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Résumé

Dans le contexte actuel, I'utilisation des prodpitg/tosanitaires doit étre limitée. De multiples
acteurs élaborent des innovations techniques ptiema@e ce but. En Sologne, la station
expérimentale ‘Légumes Centres Action’ travaille @silaboration avec les producteurs de
fraises pour mettre en place des stratégies ded®ian Biologiques Intégrées (PBI) adaptées au
contexte local pour lutter contre les ravageurspfoget s’est orienté sur des techniques de PBI
par introduction d’auxiliaires du commerce et panservation d’auxiliaires naturels associés a
des produits phytosanitaires compatibles. Afin dléer les stratégies mises en place, des suivis
de populations de ravageurs et d’auxiliaires oétréalisés pendant 5 mois sur quatre parcelles
de fraises de variétés remontantes produites dmgasuspendus. Les résultats 2011 ont permis
de mettre en évidence que ces stratégies doivemtadaptées a I'échelle de I'exploitation et
méme a I'échelle de la parcelle. D’'un autre cotésuivi plus précis a été réalisé pour mettre en
avant l'impact d’éléments paysagers sur les pojanstde ravageurs et d'auxiliaires. De
nombreux facteurs entrent en jeux dans la réusbitee stratégie de protection biologique
intégrée : facteurs de production, facteurs envieomentaux, facteurs climatiques ainsi que les
facteurs humains et économiques. Dans certaindac®BI| par introduction et conservation
d’auxiliaires ne semble pas étre suffisante (apiparde ravageurs secondaires, non installation
des auxiliaires apportés, résistance de ravagewspeduits phytosanitaires), et devrait étre
associés a d’autres méthodes de luttes alternativeslisation de filets ‘insecte-proof’, de
plagues colorées collantes, de plantes pieges extrdit de plantes sont des techniques qui
sembleraient étre intéressantes a intégrer dargestion des ravageurs en fraiseraies pour
répondre aux nouveaux problemes rencontreés.
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Abstract:

Actually, chemical uses must be reduced. Stakeh®l® elaborating innovative techniques. In
Sologne, the ‘Légumes Centre Actions’ experimerstation is working together with the
producers to set up Integrated Pest Management) (#sitegies to control pest adapted to the
local context. This project is using IPM techniglgsintroduction or conservation of beneficial
agents associated with compatible chemicals. Pedt leeneficial agent populations were
monitored during five months on 4 ever-bearingveltrary plots cultivated in *hanging gardens’
to evaluate IPM strategies efficiency. 2011 ressiisw that strategies have to be adapted at the
farm level and even at the plot level. In additiompact of landscape elements on pest and
beneficial agents were highlighted. Multi-factonseract on IPM strategies success: production,
environmental, climatic, human and economical fiect&ometimes IPM by introduction and
conservation of beneficial agents is not sufficisgcondary pest, non installation of beneficial
agents releases, pest resistance) and should beiaded to other alternative methods. Insect
proof net, coloured sticky cards, trapped plantsptant extracts seems to be interesting
techniques to manage strawberry pest in a sustainaty.

Total number of volumes: 1
Number of pages of the main document: 81
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Introduction

Since the green revolution, farming and food systerolved toward intensified systems. From
the agronomical point of view farming systems amnty based on monoculture crops and on
lots of inputs like fertilizers and chemicals. Froine ecological point of view, those agricultural
practices have broken natural equilibriums (pesturs and beneficial insect decreases), and
exhausted natural resources (groundwater, solilitigrt From the social point of view, links
between producers and consumers were broken by ewiatisation distances. Producers are
less and less independent in their choices, bedats®f firm advisors are implicated in their
production techniques. In such systems based ansmgoduction costs are very. Today lots of
stakeholders of the farming and food system hakmglzer interest to improve situations toward
more sustainable systems. My master thesis progeet case study around the strawberry
production in Sologne area to improve the productechniques from the ecological point of

view.

Strawberries are very sensitive fruits and are bangreserve. Visual and gustative qualities are
constraints that producer has to take into acceuvaty day. Even more in specialized production
systems, pests and diseases occur and are commangged by chemicals.

Consumers are more and more concerned by theirdoality, their health and the environment.
In order to answer to consumer and media pressdiféstent agricultural stakeholders set up
objectives to improve practices. The “Ecophyto Z0fBn is working in this direction. The
main objective is to reduce by two the uses of gbal® in agricultural systems before 2018.
Producers want to develop new techniques to an®wsFst management issues.

Different stakeholders in Sologne are working tbgetn order to set up alternative methods to
control the main pests occurring in strawberry fdanThe ‘Légumes Centre Actions’
experimental station and producers are working ttegeon integrated pest management.
However, the main aim of the producers is stilptoduce strawberries with a very good visual
aspect at a moderate cost.

Firstly, the strawberry production context will blarified the set up the purpose of the study.
Then integrated pest management (IPM) and ecologdacipals will be developed to

understand the technical topics. Next, methods usedet up and monitor strategies by
introduction and by conservation of beneficial agewill be presented. The four main pests

occurring in strawberry production afrérips sp., Tetranychid mite sp., Aphid apdLygus sp.



Therefore, each pest will be presented one afterother as well as beneficial insects that are
part of their control. A synthesis of the previdrals at the LCA experimental station as well as
the results of 2011 monitoring will enable us td sp strategies by introduction. The main
factors influencing success or failure of IPM byraduction of beneficial agents will be
highlighted. Then other methods including landscefements as part of biological control
method by conservation will be studied. Finallypgwsitions will be made to control pest in a

long term objective.



1. Strawberry production system in the Sologne area

1.1.Presentation of the Sologne area

The “Loir-et-Cher” is one department of the “Ceftregion and have a diversity of production..
It is divided in small territories, which are spaded in one or two agricultural productions. The
Sologne area is one of them, and is located irhsoiuthe “Loire” river. This area is close to the
“Chateaux de la Loire”. (Figure 1. Location of tl®logne area in France) It is flat and
composed of lots of artificial ponds, which haveteonstructed in order to purify the marsh
area. The soil is composed of clay and sand. Céntets a continental influence. It is
characterized by late frost (until may) and sprmgl summer drought. Rainfall level is of about
600 to 750 mm per year. (CRPF, 2005) The agricalltproduction is nearly exclusively
composed of strawberry, leek and asparagus prachsctThe Sologne area is known in France
wide as one of the best French strawberry and agparmproduction areas. The hunting activity
is part of the dynamic of the area. There aredbfwivate hunting forests.

This year, the weather was characterized by a wenyn month of may and a cold and wet

summer.

(Sourcedttp://www.qgissol.fr/partenaire/partenaires_regisnahp(left map) / http://www.loir-et-
cher.chambagri.fr/documents/regions_productiongpgtit map))

Figure 1: Location of the Sologne area in France



1.2.Strawberry production stakeholders in Sologne

1.2.1. Experimental station: “Légumes Centre Actions

The experimental station “Légumes Centre ActionSA)’ is specialized in fruit and vegetable
experiments for the “Centre” region. This structusea society which has about fourteen
partners, included three “Chambres d’Agriculturé”tliree departments (Loir-et-Cher, Loiret,
Eure-et-Loir), “Ctifl” and producer associationsClfambre d’Agriculture” is the French
organism which is the link between the farmers dhne politicians. The “Ctifl” (Centre
Technique Interprofessionnel des Fruits et Légumgsa national organism which makes
experiments on fruits and vegetables. The LCA isymased of three experimental stations:
Tour-en-Sologne, Orleans and Saint-Denis-en-Vakglo Orleans).

The Tour-en-Sologne station, where | was, is caristl of 4 hectares, and of 3 000 m? of
greenhouse and protected production areas (tunfielday the team is composed of 7 full time
employees at the station. A station manager suges\the team, and is also responsible for the
vegetable section at the “Chambre d’Agriculturefiefie are also 3 experimenters and 2 advisors.
The production manager is like a farmer. He ishiarge of the production job and manages the
seasonal workers. The intern students are workittyamd for the experimenters.

Experiments are focused on strawberries, rasplelgeks, asparagus, courgettes, onions and
potatoes. Researchers are working on different$opiptimisation of irrigation, variety potential
from quantity and quality point of view, fertilisah optimisation, chemical effectiveness, and
integrated pest management strategies adapted todhl context. Strawberry is one of the main
productions of the station. Some experiments a@ te each of the topics presented above. My
project is included in the last topic. They startedwork on integrated pest management on
strawberries 10 years ago.

One of the objectives of the station is to link molosely experiments and advices. A part of the
experiments is realized at the station and angihsdris realized on farmers’ plots, depending of
the topics. The experiments are adapted to prodoeeds. The project that | focus on was
conducted in producers’ plots. It was a monitoraighow IPM strategies are lead in different
situations. The objective is to adapt some stratemi real case situations. It is more interesting
to conduct them by farmers’ plots and not onlyhet $tation. As the environmental contexts of
farms are different, it gives different examplesy Wroject is an action-research project. The

producers are fully included in the developmenhefstrategy.



1.2.2. Strawberry producers

Strawberry production in Sologne area started twéen the two world-wars. Today in Sologne,
there are about 35 strawberry farmers. 25 of themdyze only strawberry in soil, and 10 of
them produce mainly in hanging garden structuregu(E 2: strawberry plants in hanging garden
structures) which represent 21 hectares. | chduséstm ‘Hanging garden’, because hydroponic
and soilless production did not seem to be appatgrio this production. The first producer
started to make strawberry in hanging garden strestin the 1990 but it did not work,
because there was not enough technical knowleagmaiit at this time. This production system
rose mainly since 2000. The main reason is thastlleis exhausted. There is no rotation. The
soil is exhausted. In this context, they wantedreate a more productive system. It costs more
because the whole system is based on inputs, praduces more! Another minor reason, which
is used to make this system nicer, is that seasooider conditions are better. The fruits are at
their shoulder level, they do not need to be krtkelé day long. | asked the LCA strawberry

advisor for those information.

Figure 2: Strawberry plants in hanging garden

1.2.3. Strawberry commercialization: “Cadran de Spie”

Producers had created 30 years ago, a kind of caipgee called ‘Cadran de Sologne”. All the
producers bring their strawberries daily in thekpseason (in may) and three times a week in
summer and autumn. 3 000 T of strawberries areusextl in Sologne in one year. The mean
price is about 3 € per kilogram, it can vary fron€ @o less than 2 € per kilogram. Producers
bring different batches and they are sold indepethgeEvery day or every two days, there is a
market. Strawberries are sold by auction; it stattthe highest price and then decreases. About
fourteen big buyers participate to the auction regrkand distribute the strawberries to
supermarkets all over France, and in other Euromeamtries. Producers and buyers are all
grouped in the same room. And a man talks and piesiee different batches and the price start
to decrease on a screen. Buyers stop when theg agfte the price. The producers are satisfied

10



by this way of selling their production. They dot meed to find some buyers, but they do not
control the price at all. The price depends oféheopean strawberry market, of the season and
of the fruit quality. If there is a high demand ahthe production is low the price is high. The

“Cadran de Sologne” is a very important stakehofdethe strawberry production in Sologne.

1.3.Strawberry production

Strawberries as lots of other fruits and vegetahies/ery sensitive and perishable. It needs to be
stocked in cold area. The time between the pickimgjthe selling has to be as short as possible.
The consumers are very strict with the visual dredgustative quality. The strawberries need to

be nice and to have a good taste (not to acidonaweet).

There are lots of elements to take into considematin order to produce strawberries, as the

consumers like them. The whole strawberry systegoiisg to be presented in order to underline

the elements that characterized the project. Tha slaments that we are interesting on for later

are going to be presented more in detail, the stbee are going to be quote.

1.3.1. Hanging garden production

Strawberry production that we are interested with laanging garden production in tunnels,
every elements of the production are based on $nflsitgure 3: Strawberry production system in
Sologne) The strawberry can also be produced irstlleand Plants are bought in a nursery
which is located in Sologne or somewhere else i@l They are planted in some substratum
which can be compost or coconut fibres, which dse By to some firms. An irrigation system

needs to be built up in order to bring water andilizer to feed plants and enable them to
produce fruits. In greenhouse structure, the teatpex and the humidity are automatically led
by computer. Some constrains are determined byupeydn order to manage the opening of the

doors and the number of irrigation. In other stioet the producer has to manage him self.

o

Figure 3: Strawberry production system in Sologne
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One ever-bearing strawberry plant produces in m&énkg of strawberries in the season.
Production cost in strawberry produce in hangingdga are of 2,6 €/kg or 10,92 €/m2. The
mean prize for ever-bearing strawberry is of 3 €kd 2,6 €/m2. The mean profit is of 0,4 €/kg
or 1,68 €/m2.(Figure 4: Strawberry economical refiees) A pesticide application cost between
0,005 and 0,015 €/m2.

Yields Production| Selling Profits
(kg) costs (€) [prices (€) |(€)
1 plant 0,6
1kg 2,6 3 0,4
1 m2 (7 plants)| 4,2 10,92 12,6 1,68
5 000 m? 21000 54600 63000 8400
Figure 4: Strawberry economical references

1.3.2. Strawberry varieties

Strawberry varieties can be divided in three grodipgjure 5: Comparison of the three different
varieties of strawberry production) Some of them @alled short-day varieties, which mean that
they produce early in spring during two months pnileand may. They are planted either in the
middle of the summer (august) or at the beginnihg new year (January). They do not care if
the days are shorts, to grow up. They do not predater on in the summer. Most of the time, in
hanging garden system, those short-day varietieslag up at the end of may and some new
plants which are ever-bearing strawberries areggtmnbe counter-planted at the beginning of
june. The second varieties which are the same esdlnter-planted ones are ever-bearing
strawberries. Those one are planted between jararatymarch. They produce from may until
october. They are flowering many times during ors@pction season. The picking is done twice
or three time a week, in order to have nice fildadme seasonal workers are hired for picking the

fruits and for taking care of the plants. (Theynpldahey cut the stolons and the old leaves,...)

$5835888 88353387338

Short-day strawberry

Ever-bearing
strawberry

JCounter-planted ever-

bearing strawberry

Non productive period
Productive period
No plants

Figure 5: Comparison of the three varieties of strawerry production
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1.3.3. Pest management strategies

In such intensive system, diseases and pests tyroecur on plants. Three main pest species in
the strawberry productiofhrips sp, Tetranychid spandAphid sp.are known. Some secondary
ones appear in some plots led with IPM stratediggus sp., ..Most of the time chemicals used
to combat the main pests also kill the secondagsoBut today there is more and more interest
for alternative methods to improve agricultural guotion issues. Limits of available chemicals,
consumers demand, media pressure and more knowladgeeasons to be interested in
integrated pest management.

First of all, there is a reduction of active moles,) which means fewer chemicals are available
to control pest species. And regulations of chemisees are more and more restricted and
adapted to each molecule: time before going intméis and prescribed time before harvest.
There are also high risks that pests become rasigiachemicals, because they were not used
correctly. (Van-Driesche and Bellow, 1996; Dubofi12) Constrains of pesticide applications
are stricter in particular under tunnel toward wkers, and because of high temperature. The
producers do not like to treat. Secondly, the pnesef the media about chemicals is very strong.
The consumers ask for more healthy food and usecbhiques which respects the environment.
(Dubon, 2011)

During the last year there is more interest ondglal control methods and more knowledge
about how to use it are available. Integrated pemtagement is included in national political
objectives about chemical uses in the future. (DylRO11) Different stakeholders of the French
agriculture system commit to respect and to redeh “Ecophyto 2018” plan. The general
objective of this plan is to use 50% less pestiide 2018 than they were used in 2008.
(http://agriculture.gouv.fr/ecophyto-2018)

2. Integrated pest management

Agricultural system is a simplification of the nedb system. With this simplification,
equilibrium between insects is broken. The biolaficontrol concept is to reach again those

equilibriums by anthropics methods. (Suty, 2010)

2.1.1IPM definitions

The Integrated Pest Management (IPM) is definedtly International Organisation of
Biological Control (IOBC) as the combination offdifent methods, which can be use to control
pests. They need to be ecologically, economicailly @xicologically satisfying. The priority is

to use natural method in order to limit pest depelent and to respect the level of tolerance that
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producers accepted towards damages. Producer$’dbt@erance is overtaken; when he feels
that the risk for his harvest or the cost of theraktive method may exceed the earning price.
Biological control is not always sufficient, and ig sometime necessary to combine it to a
chemical control. Integrated methods need to bentakto consideration within the space and
the time. Resistance developed by pests toward icalmcan also be developed towards
beneficial insect species. Those methods are painied'natural selection” of species: the more
resistant survived by adaptation. The combinatibifferent methods reduces the chance of
species adaptations on one methdd. control method is perfect, but the combination b

imperfect methods can be perfect(Pintureau, 2009)

2.2.Biological control

Biological control (BC) “is the use of parasitojkedator, pathogen, antagonist or competitor
population to suppress a pest population, makitgsg abundant and thus less damaging than it
would otherwise be. [...] BC may be the result ofgmseful actions by man or may be results
from the unassisted action of the natural forc@gah-Driesche and Bellow, 1996)

Biological control can be defined as the use oihgvorganisms or their products in order to
combat some organisms that are considered aspexses. There are two categories, one using
beneficial insect species and the second whichthsie products. (Pintureau, 2009) In this

project biological control method will be mainlysagiated to beneficial insect specie uses.

2.2.1. Beneficial agents

Beneficial agents can be defined as organismdtptto maintain pest species at a low level by
its way of life. They use the pest species to tbedn or to reproduce (Suty, 2010). Two kinds of
agents can be distinguished: microorganism andoemtbhagus species. The term beneficial
agent will be used when we talk about insects aiesmwhereas beneficial insects only include

insect species. All the pest and beneficial ageiitde presented in more detail further on.

The objective of using microorganisms like viruacteria or fungi is to create some iliness to

the undesirable species, and eliminate them. (Riaty 2009)

The enthomophagus species can be divided in twast{#igure 6: two types of Aphid beneficial

insects)
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Predator species hunt preys to eat or to feed lueia. One stage or all stages are predacious,
depending on species. Predators that we are mtsested on are Ladybug, Staphylin,
Chrysope, Bug, Aphidoletes, Syrphe....(Suty, 2010)

The parasitoid species are insects or nematodeduhag at

least one stage of their development take plas&enor in Aph'd. ,

parasitized
contact to another insect called host species. gdrasitoid | by Aphidius
species is smaller than its host; they caused #athdof the sP

host individual. Each larva uses one host, butfensle can lay

on one or more individuals. Aphidius and Aphilinsgecies arels ) ;

Aphids parasitoids, we will talk about them la{&uty, 2010) @ n Aphid
; predator :
Figure 6: Two Syrphe

types of Aphid beneficial insects sp.Larva

2.2.2. Different methods of biological control

Biological control methods working with beneficialgent species can be divided in four
categories:

= Conservation method is based on the preservatidseéficial indigenous species.
The objective is to maintain habitats for over-wnmtg, for feeding natural enemy
population when pests are not present, and toecfaaburable reproduction area by
using environmental elements around the crop pitimlu@rea. They can be non-
cultivated area such as hedgerow or cultivated auea as flowered crops. (Van-
Driesche and Bellow, 1996)

» Inoculation release is used when indigenous naamamies seem to be too restricted
to control pest. The objective is to increase thagéenous populations by making
some releases usually limited during to the sppiegod. (Van-Driesche and Bellow,
1996; Pintureau, 2009)

» Inundation release is based on massive releaseopfilgtions which are not
necessarily indigenous. This method can be coreides a biological treatment,
because individual quantities applied are very dgl application frequencies are
very high. It is used when the pest insect is \@ffycult to be controlled. Some bio-
fabrics reproduce those beneficial insects in higngity and commercialize them.
(Van-Driesche and Bellow, 1996; Pintureau, 2009)

= Acclimation method is based on introduction of neatural enemies in order to fight
against new invasive pest species. Those speciescaming from another

geographical area. Pest species were introducedleatally in a new area.
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(Pintureau, 2009) The conditions of establishmeatstudied so that the objective is
to install them for a long term period. Those pagiohs need to be well studies in
order to know the perfect quantities, the safetyl @neir impact on other organisms.
(Van-Driesche and Bellow, 1996)

=  We will use the term IPM by introduction, which tlast three methods.

2.2.3. Difficulties to work with living organisms

Introduction method costs are high and not alwaysceveness. As we work with living

organisms, many factors influence their capacity leave and to reproduce in a new
environment: transport condition and storage befloeeimplementation (temperature and time),
release conditions (temperature, wind, humidityd &he global environment of the production

plots.

2.2.4. Some ecological concepts about dynamic plulptons

It is not that easy to work with beneficial ageritss important to aware of some basic concepts

of dynamic of population.

2.2.4.1.Food chain
Food chain is based on a linear succession of izogpecies. It starts with plants (strawberry
plants) called producers are getting their enengynfthe sun, from organic and mineral
components. Those elements become accessible ttatke decomposers work. Herbivorous

species (pest species) eat plants. Carnivore d§boe 4
Carnivore
species) only eat herbivorous species, whereas I
. . l Predators
carnivore |l (predator species) also called sSUp cgnsumer < T camivore
carnivore eat carnivorous species. (Suty, 2010) | l
(Figure 7: Food chain including strawberry-pest- Herbivore Pests
\
predator)
A 4
Food web is a complex food chain, which inclu( Pproducer Plant Strellwberry
plants
multiple consumers interacting in the same habitat.
This concept is difficult to take into consideratimn | pecomposer Micro-
. . organisms
biological control methods.
Figure 7: Food chain

including strawberry-pest-predator
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2.2.4.2.Intra-quild predation

To simplify this phenomenon, the term predationinghis part takes into account predators and
parasitoids. The intra-guild predation conceptmgartant to be aware of, because relationship
between pest and beneficial agents are not lineaone hand, extra-guild predation is for
example, two different predators (P1 and P2) thatlee same prey. (Figure 8: Representation of
different types of predation systems) The intrdeygredation is a more complex system. In
addition to the extra-guild system, the intra-gyateédation takes into account that one of the two
predators (P1) of a pest could be the predatdreofecond predator (P2).

Qe P1f)----»[)P2 P10<.--->
AV

Pest Pest Pest
Extra-guild predation Asymmetrical Intra-guild Symmetrical Intra-guild
predatiol predatiol

Adapted from (Suty, 2010)

Figure 8: Representation of different types of predaon
systems

We can speak of asymmetrical intra-guild predatdren the predation is only in one side and
of symmetrical intra guild predation when the ptemta is mutual. This means that if one
predator is introduced whereas the second oneliganous, the effect of the introduced one will
not been observable. And the predation by P1 isnoce sufficient to control the pest. This

phenomenon has to be known to set an IPM progr@uaty(2010)

2.3.Different methods that use products or comptsnefhbeneficial insects

Other methods of biological control can be useaytlare not based on beneficial insects.
(Pintureau, 2009)
= Extract of plant can control some pest speciesaumx of their toxicity.
= Varietal or genetic control consists in selecting thost resistant plants to a pest
species. The first method selects the varietiestb@decond one inserts genes from
another species to the plant genome to defenceeHismsne defence against pests.
= Sexual confusion is based on saturating the artrapeist species pheromones. This

method interferes with the couple meeting and fdation.
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= Autocid control consists on introducing not fecundividual into the pest species, so

the population will degenerate within the generatio

2.4.Use of pesticides

Pesticides destroy organism by using synthetic cubds to eliminate pest species. This
technique has a negative impact on human healtenemonment and on insect biodiversity. In
order to combine biological and chemical methodsisiimportant to use pesticides in a
sustainable way: to use it when it is really needéthout exceeding the stated doses. Chemicals
should be choosing as the most specific for theedipest, the less toxic for the environment and

the one with the shortest persistence. (Pintur2@o9)

2.5.Prophylactic methods

Prophylactic methods consist on limiting pest ailriin a crop. They are mainly based on
physical methods. Create harmful climatic condgiamder tunnels to killed insect populations
(high temperature or high humidity). Insect proet and trap coloured sticky cards can be used

to limit and to prevent outside infestations. (Bretwu, 2009)
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3. Problematic

Politicians, consumers and producers share the samefor decreasing chemical uses.
Restrictions on chemical uses and constrains b$atibpn are more and more strict. As tunnels
create a closed environment, these restrictionggpecially pointed out. Resistance phenomena
of pests against chemicals appear in Sologne drean, producers feel more and more
concerned about new pest management systems.

On one hand the LCA station have been working @oydars on integrated pest management by
introduction and conservation of beneficial inseftis objective of this experimental station is to
use innovative methods and to make them accessibl@roducers. Years after years,
experimenters by their trials accumulate knowledge references linked to different conditions
of production: weather and practices. (Figure 8k&holder needs, base of my project)

On the other hand strawberry production in Solagre highly specialized system. Most of the
Sologne producers manage pest issues by using cdismtowever, some producers started to
use integrated pest management by introductioncandervation on their plots but they have
difficulties to get successful results with theleraative methods.

Training are offered by the “Chambre d’Agriculturaid organised by the LCA station aim to
increase awareness and knowledge of producers cuil® topics. Producers do not have the
same knowledge and sensibility about this topiaifiings enable them to recognise and to learn
more about beneficial insect species. In additmnhis training, producers using already this

method would like to go further. So, they askedtB& strawberry experimenter to work with

Permanent
adaptation Trials with
LCA / long term \ statistical

.. . station \ analysis
association of different methods use

Firm
to manage pests, the main objectivgs ‘A | _strategies /

Monitoring
today are biological control method

Sologne.

As integrated pest management is t

Training of producers’ Increase the

|| diversity of

plots S
\ situations
o‘“eﬂo
V" 2 Influencing factors

associated with compatibl

chemicals. A longer term aim could Difficulties | =
g ) _ ) of the a8 \?‘ /f :
be to manage pests with biologica producers s Co-learning
(Producers —
i H experimenter —
control methods, by introduction or by advisor —student)

conservation of beneficial agents and Accumulation
of knowledge

with other non-chemical techniques.
Figure 9: Stakholder needs, base of my project
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The aim of my master thesis was to set up adaptategies to the local context. As my work
placement lasted over 6 months, we decided to riRideon ever-bearing strawberry produced
in hanging gardens, which start to produce at thé ef march and stop in october. The

objectives of my project could be divided in twatga

On one hand the objective is to set up some IPMtesires on ever-bearing strawberries
produced in hanging garden for each pest specgemtioducing beneficial insect species. IPM
strategies were set up with two firms that comnadime beneficial insect species. Four plots
were monitored, one at the station and three odymer plots, in order to compare strategies in
four situations. Strategies are based on IPM bipdhiction of beneficial agents: evolution of
pest and beneficial agent populations were mordtatering four to five monthsCan the

introduction of beneficial insects solve all the psblems? Which factors influence the

success of IPM strategies? What are the perspectszen IPM for the next years?

On the other hand, we would like to evaluate thgpaot of the landscape elements on
conservation of indigenous beneficial insects toage strawberry pests. Landscape elements
such as edges are habitats for natural enemiegsté.plow do those beneficial insects on
those landscape elements can move towards strawbgrplants in hanging gardens? Are
grass strips under strawberry plants efficient to fght pest speciesThis was implemented by

an experiment on the LCA station.

Finally different stakeholders are working togethveith producers to elaborate innovative
methods and allow them to be more independent fimmadvisors How this technical project

is included in an action-research project, where dierent stakeholders are part of
innovative techniques?
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4. Material and method

In this part | will present the different stepstiog project. It is divided on two parts, the fioste

is based on IPM by introduction strategies andsteond one is based on IPM by conservation.

4.1.Set up IPM strategy on ever-bearing strawk®indnanging garden structure

4.1.1. Synthesis of previous monitoring led at tagan

First of all, a synthesis of the different expentsgewas realized for each pest. As it was
impossible to characterize strategies, the maituéeo points are presented. Not enough detalil
around factor that influences failure or successhdose to take into account evolution of pest
population after beneficial insect introductionspmtensity at the end of the season and strategy
cost. As IPM is the combination of beneficial inse@nd of chemicals, sometime it is difficult to
say which action were successful. As each yeategiiess and weather conditions are different,
there were not much information in the report, @aswdifficult to interpret. But | succeed to
highlight the general evolution of strategies thlyloout the years. And some elements helped to
set up future strategies. Another limit of thistparthat IPM strategy on strawberry has most of
the time been lead on short-day strawberry or amtay-planted ever-bearing strawberry. Those
productions are shorter than the one we are irtegtegith, but it still give us some elements that

we were not sure this year. They strengthen thelasions of this year.

4.1.2. Plots monitoring in 2011

The analysis of the previous year strategies has bealized while the strategy of this year was
already set up. | manage to stand out previoutegies, when | experience it by my selves and |

made some readings.

4.1.2.1.Presentation of the four plots monitored

The situation of the four plots is different, besitie fact that it is ever-bearing strawberry @ant
cultivated on hanging garden structure. (Figure @laracteristics of the four plots monitored)
The variety of strawberries is different in one gwoer plot. The plot leads by the producers are
bigger than the one at the station. The date aftalen is different from one plot to another
(from January to march). Moreover producer 2 plnfetunnels every 2 weeks. So, the
plantation spread on one month and a half. Tunoetdare managed differently. In two plots,

tunnels are never closed. The two others use tlogirs. One has an automatically system, that
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manage the doors according to temperature, humality wind orientation. The other one opens
and closes the door manually, when the tempera&uosv and when the wind is strong. The age
of compost bags are also different. The plot emwitents are different from one plot to the
other: presence of landscape elements, or cultivateps closed to strawberry plots. At the
station and the producer 2 have less than 2 haawiserry, whereas the two others have more
than 3 ha. IPM strategies by the producers araugdity a Koppert advisor, a company that
produce and commercialized beneficial insects. Hdtegies are conducted againbtips sp

and Tetranychid mites spAt the station, it is Syngenta Bioline that comaigized beneficial

insects. Strategies were set up agafghid sp., Thrips spand Tetranychid mite splLots of

factors are different from one plot to the othevek if strategies are similar, situations are
different. Some other like fertilization, irrigatioand action on plant (cut old leaves, cut

stolon,...) have not been compared.

Producer 1

Producer 2

Producer 3

LCA station

Ever-bearing

strawberry Charlotte Charlotte Anabelle Mainly Charlott
variety
Size of the plot
lead with IPM 3 600 5 000 3 600 630
strategy (m?)
Between
Beginning of beginning of End of .
Plantation period . . Middle of march
march february until the january
end of march
Age of compost
9 P 2" year ftand 29year & year ftyear
bags
Door X
Not used Manual Automatic No doors
management
Cereals,
Other
. courgettes, leeks
productions close Cereals Leeks /
asparagus,
to the plot
potatoes
Natural grass-
Hedgerow, strip, youn
Landscape 9 Fallow and Py 9 .
follow, sylvan hedgerow, and in|
elements close to . Forest hedgerow but
pine forest one part clover-
the plot far away ]
strip under
hanging gardens
Thrips and ) Thrips and . )
. Thrips and . Aphids, Thrips
IPM strategy for Tetranychid . . Tetranychid .
. Tetranychid mites . and Tetranychid
mites (K 9 mites ites (S ta)
opper mites ngenta,
(Koppert) PP (Koppert) yng

Figure 10:

Characteristics of the four plots monitoed
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4.1.2.2.Monitoring method

During my stay in LCA, | monitor insect populati@volutions in time on different kind of
strawberry plots: short-day, counter-planted andr#earing strawberries. All of them were
produce on hanging gardens. | will direct my resokly around ever-bearing strawberries.

Four plots of ever-bearing strawberry were mondoweeekly, in order to follow pest and
beneficial agent population evolutions. In each,ghurty plants were observed each time. They
were chosen at random. This mode of sampling wasugenationally by a working group
composed of experimenters working on IPM strategiesstrawberries. By the producer, we
choose the LCA experimenter and me to follow 1®slan three tunnels, because lots of tunnels
were managing with IPM strategies. | always lookédhe same tunnels to see an evolution of
pest and beneficial insects within the time. At ¢&tion, | look at 4 to 5 plants in each tunnel,
because tunnels were fewer and smaller. The faligwbservations were realized on each plant.
(Figure 11: IPM monitoring methods on strawberrgnt$). Two leaves are observed with a
hand-lensAphid sp andTetranychid mite spvere observed on the underside leaves and notated
with a class system. (Class 0: when there is niviohehl, class 1: between 1 and 3 individuals,
class 2: between 4 and 10, class 3: between 1B@ndlass 4: between 31 and 100, class 5:
between 101 and 300, class 6: more than 300). Tingber beneficial insect individuals by
species are counted. Then the heart and a flak ate observed to determine the presence of

Aphid sp and of beneficial insects. Then a flower is shtwokount the number of thrips in it.

Young leave
at the

Old leave at
the bottom

Class system: (Aphid
and Tetranychid mites)
CO : Non

Cl:1-3

C2:4-10

C3:11-30
C4:30-100

C5: more than 10

Other insects are
counted and recorded
with number

Figure 11: IPM monitoring methods on strawberry plants
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As ever-bearing strawberry flowering is cyclic,dunted the number of mature flowers present
on the plant that | observed. This is realizedroteoto calculate the number of thrips per mz2:
(Thrips /m2 = (x thrips / 10 flowers observed) hifber of mature flowers / 10 plants) *
(number of plants / m2)).

To present the results | did not took into accdbetclass: density of pest, % of plants occupied
by the plants are already sufficient to highlighg tmain interesting point. Graphs are explained

in Appendix 1.This appendix needs to be kept open for all the regt.

In addition to those observations, sofehid sp.andThrips sp are sampled and identified by
specialists. The aim dphids spidentification is to adapt parasitoid releaseéd\phid species
They are sent to the INRA of Rennes for identifimat The Thrips sp.was for the first year
identified in order to see if species are the samibe different plots and to know their damages.

They are determined for at the plant health lalmoyaih Montpellier.

4.1.2.3.Additional monitoring

On a plot,Lygus sppresence limited of the IPM success. The genecalitoring method does
not take into account tleygus sp.When a producer observed the fitggus spon his plot, we
decided to make an additional observation from jionaugust on each plot. 90 plants are shook

over a yellow bowl, the falling Lygus are counted.

In another plot, an additional trial was realizadbrder to evaluate blue sticky card potentiality,
on thrips population. Sticky cards are used toaeted to catch insects. The yellow and the blue
are used to attract thrips, whereas the yellow aisxs catch beneficial insects. They are used at

a density of 1 card per 100 m2, in order to deteeffirst thrips and their evolution.

Blue sticky-cards are hung in three tunnels a
density of four cards per 100 square meters (12 Blo T :
sticky cards / tunnel). The cards have liquid ghme 1 T\‘\\) —

each side; they are 20 cm large and 25 cm long
card density was recommended by Koppg
commercial advisor, when used as a control met
The middle tunnel was monitored weekly, as welbas without blue sticky cards. | counted
thrips number in 30 flowers per tunnel, and countedflower number on 30 plants. In addition
to those observations, | counted the thrips nurobeght in a week on one side of 4 sticky cards.
Blues cards are changed every week in the monitoratel.
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4.1.2.4.Co-decision of IPM strategies by benefiitiakct introduction

A first meeting was organised in mid April to seb strategies by producers’ for 2011.
Producers, Koppert advisor, LCA experimenter andisad and me were present. The LCA
experimenter and me went and saw producer plotadéfis meeting. We did not want to take
part firstly in the strategy decisions. Koppert iadv suggested his strategies without a first
observation of the plots. Producers refused tohlge sticky cards. And they did not want a
strategy againshphid sp. Within those constrains strategies agaifisips sp.andTetranychid
mite sp.were set up. Dates of beneficial insect implententa were choose. The first meetings
with Koppert advisor on the plots were organiseslegks later, after the first implementation to
see the population evolution. He came back thréerotimes. Every week, | realized my
monitoring. Producers came nearly every time dunmygmonitoring to see the evolution of pest
and beneficial insect populations. Then | updatesl data, with the LCA experimenter and
sometimes the LCA advisor. If needed, we prediced treatments or beneficial insect releases,
by setting them with Koppert advisor and with thheducer concerned. Sometime the producer
did not take the advices into account. During B# tonitoring, elements were kept out to
improve next year strategies.

For the station plot, the strategy was not sethugdivance. | started my monitoring, each week a
report with charts was sent to the Syngenta Bioideisor. When pest populations started to
rose up, she came and decided of which benefingdcis should be released and at which
density. She decided according to pest and beakifigect present at the moment and with the

accord of the LCA experimenter. She came four tichethg the season.

4.1.3. Strategy in process with producers

All the different steps will enable us to set upteategy by pest adapted to the local area. In
addition to that | realized a technical supporttib@ compatibility of chemicals with beneficial
agents (Appendix 2). | compiled information fronffelient sources, in order to create a table
which can be easily used by the farmers. | prege2®d 1 results to the producers enrolled in the
IPM training. This power-point makes reminds abgest characteristics, beneficial insects
available to control this pest and 2011 resultheDimethods are presented for the future to
improve the failing points of IPM by introductiorf beneficial agents. Those methods were
discussed with the producers concerned by the wramgt across all my visits. During this
meeting we also made a point about what does thetonmg bring to them, if they want to go

further on, what does it brings to the others.
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4.2 .Evaluate impacts of landscape elements onapeisbeneficial insect species

The second topic of my project is to evaluate thpdct of the landscape elements on the pests
and beneficial insect species on strawberries. mbaitoring has been realized at the station.
The plot is composed of 7 tunnels of 20 meters.|dig strawberries are produced on hanging
garden under tunnels. There are 3 rows of strawh@ants in each tunnels and the density of
plantation is 7 plants per m2. One limit of thimltis that we are not going to observe only the
indigenous enemies of pests, because it is onaime plot previously presented to set up the

IPM strategy at the station. Some beneficial irsact released during the season.

4.2.1. Condition of the trial

Three types of landscape elements have been skiring the previous years: (Figure

Figure 12: Pictures of the different landscape elas)

At two meters beside the last tunnel, a hedgerosvlidegen planted in 2008. It is composed of
small trees and bushes.

At the end of the tunnels, there is a natural gsasg. It is about three meters large.

Clover-strip under two tunnels is composed of cto{@%), of fescue (15%) and perennial

ryegrass (25%). The sawing was realized last sumwigr a density of 20 kg/ha. Strawberry

plants are in hanging garden. Those two tunnelstlaeclosest ones of the hedgerow. The

ground under the five other tunnels is covered waithrp: a woven dark sick fabric.

N e j B

Hedgerow / Natur: grass strip cl

1 Clovel-strip / Windbreak net / Hedgerc

Figure 12: Pictures of the different landscape elenms
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4.2.2. Experimental protocol

Last year these kinds of monitoring were alreadly kit the results were not significant. There
were no repetitions. This year the objective it the observation with repetitions in order to
have more significant results. (Figure 12: Pictwkthe different landscape elements and Figure

13: Trial plot plan)

In order to make a more significant targeting,dkdadeas in the Ferré experiments working on
the impact of beneficial flower-plants including dhe cultivated-non-flower-plants. (Ferre,
2011)

Firstly, the objective is to see the influence bé tground structure. Two different ground
structures will be compared:

Area A: tarp
Area B: clover-strip which can not be dissociatédhe effect of the hedgerow because of its

localization.

Secondly, the objective is to highlight the impa€ttthe natural grass-strip at the end of the

tunnels. The distance between the plants and thesgtrip could have an impact on pest and
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beneficial insect populations present on strawbplayts. We distinguished 3 zones, based on
the distance to the natural grass-strip:

Zone 1: 1 m away from the natural grass-strip

Zone 2: 7,5 m away from the natural grass-strip

Zone 3: 14 m away from the natural grass-strip

When we combine those 2 factors, 6 small areaslaieened. Each small area will be repeated in
three different rows to have a more significant itwimg and to eliminate the row factor
influence. We finally obtain 18 small areas to alseeFor example, the area A3-Z1 is in the tarp
area and close to the natural grass-strip andliei$ third repetition of the small area. Ther ar
other trials on this plot about variety, substratel plant care; we choose six rows that have the
closest production management. The variety is Ottarlan ever-bearing strawberry, the
compost-substratum comes from the same companythanchre of the plants is the lowest one,

only the oldest leaves (nearly dead) are removed.

Those small areas are 2,5 meters long. There apa®%s in each area. For each small area, 5
plants have been chosen with a random draw methoaokder to follow the evolution of the
insects and mites populations on always the saar@IThey are marked with a piece of wool.
This precaution eliminates the plant effect. It Vaoloe even better to take more than 5 plants, but
it would not be feasible for the monitoring. Themtoring was realized weekly from the middle
of march until the end of july. It took me betwd®ro and six hours weekly to monitor this plot.
The lenght depends on pest and beneficial agenilgiigns present on the strawberry plants.
Pest and beneficial agent populations are exanonevo leaves, the heart and the floral-stalk
as presented on a previous part § 4.1.2.2.

In addition to this monitoring, | follow the inseahd mite populations in the clover-strip. | took
a square frame of 0,25 m2. | counted the numbéndi¥idual of each beneficial insect species
that | observed inside the frame. And | countedrilv@ber of tetranychid mites on the underside
of 10 clover leaves present in the frame. This bhasn carried out in the three zones
characterized by the distance to the natural gsags- Those followed has been realized

according to what was feasible.
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4.2.3. Data processing

All the observations are registered on EXcsHieets by pest species, at each date of observatio
For the beneficial insects they are entered indeépatty and then number beneficial insects per

pest is calculated. | calculated the mean betweemnasults of the 5 plots.

Then some statistics are carried out in order t&emabvious conclusions. First of all an

ANOVA analysis with two factors is realized at eaghte and for each pest and group of
beneficial agents by pest. The two factors takig account are the ground structure factor and
the distance to the natural grass-strip factor. dmabination of the two factors is also made by
the analysis. The combination of these analysisadrsdme chart, distinguished the evolution of

the pest populations in different periods. | wiépent the main results.
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5. Set up IPM strategies adapted to the local conterf Sologne

There are three main pests on hanging garden giodun Sologne: Thrips, Tetranychid mites,
and Aphids. Lygus, Aleurodes, Cicadelles and Antimes are secondary pests. Results are
oriented on the three main pests and also on Lyjts. of all, the pest will be presented as well
as its beneficial agents. It is important to bekieow pest species characteristics to control them.
(Greer and Diver, 2000) Secondly, IPM strategy etiohs at the station will be highlighted.
Thirdly, 2011 results will be presented in detagkt by plot. Finally a comparison of the four
situations will enable us to conclude on IPM siyas adapted to situations. Other solutions will
be quoted to associate to IPM strategies when sacesA global approach of IPM on

strawberries will be presented in the last part.

5.1.Thrips management by insect introductions

The Thrips sp.is one of the most difficult pests to control untiennels. They cause important
damages that have a strong repercussion on thigyqoiaihe fruits, and indirectly on strawberry

selling price. (Jonest al, 2005)

5.1.1. Thrips characteristics

Thrips sp is parts of the Thripidae family. Those

2 mm long insects have a very short life cycle.

There are between 8 and 15 generations per year.

Climate conditions under tunnels are favourable / : i
to their development. They like to go in very tiny \:l‘f; Plant (Plant or ‘it{
place. (Greer and Diver, 2000) This insect, ”ke'.:'?:;i}a‘th bud) f F‘
lots of other insects, can reproduce themselves b 4!: » - F;‘
parthenogenesis, which means that a female aloneéd v

can induce eggs without fecundation. Thrips life
cycle is composed of 6 stages. (Figure 14: Thrips
life cycle) Eggs are laid in leave cells or inside B

4

flower cells. The two first larva stages are L
9 Adapted’ from (Gree;i" and [Natural

fulfilled close to the lay area. Then larva falts i
the soil to realize the nymph stage.

Figure 14: Thrips life cycle
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In hanging garden, this stage can happen in suistreags or under leaves. It is mainly larva
stages that induce damage€hrips sp.spends the winter 20 centimetres depth in the Adillts
come back when the temperature become higher ingsfimean day temperature of 12°C).
(Greer and Diver, 2000) Thrips are very difficidtdontrol because they like to go in tiny areas
and their life cycle is very short. (Stracey andldvees, 2002) The three main Thrips species
occurring in Sologne strawberry plants &rankliniella occidentalis Frankliniella intonsaand

Thrips major.

Larva and adults feed on flowers and leaves. Thel H#ower cells during flower mature stage,

which caused damage on fruits. Fruits become tarMéhen the attack is even more severe,
fruits are also deformed (Cloyd, 2009). Damageshirtig caused before flower opening (Murai,
2000). They can also induce viruses on some pléatdomatoes. No viruses are known yet on
strawberry plants. IPM tolerance levels definedKlmppert and Syngenta are 1 thrips per flower

or 20 thrips per mz.

Some factors influence thrips development. Warm dnd weather are favourable to thrips
proliferation. Wind is their way of transport; thegave very small wings, so they are just bared
by wind. That is the reason why the producers spdakit thrips flights. (Greer and Diver, 2000)
Pollen presence increases egg production and ddltduration. (Murai, 2000) Optimal
conditions of thrips development are 55% of reatmwmidity and 22 °C. When the temperature

increases, thrips life cycle is shorter.

5.1.2. Thrips beneficial agents

There are three mains agents that are sold by cocrahérms to control thrips in strawberry
production plots. A fourth one can be find natwyratl the field, in spring and at the beginning of

the summer.

5.1.2.1.0rius sp.
Orius sp is a small bug. Larva and adult stages are thryi

predators. They can be used agakrsinkliniella occidentalis.
They fly and like to go in cultivated and non-cudtied plants.
They do not have very specific habitat, they likeeals, sun-
flowers, alfalfas and maize as host plants. (Vetesl, 2010)
They can eat between 5 and 20 thrips per day. Tiaatdy
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implemented are between 0,8 and 1 Orius per méated 2 or 3 times (2 weeks in between).
When they do not have any prey, they can also@kdrp The most commonly used in Europe is
the Orius leavigatus. (Lenteren, 2008hey can be observable about 30 days after thasele

when the second generation appears.

5.1.2.2.Amblyseius cucumeris

Amblyseius cucumeris a mite, which is predator of thrips. The

eat eggs and larva. (Lenteren, 2003) They can pkedpn small | 3
bags, which are hanging in strawberries leaves,eveey 2 linear [§% '
meters. This can be renewable a second time. Taryatso bel
deposed on the plants, without a bag, and theygailtirectly in \
the flowers, and attack their prey. The relativenfdity should not
be too low (around 75%). The mean temperature ghoellaround
12°C with some peaks at 20°C. They eat betweerd1l@ryoung thrips larva per day. They also

eat some kind of mites. (Greer and Diver, 2000)

5.1.2.3.Amblyseius swirskKii

Amblyseius swirskiihas mainly the same characteristics thmblyseius cucumerisThe
different Amblyseius species can not be identifiadthe field, with a hand lens. Those

Amblyseius also eat aleurode. (Malais and revegst2808)

5.1.2.4.Aeolothrips sp.

Aeolothrips spis a white and black predacious thrips. They &
indigenous natural enemies. Larva and female adu#spredator.
They are mainly present in may and june. Their i@y activity is

not well known. There is between 3 and 4 generatymer year. The

life cycle last about 15 days in may and 20 in jufileey have an :

important role in thrips management in associatigh other beneficial agents. (Conti, 2009)

5.1.3. Syntheses of IPM strategy trials at the gtaiin the previous years

Most of the records show that biological methodskw@here is lots of variation from one year
to the others. The pressure of thrips were mostefime under 0,5 thrips by flowers, only some
peaks were recorded at about 1,5 thrips by flowke main trends over these 10 years can be
highlighted. (LCA station internal reports)
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For day neutral strawberries, omiynblyseius spwvere used in 2009 and 2010. Thrips pressure in
the spring is low, the production is short. Beneafiinsects have difficulties to set up, because
the temperature is low. It is not very interestioget up IPM strategies for day neutral varieties.
Until 2009, beneficial agent releases were realdg on counter-planted strawberries. During
the first years, chemicals were included in thatstries. Before 2005, only Orius were used.
Whereas most of the time, since 2005 sdnblyseius cucumeris or swirskiiere associated
with Orius. They are applied in small bags, onerg¥&o meters of strawberry plants. In 2008
and 2009 blue sticky cards were added to the giyatll strategies were different form one
another: number of Orius implemented, frequency dai@ of releases, association with other
beneficial agents, use of blue sticky cards, asddinsity. Results analysis show that all
strategies tested work. Cost of each strategy Wdeen 2 or 3 releases of Orius (2,2 and 0,8
individual per m2 are implemented), the global aufsthe strategy against thrips can raise up to
0,3 €/m2 (Chemical costs are lower than 0,05 €/M#hereas benefits are 1,68€/m?2). The blue
cards are cheaper (0,03 €/m?). They have beesdinted at 1 to 4 cards per 100 mz2,

5.1.4. 2011 results

IPM strategy by introduction to control thrips wdse same for the 3 producers.(Bius
leavigatusimplementations and once @&fmblyseius swirskiivere released. (Figure 15: IPM
strategy costs against thrips in producers’ plotd at the station) But it was different at the
station; someéAmblyseius cucumerigere released as well as so@eus leavigatus Situations

and success on the four plots were very. Resultb&presented from the best to the worst.

By producers cost/m? JAt the station cost/m?
27-apr |Orius laevigatus (1 ind/m?) 0,07 J12-may |Orius leavigatus (0,8 ind/m3 0,0538
27-apr |Amblyselius swirskii (1 bag /2m) 0,1 J12-may |Amblyseius cucumeris (1 bag/2 m) 0,0504
12-may|Orius laevigatus (1 ind/m?) 0,07 [28-may |Orius leavigatus (0,8 ind/m3 0,0538
27-may|Orius laevigatus (1 ind/m?) 0,07 Q17-june |Success 0,0080
Totale thrips 0,31 J1-july Amblyseius cucumeris (1 bag / 2 m) 0,0504

1-july Amblyseius cucumeris (120 ind /m) 0,0667

Totale thrips 0,2831
Figure 15: IPM strategy costs against thrips in prodicers’ plots and at the station

5.1.4.1.Producer 2: a successful biological comrobram

The first graph (Figure 16: Producer 2: EvolutidnTdirips population: comparison of the 3
tunnel cases) shows that thrips populations wefferent in each tunnel. The tunnel T18 was
more attacked than the two others. The peak thrggulation were of 4 thrips / flower, and
higher than the tolerable level (represented whiid doted line). This tunnel was planted one
month later than the other ones. So the plant sfageen beneficial insects were released, were

different. The quantity of pollen could be diffetemd influence beneficial agent installations.
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Figure 16: Producer 2: Evolution of Thrips population: comparison of the 3 tunnel
cases

The second graph which is a mean of the 3 tuneelesents the number of thrips per flower, as
well as the number of the three beneficial agehtsrips. (Figure 17: Producer 2: Evolution of

the thrips and

beneficial agent
) 258 25
populations) It ]
ShOWS that the 200 Orius / 12 apr : 27 may : / 2
@ swirski Orius Orius o
. < — [
Amblyseius were |§ ] E
< 150 ] +15%
found directly | £
after their |2 12| Level of tolerance 2 ! DN -
. . g £
introduction. The € ol 2
3 50 0,5
first Orius were L]
0 - T T T T T T T T 0
al ready fO un d 14-apr 28-apr 12-may 26-may 09-june 23-june O07-july  21-july 04-aug  23-aug
three weeks after‘ mmm Aéolothrips === Amblyseius == Orius —m— Number of thrips per flower
the first introduction. See appendix 1 : for the star legends
Figure 17: Producer 2: Evolution of the Thrips and keneficial

agent populations

And we did not found any during 3 weeks just affter Calypso (C) application. This chemical is
harmful to Orius, but it is the only Aphid pestieidsable during the harvest. The producer has to
wait only three days before the next picking, whereéhe one which is less toxic for the
beneficial have to be used 15 days before the bardde Karathane (K) is an anti-odium

chemical. According to the observations, we cowgehthought that the Karathane treatment
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had an impact on pest and beneficial insects. Thamkts mode of action, we can say that it
does not have a significant impact on insects. Briaéal diminution by two of thrips populations
could be link to the emergence of Orius at a higlrel at the beginning of july (1 Orius every
two flowers, in the tunnel 18). No new releasesewealized since the end of may. This could be
related to a high level of Orius in the tunnelssel to the IPM one. The Orius could have flied
from this plot when thrips populations increasedim tunnels. As the Amblyseius population
also decreased, some other factors could have pearcimlhe temperature in july was lower than
in may and june. Workers cleaned the strawberrgtpldhe old bottom leaves are removed and
are left on the ground. Most of the time there werere pest and beneficial insects on the
bottom leaves. The size of Orius and Amblyseiusutaifpns are not comparable. The thrips
were maintained at a low level until the end of igNo productive damages were observed.
The Amblyseius swirskiare not distinguishable from themblyseius californicyswith a hand
lens. Thrips were sampled at the beginning of ang the thrips present on this plot were the
Thrips majorand theFrankliniella intonsa.We can conclude that the global strategy against
thrips by theproducer 2 works well, the Amblyseius and Orius release aaéniy part of this

success, but other factors could have an impact.

5.1.4.2.At the station: a successful IPM stratempjuiding chemicals

Like in the previous case, we had a thrips peaktatips per flower that were managed. (Figure

18: Station: Evolution of thrips and of their banifl agent populations) Around the middle of

may the first peak of thrips appears, but at thmestime the first release of beneficial insects

were
implemented. w
200 r N 6
The peak 180 12 may: SL'\}l\!\g E*W\h*;;j; I
Orius / 28 may: 1july: A. —
decreased by «g 160 Cucumeris  Orius Cucumeris 5
S140 l l l .3
half at the T 120 zZ
2 =
beginning of | £ £
o 80 A o
the next week | 2 eo- i Zé
€ 40 2
and then | >
20
increased 0 Ho
08-apr 18-apr 02-may 16-may 30-may 14-june 27-june  1l-july 25-july 09-aug 22-aug
agal n. ‘ mmm Aéolothrips == Amblyseius === Orius —#— Number of thrips per flower ‘
Figure 18: Station: Evolution of Thrips and of their beneficial

agent populations
In the middle of june the firm advisor come andito$ to treat because the thrips population was

four times higher than the economical level of taee. The Success (S) is a harmful chemical
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for Orius larva and maybe for thfemblyseius cucumerisn the middle of june many different
chemicals were applied because of pest populatqpiogions. Just before the Success, the
population seemed to decrease a little bit. Justr dhe treatment, the thrips population fell
down, with a small increase a week later. Some Aellyseius cucumerigere implemented in
two different ways: one like the other time and #ezond one in loose, to put down on the
strawberry plants. This strategy maintained theufaions at a low level until the end of august
with very high populations of Orius and Amblyseidgolothrips were quite numerous in the
middle of the season; they might help to mainthnips populations. The thrips identified at the
beginning of july were the same as those of thelycer 2:Thrips majorand Frankliniella
intonsa. The thrips species before the treatment coule leen different than the ones in july.
And we could imagine that the last release of Arsbiys could have been realized earlier
instead of the treatment. Would they have succetmlemnage the peak of thrips and keep the

plot clean until the end of august?

5.1.4.3.Producer 3: high population of thrips withdamages

There were some natural Orius in this plot, sinog april. (Figure 19: Producer 3: Evolution of
thrips and their beneficial agent populations) parmpopulations stayed low until the middle of
june. A Calypso (C) was used to control the Lydttgs issue will be develop later on) and the
Orius population was reduced by the chemical. Sthce first application, thrips populations
started to grow up. Amblyseius sp. set up very \ggme peaks reach more than 10 Amblyseius

on 2 leaves), but we did not know which speciegis.
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Figure 19: Producer 3: Evolution of thrips and their beneficial agent populations
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In the beginning of july thrips population explodiedm about one thrips per flowers to a mean
of 5 thrips per flower in one week. This seemsdahlight. Then they stayed at this level during
one month and a half. Some Orius and Aeolothripevebserved regularly. Amblyseius grew
up with the time. No significant damages were rdedr according to the producer feeling. The
thrips present on this field are tReankliniella occidentalisand theFrankliniella intonsa The
Amblyseius seems to works, because they eat thaips. During the last observation the
population grew up agait®ne of the limits of the IPM strategy on his plot o fight against

the thrips is the absence of beneficial insects alable to control Lygus. This point will be

dig up later. Even if the number of thrips is higinere was ne economically damages. But the

situation is risky.

5.1.4.4.Producer 1: failure of thrips managemeith WM and chemical strateqgies

The two graphs presented for the results of theteggy by the producer 1 are complementary.
(Figure 20: Producer 1: Evolution of thrips andlwdir beneficial agent populations (two units))
For the beneficial insects it is the same wherkaghrips are presented into two different units.
The first one is the same unit than the previosslte (humber of thrips per flower); it is more
understandable by the producers. But the seconda&es into account the number of flower per

plant (number of thrips per m2).
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Figure 20: Evolution of the thrips and their benefigal agent population (two units)

The first one shows that we had a big peak at titec may, (20 thrips / flower), which is

unbelievable. The Orius as well as the Amblysenespaiesent between the middle of may and
the middle of june. And the producer told me thHagré was fewer thrips larva on the IPM
tunnels than on the other ones. At the peak, weafyaid and the advisor advices him to treat

with a Success. It works a little because thripgutetion dropped down to 6 thrips per flower
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and stayed at this level until the end of june. Bute look at the number of thrips per m?, the
thrips populations still goes up and stay high g end of june. Strawberries started to be
marked by the thrips and maybe the pollination vemkiced due to the treatments. The highest
issues were in july, lots of strawberries were switl. The producer continued to treat, and there
were no more beneficial insects visible. So we dktithat the monitoring of this plot end up at
the end of june. And we wanted to find the origfrsach high populations, but we failed. Even

the chemical method did not work.

For this plot it would have been interesting to mtmmsome tunnels with the IPM methods and
some tunnels with a chemical method. | monitoredvad dates in july IPM tunnels and
conventional tunnels, and it appears that the IBWhel (6 thrips / flowers) has 3 times less
thrips per flower than conventional ones (20 thrilewer). This shows that IPM strategy has
maybe not failed. We might have tried to go furthed to release some new beneficial insects,
and not to treat. But when | observed it on my dditevas too late. The thrips present on this

field are theFrankliniella occidentalisand therankliniella intonsa

We try to find some other methods; two of them hlagen tested: blue sticky cards and juice of
garlic extract. At the beginning of july | instadléolues sticky cards on 3 tunnels, in order to see
their impacts. The producers do not like them, bseahey think that they are not easy to use
and to install and that they fall down, becaus¢éhefwind. They are installed at 4 cards per 100
m2, at 30 cm up to the top of the strawberriestglan

We observed that in tunnels that have sticky carase were less thrips than in the other ones.
(Figure 21: Producer 1: Evolution of thrips popiudas in tunnels with blues sticky cards and

without them)

Juice of garlic extract

O R
9]
2
S0 .
g
g
= 104
o
g
€
= 0 . . . . . . . .

1-july 7-july 16-july  21-july  28-july 4-aug 11-aug 17-aug 23-aug
‘ —e— Control Sticky cards ‘
Figure 21: Producer 1: Evolution of thrips populations in tunnels with blues sticky

cards and without them
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But the producer did not see any difference onfthie quality. This trial was too small to be
significant. All his tunnels, which means betweear® 4 hectares of strawberry are infested by
thrips. (This producer is the biggest one of ther fplots) The thrips are all over the farm, and
the 3 tunnels with sticky cards are exposed tdfhps that come with the wind. The trial started
too late, it would have been better to install thanthe same \ﬂ ]
times as the release of beneficial insects, wherptpulation ’
of thrips was smaller. During all the period of ntoring some
chemicals against thrips has been applied everk,weiéhout

any positive results. Any they could also have ceduthe

pollination. The thrips seems to have created taEsi®s |
against the molecules used. The chemical was meih

solution. —
A blue sticky card after

The blues cards should be install just at the tépthe 2 months

strawberries plants. Producers do not like the btioky cards
because the fall down due to the wind. | tied theds with
three different techniques: at the main structdréhe tunnels
with an iron piece, with binder-twine, and the laste to a/
chain that support the hanging garden with bindeng¢. The

two that were hung with binder-twine did not fatwi, and

the card perforated hole did not break. This mettioes not j >
cost much, beside the labour cost. The cards canubhg at J ‘ - ‘

least for two months. (Figure 22: a blue stickydcafter two

Best hanging metod ‘

months and a good hanging method)

Figure 22: A blue
sticky card after two months
and a good hanging method
At the beginning of august, | call some other aokson strawberry productions, a method using

some juice of garlic extract is found. The garidknown as an insect repulsive. This extract is
pulverised likes a chemical on the strawberry @aBut there is not any restriction about it, and
it does not give any bad taste to the strawberAsshe applied it before my last monitoring |

could not see the impact, in the long term. Thighoe is more a preventive method than a

curative method.
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5.1.4.5.Synthesis of the four plots monitored tk@ar

In conclusion of the thrips monitoring this year wan distinguish two mains groups based on
success and failure of the strategy. At the stadiah for the producer 2, strategies worked. And
the plot end up clean at the august end from thpstipoint of view. A peak was managed with
only beneficial insects, or with the help of a clheah On those two plots the Thrips
Frankliniella occidentaliswere not present, whereas in the two others, these. By the
producer 3, thrips density was high, but there weréuit damages. Maybe one treatment with a
release of Amblyseius cucumerisvould have been successful. In the last plot, @sw
unbelievable; it was the first time in the area thare was a such high thrips density per flower.
An objective for the future is to limit the thrigsrival and set up. The high pressure of thrips
could be kinked to the size of the strawberry fatime, two with high thrips pressure at the two
biggest one of the monitoring. In such infestedt,ptither alternative methods need to be

associated to beneficial agent introduction.

5.1.5. Strategies in process with the produceratds/ the future

Some literature elements will justify and completeservations in the field. And some other

methods are presented in order to test them iratk& in the future.

5.1.5.1Frankliniella occidentalisand its resistance to the chemical molecules

Thrips pressure could be linked to the specie$igps present on the plot. At the station and by
the producer 2 the pressure was lower than for tthe other producers. One species
(Frankliniella intonsg was the same in the four plots. But in the fose there were thehFips
major, which is a not-very harmful thrips on protectadtares (Stracey and Fellowes, 2002)
compared to thé&rankliniella occidentalisThis thrips is originated from the west-cost of the
United-States that is why it's commonly called dadifornian thrips in France. It was introduced
in Europe in the 1980. It is since considerate ampr pest of greenhouse cultures. (Stracey and
Fellowes, 2002; Cloyd, 2009)

The Success which is a chemical that can be usadsaghrips, works well the first years of its
authorization of use. But today some resistancesdaveloped mainly by thErankliniella
occidentalis This chemical is efficient on immature and adtifisps. It does not eliminate all
the stages. (Murai, 2000) This product is not toxid again theAmblyseius cucumeriand a

little toxic against theDrius. It is better to wait a week after a treatmenthwiiuccess, before
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introducing som®riusin a field. (Jonegt al, 2005) The chemicals are not always well used by
the farmers, and the molecules become inefficiEimé. pests get used to the chemical. (Magtin
al., 2005)

The thrips and especially therankliniella occidentalisare known to develop easily some
resistance against chemicals, because they highdwegtion capacity (more than 10 generation
per year / and short life cycle). Optimization demical uses is important in order to limit the
risk of resistance. The failure of a treatment $thawt be automatically associated to the
resistance phenomena. (Marghal, 2005) One key of the chemical thrips controlas treat
early, when they are not too numerous. It is imgarto use different molecules of pesticides
with different modes of action. This will increatlee life of the products. The rotation of
pesticide molecules should be used with a peridgtdfveeks, the length of a life cycle. (Murai,
2000; Jonest al, 2005; Martinet al, 2005)

5.1.5.2.Efficiency of Orius in the area

The Orius present in july might come from the retgabut they can also be indigenous. As we
do not know where they come from, it could be ieséing to conserve the indigenous one

instead of introducing some, that cost a lot anctivinay not set up correctly.

The size of the strawberry farm could explain tlatdo not find them where we implemented
them in a high quantity. As they flight they colldve gone under other tunnels. 1 Orius / m2
plan for 3 500 m2 can not manage thrips populatib8 or more hectares, that is obvious. In

order to see their real impact insect proof netadbe installed.

Vereset al. (2010)noticed that cereals are host plants for Orius. €¥et al, 2010) This
information can joint lots of remarks that | hedmim different persons, the presence of cereal
increase the presence of thrips. The producerhidssiots of issues with thrips has more than 5
hectares of wheat close to the tunnels. The exptamenight be that the thrips beneficial agents
can not manage the cereal thrips of the cerealelss the strawberry thrips at the same time.
As we presented previously, the thrips are notsése in the two cultures according to our
sampling, and specialists’ determination. It magoaéxplain that the Orius introduce in the
tunnels have not been found after the release.
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Producer 3 managed Lygus with pesticides whichharenful to Orius. Then if he can not stop
pesticide uses, he should work wi&mblyseius spto control his ThripsThe Amblyseius

cucumerishave shown their efficiency associated with a 8ssdreatment at the station. They
are two times less expensive than the swirskii gAesucumeris0,05€/m2 (Syngenta) against

0,1€/mzfor theA. swirskii(Koppert)), and their difference of efficiency istrmuch known.

5.1.5.3.0ther alternative methods

For the plots where the IPM strategy by introduttimes not seemed to be sufficient for a good
management, some other alternative methods coulak®eciated to introduction of beneficial

agents.

First of all the sticky blues cards as presentefbrbeis one method used to monitor thrips
arrival, or as a trapped method depending on theitye At a high density: 4 cards (20 cm * 25
cm) per 100 m2 they can help to reduce thrips @i by catching the adults. They need to be
installed just at the top of the strawberry pla@se way to hang them is to use some binder-
twine (see 85.1.4.4). And they do not fall dowrgytltan stay up to 2 months. The cost for 4
cards per 100 m2is of 0,03 € / m2. The costs ®ftbrkers that install them need to be taken into
consideration. Even if the installation is not edsgcause it is sticky and it takes time, it would

be interesting to use them in addition to the IRMtsgy.

Some insect-proof net could be installed

— | ——eesseenubtil)””
at the entrance of the tunnels. The size

of the link need to be very small and
be proof to thrips, the BIOThrips® fabric is onetbém. This method might be expensive, but it
would reduce consequently the population of thopstrawberries.

The juice of garlic extract should be tested abwael thrips pressure, than the test realized this
year by producer 1. The garlic is a repulsive skitts and especially of thrips. The dilution need
to be realised at 5% if there is lots of thrips a@h@% if the density is low. A producer of juice
of garlic extract is based in the Dordogne aredhm south-western part of France, at an
affordable cost, (0,015 €/m2 by application) notrenexpensive than a chemical. Some
producers there already use this technique. Thibadecould be associated with yellow sticky
cards, if there are not any beneficial insectsloks not give any bad taste to the strawberries.

(www.f'ort'ich.com)
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Some producers in the Nederland plant directly sgarkc in the greenhouse, at the density of 3
plants of garlic per 100 m2. (Greer and Diver, 2000

A nematode name8teinerma feltiags used in some area to combat the thrips. Sotieesr
show that it works well on thrips, whereas in sootieer cases it did not work. The humidity
should be high and the mean temperature by dayigieuupper than 12°C. (Greer and Diver,
2000) They are applied by pulverisation, the hutyidf the plants need to be kept high during 2
hours. Those nematodes live in symbiosis with adpagn. In contact with the thrips, the
nematode goes inside the thrips by the naturdatesf When it is in the stomach, the bacteria are
release and became actives. The bacteria are tise o the death of the thrips. They do not
have negative effect on beneficial insects andumndn. It is sold by the beneficial insect firms

(Koppert / Syngenta). There is no constraint ofliappon, like the chemicals. (Cloyd, 2009)

5.1.5.4.Proposition of strateqgies for next year

This year the pressure of thrips seems to be highpared to the previous years. In plots with
low thrips pressure and low damages (smallest baw production farm), the strategy could
be lightened. Som&mblyseius cucumerisould be brought (1 bag for 2 meters) at the end o
april or at the beginning of may. Themblyseius cucumerigre cheaper than themblyseius
swirskii. The use of blue sticky cards should be tried agaia high density in the plots with
issuesOrius leavigatuscould be release a little later at one or twideage at 0,8 Orius per m2.
In the plots that have Lygus issues, it might n@tlecessary. A secominblyseius cucumeris
release could be implemented, when there is a péakrips. This could be one Success
treatment, one week before the second releagantlyseius cucumeridt.ong term objectives

are to optimize the IPM program in order to deceatscost. (less than 0,3 €/m?)

By the producer that had the most issues with Bhiipcould be interesting to buy some thrips
proof net and to try the different methods propokggher: juice of garlic extract, nematodes,
and introduction of beneficial insects propose tfe other producers. A tight monitoring will
enable the producer to compare the different methimdorder to see the one that is the most

efficient, the costless and the easiest to use.
It could be interesting to make sampling of thrigis different periods of the strawberry

production. This would enable to make some coilmiabetween the species and the thrips

pressure.
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5.2.Tetranychid mite management by introducing beia agents

Another pest of the strawberry plants is Tietranycus urticae.

5.2.1. Tetranycus urticae characteristics

Tetranycus urticaenore commonly called the two-spotted spider mit, e

are small spider mites of less than 0,5 mm longtt@ir abdomen theyp 3 e
have two long spots. If tempdrat ure increasegiitde become shorter), ‘”‘f ‘: -
and percentage of death increases. The life cgclomposed of five ‘“ & ‘
stages. There are between five and eight genesatériwo-spotted 4. ‘
spider mites per year. A female can produce betva@eand 100 eggsh

(Malais and revensberg, 2008) They live on the tside of the leaves.
They suck the liquid inside the cells. Their eggs @ery small and transparent but they are
visible with a hand lens. When females enter imdorcy in winter, they become reddish. They
start to be active, at the end of the winter wleengeratures are higher. They do not like humid
conditions. They have a lot of host plants. They ba transported by the wind. In favourable
condition (warm temperature higher than 20°C angl wleather) their life cycle is very fast
(Strand, 2008).

They make indirect damage. A high population ofat@gchid mites can reduce the potentiality
of the plants to produce. The fruits can be smalléhen the attack is very strong, the plant

leaves become purple and some webs appear. Thefatiie start to dry and die.

5.2.2. Beneficial agents available to control tetyahid mites

There are different beneficial agents that candszluo protect the strawberry plants against the

two-spotted spider mites. Some need to be intratlacel some other ones are indigenous.

5.2.2.1.Phytoseiulus persimilis

Phytoseiulus persimiliss a red mite, which is a predator of two-spottgaw s v
spider mites. They are very mobile in order to ftleeinselves. They ar‘ N

curative predators, which mean that they can redated only if there argl '

i
- iy
some two-spotted spider mites. When they do noe femough food, theyf® - \.-i;f,
. .

can become cannibal and can not survive more thatmyd. They arefl BT |
introduced in the field at a density of 5 to 10@pen per m2. Their capacity of reproduction is

higher than the two-spotted spider mites, which egniain why they can be good predators. As
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they eat several spider-mites per day, they willice the quantity of tetranychid mites and bring
the population under the damage level. They wikddior go in another crop, when the
populations of two-spotted spider mites are lowt they do not exterminate the population.
Many releases could be necessary in order to Ke=pdst populations at a low level. Optimal
temperature for thBhytoseiulus persimilipopulations are between 15°C and 27°C. They could
not live if the temperature is above 38°C. (Makaisl revensberg, 2008; Strand, 2008)

5.2.2.2.Amblyseius californicus and Amblyseius ardnii

Amblyseius californicusand Amblyseius andersoniare transparent
predacious mites. They have to be introduced befieneelopment off
tetranychid mite populations (under 10% of occupeates). If there is

no spider mite they can survive eating pollen dmeotpreys. Both

species have the same role, but they are soldffeyetit firms. They are

mainly sold in small bags, where they have somel.fddey stay inside the bag until outside
conditions are good. The quantities planed by ihmasf are one bag for two meters of plants.
(Malais and revensberg, 2008; Strand, 2008)

5.2.2.3.Feltiella acarisuga.

Feltiella acarisugais dipteran, their larva stage is predator. Thetytetranychid mites. They are
found naturally, but can also be introduce. Adskarch actively two-spotted spider mites, and
lay their eggs close to them. The pupa stage ig ®agbserve, they are on the underside of

leaves and they are in white cocoons. (Reboul&9;18lalais and revensberg, 2008)

5.2.2.4.Staphylin sp.
Staphylin spis a coleopteran, long and usually black. They@& species

are one of them. Their tail straights up, when theyk. They are presenf &
naturally between may and july. They need a higbrbmpetry. Larva and[®
adults are polyphagous. In spring and in summey; #at two-spotted spid
mites. (Reboulet, 1999)

5.2.2.5.Stethorus sp.

Stethorus spis a small, black coleopteran. There is one toed

generations per year. They can be indigenous,teyddpend the winter al
the adult stage close to the culture. They eavelgtiand preferentially_
tetranychid mites. (Reboulet, 1999)
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5.2.3. Syntheses of the IPM strategy trials in Swdog the previous years.

The first experiments of IPM at the station stari@dyears ago. (LCA station internal reports)
Koppert uses the same beneficial agents sincedfmmming, but strategies were evolved. Most
of the time,Phytoseiulus persimiliand Amblyseius californicuare used together. The quantity
releases are differenRhytoseiulus persimiliss often associated to Nissorun, a chemical that
kills tetranychid mite eggs. Release densitiesecafiom 2 to 1FPhytoseiulus persimiliper m2.
Amblyseius californicuspackaging and quantities evolved within the yeddsitii 2007,
Amblyseius californicusvere released at a rate of 2 individuals per niereas today they are
released in small paper bags (contained 1000 thails each)The density is one bag for two
meter length of strawberry plants (500 individuais?).

Between 2005 and 2007, sorReltiella sp.were released. For some strategies, chemicals such
as Vertimec killing adults and larva, are appliezgfdoe harvest and before beneficial agent
introduction. Syngenta strategies are closed tgettmf Koppert. One point differs: they used
Amblyseius andersoninstead ofAmblyseius californicusLots of factors have an impact on
IPM strategies efficiency, so it is difficult to k& a classification. No very important damages
were recorded over these years, but some coulcetieedas more successful than others. This
can be defined by comparing beneficial insect ¢éffeness, strategy costs and tetranychid mite

density at the end of the season.

5.2.4. 2011 results

In all producers’ plots, some bags AMmblyseius californicusvere implemented at the end of
april. At the station, somé&mblyseius andersonivere released at the end of may. Some
Phytoseiulus persimilisvere released when tetranychid mite populationvgnp. For some of
them they treated early in the season, before doting beneficial agents. (Figure 23:

Comparison of the three IPM strategies againstngtthid mites)

Producer 1 and 3 cost/m? [Station cost/m?
05-apr|Vertimec 0,015 ;g-mgy stgsiius andersonii (40 ind/m? ggigg
i . . . -may|Nissoru ,
28-apr |Amblyselius californicus (1bag / 2ml) 0,110 28-may|Phytoseius persimilis (5 ind/m3 0,0579
Totale 0,125 3-june [Phytoseius persimilis (5 ind/m?j 0,0579
cost/m? | cost/m? J9-june |Floramite 0,0170
Producer 2 T3&8[] T18 [01-july JAmblyseius cucumeris (1 bag/ ml + 120 ind / m3j 0,1172
07-apr |Vertimec 0,015 Totale 0,2244
28-apr |Amblyselius californicus (1 bag/ 2ml) 0,11 0,11
11-may|Nissorun 0,01
12-may|Phytoseilius persimilis (10 ind/m2) 0,09
Totale 0,225 0,11
Figure 23: Comparison of the three IPM strategies agnst tetranychid mites
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5.2.4.1.Producers 3 and 1: no tetranychid mites

For producers 3 and 1 strategy and situation ang alese. A treatment was applied during the
month before theéAmblyseius californicuselease Vertimec treatment is not compatible with
tetranychid mite beneficial agents. Amblyseius werleased while there were no tetranychid
mites on strawberry plants. Two-spotted spider pdpulation stayed at a very low level during
all the season: lower than 10% of plants occupietetranychid mites. The cost of their strategy
was accessible (0,125 €/m?). (Figure 24: Producand producer 3: Evolution of tetranychid

mite and their beneficial agent populations)
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Figure 24: Producer 1(left chart) and producer 3 (rght chart): Evolution of
tetranychid mite and their beneficial agent populatons
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On producer 1 plot, some treatments applied in pgeenst thrips are also harmful to tetranychid
mites and to their beneficial agents. By this pomiu pest management ended up with
chemicals. A common point of those two plots istttiee present thrips are omnivores. In
addition to other thrips diet&rankliniella occidentalisalso eatsTetranychus urticaeggs. In
presence of tetranychid mitdsrankliniella occidentaliseat twice less plants tissues. (Agrawal
et al, 1999) Therefore, they could help to manage tgtiaid mite populations. This is an
observation, but it is not at all a solution to wohtetranychid mites. But the strategies could be
lightened. This information could be an explanafimnthe absence of tetranychid mites in some
plots. Until the end of may, Amblyseius populatiwas the same (we do not know if they are
californicus or swirskii as we could not differeatBs them with a hand lens. Samples were send
to Koppert in order to be determine, but it is dohe right now). But at the beginning of june
the Amblyseius population increases in the prod@cpfot, while they decrease in producer 1

plot, because of all the treatments against thpshr
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5.2.4.2.Producer 2: 2 cases one successful andskye

For producer 2, we have again two situations. (f&ig2b: Producer 2: 2 cases of evolution of
tetranychid mite and their beneficial agent popates)
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Figure 25: Producer 2: 2 cases of evolution of tetrgychid : mite and of their

beneficial agent populations

The two first tunnels monitored are quite the sahvéll present the results of only one of them
the tunnel 8 (chart on the left). Those two tunnetse planted in second year bags at the
beginning of february A Vertimec treatment agaitettanychid mites was applied in the first
tunnels, in mid april. When | started the monitgritetranychid mite population was quite low,
but they exploded (50% of plants occupied by the-$wotted spider mites) at the end of april,
whenAmblyseius californicusrere implemented. As those beneficial agents wogkeventive,
they should be implemented when the tetranychi@ mpdpulation is low (under 20% of plants
occupied). They could not be effective against gy Vegh populationPhytoseiulus persimilis
were released at a 10 individuals per m2 densitgsdMun was applied just a day before. This
pesticide only killed mite eggs, but they do notdra negative impact on the beneficial insects.
After those two actions, the tetranychid mite pagpioh decrease a little in the short term, but in
the long term, it was successful. In may and juxraplyseius sppandPhytoseiulus persimilis
settled. When tetranychid mite population decreasgsificantly, beneficial agent population
was the highest. Since the middle of july, two-spdtspider mites population was very low. The
strategy works and costs 0,22 €/m2. To concludesttategy in those tunnels worked well, even
if there were a risky period in may. But one thtogkeep in mind is that when some beneficial
agents such a$hytoseiulus persimilisare implemented, producer has to wait until an
equilibrium between pest and its beneficial ageteached. The producers have to be patients,

because they work with living organisms and notwicals, which need time to settle.
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On the last tunnel (the left chart), the case immetely different. The plants were planted a
month later in new compost bags. The Amblyseiugfacalcus has been applied, while the
tetranychid mites were not yet present. The pommratof pests and beneficial mites stay low
until the beginning of june. At the beginning oh@) tetranychid mites starts to raise up, and the
Amblyseius make the same. When tetranychid mitise @ lot, Amblyseius are not able to rise
as much because pesticides (Calypso) seem to hasgative impact on them. At the end of the
monitoring, nearly all the plants were occupied{ Wwith a very low number of individual per
leaf. The density of Amblyseius is very high todeTsituation is quite risky, but as it is at the
end of the summer, the length of the day goes dawa the risk decrease.

A release ofPhytoseiulus persimilign july might could been interesting, in orderlimit the

increase of the populations.

5.2.4.3.Station: Good integrated pest managememstgetranychid mites

At the station, the strategy is close to the sitmabf the producer 2 (T3 and 8) Sodmblyseius
andersoniiwere applied in the middle of may while the popiolas of tetranychid was between
20 and 40% of plants occupied. (Figure 26: Stattwolution of tetranychid mite and of their

beneficial agent populations)
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Figure 26: Station: Evolution of tetranychid mite ard their beneficial agent
populations

The Amblyseius went out of the bags, directly, awdwere present at the density of one

individual by leaf, at the beginning of june. Blietsituation seems to be risky so a pesticide
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killing mite eggs was applied, and two release®loftoseiulus persimiligs individual per m?)
had succeed around the beginning of june. As tipeilpton of tetranychid mites was still going
up, a last pesticide was applied. Floramite kihe tadults, and also affecBhytoseiulus
persimilis Those four actions were very close, so it isalift to know the real impact of each of
them. The populations were present on 80% of tltplwhereas after the Floramite the
populations had cut by half after two weeks. Ibaksduced the populations of beneficial insects
by more than halfPhytoseiulus persimilisvere not present any more during three weeks after
the treatment. The experiment by the producer 2vshbat we should have waited, until the
Phytoseiulus do their work.

At the beginning of july, the populations of tetyahid mites started to grow up again. At the
same time, somAmblyseius cucumerigere released, in order to manage the thrips ptipuk,

but the thrips were not present any more at a tigtsity at this time. They seem to be interested
in the two-spotted mites. Since this date the patpais of Amblyseius increase and the
Phytoseiulus persimiligppear again at the same time. In the middle lgf ueneficial insect
populations were the highest whereas tetranychtd population decreases. They disappeared
after a month and a half. At the end of august teye not present any more. The populations

of Amblyseius stay high until the end.

5.2.5. 2011 results synthesis and propositionsHerftiture

Amblyseius californicusor andersonii are efficient when implemented before the first
tetranychid mite arrival. Two solutions are possibhen tetranychid mites are present: a
chemical treatment can be applied at least two sdmiore theAmblyseius californicusr
andersoniireleasesPhytoseiulus persimilisan be implemented in association with an egeikill
chemical, when tetranychid mite density is higlemt20% of plants occupied. (Nissorun can be
applied few days before the release / Floramitenas recommended wheRhytoseiulus
persimilis are used) The Amblyseius maintain tetranychid npiogpulation at a low level.
Phytoseiulus are used when tetranychid populatigpioded. Those two beneficial agents are
complementary. Producers have to be patient inrdmlsee the decrease of tetranychid mite
population.

The link between no tetranychid mites and the pres@fFrankliniella occidentalisneed to be
check on more plots. Sampling should be realizetiffeirent time during the production period,

and should be extended to other producers farms.
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5.3.Aphids sp. management by introducing benefingdcts

5.3.1. Aphid characteristics

Aphids are one of the main pest species in strawb

production. There are about 8-10 species observable
strawberry plants. Resistance phenomena againghichle
appeared, in some situations. It is why it is iesting to find |

2t

alternative way to control them. Their high potehtiof [_Macrosinhureunharhia

reproduction is their strength (between 12 and @@egations
per years). They have two ways to reproduce themsel
sexual and asexual ways. In autumn female eggs

fecundated by males. The eggs are laid and stag@bdtiie

Rhodohitin narnsiin

spring on leaves. Then viviparous females can geémédots of
small aphids within a short time. A female can el between 4 to 10 young aphids in one
day, and so between 100 and 400 young aphids inlitee (Dedryver, 2010; Lascaux, 2010)
Population development is linked to the food avaliy. A plant with an excess of nitrogen is
more likely to be touched by aphid populations.ugto skin can be observable on strawberry
leaves at each development stage. (Lascaux, 20b@n\Where is not enough food on leaves,
aphids get winged and fly elsewhere in the culting. and warm weather are favourable for
their development. (Malais and revensberg, 2008)

They suck cell components of the strawberry plabtsdows down the plant development. They
also produce a sugary product: honeydew, which rttak@lants sticky. This reduces the quality
of strawberries even not be marketable. Honeydewwnptes development of some mould.
(Strand, 2008)

5.3.2. Beneficial insects available to control aghid

Two different kinds of beneficial agents are usedadntrol aphid populations: parasitoids and

predators.

5.3.2.1. Parasitoid species

Aphid parasitoids are small wasps. There are diffeaphid parasitoid species. It is important to
determinate aphid species present in plots in ceise the more specific parasitoids for this
species. (Appendix 3: Complementarities betweenidapgpecies and parasitoid species)

Parasitoids lay eggs in aphid bodies. The paradsiéova get develop inside the aphid bodies, the
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aphid become mummify. There is a delay before ards spread up and control aphid
population. In a week a female can parasite betvi®hto 200 aphids. (Suty, 2010) There is
two packaging: some include only one parasitoicciggeand the other is a mix of parasitoids.
They can contain from 2 to 6 parasitoid speciegufieé 27: Aphids parasitized by different
species). The aphid species need to be determinediér to choose the right parasitoid species

to introduce. Recently a mix of
parasitoids has been commercialized
Viridaxis (another beneficial agen

firm). They are introduced, and a

observation can determined the mo . ”
Aphid parasitized by

Aphilinus sp.

could be introduced again at a high
rate. Parasitoid forms and colours ar
characteristics of parasitoid species ,

Some of them can be mix up, becau < r

they look the same. We just differencs A e
Aphid parasitized by |
Praon volucre

Aphid parasitized by

the Aphilinus sp, the Aphidus sp and Aphildius sp.

thePraon sp.

Figure 27: Aphid parasitized by different
species

5.3.2.2.Chrysope sp.
Chrysope spis a polyphagous insect at the larva stage: @ésdaot eat aj

specified prey. They are part of the neuropteraenfThey can have betwee e
CET ™ O A
2 to 4 generations per year. The female lay egtjsea¢nd of a stalk fixed o __-,,.;{{;’&"
the underside of a leaf or on the stalk of a led®eppert and Syngent ”

|

advisors recommend them to control aphid populatidnlarva can eat 500 -
aphids or 10 000 tetranychid mites during the lastzage period, which last 15 days. Chrysope
spend winter at the adult stage in sheds or atailva stage in cocoons in the crop. They are

actives from june until septembre. They are soldifpys. (Reboulet, 1999)

5.3.2.3.Syrphe sp.
Syrphe spis an aphid predator at the larva stage of thteth order. They g

are naturally presents in the environment. Theeesaveral generations

per year, and they spend the winter at the larvayoiph stage. The larva =4
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stage last 10 days, during this period a larvaezrbetween 400 and 700 of aphids. They eat all
the specimen of a colony. They suck the insidenefaphids. The adults fly and feed on pollen
and on nectar. This food enables the female torgemeggs. Eggs visible under leaves close to

colonies, are white, small and long. (Reboulet,Q9hey are difficult to be observed.

5.3.2.4.Aphidoletes aphidimyza

Aphidoletes aphidimyza a gall midge, an aphid predator. They are part
of the diptera order. The larva stage can eat letveto 10 aphids a
day. They can kill more aphids than they eat. Tlhvey also be

introduced in spring but they are more active imswer and in autumn.
(Reboulet, 1999)

5.3.3. IPM strategy synthesis in Sologne in the iptessyear

This synthesis only takes into account the lasr fgears. Beneficial insects used are much
diversified, as well as the strategy itself. In 0&@nd 2007, the strategies were based on
Aphidoletes aphidimyzeeleases witi\phidius spparasitoids. About three releases were made,
with a density of 3 insects per m2,

In spring, there is a gap between indigenous beiakfinsect and pest arrivals. On short day
varieties, someéChrysopes spwere introduced in autumn in order to find themlieain the
strawberry plants in spring. The method failed:y8bpe were not found at all the next spring.
Between 5 to 6 aphids species are recurrently faanstrawberry plants in Sologne. New
beneficial insects were tested in order to see #féiciency. Hemerobes spwhich is close to
chrysope species and a parasitoid not yet trigghedrus cerasicolavere tried one year.
Hemerobe spandEphedrus cerasicolavere not found in the plot afterwards. Those drizdve

not been carried out again.

The last two years on counter-planted ever-beasiragvberries, some chrysopes were released
three times at a density of 1 to 1,5 larva per\Wiien chrysopes are introduced before the aphid
arrival, this strategy seems to control the aplugytation in the summer, but there are issues at
the end of October. The aphid populations explédwl the Chrysope might not be active any
more.

IPM strategies against aphids are expensive. Thggies need to be optimizing in order to be

more economically accessible to producers.
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5.3.4. 2011 results

Some beneficial insects were only release at thigost For the producers, not any beneficial
insect were implemented; it was a chemical managerassociated to indigenous beneficial

insect in some plots.

5.3.4.1.Producer 3: Good biological aphid managénmersummer thanks to indigenous

beneficial insects

This producer made a chemical application beforefirsyy observation. (Figure 28: Producer 3:
Evolution of aphid and their beneficial insect plgpns) Pirimor is the most compatible
chemical with IPM used against aphids. No aphidsewobservable in the tunnels | monitored
until the end of may. The number and the diversitypeneficial insects were also low, during
this first period. He made two applications of Qmly, even if there were no aphids. The
objective was to kill the Lygus present on the p&ithce the middle of june some Syrphes were
present. Parasitoids and chrysopes started to benable in the strawberry plants at the

beginning of july. Some aphids were present inva density since the beginning of june. Since

this same period

beneficial  insect 3%;\% * *i;%

numbers rose up

>/\I<Lg 100
ZW

+ 80
and maintain the
aphids at a |

reasonable level. | 40

The aphids in july

T ————— -+ 20

Number of beneficial insects
% of plants occupied by aphids

and august were

—

controlled by 14-apr  28-apr 12-may 26-may 09-une 23-une 07-uly  21-uly  1l-aug

. . mmm Aphidoletes == Chrysope == Lady-bug

indigenous mmm Aphidius (light) 1 Aphilinus (black) 1 Praon (with a base)
mmm Syrphe —— % of plants occupied by aphids

beneficial species.

Figure 28: Producer 3: Evolution of aphid and theirbeneficial
insect populations

5.3.4.2.At the station: IPM strateqy including eddes and chemical

At the station, the season started and ended cBane beneficial insects were implemented at
three dates. (Figure 29: Station: Evolution of dpdund their beneficial insect populations) The
evolution of aphid population can be divided in rfqueriods. From the plantation until the

beginning of may the aphids were present at a \@nylevel. The beneficial insects were
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implemented when the aphid population starteds® uip. Some parasitoids and chrysopes were
released in the middle of may. The next release keatised two weeks later, the same
parasitoids are introduced, as well as some Apétdsl At the beginning of june Chrysope and
Aphidoletes are introduced. | thought that the pafan was beginning to decrease, but the
advisor and the experimenter told me that the sttmavas too riskyChaetosiphon fragaefolii,
Macrosiphum euphorbiae, Aphis forbesi, Rhodobiumoguim, Acyrthosiphon pisumvere the
aphid species present on this plot. A Pirimor treatt is realized in the middle of june. The

treatment is compatible with beneficial insectse Tieatment helped to clean the aphids.

40 100

12 may :
Parasitoid /
Chrysope

+ 80

28 may
l Parasitoid /
ne

- 60

N
o
L

- 40

H- 20

Number of beneficial insects
% of plants occupied by aphids

0

. ‘ e 1Ly 35juy  Goaont 22000
08-apr 18-apr 02-may 16-may 30-may d=jure -june  11-uly  25-july 09-ao0t 22-ao(t
@ Aphidoletes == Chrysope == Lady-bug
mmm Aphidius (light) C— Aphilinus (dark) C— Praon (with a base)
mm Syrphes —m— % of plants occupied by aphids
Figure 29: Station: Evolution of Aphid and their bereficial insects

Then the beneficial insects were able to manageraddce aphid populations to a tolerable
level, in the middle of july. Aphidoletes are founwbstly just after their first release. We can
observe that the Chrysope started to be preseheand of june, and they are present until the
end. Parasitoids were observed during all the sunpaeod: in the second part of june, there
were more Aphidius parasitoids than Aphilinus osimce the beginning of july it was the
opposite. This is directly linked to the aphid dpegresent. There were not the same species
repartitions along all the season. In conclusibig strategy is quite positive. The release could
have started earlier. The peak period in the midfilmay and june, could have be manage by
the beneficial insects, if we would have been pati#he chemical worked well this year, in
association with the beneficial insects. Some ydaxss not very efficient. The only important

negative point is the price. It cost 0,75 €/mé=—

cost/m?
. . .. 12-may|Aphidius ervi et colemani (1,6 ind/m3 0,1112
(Figure 30: Station: Description and cost of themay|chrysoperia carenea (1,5 ind/im3 0,0591
28-may|Aphidius ervi et colemani (1,6 ind/m3 0,1112
i 1 -may | Aphidoletes aphidimyza 0,0575
IPM) This is not affordable by a producer, @g_may O operis arene & indi PP
. - .34 Aphidolet hidi 0,0575
addition to the cost of the other beneficiBline |chysopera caronca @ indim3 01182
17-june|Pirimor G 0,0040
agents used to control the other pests_ 1-july |Aphidius ervi et colemani et Aphilinus 0,1112
Totale 0,7481

Figure 30: Station: Description and cost of the IPM
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5.3.4.3.Producer 2:
As for the other pests the 3 tunnels situationsdifferent, so | choose again to present the
results in two of those tunnels for this produ¢Brgure 31: Producer 2: Evolution of aphid and
their beneficial insects populations: Comparisorthgf 3 tunnels) In the tunnels 3, there was a
very strong peak in the second part of may, soeanatal was applied at the beginning of june.
The aphid populations increase slowly until the ehthe monitoring. The aphid population in
tunnel 8 increased gradually during all the seaimstarted at 0% of plants occupied and it end
up at 100% of plant occupied. On the last tunnahtgld T18, we can see a first aphid peak,
which was managed by the chemical. We can saythbaCalypso application at the end of may
had a strong effect on the short term. But two wdater, aphid populations started to increase

again. The Pirimor treatment did not seem to work.

T3 T18

T 80

T 60

- 40

H
S
% of plants occupied by aphids

Number of beneficial insects
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0 e e
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mmm Aphidoletes == Chrysope == Lady-bug 1
== Aphidius (ight) C—JAphilinus (dark) 1 Praon (with a base) = ﬁgn}gﬁ}:tﬁ%m) % Egﬁﬁg&e (dark) % \F_’ar(ajgnbwm a base)
mm Syrphe —m— % of plants occupied by aphids = Syrphe =— % of plants occupied by aphids

Figure 31: Producer 2: Evolution of aphid and benetftial insect populations

On the tunnel 3 beneficial insects were presertesihe beginning. They increased and became
highly diversified in a short time. In the tunné the beneficial insect populations arrived at the
beginning of june. The equilibrium between benefiéhsect species was different from one
tunnel to the other. The aphilius were the firse daund in every tunnel. In the tunnel 3 the
aphilinus were quite numerous between the middlenay and the end of june. In the three
tunnels the syrphes were present from the middjerd to the end of july, whereas chrysopes
were present during the two last months. The chanapplications did not seem to have a
negative impact on beneficial insects. At the bemig of july, there were a real decrease of
aphid and beneficial insect populations. This cdagddue to the cleaning of the plants: the old

leaves were removed and the cold and wet weathelyicould also be an explanation.

5.3.5. Further propositions for the following yeaosspecify the strategy

The situations of producer 2 and 3 are very passtiihey managed to maintain the aphids at a
tolerable rate, by letting indigenous beneficiaeaats working during the summer. They arrive

before the end of june. The beginning of the seaswththe end of the season are quite difficult
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to manage for the producer 2. The beneficial insgobduction at the station showed that they
have a long term impact on the aphid populatiogeen@icals could be associated to biological
control, in order to break aphid development, thely have shock impact in the short term, it
decreases the populations but it did not maintaénpopulations at a low level. But a biological
control by introduction is not yet enough reliabenpared to the cost.

The objective in the future is to find IPM methdtiat could help to manage the aphids early in
spring and are less expensive. So, it is necess@y on with the trials at the station until ateos
effective strategy is done. Landscape elementsdcbala method that enables the insects to
winter close to the strawberries plots. They wdlready to go earlier on the plots in spring. This

point will be developed further on in 86.

5.4.Lygus sp.: a limit of IPM success

5.4.1. Lygus sp. characteristics e

Lygus spalso called tarnish bug is a secondary pest speciestrawberry. -
plants. While the pests are chemically managedy #Hre not visible,

because they are killed by aphid chemicals. Buth wiittegrated pest f

management system, Lygus tend to appear and t@ a@amages. They. -
lay their eggs in the plant tissue mostly in diéetpnous plants, when the
temperature rose up to 20°C. Females lay abouy$ per day during ten Q\X { ::
to thirty days. They have between 2 and 3 genemster year between Ve
april and november. (Swezey, 2004) oy -

They spend winter at adult stage in weedy areay Tike to go on lots of different uncultivated
and cultivated plants. Alfalfa is one of their getd hosts and can be used as trapped plants. In
spring they will be close to strawberry plants anlll be attracted when the strawberry will be at

flowering and fruiting stages. Late flowering tetwd give more damage on fruits because the

damaging lygus stage will arrive at the same tisitha
fruiting. It is the larva stage that makes most dges, \
because they stay on the same floral stalk. Lave# | \
like aphids, but they run faster. They mostly staythe
same plant. Lygus bug larva eats on immat

strawberry fruits. They generate small fruits arah ¢

‘cat facing’

even also deform them. This deformation is calt=d-*

facing’. (Swezey, 2004)
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Some studies about lygus egg parasitism were egailisCanada in order to see they efficiency.
Three main parasites are foukhaphes spp., Telenomus sppdPolynema spp.(Carcamoet
al., 2008) Only few eggs are parasitized, but it ndedse more studied

This method needs to be associated to other metiools efficient. In
other trials, they introduce Peristenus spp, wligch parasitoid importec
from Western Europe (France and Spain) into NortieAca. (Hoelmeet L
al., 2008) This might be found as indigenous speciggénch area. Some
predators are eating lygus, likeeocoris spp.but they are not enough sufficient to limit lygus
damages. Not any efficient beneficial insects amglable in France to fight against Lygus spp.
(Swezey, 2004)

5.4.2. 2011 results

During the monitoring four main species were obsédrin three plots. (Figure 32: Different
Lygus sp. observed) Only one of them was identifigdcoris tristipulatuswhich is the one that
seems to make more damages.

The producer 3 detected the first Lygus in hisglot the second half of may. His strategy is to
treat as soon as he sees one Lygus, with a Calygetmnent. He thought that Lygus damages are
important. He treated one time at the end of malyaare time at the end of june. The Lygus that
| observed wereliocoris tristipulatus. They were found at the highest rate at.i®coris
tristipulatusper 30 plant shakings.

The producer 2 also had some Lygus spp. At the addnthay he also had somsdocoris
tristipulatus. A Calypso treatment was applied at the end of nmaprder to control aphid

populations and it also killed this Lygus. In june

and july an other Lygus was present at a h| Producers3:

Liocoris
tristipulatus

density. For 30 plant shakings, I commo

observed 14 individuals. The producer did not f¢
that he needed to treat; he told me that dame

were low and acceptable. \
At the station 3 or 4 Lygus species were obsery

from the end of may to august. The damages w -

also estimated low, no treatments were appliec

-

] ) By producr 2
fight against them.

Figure 32: Different Lygus sp.
observed
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5.4.3. New trial perspectives for next year to oolntygus sp.

As there are neither indigenous beneficial insedher introduced beneficial insect available in
France that are really efficient to control Lygusyill present an alternative method set up by a
Suisse researcher: Fischer.

| found his method on a presentation documentzealat a working group about integrated pest
management on strawberry plot. In order to get nndiemation, | called him. During his trial,
he used alfalfa as a trap crop. In another triddlanth America, 3 trap crops were compared to
the strawberry plant attraction. It appears thateriggus were found on Alfalfa, than on radish,
mustard and strawberry. (Swezey, 2004) The Suissearcher sow Alfalfa in between two
tunnels. The detection of lygus on trap plantsmgartant, in order to be able to detect their
arrival and to make treatment on trap plants totkém. The movement of Lygus between a trap
plant and a cultivated crop can be detected bygusticky cards. (Blackmest al, 2008) Plant
shaking over a yellow bowl can also be a methodebdéction. In organic strawberry production
in North America, some trials were realised by gsanvacuum on a tractor in order to catch the
lygus bugs. The results show that it is even metevant to do it on alfalfa trap than on

strawberries plants. On alfalfa trap, the lygusysaton are reduce up to 70% (Swezey, 2004)

This method seems to suit to the producer 3, tleetbat made treatment against Lygus. As by
the producer it does not seems to be possiblevtoadialfa in between two tunnels, an alfalfa

band of two meter wide all around the tunnel pldt e sown this autumn. (Figure 33: Map for

the Alfalfa trial) In spring a good monitoring nedd be L Alfalfa 4’1 im
realized early. Sticky card could be added in betwé¢he
alfalfa band and the strawberry plants in ordeoliserve their
movement. Observation might have to be realizeghaking
plants. A vacuum trial could be realized in alfadi® a control Tunnels
method against lygus. Species identifications woludd
interesting to better understand the differencedaihage on

strawberry fruits. This could be an axis for furthesearches.
Figure 33: Map for the Alfalfa trial
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5.5.Synthesis of pest issues and beneficial insedk® four plots

The objective of this part is to make a global vigiwhat happened in the different plots and to
make a comparison of the beneficial insect diveraitd quantity. (Figure 34: Comparison of
quantity and diversity of beneficial insects in thar plots (in spring and in summer))
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Figure 34: Comparison of quantity and diversity of keneficial insects in the four
plots

In producer 1 plot the major pest is the Thripse TRM strategy was not successful, neither the
chemical management. The beneficial agents intexdistarted to set up before the use of the
first chemicals. But they stayed in a low quantity.

Producer 2 plot was interesting because withinsdrae farm, production factors were variable.
We see that for the four pests as well as the bmaleinsects, the populations were different

from one tunnel to the others. This situation shawshat IPM strategy can be successful, with a
presence of pest, when lots of beneficial inseetreaturally present, especially for the Aphids.

The necessary to be patient show the efficiendp®imethod. His strawberry production surface
is smaller that the two other producers.

Producer 3: The main pests are Thrips and Lygus.Arhblyseius settled very well, whereas the
Orius disappeared because of chemical applicatiorspring the beneficial insects where very
high in quantity and low in diversity. In summeurdigenous beneficial insects controlling aphids
appeared in high diversity and high quantity.

At the station, the four pests were present. A hdjhersity of beneficial agents was

implemented. The quantity of beneficial insectloger than in producers’ plot.

The interaction between the different beneficiarag should be more took into consideration.
The efficacy of the beneficial insects introduceah doe low, because some more general

indigenous beneficial insects are in competitioaiagt the same pests, which is the intra-guild
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predation. Most of the pests are present befordoémeficial insects. The minimal temperature

for the development of pests is lower than fortibeeficial insects.

By the producers, the size of the plot monitorethwPM does not represent a high part of their
total strawberry surface. As tunnels are open afgasg insects can fly from a plot to another

one. Chrysope and Orius are two examples. Thetinsesity released is based on the plot size
manage with IPM method. As they can move to othenels, beneficial insect number released

are not sufficient to control the species in adl thnnels.
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6. Evaluate the impact of landscape element on pesamagement

IPM method cost is higher than chemical controlt iBis interesting in order to protect workers,
consumers and environment health. More knowledgmitathe trophic links between banker
plants, pest insects and beneficial insects areatgteo set up more adapted system of pest

management. (Suty, 2010)

6.1.Syntheses of previous years trials at theostati

In 2008, floral fallow trials were made. Three kénaf floral fallows were sown this year close to
the plot. Pest and beneficial species were mortordloral fallows as well as in the hedge. This
hedge composed of 9 tree species, is still theree &f the floral fallows composed of 12
different plants was evaluated as interesting fmdficial insects controlling strawberry pests.
Beneficial insect species on this floral fallow andhe hedge were diversified and numerous.
Small boxes for chrysopes were installed at the adfnithe summer. Chrysope which had spent
the winter in those boxes were counted at the béggnof march. There were not a lot of
chrysopes present. The objective of those chrydmpees is to keep the chrysopes close to
strawberries plants: they will go directly on theawberry plants, when appropriate temperature

is reached in spring. (LCA station internal report)

In 2009, insect populations were sampled in thegheahd in natural grass-strips in order to
evaluate their potentiality of biological control bonservation. The beneficial insects were also
observed in the strawberries plants. The sampliag realised with the help of vacuum and of a
catching insect net. The insects were identifibgytmostly observed aphid beneficial insects.
But it was difficult to find them in the strawberplants. Landscape elements are a great
potential to be taken into account, because lotsbafeficial insects are present in the
environment. Two hypotheses were made: the beakfinsects had difficulties to reach
strawberry plants (about 1m20 high) or the samphmegthod was not adapted for beneficial
insect observation.

There was a limit mentioned in trial: no repetitimas made, samplings were only realized on

one tunnel.

The objective for the following years was to setngpv landscape elements, which would help to
make a way for beneficial insects to move from @nésandscape elements to strawberry plants.

In 2010, a clover-strip was installed under twonkeils. Pest population monitoring was realised
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on 30 plants. Tetranychid mite populations roséigher under the clover-stripped tunnels than
under tunnels with tarp. This monitoring did notable them to conclude on clover-strip
effectivenessPhytoseiulus persimilisvere introduced in the strawberries but they weoé
found on the clover-strip tunnels.

The clover-strip was sown in july, so it did nokeéanto account spring time. One limit of those
results was that they were no repetitions. At emadmitoring different plants were observed.

There is always a high variability from one plamthie other one.
6.2.2011 results

In order to answer to the limits of the 2010 tridle plants observed were marked to observe
always the same one. As | presented it in the S#v@.factors were evaluated. Firstly the impact
of the clover-strip under the strawberry rows wampared to black tarp on the ground. The
clover-strips are banker-plants. Secondly we watdeske if the distance from the natural grass-

strip has an impact on pest and beneficial inseptulations.

The main trends are highlighted. Results are basedANOVA analysis. The dates with

significant results are represented with an ovapshon the graphs. The full lines represent the
percentage of plant occupied by the pests and ahdirgks represent the percentage of leaves
occupied. On each plant two leaves were observied.tiends are quite the same. The result
analyses are quite different (plants and leaves)datised both of them to justify trends. | would

like to remind one point: this plot (the plot stat) is the same as one of the four plots used for
the strategy comparison in 85. Some beneficial @geere introduced, between the middle of
may and the middle of june. The monitoring stoppethe end of july, because | needed to do

the analysis.

6.2.1. Influence of the ground cover

In this part we will see pest and beneficial agamilutions within time. General trends will be

highlighted in order to see the ground structurpdat on insect populations.
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6.2.1.1.Aphids and their beneficial insects

Two trends can be highlighted aphid evolution within the time. The bridge date between the
two periods is at the beginning of june. The fip&riod which is the month of may is
characterized by highest aphid population in tlowed grass area, than in the tarp area. (Figure
35: Influence of the ground cover on aphid popata) The 18 of may aphid populations are

significantly different in the
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Figure 35:

Influence of the ground cover on

aphid populations

Beneficial insectnumbers were increasing during all the periodgFe 36: Influence of the
ground cover on aphid beneficial agent populati@@sheral trends of the two charts evolved in

parallel. But it appears that more aphid beneficisécts were present in the tunnels with clover-

strip than under tarp tunnels. On theahd 15' of june,
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Figure 36: Influence of ground
cover on aphid beneficial agent
populations

An equilibrium between aphid and beneficial insgsmed to be more easily reached in clover-
striped tunnels than in tarp tunnels. The Pirinteatment might not have been necessary in
clover-striped tunnels. After the Pirimor treatmetite aphid populations stayed low in the
clover-strip tunnel, whereas in the other one theutation rise up again just after the treatment.
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In conclusion in 2011 trial conditions, the cloverstrip under the hanging garden seems to

be favourable to biological control of aphids.

6.2.1.2.Tetranychid mites and their beneficial agen

Two trends can also be highlighted, but are lesthha. (Figure 37: Influence of the ground
cover on tetranychid mite

populations) Those observation
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Figure 37: Influence of the ground cover on

tetranychid mite populations

In addition, tetranychid mite population presemghie clover-strip were very high during this
period. They were also present on the water smiakhat were 50 m high. (Figure 38: Clover-
strip watering system infested by tetranychid nit&svo
treatments on strawberry plants and two wateringshe
clover-strip had decreased the tetranychid miteulaions.
In the second half of the monitoring, the charhti®e to be
the opposites: on the 2®f june and on the 30of july the |
population were significantly higher in tunnels lwiarp than

in those with clovers at the rate of 5%.

Figure 38: Clover-strip
watering system infested by
tetranychid mites

Beneficial agenttrends were nearly the same in the twe

/
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last weeks of monitoring, tetranychid mite benefic| - i
g y Ve

27-apr 3may 11~ 16- 25 30- Bjune 14- 21 28 6-july 13-uly 20-uly 26-uly
june  june  june

agents started to be different from one case totiner. m o 7

Figure 39: Influence of the
ground cover on beneficial agents
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In tunnels with tarps, the populations were highen in the clover-stripped tunnels. On th& 26
of july the population was significantly twice highin tarp tunnels than in clover-stripped
tunnels at the rate of 5%.

Phytoseiulus persimiliguantity implemented at the end of may were tviicgner in the clover-
stripped tunnels. After the Floramite treatment titeanychid mites decrease more smoothly in
the clover-stripped tunnels. Beneficial agents wetehed by the Floramite. Koppert estimates
that the Floramite killed between 50 and 75%bftoseiulus persimilis

Even if tetranychid mite populations were highhe tlover, it did not seem that the clover had a
S0 negative impact that we thought in june, whendbver and the water sprinklers were full of
tetranychid mites. In the future, maybe two watgsirare enough to limit tetranychid mite

development in the clover.

6.2.1.3.Thrips and their beneficial agents

The general trend of the charts is globally goipgamd down at the same time. (Figure 40:
Influence of the ground structure on the evolutddnhrips populations) But we can see and the
statistic told us that there are maheips in tunnels with tarp than in clover-stripped turmeit
two dates there are significant differences: on 148 of june and on he"™of july. Thrips

population seems to be managed earlier in clovgrgstd tunnels. The thrips population stayed

also at a lower rate in clover
. 12.may: june : juil =
stripped tunnels. Only on th¢ . ol e sug Cicimers 2
. . R
8" of june, the thrips Lol l
30 [ II II\ R 15
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Figure 40: Influence of the ground cover on the

evolution of thrips populations

Beneficial agentpopulations are globally the same. (Figure 4llubrice of the ground cover on

thrips beneficial agent populations) Their evolasounder the tunnels with tarp are higher,
whereas it is lower in clover-stripped tunnels.wes could not differentiate the two Amblyseius
spp. introduced into the tunnels, they are incluotethe beneficial agents against tetranychid

mites and against thrips. This is one limit o thenitoring.
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A /11" The clover strip seems to have a positive impact on
M thrips population. But some other factors that we
- :/'.( did not recorded could also have an impact.

27- 3 11- 16- 25- 30- 8 14- 21- 28 6- 13- 20- 26-
apr may may may may may june june june june july july july july

Number of beneficial agents
@
3

[ ——Tamp —a— Clover-strip_|

Figure 41.: Influence of the
ground structure on thrips beneficial
agent populations

6.2.2. Influence of the distance to the natural graBip

The distance factor is not significant. We can hgitt that in the zone 3, which is the furthest

from the natural grass-strip, there are less pesbaneficial insects, than in the two other zones.
The two other zones have about the same insectersiduring all the season.

No results are effective because too much factousdchave interacted with the distance factor.

One hypothesis could be that the tunnels at th@stare short (They are about twice or three
times shorter than the producers’ one) Distancas fone zone to the other one are short and
could not be long enough to see the influence.Zidme 3 is quite far from the grass-strip, but is
closed to the other side of the tunnel and to tliewpy. So they are also influenced by the

tunnel side factor as well as the weather facine. wind usually arrived from this side.

6.2.3. Limits of the trial

Other limits of this trial, is that others trialsearealized on this plot. Even if we manage to
choose strawberry rows with the closest conditidhere were differences that we could not
quantify. The climate under tunnels could be inflced by results of other trials. On clover-
stripped tunnels, there were substratum trials.s&htrials did not work very well so the

strawberries plants were smaller. For me this factolld influence pest pressure and beneficial

insect food.

We could not dissociate the factor clover-stripnfréhe factor hedge. The results comparing

clover stripped tunnels to tunnels with tarp coubd be the same if we suppress the hedge.

A higher number of plants observed could give mehable results. But a higher number would
not be realizable by an observer. It is better wdilkthe observation are realised on the same day

in order to limits other factors (like the weathépservations of 90 plants were already a lot in
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one day. | realized that | did not pay the samengitin for the first plants than for the last ones.

As | realized the observation always in the samg Wthink that | minimized the error factors.

Another limit of this trial to see indigenous spExicoming from landscape area is that some
beneficial insects were implemented. We could eatly see if those we observed were due to
introduction or conservation method. Without betiafiagent introduction the results would be

different.

6.3.Further propositions for the future: managenoétie landscape elements

In 2011 trial conditions, the clover-strip undeethanging garden seems to be favorable to
biological control of aphids. Their beneficial icsg are presents in the clover early in the spring.
The first objective of the clover strip was to ggbhid beneficial insects earlier in the
strawberries. 2011 results reach this objectives fhnips population management seemed to be
also easier in the clover-stripped tunnels. WhelD2ihd 2011 results are compared, we can see
that the tetranychid mites could be the limit af tover-strip. Tetranychid mite populations on
the clover can go high and could be a source afnterry infestation. The clover watering
should more study in order to see the results.

Trial conditions did not unable us to conclude @& nhatural strip influence on pest and
beneficial agent populations. To see the influesfdandscape element like grass-strip at the end

of tunnels or of hedges seems for me to be moesaat in producer plots.
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7. Discussion

7.1.Factors influencing IPM strategy effectiveness

Integrated pest management in strawberry produatidranging gardens is not so easy. During

all the project lots of elements that seem to mflce pests and beneficial insect presences were

highlighted. Five main topics are outlined and hewbe included in IPM strategies: production,

environmental, human, economical, climatic andg(Fe 42: Factors influencing IPM strategy

effectiveness)
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Lots of production factors seem to be linked to pest management.

Plantation characteristics seem to have an impagbest and beneficial insect arrival dates.
Producer 2 plot gives lots of information. We obser that pest and beneficial insect
populations were different from one tunnel to tlibeos. Ages of the bag seem to have an
impact. Second year bags are more likely to be segbdo pest presence, when pests were
already occurring the previous year. They spendninger inside the bags. An interesting point
is that this producer changes half of his bagsyetweo years. And he always starts to plant from
the same side. This year, the first strawberrytplarere planted at the beginning of february, in
second year bags. Next year, he will change thags bnd start to plant also from this side,
because those “tunnels are protected by the foréstionitoring will be realized next year, they
might be able to see if any highest pest presamdsigher number of beneficial insects are due
to bag ages, plantation dates or the forest praxinio optimize integrated pest management by
introduction, the link between strawberry plantgstaintensity of pest and date of beneficial

insect release need to be more study in next years.

Tunnel doors are managed differently. At the statind by the producer 1, there were no doors.
Producer 2 has some doors that he opens and clumesally. He closes the doors, when he
releases some beneficial agents, or when it wadywim cold. The producer 3 has automatic
doors. The doors are opened and closed, when theo@mte climate inside the tunnel

(temperature, humidity and wind under the tunnelg)ot adapted to his goals. He also closed

the doors when he released beneficial agents.

Pesticide effects have to be taken into accounorder to optimize IPM strategies. Some
chemicals can be harmful to beneficial insectsnmatto all of them. | create a technical sheet for
the producers, which will be useful for them. Ttable crosses information from three different

sources. _(http://www.biobest.be/neveneffecten/2éhgnhttp://actions-secondaires.koppert.nl /;

http://e-phy.agriculture.gouv.jt/ Non desirable effects of pesticide are classiffer each

beneficial insect from the less harmful to the mbaemful (Appendix 2). A technique that is
used in IPM strategies is to make a chemical agfptio late in autumn or early in spring, before
planting or just after the plantation. This hadeaning effect; this is one of the strategy point
which differs between the producers 1 and 3 anedxat the station and the producer 2. The two
first one have made treatments early in march éshe@gainst tetranychid mites and the

seconds did not.
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IPM program should be though more global. An IPkatstgy against thrips can not work with
Aphid sp andLygus spchemical strategies. The only pesticide (Calyplka) can be use during
the harvest against aphids and lygus is harmfQrtos sp.

Release conditions need to be optimized. Storagedratures are written on beneficial insect
packages. Storage time is about one or two daigs, r@iception. But the fastest they are released
the best it is. Beneficial agents should be impletee as far as possible from a chemical or from
strawberry cleaning plant actions. The differenticaxs have to realize on plants before the
reception of beneficial agents. For example, ifaste or old leaves need to be cut, it would be
preferable to do it before the releases. The rehuwvad leaves seems to have an impact on pest
and beneficial insect populations as we saw ithia plots of the producer 2 and 3, at the
beginning of july. The anti-oidium treatments didt rseem to have a real impact on insect
populations, because of their modes of actionhénnhiddle of july the Nimerod treatment by the
producer 3 did not have any impact on them. Berafagent activity and healthiness should be
controlled at the reception of the package. Twalpcers closed their doors when they release
the beneficial insects. It seems to be a good f@oause in the Sologne area in spring there is a
lot of wind and for beneficial insects likehrysope spandOrius sp.could go with the wind.
The larva stage could fall down and can not go g@im and the adults could go in another
culture. Producers have to wait after releases hiatficial agents are reaching the level to
manage the insects. If they are not able to waitifoequilibrium to be reached, they should not
work with IPM by introduction.

Environmental factors: landscape elements like forest, hedgerow, fallod/grass-strip as well
as crop productions close to strawberry plots adeitats for indigenous pest and beneficial
insects. The real dynamic of population is diffictd be taken into account. Management of
landscape elements needs to be more invested. tétttandscape element trial we saw that
landscape elements can be strengths for some petsbic(Aphid sp and Thrips sp with the
clover-strip) and weaknesses for othéfstfanychid mite spwith the clover strip) Associating

crops could be interesting to study later on.
Human factors are link to knowledge and sensibility of the diffet stakeholders of IPM

strategies. Producers, advisors, experimenter adwa saw pest and beneficial agents from a

different point of view linked to our experiencesleback ground.
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Through all my discussions with producers, it appeéa me that their motivations were a little
different. I think IPM success or at least theurdkof tolerance is partly due to their motivations
The producer 1 already has some issues with thpsthHe has reached an impasse with
chemicals, because they do not work any more omahis. For him, he was expecting that the
beneficial agents were going to work very wellséems that he could have some bad practices
with chemicals. Molecules that should be used amdgvice a season were applied 6 or 7 times.
The Success treatment is the best example, and sesistance phenomena appeared. He
expected a lot from this IPM but he is disappoinfae producer 2 is tired of taking time under
his mask in order to treat. He spends 5 hoursetat @l his strawberries. He does not like it, so
he wants to decrease treatment numbers. He is teadse beneficial agents even if it is more
expensive. He told me that this year, he applidd/iden two times less pesticides than last year.
He was very positive of this year results, in H@.pThe producer 3 started to make IPM about 6
or 7 years ago, he told that sometimes it workssamde other times it fails. His weakness is the
Lygus, which appears, after few years of IPM. Hentwao become more independent from

pesticides. And he always wants to be at the teahiminovative top.

The level of tolerance is different from one proeluto the other one. Their level of tolerance
can evolve within the years or in a same seasauueer 3 is a good example, when he started
to use IPM method, he did not accept to have pshper flower whereas this year he accepted
for a long season a mean of 5 thrips / m2 and moadas were observable. This year, at the
beginning of the season, the same producer tolthaténe used to treat Lygus as soon as he sees
one specimen. In july, he told me that he prefetcedonserve his Orius instead of suppressing
his Lygus. The feeling and knowledge change witbegience and might be linked to the season
period. At the beginning of the season, pest manage needs to be stricter because less
beneficial insects are present. If pest occursyearthe season, it could have a negative impact
on the production season. A risk for having biggest population could increase with climatic
factors. For example, if producer 2 accepted hideeel of Aphid sp.his can be linked it is
because he knows that he has indigenous benefisedt againsfphid sp.

During the restitution time, they express the thet they are not ready to take as much time as |
did to monitor weekly the evolution of pests andhddeeial insect populations. For next year,
they would like to do again the monitoring in cbltaation with the LCA station. They improve
their knowledge within the years. Using a technioathod on their own plots, bring them much

more than coming at the station in order to lookhat results. This is even more right because
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the IPM strategy is influenced by lots of factoRot environments, as well as producer
sensibility toward tolerable pest level are factdhat influence the IPM effectiveness.

Participatory action is a good way in order tolgestrategies within the years.

Other producers were present during the restitutiore. They laugh, when we spoke about
secondary pests species. They say, “it costs mogeyaur have new issues...”. The other
producers are not ready to use IPM strategies.nidia reason is the high cost of IPM strategies
by introduction. Another reason is that benefigcigents are less reactive as chemical: it takes

more time to see the effect and is a safer metbothém.

Koppert advisors define the strategy before thes@eaSome adaptation can be added when it
was needed. Syngenta advisor seems to adapt bhahgefsect introductions to the evolution of
the pests. Delivery delay is usually shorter withpKert than with Syngenta. Both of the two

firms have strengths and weaknesses.

A tighter relation should be created between thapecer and the advisor, because it happens
that the producers made some treatments which megreompatible to beneficial insects before

they received beneficial insect. Implementationsehto be taken it into account when they

organize their planning. Producers should writetlogir calendar dates of releases. As the
beneficial insects by introduction are expensivaplementation conditions should be the best
for them. The strategies should be more adaptednwbme non predicted treatments are made.
For example producer 3, needed to treat with ag3alyat the end of may and teius sp.

arrived at the same time.

My experience as pest and beneficial insect obsgive me information about what to do or
not to do. Limits of my observation, and also tbraw observers are that | learn to identify
beneficial insects within the time, when | foun@ii Some time there were one or two weeks
between the first time | saw a new insect and theldtarted to register it.

At the beginning | make my observation at any tioighe day. But one day | made it in the
middle of a warm afternoon | thought there weredeimsects than when | did it in the morning.
Since this day | try to do my observation in mogsn

Each week on thursday | did my observation by pceds) | always did my observation on the
same sides. (Producer 1 in the morning, then tbenskone and the last one in the middle of the

after noon) It was easier and it limits day timepaut.
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Each people have his own way of observation, andWwn sensibility to this and to this pest or
beneficial insect. For example the producer 3 hawn way to detect the presencelLgfjus
sp.. He searched for deformed fruits with ‘cat heakl then he sees thggus sp.l was shaking

plants to make theygus spfall into a yellow bowl.

As it was the first time that | follow pest species culture, | think that | was less afraid oftqu
high pest populations. | did not see before reghtiee effect on the strawberry qualities, beside

the thrips pest by the producer 1.

Economical factorsare linked to beneficial agent cost, comparecheodtrawberry production
profit. As we saw it earlier, the profit is of alidli68 €/m2. IPM strategies by introduction for
thrips and tetranychid mites cost about 0,5 €/ mémaphid strategies are included we are above
1 €/m2. It means that the profit decrease of 30%mwiPM strategies cost about 0,5 €/m? and of
60% when IPM strategies are above 1 €/m2. (Theyased on mean prices) The effectiveness

of IPM strategies are linked to beneficial agermistc

Climatic factors influence pest and beneficial insect populatiaiensity and diversity. Insect

life cycles are link to day length, temperature andidity. The wind is a factor that influence
insect repartitions in the environment. The weattad an influence on my observation. | think
that on very warm day, on rainy day or on cold amaddy day, | observed fewer insects. We

registered the temperature, but we have not beert@bnk it to other factors.

All those factors show the importanceddapt the strategies to producers and even to the
smaller plots characterized by production factors. Some otheaofadhat are not quoted could
have impact on IPM method efficiency, but our resdid not highlight them.

7.2 .Limits of a specialized production from a sumsthle point of view

Strawberry production in hanging gardens is a aggcific production. Most of the producers

only produce strawberries on their farms. Investisi¢or such structures (tunnel material and
irrigation systems) are very expensive and highuisare needed every year from strawberry
plants, to compost bags, chemicals and fertiliZzEnerefore production costs are very high ad
profits per kilo of fruit is low. All their produains are sold on the global strawberry market in

one place. Even if they do not control their sellprices, their products would be sold in nearly
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every case without having to find buyers. Theirtays are working quite well and they don’t
want question them. They are part of the globatifegstem.

In a more diversified system, producers need te Hanowledge on lots of topics, but they are
less specialized on each production. Most of theesi they need to find buyers in different
places, which takes a lot of time. However, on¢hef main advantages of this diversification is
the possibility of crop rotations which is a googan to control some pests and diseases with
various practices.

The introduction of beneficial insects is not vengstainable. They need to be implemented each
year. Equilibrium will be difficult for reaching st an artificial production system. We do not
know impacts of introduced insects on the otherg@adous insects. In one hand they want to

solve their solutions, and in another hand theyhtnigduce new issues.

7.3.What does this project brought me for my leagmprocess?

When | started the project, | had very small knalgke about insects: pests and beneficial agents.
In this project | go back and forth from the thetwythe practice. When | read some think | could
not make it mine until | saw it. Observations apenpleted by readings. | increase my awareness
about pest issues and beneficial insects in acwtrial system. To work with insects is not that
easy. As we are working with living organisms, lofsfactors have an impact on them. The
human being is not neutral, each people has hislmaek ground, his own knowledge and his
own feelings. As the way of working is not the santas sometimes hard to work together.
Communication is not so easy, in a working group.wiork with four real cases situations in
order to improve producers issues are very ricl,slrow the complexity of dealing with living
organisms in an agroecosystem. Lots of people to IMpresented my project spoke about a
paradox situation: working with beneficial agemtsaisuch intensified system.

For me their issues are at the bases of their ptmatusystem. The system should be thought
more globally. But in such highly intensified odunstrialized system, it is hard to improve their
bases because the production is based on inputiahaldne farm is just a support of production.

They could produce at the top of a supermarketilitnot be much different !
My project can be presented as a first step towardorking process, between experimenters,

advisors and producers. The monitoring in proddietd as well as at the station are fulfilling

the gaps between knowledge and real productioatiu
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Conclusion

Nothing is better for such a thematic than to wairectly in real situations: on producer plots.
Parallel monitoring of plots in 4 different farmsadbles us to highlight factors that seem to have
an impact on IPM strategy effectiveness. Trialsseweral years can differ because of climatic
conditions. Seasons are different from one yedinécother one. It makes it difficult to compare
different strategies under different weather coadg. With 4 plots weather factor was
eliminated and other factors could be highlighted.

Stakholders wanted to set up IPM strategies adapbedhe Sologne area. Production,
environment and climate factors need to be takém atcount, in order to set up strategies
adapted to producer willingness. The human factoimportant, because knowledge and
sensibility is different depending on previous exgeces. This project shows that the strategies
have to be adapted at the farm level and sometewers at homogenous production plot level.
IPM needs a close monitoring, in order to set uatsgies adapted to each case. This project is
part of a longer term project. For each pest issuesach producer context some propositions are
made, in order to improve their method of pest rgangent for the year to come. To reduce
pesticide uses other IPM methods than introductiprtonservation of beneficial insects are
available to be tried as insect proof net, juicegaflic extract, trapped plants,... Landscape
elements have an impact on pest and beneficiallatuo bringing the first one or the others in
strawberry plants. So this topic needs to be stufiligher. IPM by conservation could be a more
sustainable biological control system from the @coical and ecological point of view, but the
main limit of IPM by introduction is the cost.

When natural elements of ecosystem have to be takenaccount, we are dealing with
compexity. Dealing with agroecosystem is a chakerane issue can not be answered by one
solution, a group of issues can be improved byaason of small solutions.

Aim such as reducing pesticide uses have to bengplex association of different methods.
Different stakeholders bringing their own knowledgel feelings need to work together, when
dealing with such innovative techniques. Integrgiest management needs to be experimented,
improved within the years, by taking into accouasfassue evolutions.
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Appendix 1. Graph description

The results are based on graphics. A short degorijg needed. This page can be kept open

during all the report for the chemical legend.

The scales are not always the same.

Not all anti-oidium treatments are representediréatment every one or two weeks)
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Appendix 3: Compatibilities between aphid species ahparasitoid species

Aphidius| Aphidius | Aphidius| Ephedrugy Praon Aphelinus
ervi matricariael colemani| cersicolal] volucre | abdominalis
Macrosiphun
. X X X
euphorbiae
Chaetosipho X X
fragaefolii
Rhodobium
X X X
porosum
Aphis forbes X
Aphis gosypil X X X X

(Source: Viridaxis advisor)



