. N. 2005a. Exploiting
the aggregation pheromone of strawberry blossom weevil Anthonomus rubi
Herbst (Coleoptera: Curculionidae): 1. Development of lure and trap.
Accepted for publication in Crop Protection

Cross, J. V.; Hall, D. R.; Innocenzi, P. J.; Hesketh, H.; Jay, C. N. 2005b. Exploiting
the aggregation pheromone of strawberry blossom weevil Anthonomus rubi
Herbst (Coleoptera: Curculionidae): 2. Pest monitoring and control. Accepted
for publication in Crop Protection

D’Ercole, N. 1985. Lotta biologica alla muffa grigia (Botrytis cinerea) della fragola
con applicazioni di Trichoderma viride. Informatore Fitopatologico 3/85, 35-
38

D’Ercole, N.; Nipoti, P.; Finessi, L. E.; Manzali, D. 1988. Revue de plusiers annees
de recherché en Italie sur la lutte biologique contre les champignons
telluriques avec Trichoderma spp. Bulletin OEPP/EPPO 18, 95-102

Day, W. H.; Eaton, A. T.; Romig, R. F.; Tilmon, K. J.; Mayer, M.; Dorsey, T. 2003.
Peristenus digoneutis (Hymenoptera: Braconidae), a parasite of Lygus
lineolaris (Hemiptera: Miridae) in Northeastern United States alfalfa, and the
need for research on other crops. Entomological News. American
Entomological Society at the Academy of Natural Sciences, Philadelphia,
USA: 114: 2, 105-111

Dissevelt, M.; Altena, K.; Ravensberg, W. J. 1995. Comparison of different Orius
species for control of Frankliniella occidentalis in glasshouse vegetable crops
in the Netherlands. Mededelingen - Faculteit Landbouwkundige en Toegepaste
Biologische Wetenschappen, Universiteit Gent 60: 3a, 839-845

Dreistadt, S. H.; Flint, M. L. 1996. Melon aphid (Homoptera: Aphididae) control by
inundative convergent lady beetle (Coleoptera: Coccinellidae) release on
chrysanthemum. Environmental Entomology 25, 688-697

Easterbrook, M. A. 1998. The beneficial fauna of strawberry fields in south east
England. Journal of Horticultural Science & Biotechnology 73, 137-144

Easterbrook, M. A.; Cantwell, M. P.; Chandler, D. 1992. Control of the black vine
weevil, Otiorhynchus sulcatus, with the fungus Metarhizium anisopliae.
Phytoparasitica 20: suppl., 17-19

Easterbrook, M.A.: Fitzgerald, J.D.: Solomon, M.G. 2001. Biological control of
strawberry tarsonemid mite Phytotarsonemus pallidus and two-spotted spider
mite Tetranychus urticae on strawberry in the UK using species of Neoseiulus
(Amblyseius) (Acari:Phytoseiidae). Experimental & Applied Acarology 25,
25-36

© 2005 Horticultural Development Council 96



Ehler, L. E.; Long, R. F.; Kinsey, M. G.; Kelley, S. K. 1997. Potential for
augmentative biological control of black bean aphid in California sugarbeet.
Entomophaga 42, 241-256

El Habi, M.; Sekkat, A.; El Jadd, L.; Boumezzough, A. 2000. Biology of Hippodamia
variegate Goeze (Col : Coccinellidae) and its suitability against Aphis gossypii
Glov (Hom : Aphididae) on cucumber under greenhouse conditions. Journal of
Applied Entomology 124, 365-374

Elad, Y. 1991.Establishment of an active Trichoderma population in the phylloplane
and its effect on grey mould (Botrytis cinerea). Contribution of the
Agricultural Research organisation No. 3419-E, 1991 series, 102-105

Elad, Y.; Zimand, G. 1992. Integration of biological and chemical control for grey
mould. Proceedings of 10" International Botrytis Symposium, Heraklion,
Crete, Greece, 272-275

Elberson, L. R.; McCaffrey, J. P.; Tripepi, R. R. 1997. Use of rapeseed meal to
control black vine weevil larvae infesting potted rhododendron. Journal of
Environmental Horticulture. 1997. 15: 4, 173-176

Ellis, M. A..; Nita, M. Organic small fruits disease management guidelines. Integrated
management of strawberry diseases. www.oardc.ohio-state.edu/fruitpathology/

Ellis, M. A.; Nita, M. Organic small fruits disease management guidelines. Integrated
management of bramble diseases. www.oardc.ohio-state.edu/fruitpathology/

Evenhuis, H. H. 1983. Role of carabids in the natural control of the black vine weevil,
Otiorhynchus sulcatus.  Mitteilungen der Deutschen Gesellschaft fur
Allgemeine und Angewandte Entomologie 4: 1/3, 83-85

Ferrari, R.; Accinelli, G.; Burgio, G.; Lanzoni, A. 2004. Agroecological approaches to
the management of Lygus rugulipennis on vegetables in Northern Italy. In:
Proceedings of the 1st meeting of the IOBC/WPRS study group 'Landscape
management for functional biodiversity', Bologna, Italy, 11-14 May, 2003.
(Eds Rossing, W. A. H.; Poehling, H. M.; Burgio, G). IOBC/wprs Bulletin 26:
4, 47-52

Fitters, P. F. L.; Dunne, R.; Griffin, C. T. 2001a. Improved control of Otiorhynchus
sulcatus at 9 degrees C by cold-stored Heterorhabditis megidis UK211.
Biocontrol Science and Technology 11: 4, 483-492

Fitters, P. F. L.; Dunne, R.; Griffin, C. T. 2001b.Vine weevil control in Ireland with
entomopathogenic nematodes: optimal time of application.] Irish Journal of
Agricultural and Food Research. 40: 2, 199-213

Fitzgerald, J. D. 2004a. Final Report to Defra on Project HH2305 SSF. Interactions
among mites on strawberry

Fitzgerald, J.D. 2004b. Confidential report to EU on CRAFT Project:
Autodissemination of fungal pathogen in codling moth populations

Fitzgerald, J. D. 2005a. Final Report to HDC on Project SF 60. Insecticides and
predators for control of thrips in strawberry

Fitzgerald, J. D. 2005b. Final Report to HDC on Project SF 61. Predators and
parasitoids for control of aphids in strawberry

Fitzgerald, J.D.: Solomon, M.G. 2001. Ground dwelling predatory carabid beetles as
biocontrol agents of pests in fruit production in UK. IOBC/WPRS Bulletin 24
(5) 155-159

Fitzgerald, J.D.: Solomon, M.G. 2002. Distribution of predatory phytoseiid mites in
commercial cider apple orchards and unsprayed apple trees in the UK —
implications for biocontrol of phytophagous mites. International Journal of
Acarology 28, 181-186

© 2005 Horticultural Development Council 97



Fitzgerald, J.D.: Solomon, M.G. 2004. Can flowering plants enhance numbers of
beneficial arthropods in UK apple and pear orchards? Biocontrol Science &
Technology 14, 291-300

Fitzgerald, J.D.; Pepper, N.; Solomon M.G. 2004. Interactions among predatory and
phytophagous mites on strawberry. IOBC/WPRS Bulletin. 27 (4) 85

Fondren, K. M.; McCullough, D. G.; Walter, A. J. 2004. Insect predators and
augmentative biological control of balsam twig aphid (Mindarus abietinus
Koch) (Homoptera: Aphididae) on Christmas tree plantations. Environmental
Entomology 33, 1652-1661

France, I. A.; Gerding, G. M.; Gerding, P. M.; Sandoval, V. A. 2000. Pathogenicity of
a Chilean wild collection of Metarhizium spp. and Beauveria spp. on
Aegorhinus superciliosus, Asynonychus cervinus and Otiorhynchus sulcatus.
Agricultura Tecnica. Instituto de Investigaciones Agropecuarias,Chillan 60: 3,
205-215

Fravel, D. R. 1996. Interaction of biocontrol fungi with sublethal rates of metham
sodium for control of Verticillium dahliae. Crop Protection 15, 115-120

Fravel, D. R.; Lewis, J. A.; Chittams, J. L. 1995. Alginate prill formulations of
Talaromyces flavus with organic carriers for biocontrol of Verticillium
dahliae. Phytopathology 85, 165-168

Frescata, C.; Mexia, A. 1996. Biological control of thrips (Thysanoptera) by Orius
laevigatus (Heteroptera: Anthocoridae) in organically-grown strawberries.
Biological Agriculture and Horticulture 13 (2): 141-148

Funaro, M. 1997. Importance and spread of techniques of integrated control in
strawberry crops in Calabria. [Italian] Informatore Agrario 53: 42, 43-48

Gabler, F. M.; Smilanick, J. L. 2001. Postharvest control of table grape grey mould on
detached berries with carbonate and bicarbonate salts and disinfectants.
American Journal of Enology and Viticulture 52, 12-20

Gajek, D. 2003. Species composition of tetranychid mites (Tetranychidae) and
predatory mites (Phytoseiidae) occurring on raspberry in Poland. Journal of
Plant Protection Research 43, 353-360

Gambaro, P. I. 1995. First observations on infestations of Frankliniella occidentalis
(Perg.) on strawberry in Verona. [Italian] Informatore Agrario 51: 15, 73-76

Gange, A. C.; Brown, V. K.; Sinclair, G. S. 1994. Reduction of black vine weevil
larval growth by vesicular-arbuscular mycorrhizal infection. Entomologia
Experimentalis et Applicata. 1994. 70: 2, 115-119

Garcia-Mari F.; Gonzalez-Zamora, J. E. 1999. Biological control of Tetranychus
urticae (Acari: Tetranychidae) with naturally occurring predators in strawberry
plantings in Valencia, Spain. Experimental and Applied Acarology 23, 487-
495

Garmendia, I.; Goicoechea, N.; Aguirrloea, J. 2004a. Plant phenology influences the
effect of mycorrhizal fungi on the development of Verticillium-induced wilt in
pepper. European Journal of Plant Pathology 110, 227-238

Garmendia, I.; Goicoechea, N.; Aguirrloea, J. 2004b. Effectiveness of three Glomus
species in protecting pepper (Capsicum annuum L.) against verticillium wilt.
Biological Control 31, 296-305

Gill, S. 1997. You can control thrips biologically. Grower Talks 61 (July): 114-117.

Gill, S.; Lutz, J.; Shrewsbury, P.; Raupp, M. 2001. Evaluation of biological and
chemical control methods for black vine weevil, Otiorhynchus sulcatus
(Fabricius) (Coleoptera: Curculionidae), in container grown perennials.

© 2005 Horticultural Development Council 08



Journal of Environmental Horticulture. Horticultural Research Institute,
Washington, USA:19: 3, 166-170

Gillespie, D. R.; Opit, G.; Roitberg, B. 2000. Effects of temperature and relative
humidity on development, reproduction, and predation in Feltiella acarisuga
(Vallot) (Dipter: Cecidomyiidae). Biological Control 17, 132-138

Gleason, M; Lewis, D; Nonnecke, G. & Obrycki, J. 1996. Evaluation of Trichoderma
harzianum for control of Botrytis cinerea infection in June-bearing
strawberries. Strawberry  Update, 1996, vol 3 No. 4,
www.extension.iastate.edu

Gleason, M. L.; Elenz, R.; Obrycki, J. J.; Nonnecke, G. R. 2002. Evaluation of
Beauveria bassiana and exclusion for control of tarnished plant bug in day-
neutral strawberries. Acta Horticulturae. 567(Vol.2), 691-694

Glendinning, P. 2000. National Hop Association of England. Powdery mildew
Screening Trials

Glinwood, R. T.; Powell, W.; Tripathi, C. P. M. 1998. Increased parasitisation of
aphids on trap plants alongside vials releasing synthetic aphid sex pheromone
and effective range of t he pheromone. Biocontrol Science & Technology 8,
607-614

Glinwood, R.; Pettersson, J.; Kularatne, S.; Ahmed, E.; Kumar, V. 2003. Female
European tarnished plant bugs, Lygus rugulipennis (Heteroptera: Miridae), are
attracted to odours from conspecific females. Acta Agriculturae Scandinavica.
Section B, Soil and Plant Science 53: 1, 29-32

Gols, R.; Posthumus, M. A.; Dicke, M. 1999. Jasmonic acid induces the production of
gerbera volatiles that attract the biological control agent Phytoseiulus
persimilis. Entomologia Experimentalis et Applicata 93, 77-86

Gonzalez-Zamora, J. E.; Ribes, A.; Meseguer, A.; Garcia-Mari, F. 1994. Thrips
control in strawberries: use of broad bean plants as a refuge for populations of
anthocorids. Boletin de Sanidad Vegetal, Plaga. 20: 1, 57-72

Graham, J.; Gordon, S. C.; McNicol, R. J. 1997. The effect of the CpTi gene in
strawberry against attack by vine weevil (Otiorhynchus sulcatus F. Coleoptera:
Curculionidae. Annals of Applied Biology. 1997. 131: 1, 133-139

Graham, J.; Gordon, S. C.; Smith, K.; McNicol, R. J.; McNicol, J. W. 2002. The
effect of the cowpea trypsin inhibitor in strawberry on damage by vine weevil
under field conditions. Journal of Horticultural Science and Biotechnology 77:
1, 33-40

Grasselly, D. 1995. The thrips Frankliniella occidentalis on strawberry. Infos (Paris)
117, 26-30.

Grassi, A.; Maines, R.; Zini, M. 2003. Field application and effectiveness of
commercial entomopathogenic nematode formulations against Otiorhynchus
armadillo subsp. obsitus Gyllenhal (Coleoptera: Curculionidae) larvae on
raspberry. IOBC/wprs Bulletin 26: 2, 61-66

Greene, I. D.; Parrella, M. P. 1993. An entomophilic nematode, Thripinema
nicklewoodii and an endoparasitic wasp, Ceranisus sp. parasitizing
Frankliniella occidentalis in California. Bulletin OILB/SROP 16: 2, 47-50

Groenewoud, G. C. M.; Veld, C. de G. in 't Oorschot-van Nes, A. J. van Jong, N. W.
de Vermeulen, A. M. Toorenenbergen, A. W. van Burdorf, A. Groot, H. de
Wijk, R. G. van 2002. Prevalence of sensitization to the predatory mite
Amblyseius cucumeris as a new occupational allergen in horticulture. Allergy.
Blackwell Publishing, Oxford, UK: 57: 7, 614-619

© 2005 Horticultural Development Council 99



Guetsky, R.; Elad, Y.; Shtienberg, D.; Dinoor, A. 2002a. Improved biocontrol of
Botrytis cinerea on detached strawberry leaves by adding nutritional
supplements to a mixture of Pichia guilermondii and Bacillus mycoides.
Biocontrol Science and Technology, 12, 625-630

Guetsky, R.; Elad, Y.; Shtienberg, D.; Dinoor, A. 2002b. Establishment, survival and
activity of the biocontrol agents Pichia guilermondii and Bacillus mycoides
applied as a mixture on strawberry plants. Biocontrol Science and Technology,
12, 705-714

Gullino, M. L.; Aloi, C.; Garibaldi, A. 1990. Chemical and biological control of grey
mould of strawberry. Med. Fac. Landbouww. Rijksuniv. Gent, 55 967-970

Handley, D. T.; Dill, J. F. 2003. Vegetative and floral characteristics of six strawberry
cultivars associated with fruit size, yield and susceptibility to tarnished plant
bug injury. Acta Horticulturae. 626, 161-167

Harrier, L. A.; Watson, C. A. 2004. The potential role of arbuscular mycorrhizal
(AM) fungi in the bioprotection of plants against soil-borne pathogens in
organic and/or other sustainable farming systems. Pest Management Science
60, 149-157

Hartz, T. K.; DeVay, J. E.; ElImore, C. L. 1993. Solarization is an effective soil
disinfestations technique for strawberry production. HortScience 28, 104-106

Hayes, A. E.; Fitzpatrick, S. M.; Webster, J. M. 1999. Infectivity, distribution, and
persistence of the entomopathogenic nematode Steinernema carpocapsae All
strain (Rhabditida: Steinernematidae) applied by sprinklers or boom sprayer to
dry-pick cranberries. Journal of Economic Entomology 92: 3, 539-546

Heikal, 1. H.; lbrahim, G. A. 2002. Mass production of the phytoseiid predator,
Phytoseiulus macropilis (Acari: Phytoseiidae). Egyptian Journal of
Agricultural Research 80, 1173-1178

Heikal, I. H.; Fawzy, M. M.; lbrahim, H. M.; Ibrahin, G. A. 2000. Preliminary studies
on the release of the predatory mite Phytoseiulus macropilis (Banks) on
strawberry plants to control Tetranychus urticae Koch (Acari: Tetranychidae-
Phytoseiidae). Egyptian Journal of Agricultural Research 78, 1517-1523

Helbig, J. 2002. Ability of the antagonistic yeast Cryptococcus albidus to control
Botrytis cinerea on strawberry. Biocontrol 47, 85-99

Hellen, T. A. P.; Scaife, J. R.; Seddon, B. 1996. Production and measurement of a
biosurfactant from Bacillus brevis for biocontrol of Botrytis cinerea. BCPC.
Pests and diseases 1996, volume 3 907-912

Heller, W. E.; Theiler-Hedtrich. 1994. Antagonism of Chaetomium globosum,
Gliocladium virens and Trichoderma viride to foir soil-borne Phytophthora
species. Journal of Phytopathology 141, 390-394

Hellgvist, S. 2002. Heat tolerance of strawberry tarsonemid mite Phytonemus
pallidus. Annals of Applied Biology 141, 67-71

Helyer, N. L.; Brobyn, P. J.; Richardson, P. N.; dmondson, R. N. 1995. Control of
western flower thrips (Frankliniella occidentalis [Pergande]) pupae in
compost. Annals of Applied Biology 127: 405-412

Hessenmuller, A.; Zeller, W. 1996. Biological control of soil-borne Phytophthora
species on strawberry with bacterial antagonists: 1. Antagonistic effect and
colonization of rhizoplane. Journal of Plant Diseases and Protection 103, 602-
609

Hohn, H. 1991. Coloured traps for monitoring pests in berry crops. Farbtafeln zur
Schadlingsuberwachung im Beerenanbau. Schweizerische Zeitschrift fur Obst-
und Weinbau 127: 9, 249-252

© 2005 Horticultural Development Council 100



Homma, Y.; Arimoto, Y.; Misato, T. 1981. Studies on the control of plant diseases by
sodium bicarbonate formulation 2 Effect of sodium bicarbonate on each
growth stage of cucumber powdery mildew fungus (Sphaerotheca fuliginea) in
its life cycle. Journal of Pesticide Science 6, 201-209

Hori, M.1998. Repellency of rosemary oil against Myzus persicae in a laboratory and
in a screenhouse. Journal of Chemical Ecology 24, 1425-1432

Hori, M. 1999. The effects of rosemary and ginger oils on the alighting behaviour of
Myzus persicae (Sulzer) (Homoptera: Aphididae) and on the incidence of
yellow spotted streak. Applied Entomology and Zoology 34, 351-358

lalongo, M. T.; Del Serrone, P. 1985. Prove di antagonismo tra Trichoderma viride
pers. Ex s.f. gray e Botrytis cinerea pers. Ex pers. Della fragola. La difesa
delle piante, 2 157-162

Innocenzi, P.J.; Hall, D.R.; Cross, J.V. 2001. Components of the male aggregation
pheromone of strawberry blossom weevil, Anthonomus rubi Herbst.
(Coleoptera: Curculionidae). J. Chem. Ecol. 27, 1203-1218

Innocenzi, P. J.; Hall, D. R.; Cross, J. V.; Masuh, H.; Phythian, S. J.; Chittamaru, S.;
Guarino, S. 2004. Investigation of long-range female sex pheromone of the
European  tarnished plant bug, Lygus rugulipennis:  chemical,
electrophysiological, and field studies. Journal of Chemical Ecology 30: 8,
1509-1529.

Jackson, T. A.; Pearson, J. F.; Barrow, T. H. 1985. Control of the black vine weevil in
strawberries with the nematode Steinernema glaseri. Proceedings, New
Zealand Weed and Pest Control Conference 38, 158-161

James, D. G. 2003. Synthetic herbivore-induced plant volatiles as field attractants for
beneficial insects. Environmental Entomology 32, 977-982

James, D. G.; Price, T. S. 2004. Field-testing of methyl salicylate for recruitment and
retention of beneficial insects in grapes and hops. Journal of Chemical
Ecology 30, 1613-1628

Jarosik, V.; Pliva, J. 1995. Assessment of Amblyseius barkeri (Acarina: Phytoseiidae)
as a control agent for thrips on greenhouse cucumbers. Acta Societatis
Zoologicae Bohemicae 59: 3/4, 177-186

Julien, D. 2000. New pesticides. Northwest Rosarian.
www.bmi.net/roseguy/pnw/newpest.html

Kakouli-Duarte, T.; Labuschagne, L.; Hague, N. G. M.; 1997. Biological control of
the black vine weevil, Otiorhynchus sulcatus (Coleoptera: Curculionidae) with
entomopathogenic nematodes (Nematoda: Rhabditida). Annals of Applied
Biology. 1997. 131: 1, 11-27

Kalushkov, P. 1999. The effect of aphid prey qualitiy on searching behaviour of
Adalia bipunctata and its susceptibility to insecticides. Entomologia
Experimentalis et Applicata 92, 277-282

Kehrli, P.; Wyss, E. 2001. Effects of augmentative releases of the coccinellid, Adalia
bipunctata, and of insecticide treatments in autumn on the spring population of
aphids of the genus Dysaphis in apple orchards. Entomologia Experimentalis
et Applicata 99, 245-252

Keinath, A. P.; Fravel, D. R.; Papavizas, G. C. 1991. Potential of Gliocladium roseum
for biocontrol of Verticillium dahliae. Phytopathology 81, 644-64

Khmel, I. A.; Sorokina, T. A.; Lemanova, N. B.; Lipasova, V. A.; Metlitski, O. Z.;
Burdeinaya, T. V.; Chernin, L. S. 1998. Biological control of crown gall in
grapevine and raspberry by two Pseudomonas spp. With a wide spectrum of
antagonistic activity. Biocontrol Science and Technology 8, 45-57

© 2005 Horticultural Development Council 101



Klingen, I.: Trandem, N.: Monzon, A.: Guharay, F.: Sand R.: Hidalgo, E. 2004.
Naturally occurring insect pathogenic fungi and the influence of management
practices. Proceeding of the International Workshop on Semiochemicals and
Microbial Antagonists: Their Role in Integrated Pest Management in Latin
America, held at CATIE, Turrialba, Costa Rica, March 22-26, 2004

Knudsen, I. M. B.; Skou, J. P. 1993 The effectivity of Tilletiopsis albescens in
biocontrol of powdery mildew. Annals Applied Biology, 123, 173-185

Kohl, J.; Schlosser, E. 1988. Specificity in decay of sclerotia of Botrytis cinerea by
species and strains of Trichoderma. Mededelingen-van-de- Faculeit-
Landbouwwetenschappen-Rijksuniversiteit-Gent, 53, 339-346

Kohl, J; Gerlagh, M.; Grit, G. 2000. Biocontrol of Botrytis cinerea by Ulocladium
atrum in different production systems of cyclamen. Plant Disease 84(5), 569-
573

Kongchuensin, M.; Charanasri, V.; Kulpiyawat, T.; Khantonthong, P. 2001.
Biological control of two-spotted spider mite in strawberry by the predatory
mite Amblyseius longispinosus (Evans) (Acari: Phytoseiidae). Acarology:
Proceedings of the 10" International Congress, Australia, 513-517

Kovach, J. 1996. Using bees to deliver a biological control agent to control gray mold
of  strawberries.  Strawberry  Update, 1996, wvol 3 No. 4,
www.extension.iastate.edu

Kurze, S.; Bahl, H.; Dahl, R.; Berg, G. 2001. Biological control of fungal strawberry
diseases by Serratia plymuthica HRO-C48. Plant Disease 85, 529-534

Labanowska, B. H.; Olszak, R. W. 2003. Soil pests and their chemical and biological
control on strawberry plantations in Poland. IOBC/wprs Bulletin. 26: 2, 93-99

Labanowska, B. H.; Olszak, R.; Tkaczuk, C.; Augustyniuk-Kram, A. 2004. Efficacy
of chemical and biological control of the strawberry root weevil (Otiorhynchus
ovatus L.) and the vine weevil (Otiorhynchus sulcatus F.) in strawberry
plantations in Poland. IOBCwprs Bulletin 27: 4, 153-159

Larena, I.; Sabuquillo, P.; Melgarejo, P.; De Cal, A. 2003. Biocontrol of Fusarium and
Verticillium wilt of tomato by Penicillium oxalicum under greenhouse and
field conditions. Journal of Phytopathology 151, 507-512

Lethmayer, C.; Hausdorf, H.; Blumel, S. 2004. The first field experiences with sex-
aggregation pheromones of the strawberry blossom weevil, Anthonomus rubi,
in Austria. IOBC/wprs Bulletin 27: 4, 133-139

Linder, C.; Carlen, C.; Mittaz, C. 2004. Sampling of the two-spotted spider mite
Tetranychus urticae Koch and its predators Amblyseius andersoni (Chant) and
Phytoseiulus persimilis Athias-Henriot in protected Swiss raspberry. Bulletin
IOBC/WPRS 27 (4) 79-84

Lindquist, R. 1996. Microbial control of greenhouse pests using entomopathogenic
fungi in the USA. 10BC Bull. 19: 153-156

Liu, H. P.; Skinner, M.; Parker, B. L.; Brownbridge, M. 2002. Pathogenicity of
Beauveria  bassiana, Metarhizium anisopliae  (Deuteromycotina:
Hyphomycetes), and other Entomopathogenic Fungi against Lygus lineolaris
(Hemiptera: Miridae). Journal of Economic Entomology. Entomological
Society of America 95: 4, 675-681

Liu, H. P.; Skinner, M.; Brownbridge, M.; Parker, B. L. 2003. Characterization of
Beauveria bassiana and Metarhizium anisopliae isolates for management of
tarnished plant bug, Lygus lineolaris (Hemiptera: Miridae). Journal of
Invertebrate Pathology 82: 3, 139-147

© 2005 Horticultural Development Council 102



Loomans, A. J. M. 2003. Parasitoids as biological control agents of thrips pests.
Journal of Applied Entomology 127: 5, 299-304

Lowery, D. T.: Isman, M. B. 1994. Effects of neem and azadirachtin on aphids and
their natural enemies. Bioregulators for Crop Protection and Pest Control 557,
78-91

Lowery, D. T.: Isman, M. B. 1996. Inhibition of aphid reproduction by neem seed oil
and azadirachtin. Journal of Economic Entomology 89, 602-607

Maas, J. L. 1997. Comparison of three volatile natural products for the reduction of
postharvest decay in strawberries. Advances in Strawberry Research, 16, 13-

MacConnell, C. B.; Murray, T. A.; Burrows, C. L.; Gordon, S. C.; Birch, A. N. E.;
Tanigoshi, L. K. 2004. Adopting Integrated Pest Management for the
raspberry beetle, Byturus unicolor Say (Coleoptera: Byturidae), for
Washington State red raspberries. IOBC/WPRS 27: 4, 107-111

McEwan, P.: New, T.R.: Whittington, A.E. 2001.Lacewings in the Crop Environment.
Cambridge546 pp

Malais, M. H.: Ravensberg, W. J. 2003. Knowing and Recognizing; the biology of
glasshouse pests and their natural enemies. Reed Business Information. 288 pp

Malloch, G.; Fenton, B. 2003. Proceedings of the IOBC/WPRS Working Group
'Integrated Plant Protection in Orchards' subgroup 'Soft Fruits', Dundee,
Scotland, 18-21 September, 2001.Genetic variation in raspberry beetles and
possible role of their bacterial endosymbionts in pest management. IOBC/wprs
Bulletin 26: 2, 119-123

Malloch, G.; Fenton, B.; Butcher, R. D. J. 2000. Molecular evidence for multiple
infections of a new subgroup of Wolbachia in the European raspberry beetle
Byturus tomentosus. Molecular Ecology 9: 1, 77-90

Martin, F. N.; Bull, C. T. 2002. Biological approaches for control of root pathogens of
strawberry. Phytopathology 92, 1356-1362

Matheron, M. E.; Porchas, M. 2000. Effect of cultivar and Actigard on development
of powdery mildew on lettuce. Vegetable report 2000, Univ. Arizona, College
of Agriculture. http://ag.arizona.edu/pubs/crops/az1177/

Mchugh, R; White, D; Schmitt, A; Ernst, A.; Seddon, B. 2002. Biocontrol of Botrytis
cinerea infection of tomato in unheated polytunnels in the North East of
Scotland. Bulletin OILB/SROP 25:10, 155-158

Meesters, P.; Sterk, G.; Latet, G. 1998. Aspects of integrated production of raspberries
and strawberries in Belgium. Bulletin OILB/SROP. 1998. 21: 10, 45-50

Mercado-Blanco, J.; Rodriguez-Jurado, D.; Hervas, A.; Jiminez-Diaz, R. M. 2004.
Suppression of verticillium wilt in olive planting stocks by root-associated
fluorescent Pseudomonas spp. Biological Control 30, 474-486

Mietkiewski, R.; Tkaczuk, C.; Badowska-Czubik, T. 1993. Entomogenous fungi
isolated from strawberry plantation soil infested by Otiorhynchus ovatus L.
Roczniki Nauk Rolniczych. Seria E, Ochrona Roslin 22: 1/2, 39-46

Milenkovic, S. 1994. Bioecology of the strawberry aphid. Review of work at Faculty
of Agriculture 39, (1) 21-27

Miller, T. C.; Gubler, W. D.; Laemmlen, F. F.; Geng, S.; Rizzo, D. M. 2004. Potential
for using Lecanicillium lecanii for suppression of strawberry powdery mildew.
Biocontrol Science and Technology, 14, 215-220

Milner, R. J. 1997. Prospects for biopesticides for aphid control. Entomophaga 42,
227-239

Moorhouse, E. R.; Easterbrook, M. A.; Gillespie, A. T.; Charnley, A. K. 1993a.
Control of Otiorhynchus sulcatus (Fabricius) (Coleoptera: Curculionidae)

© 2005 Horticultural Development Council 103



larvae on a range of hardy ornamental nursery stock species using the
entomogenous fungus Metarhizium anisopliae. Biocontrol Science and
Technology 3: 1, 63-72

Moorhouse, E. R.; Gillespie, A. T.; Charnley, A. K. 1993b. Laboratory selection of
Metarhizium spp. isolates for the control of vine weevil larvae (Otiorhynchus
sulcatus). Journal of Invertebrate Patholog 62: 1, 15-21

Moorhouse, E. R.; Gillespie, A. T.; Charnley, A. K. 1993c. Selection of virulent and
persistent Metarhizium anisopliae isolates to control black vine weevil
(Otiorhynchus sulcatus) larvae on glasshouse Begonia. Journal of Invertebrate
Pathology 62: 1, 47

Moschetti, R. 2003. The Problem Powdery Mildew. Integrated Pest Management
Bulletin. www.ipmofalaska.com/files/powderymildew.htmi

Murai, T.; Loomans, A. J. M. 2001.Evaluation of an improved method for mass-
rearing of thrips and a thrips parasitoid. Entomologia Experimentalis et
Applicata.. 101: 3, 281-289

Murphy, B.C.; Morisawa, T.A.; Newman, J.P.; Tjosvold, S.A.; M.P. Parrella. 1998.
Fungal pathogen provides control of western flower thrips in greenhouse
flowers. California Agriculture

Murphy, J. G.; Raferty, S. M.; Cassells, A. C. 2000. Stimulation of wild strawberry
(Fragaria vesca) arbuscular mycorrhizas by addition of shellfish waste to the
growth substrate: interaction between mycorrhization, substrate amendment
and susceptibility to red core (Phytophthora fragariae). Applied Soil Ecology
15, 153-158

Natzgaam, M. P. M.; Bollen, G. J.; Termorshuizen, A. J. 1998. Efficacy of
Talaromyces flavus alone or in combination with other antagonists in
controlling Verticillium dahliae in growth chamber experiments. Journal of
Phytopathology 146, 165-173

Nejad, P.; Johnson, P. A. 2000. Endophytic bacteria induce growth promotion and
wilt disease suppression in oilseed rape and tomato. Biological Control 18,
208-215

Nicoli, G.; Tommasini, M. G. 1996. Orius laevigatus. Informatore Fitopatologico 46:
4,21-26

Ninkovic, V.; Al Abassi S.; Pettersson J. 2001. The influence of aphid-induced plant
volatiles on ladybird beetle searching behaviour. Biological Control 21, 191-
195

Noble, R.; Coventry, E. 2005. Suppression of soil-borne plant diseases with composts:
A review. Biocontrol Science and Technology 15, 3-20

Nordengen, I.: Klingen, I. 2004. The effect of method used on observed infection
level of Neozygites floridana in a Tetranychus urticae population in
strawberry. 37th Annual Meeting of the Society for Invertebrate Pathology. 1-
6 August 2004. Helsinki, Finland. Pp 67-68

Ordentlich, A.; Nachmias, A.; Chet, 1. 1990. Integrated control of Verticillium dahliae
in potato by Trichoderma harzianum and captan. Crop Protection 9, 363-366

Osakabe, M. 2002. Which predatory mite can control both a dominant mite pest,
Tetranychus urticae, and a latent mite pest, Eotetranychus asiaticus, on
strawberry? Experimental and Applied Acarology 26, 219-230

Pena, J.E.: Osborne, L.S.: Duncan, R.E. 1996. Potential of fungi as biocontrol agents
of Polyphagotarsonemus latus. Entomphaga 41, 27-36

Peng, G.; Sutton, J. C.1990. Biological methods to control grey mould of strawberry.
BCPC Pests and Diseases 1990, Vol 1 233-240

© 2005 Horticultural Development Council 104



Pinkerton, J. N.; Ivors, K. L.; Reeser, P. W.; Bristow, P. R.; Windom, G. E. 2002. The
use of soil solarization for the management of soilborne plant pathogens in
strawberry and red raspberry production. Plant Disease 86, 645-651

Powell, W.; Pickett, J. A. 2003. Maniplation of parasitoids for aphid pest
management:progress and prospects. Pest Management Science 59, 149-155

Powell, W.: Pennacchio, F.: Poppy, G. M.: Tremblay, E. 1998. Strategies involved in
the location of hosts by the parasitoid Aphidius ervi. Biological Control 11,
104-112

Quarles, W. 1991. Antitranspirants show promise as non-toxic fungicides. The IPM
Practitioner Vol XIII, No. 8, 1-10

Rancourt, B.; Vincent, C.; Oliveira, D. de. 2003. Field evaluation of efficacy and
persistence of an insect vacuum device against the tarnished plant bug
(Hemiptera: Miridae) in a day-neutral strawberry field. Journal of Economic
Entomology 96: 2, 401-406

Raworth, D. A. 2001. Development, larval voracity and greenhouse releases of
Stethorus punctillum (Coleoptera: Coccinellidae). Canadian Entomologist 133,
721-724

Reuveni, M.; Agapov, V.; Reuveni, R. 1996. Controlling powdery mildew caused by
Sphaerotheca fuliginea in cucumber by foliar sprays of phosphate and
potassium salts. Crop Protection 15, 49-53

Riudavets, J.; Gabarra, R.; Castane, C. 1992. Frankliniella occidentalis predation by
native natural enemies. Bulletin OILB/SRO. 16: 2, 137-140.

Riudavets, J.; Castane, C.; Gabarra, R. 1993. Native predators of western flower thrips
in horticultural crops. Thrips biology and management: proceedings of the
1993 International Conference on Thysanoptera.. Plenum Publishing Co. Ltd,
London, USA: 255-258

Roditakis, E.: Couzin, I. D.: Balrow, K.: Franks, N. R.: Charnley, A. K. 2000.
Improving secondary pick-up of insect fungal pathogen conidia by
manipulating host behaviour. Annals of Applied Biology 137, 329-335

Roiger, D. J.; Jeffers, S. N. 1991. Evaluation of Trichoderma spp. for biological
control of Phytophthora crown and root rot of apple seedlings. Phytopathology
81, 910-917

Rondon, S. 1.; Cantliffe, D. J.; Price, J. F. 2004. The feeding behavior of the bigeyed
bug, minute pirate bug, and pink spotted lady beetle relative to main
strawberry pests. Environmental Entomology. Entomological Society of
America, Lanham, USA: 33: 4, 1014-1019

Rott, A. S.; Ponsonby, D. J. 2000. Improving control of Tetranychus urticae on edible
glasshouse crops using a specialist coccinelid (Stethorus punctillum Weise)
and a generalist mite (Amblyseius californicus McGregor) as biocontrol
agents. Biocontrol Science & Technology 10, 487-498

Roy, H. E.: Pell, J. K.: Alderson, P. G. 2001. Targetted dispersal of the aphid
pathogenic fungus Erynia neoaphidis by the aphid predator Coccinella
septempunctata. Biocontrol Science & Technology 11, 99-110

Rutledge, C. E.; O’Neil, R. J. 2005. Orius insidiosus (Say) as a predator of the
soybean aphid, Aphis glycines Matsumura. Biological Control 33, 56-64

Rutledge, C. E.; O’Neil, R. J.; Fox, T. B.; Landis, D. A. 2004. Soybean aphid
predators and their use in integrated pest management. Annals of the
Entomological Society of America 97, 240-248

Sacco, M.; D'Aquila, F.; Pasini, C.; Costanzi, M.; Porcida, M. 2001. Control of adults
of vine weevil (Otiorrhynchus sulcatus Fabr.) on ruscus (Danae racemosa) by

© 2005 Horticultural Development Council 105



botanical insecticides. Informatore Fitopatologico. Edagricole, Bologna, Italy
51: 5, 47-50

Samson, C. 2005. Reducing pesticide use in protected strawberry crops. Commercial
experience and grower trials to improve control of the glasshouse whitefly.
Trialurodes vaporarium. Proceedings BCPC Conference. Glasgow 2005. In
press

Sarrazyn, R.; Simoen, J.; Demaegdt, F.; Calus, A. 1998. Strawberries: overview of
research carried out in 1998. Aardbeien: overzicht van het onderzoek 1998.
Provinciaal Onderzoeks- en Voorlichtingscentrum voor Land- en Tuinbouw
(Instituut Arthur Olivier), Rumbeke-Beitem, Belgium: 92

Schirocki, A.; Hague, N. G. M. 1997. Evaluation of UK heterorhabditids and
steinernematids for the control of the black vine weevil (Otiorhynchus
sulcatus). Tests of Agrochemicals and Cultivars 18, 46-47

Shah, P. A.; Aebi, M.; Tuor, U. 1998. Method to immobilise the aphid-pathogenic
fungus Erynia neoaphidis in an alginate matrix for biocontrol. Applied &
Environmental Microbiology 64, 4260-4263

Shanks, C. H.; Chamberlain, J. D. 1993. Strawberry fruit yield and vegetative growth
and pest populations in plantings with and without cover crops. Hortscience
28, 1172-1173

Shields, E. J.; Testa, A.; Miller, J. M.; Flanders, K. L. 1999. Field efficacy and
persistence of the entomopathogenic nematodes Heterorhabditis
bacteriophora 'Oswego’ and H. bacteriophora 'NC' on alfalfa snout beetle
larvae (Coleoptera: Curculionidae). Environmental Entomolog. 28: 1, 128-136

Shternshis, M. V.; Beljaev, A. A.; Shpatova, T. V.; Bokova, J. V.; Duzhak, A. B.
2002. Field testing of BACTICIDEReg.,, PHYTOVERMReg. and
CHITINASE for control of the raspberry midge blight in Siberia. BioControl
47: 6, 697-706

Simpson, D. W.; Easterbrook, M. A.; Bell, J. A.; Greenway, C. 1997. Resistance to
Anthonomus rubi in the cultivated strawberry. Acta Horticulturae. 1997. 439,
211-215

Simpson, D. W.; Easterbrook, M. A.; Bell, J. A. 2002.The inheritance of resistance to
the blossom weevil, Anthonomus rubi, in the cultivated strawberry, Fragaria x
ananassa. Plant Breeding 121: 1, 72-75

Smith, B. J.; Gupton, C. L. 1993. Calcium applications before harvest affect the
severity of anthracnose fruit rot of greenhouse-grown strawberries. Acta
Horticulturae 348, 477-482

Snodgrass, G. L.; Scott, W. P.; Robbins, J. T.; Hardee, D. D. 2000. Area-wide
management of the tarnished plant bug by reduction of early-season wild host
plant density. (Special edition: Lygus management) Southwestern
Entomologist. 2000. Suppl. 23, 59-66

Snyder, W. E.; Ballard, S. N.; Yang, S.; Clevenger, G. M.; Miller, T. D.; Ahn, J. J.;
Hatten, T. D.; Berryman, A, A. 2004. Complementary biocontrol of aphids by
the ladybird beetle Harmonia axyridis and the parasitoid Aphelinus aschis on
greenhouse roses. Biological Control 30, 229-235

Soares, G. G.; Jr. Marchal, M.; Ferron, P. 1983. Susceptibility of Otiorhynchus
sulcatus (Coleoptera: Curculionidae) larvae to Metarhizium anisopliae and
Metarhizium flavoviride (Deuteromycotina: Hyphomycetes) at two different
temperatures. Environmental Entomology. 1983. 12: 6, 1886-1890

Steiner, M. Y.; Goodwin, S.; Wellham, T. M.; Barchia, I. M.; Spohr, L. J. 2003.
Biological studies of the Australian predatory mite Typhlodromips

© 2005 Horticultural Development Council 106



montdorensis (Scicha) (Acari: Phytoseiidae), a potential biocontrol agent for
western flower thrips, Frankliniella occidentalisa (Pergande) (Thysanoptera:
Thripidae). Australian Journal of Entomology 42 (2) 124-130

Stenzel, K. 1994. Biological control of Otiorhynchus sulcatus with Metarhizium
anisopliae. Acta Horticulturae 364, 143-144.

Stenzel, K.; Holters, J.; Andersch, W.; Smit, T. A. M. 1992. BIO 1020: granular
Metarhizium - a new product for biocontrol of soil pests. Proceedings,
Brighton Crop Protection Conference, Pests and Diseases, 1992 Brighton,
November 23-26, 1992. British Crop Protection Council, Farnham, UK: 363-
368

Stol'nikova, N. P.; Shamanskaya, L. D. 2002. Evaluating strawberry cultivars for
resistance to raspberry-strawberry weevil. Sadovodstvo i Vinogradarstvo.
ANO Redaktsiya Zhurnala Sadovodstvo i Vinogradarstvo, Moscow, Russia:
2002. 6, 16-17

Strand, L.L. 1994. Integrated pest management for strawberries. University of
California Statewide IPM Project. Publication 3351. 142 pp

Sutton, J. C. 1990. Alternative methods for managing grey mould of strawberry. The
strawberry into the 21* Century, ed. Adam Dale and James L Luby, Ch41,
183-190

Sutton, J. C. 1994. Biological control of strawberry diseases. Advances in strawberry
Research 13, 1-12

Sutton, J. C.; Peng, G. 1993. Biocontrol of Botrytis cinerea in strawberry leaves,
Phytopathology, 83: 6, 615-621

Tenuta, M.; Lazarovits, G. 2004. Soil properties associated with the variable
effectiveness of meat and bone meal to kill microsclerotia of Verticillium
dahliae. Applied Soil Ecology 25, 219-236

Thompson, S.; Krauter, P. C.; Heinz, K. M. 1998. Use of the fungus Beauveria
bassiana as a management tool for greenhouse pests. Greenhouse Grower

Tillemans, F.; Coremans-Pelseneer, J. 1989.Side effects of Beauveria brongniartii
(Deuteromyces) on  plants.  Mededelingen van de  Faculteit
Landbouwwetenschappen, Rijksuniversiteit Gent 54: 2b, 593-596

Tillemans, F.; Laumond, G.; Coremans-Pelseneer, J. 1990. Simultaneous utilization of
entomopathogenic fungus and nematodes against larvae of black vine weevil
and influence on plants. Mededelingen van de Faculteit
Landbouwwetenschappen, Rijksuniversiteit Gent. 1990. 55: 2a, 373-378

Tillemans, F.; Laumond, C.; Coremans-Pelseneer, J.; Lannoye, R. 1991. Plant
physiology and microbiological control with Beauveria and nematodes
Mededelingen van de Faculteit Landbouwwetenschappen, Rijksuniversiteit
Gen 56: 2a, 215-222

Tilmon, K. J.; Hoffmann, M. P. 2003. Biological control of Lygus lineolaris by
Peristenus spp. in strawberry. Biological Control.. 26: 3, 287-292

Tjamos, E. C.; Fravel, D. R. 1995. Detrimental effects of sublethal heating and
Talaromyces flavus on microsclerotia of Verticillium dahliae. Phytopathology
85, 388-392

Tol, R. van 2003. [Parfum fatale for the vine weevil, a successful pest from the Alps.]
Entomologische Berichten. Nederlandse Entomologische Vereniging. 63: 1, 2-
6

Tol, R. W. H. M. van 1993. Control of the black vine weevil (Otiorhynchus sulcatus)
with different isolates of Heterorhabditis sp. and Metarhizium anisopliae in

© 2005 Horticultural Development Council 107



nursery stock. Proceedings of the Section Experimental and Applied
Entomology of the Netherlands Entomological Society 4: 181-186

Tol, R. W. H. M. van; Visser, J. H.; Sabelis, M. W. 2000. Responses of the black vine
weevil (Otiorhynchus sulcatus) to weevil and host-plant odours. Proceedings
of the Section Experimental and Applied Entomology of the Netherlands
Entomological Society. 2000. 11: 109-114

Tomalak, M. 1994. Genetic improvement of Steinernema feltiae for integrated control
of the western flower thrips, Frankliniella occidentalis. Bulletin OILB/SROP.
1994. 17: 3, 17-20

Tommasini, M. G.; Funaro, M.; Montemuro, S.; Falco, V.; Palermo, M. L. 2001 IPM
and biocontrol for strawberry in Southern Italy: the POM project's pilot trials.
Rivista di Frutticoltura e di Ortofloricoltura. Edagricole,Bologna, Italy 63: 1,
43-47

Toussaint, V.; Valois, D.; Dodier, M.; Faucher, E.; Dery, C.; Brzezinski, R.; Ruest,
L.; Beaulieu, C. 1997. Characterization of actinomycetes antagonistic to
Phytophthora fragariae var. rubi, the causal agent of raspberry root rot.
Phytoprotection 78, 43-51

Trandem, N. 2003. Greenhouse production of strawberries and blackberries in
Norway — arthropod pests and biological control. Bulletin IOBC/WPRS 26 (2)
45-50

Trandem, N.; Aasen, S.; Hagvar, E. B.; Haslestad, J.; Salinas, S. H.; Sonsteby, A.
2004. Strawberry blossom weevil - recent research in Norway. Bulletin
IOBC/WPRS. 27: 4, 145-152

Trosmo, A. 1986.Trichoderma used as a biocontrol agent against Botrytis cinerea rots
on strawberry and apple. Meldinger fra Norges Landbrukshogskole 65, 1-22

Trosmo, A. 1987. Effect of fungicides and insecticides on growth of Botrytis cinerea,
Trichoderma viride and T. harzianum. Norwegian Journal of Agricultural
Sciences 3, 151-156

Trottin-Caudal, Y.; Trouve, C.; Capy, A. 2002. Integrated control of glasshouse crops:
comprehensive management of strawberry — an overview of the 2001 test
results. Infos-Ctifl. Centre Technique Interprofessionnel des Fruits et Legumes
Paris 178, 41-44

Trouve, C.; Ledee, S.; Ferran, A.; Brun, J. 1997. Biological control of the damson-hop
aphid, Phorodon humuli (Hom: Aphididae), using the ladybeetle Harmonia
axyridis (Col: Coccinellidae). Entomophaga 42, 57-62

Tsaganou, F. C.; Hodgson, C. J.; Athanassious, C. G.; Kavallieratos, N. G.;
Tomanovic, A. 2004. Effect of Aphis gossypii Glover, Brevicoryne brassicae
(L.) and Megoura vicia Buckton (Hemiptera : Aphidoidea) on the development
of the predator Harmonia axyridis (Pallas) (Coleoptera : Coccinellidae).
Biological Control 31, 138-144

Tuovinen, T. 2002. Biological control of strawberry mite: a case study. In: T.
Hietaranta et al. editors. Proceedings of the fourth international strawberry
symposium. Acta Horticulturae 567, 671-674

Tuovinen, T.; Lindgvist, I.; Grassi, A.; Zini, M.; Hohn, H.; Schmid, K.; Gordon, S.
C.; Woodford, J. A. T. 2000. The role of native and introduced predator mites
in management of spider mites on raspberry in Finland, Italy and Switzerland.
Proceedings BCPC Conference-Pests & Diseases, 333-338

Tuovinen, T.: Laitinen, A.: Miettinen, E.: Tolonen, T.: Hard, E. 2001. Imuroimalla
otokat pois mansikkapellolta? [Can we use sucking devices in pest control in
strawberry ?]. Puutarha & kauppa 5, 15/2001: 20-21

© 2005 Horticultural Development Council 108



Tuovinen, T.: Lindgvist, I.: Karhu, S. 2003. Heating of strawberry plants for
elimination of strawberry tarsonemid mite - possibilities and risks. In: Oiva
Niemeldinen and Mari Topi-Hulmi (eds.). Proceedings of the NJF's 22nd
congress ‘Nordic Agriculture in Global Perspective', July 1-4, 2003, Turku,
Finland. Jokioinen: MTT Agrifood Research Finland, NJF. [p. 15]

Udayagiri, S.; Welter, S. C.; Norton, A. P. 2000. Biological control of Lygus hesperus
with inundative releases of Anaphes iole in a high cash value crop. (Special
edition: Lygus management) Southwestern Entomologist Suppl. 23, 27-38

van den Meiracker, R. A. F. 1994. Induction and termination of diapause in Orius
predatory bugs. Entomologia Experimentalis et Applicata 73: 127-137

Van Driesche, R. Western Flower thrips in Greenhouses: A review of its biological
control and other methods. Web page prepared by Mark S Hoddle

Vanderbruggen, D. 1998. Strawberries. Results of integrated pest control in
strawberries. Proeftuinnieuws. 1998. 8: 19, 42-43

Van Loenen, M.C.A.; Turbett, Y.; Mullins, C.E.; Feilden, N.E.H.; Wilson, M.J.;
Leifert, C.; Seel, W.E. 2003. Low temperature-short duration steaming of soil
kills soil-borne pathogens, nematode pests and weeds. European Journal of
Plant Pathology. 109: 993-1002

Varis, A. L.; Achterberg, C. van. 2001. Peristenus varisae spec. nov. (Hymenoptera:
Braconidae) parasitizing the European tarnished plant bug, Lygus rugulipennis
Poppius (Heteroptera: Miridae). Zoologische Mededelingen. Nationaal
Natuurhistorisch Museum, Leiden, Netherlands 75: 16-25, 371-379

Veire, M. van de; Degheele, D. 1995. Comparative laboratory experiment with Orius
insidiosus and Orius albidipennis (Het.: Anthocoridae), two candidates for
biological control in glasshouses. Entomophaga. 40: 3/4, 341-344

Vidano, C.; Scanabissi, G.; Arzone, A. 1990. Biological and phytopathological
studies on Anthonomus rubi Herbst (Coleoptera Curculionidae). Indagini
biologiche e fitopatologiche su Anthonomus rubi Herbst (Coleoptera
Curculionidae). Redia. 73: 2, 365-380

Viggiani, G.; Bernardo, U.; Sasso, R. 2000. First results on the introduction of
Thripobius semiluteus Boucek (Hymenoptera: Eulophidae) into Italy for the
biological control of Heliothrips haemorrhoidalis (Bouche) (Thysanoptera).
GF 2000. Atti, Giornate Fitopatologiche, Perugia, 16-20 aprile, 2000, volume
primo. Universita degli Studi di Bologna, Bologna, Italy: 521-526

Villevieille, M.; Millot, P. 1991. Biological control of Frankliniella occidentalis with
Orius laevigatus on strawberry. [French] Bulletin SROP. 1991. 14: 5, 57-64

Vincent, C.; Chagnon, R. 2000.VVacuuming tarnished plant bug on strawberry: a bench
study of operational parameters versus insect behavior. Entomologia
Experimentalis et Applicata 97: 3, 347-354

Visser, J. H.; Beerling, E.; Conijn, C. G.; Ester, A.; Jongsma, M. A.; Kogel, W. J. de;
Ramakers, P. M.; Tol, R. W. H. M.; van Vlieger, J. J. de 2001. Innovations in
the control of pests. Gewasbescherming. Koninklijke Nederlandse
Planteziektenkundige Vereniging,Wageningen, Netherlands: 2001. 32: 2, 25-
30

Waite, G. K. 2002. Advances in the management of spider mite in field grown
strawberries in Australia. Acta Horticulturae 567, 679-681

Walters, D. R. 1992. The effect of three film-forming polymers with and without a
polyamine biosyntesis inhibitor on powdery mildew infection of barley
seedlings. Annals Applied Biology 120

© 2005 Horticultural Development Council 109



Wang, ChinLing. 1999. Orius strigicollis and Orius tantillus as predators of thrips in
Taiwan. Proceedings: Sixth International Symposium on Thysanoptera,
Akdeniz University, Antalya, Turkey, 27 April-1 May, 1998.. Akdeniz
University, Faculty of Agriculture, Department of Plant Protection, Antalya,
Turkey: 163-166

Whitehead, R. 2005. UK Pesticide Guide. BCPC/CABI publishing. 612 pp

Wiesbrook, M.2003.1llinois. Pesticide Review
www.pesticidesafety.uiuc.edu/newsletter/htmI/200003ul.html

Wilcox, W. F.; Pritts, M. P.; Kelly, M. J. 1999. Integrated control of Phytophthora
root rot of red raspberry. Plant Disease 83, 1149-1154

Williams, M. E. D.: Edmondson, R. N.: Gill, G. 2000. The potential of some
adjuvants in promoting infection with Verticilliun lecanii: laboratory bioassays
with Myzus persicae. Annals od Applied Biology 137, 337-345

Willmott, D. M.; Hart, A. J.; Long, S. J.; Edmondson, R. N.; Richardson, P. N. 2002.
Use of a cold-active entomopathogenic nematode Steinernema kraussei to
control overwintering larvae of the black vine weevil Otiorhynchus sulcatus
(Coleoptera: Curculionidae) in outdoor strawberry plants. Nematology. 4: 8,
925-932

Wilson, M.; Nitzsche, P.; Shearer, P. W. 1999. Entomopathogenic nematodes to
control black vine weevil (Coleoptera: Curculionidae) on strawberry. Journal
of Economic Entomology 92: 3, 651-657

Withnall, M. 2003. Soil additive boosts yield and performance in strawberries. The
Fruit Grower October 2003, 30-32

Woodford, J. A. T.; Birch, A. N. E.; Gordon, S. C.; Griffiths, D. W.; McNicol, J. W.;
Robertson, G. W. 2003. Controlling raspberry beetle without insecticides.
Bulletin IOBC/WPRS 26: 2, 87-92

Wyss, E.; Villiger, M.; Hemptinne, J. L.; Muller-Scharer, H. 1999a. Effects of
augmentative releases of eggs and larvae of the ladybird beetle, Adalia
bipunctata, on the abundance of the rosy apple aphid, Dysaphis plantaginea, in
organic apple orchards. Entomologia Experimentalis et Applicata 90, 167-173

Wyss, E.; Villiger, M.; Muller-Scharer H. 1999b. The potential of three native insect
predators to control the rosy apple aphid, Dysaphis plantaginea. Biocontrol 44,
171-182

Ziv, O.; Frederiksen, R. A. 1983. Control of foliar diseases with epidermal coating
materials. Plant Disease 67, 212-214

Ziv, O.; Frederiksen, R. A. 1987. The effect of film forming anti-transpirants on leaf
rust and powdery mildew incidence on wheat. Plant Pathology 36, 242-245

© 2005 Horticultural Development Council 110



	Plant defense inducers or SAR compounds
	Wolbachia
	SF 66 Report Cover  contents page.pdf
	Grower summary
	Science section
	Table 1:  Summary of currently used biocontrol agents  14
	Table 2:  Summary of biocontrol agents commercially available
	in UK that may be of use to growers   15
	Table 3:  Summary of biocontrol options that warrant further investigation       16
	Table 4:   Review of biocontrol options for arthropod pests of
	strawberry and raspberry     17
	Table 5:   Review of biocontrol options for soil borne diseases of strawberry and raspberry     66
	Table 6:   Review of biocontrol options for aerial diseases of
	strawberry and raspberry     76
	References                     93



