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DISCLAIMER

This report is reproduced in order to inform growers about research undertaken by other
research organisatiorsbroadand is not intended to endorse oecommend the use of any

of the products or active ingredients mentioned. In particular, growers should note that this
report may include trials of substances which are not registered as crop protection products
or as biocides in the UK, or are not apprder commercial use on the crop or situation in
guestion. Only products officially approved as plant protection products should be applied

to control pest, disease and weed problems or used as plant growth regulators. Before using
any such substan¢cgrowers should refer to product approval and label documents and seek
guidance from a BASIS qualified consultant.

No part of this publication may be reproduced and / or made public by means of print, photocopy,
microfilm, electronic or audio tape or in anyher way whatsoever, nor be stored in a retrieval
system without the prior witten permission of the clients.
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HYGIENE PROTOCOL fdFUSARIUM

Hygiene is essential throughout the business!

Provide disinfection mats

1 At eachcompany entranceand ateverydoor to the growing area

1 Mats must be large enough to @possible to bypass

1 Everybody and every vehictedlley must walk or drive over the mat

1 Mats must behoroughly wettedwith potassium hydroxide solution 2%, pH>10)

-

Everything that goes into the glasshouse must be disinfected

Provide facilities for washing/disinfectitgindsbefore entry to glasshouses
Provide clearshoes and clothingr use disposable overshoes, overalls and gloves
Allow only essentialisitorsand provide them with clean footwear and clothing
Disinfectwork utensilssuch as knives with 100 ppm sodium hypochlorite 6806
alcohol

1 Clean materials with dsot water as posble under high pressure, removiad
organic residues

Machines from other companies.g.contractorg must be clean and disinfected
Only allow cleanegackaging material

Only useseedlingdrom a grower who takesontrol measures againstiBarium;
inspectthe plants

= =4 4 =
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Avoid dispersal within the glasshouse

Organic matter, soil particles and stuispread the disease, keg@athsclean
Remove altrop residuedbetween crops

Inspectthe crop regularly andend plants with suspect Fusarilsymptoms for
diagnosis

Disinfectrecirculated watewith UV, ozone or heat

Use different growing materidbr each section/compartmentegular disinfection
helps

1 Alwayswork in the same direction

= =4 =4

= =
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Hygiene protocol
Fusarium oxysporunh sp. lactucaein lettuce
1 Introduction

In the Netherlandsan increase iroutbreaksof Fusariumwasobservedin soitbased
cultivation of glasshouse lettuceluring the winter seasorof 2014/2015 Losses
increased during the course of 2015 andtlhg autumn it was estimated that 560%
of Dutchglasshouse lettuce productionaslightly or heavily contaminated (Source:
Hygiene Protocol Fusarium, Green Agro Control).

In Belgium, he first reports of large aread lettuce showingwilting occurred in 2015.
After samplinghe cause was shown to beisarium oxysporumsp.lactucae In 2017,
the problemwas identified throughout Flander&ntwerp, East Flanders anlest
Flander$ with the highest levels of infectiom the province of Antwerp and East
Flanders. The affected ardes increase@dnd s now estimated at 12% of the total
area. In both the Netherlands and Belgium, thelgem so far only exists in stuihsed
yearround glasshouséettuce production Research by the NVWA (Dutch Food and
Consumer Product Safety Authority) has shown tlaanhew race of Fusarium
oxysporumf. sp.lactucaehas been foundThis newace deviates fromrace 1 that
occurs inutdoor productionin Spain and Italylhe race foundh Belgium is still being
studied by Ghent University (Phytopatholdggboratory.

To address the newrusariumthreat, solutions must be soughtising hygiene,
resistance and (biologigaplant protection productsSteam sterilisation of soil can
also help to reduceontamination.Resistant varieties for this sdibund fungus are
not avalable in the short term, buinay provide the onlgolution.

To limit further spread as much as possible, hygiene measures are necessary.

This hygiene protocol folimiting as far as possible the occurrence and spread of
Fusarium oxysporur sp.lactucae isavailablethanks tocollaborationbetween the
partners of thelPFUNSL@project. Use was made of the Hygiene Protocol drawn up in
the Netherlands by Groen Agro Control in collaboration with LTO Glaskracht
Nederland.

2. Fusarium

Fusarium oxysporuns acommon soHborne fungus and has various su#pecies
(formae specialis), which can affect about 80 plant speciEach sulspecies is
specialied to one or more host plants. The disease occurs in cucumber, paprika,
tomato, lettuce, melon, bananaariouspotted plants and cut flowers. Thelgmt
pathogenic suki LJS Ofaraai spedlaliQ in lettuce isFusarium oxysporunf. sp.
lactucae
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Figure 1. Ifected lettuce plant with brown vascular bundles (Source: PSKW)

In 1955, a suspecies oFusariunmoxysporunwas reported in lettuce fothe first time

in Japan. Thikorma specialisvas also found in other Asian countries and the US. In
2002 the fungus was found in Europeitially in Italy andthen in Portugal in2004.
First infections in southern &nce were reported in 2014.

Up to 2017, 3aces(subspecies) were known. In 2017 it was established thatdoe
that occurs in the Netherlands deviates from thesea8esandwasnamed agace4.
Whether we are also dealing with thigce4 in Belgium isurrentlybeingdetermined

F. oxysporunis unique in that the fungus produces three types of asexual spores;
macroconidia, microconidia and chlamydospores. The macroconidia and microconidia
are producedn infected plantson the stem surface and can spread to neiginiog
plants. Chlamydospores have thick cell walls and can survive in the swibkonged
periods. They are formed when the growing conditions for the fungus deteriorate or
when the plant dies.

Mycelium or pores that germinate can penetrate the root. Subsequently, the
mycelium will end up in the vasculaofidles and form microconididnat are further
transported in the plant. Again, these miconidia will germinate and blocthe
vascular bundles, causingsiblewilting symptoms. Eventually the fungus also grows
outside on the stem and makes macroconidia. Chlamydospores can then be formed
from old mycelium or macroconidia@’hese survivadtructures are very persistent;
therefore all plantmaterial must be renoved between cropsThey survive on the
ground,on glasshousstandsand equipmentin organic matter and in the solil. If they
germinate, new infections occur.
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Flgure 2. W|It|ng of sebased glasshouse Iettuce (Source PSKW)

Fusarium oxysporumlso lives on dead plant material if the host plant is not present.
This enables the fungus to survive indefinitely in the soil. There is currently no solution
available toeliminate Fusariunmfrom the soil

Although seed does not seem to play an importesie in spreadingnfection, seed
transfer camot be completelydismissedDutch seed companies have never been able
to demonstrate the fungus in lettuce seed. In the event of a possible contamination,
it is important to immediatelyimplement hygienemeasires to prevent further
spread.

3. Contamination and spread

1 Fusariuminfects the plant through the roots and grows upwards through the xylem
vessels. Since the xylem is responsible for transport of water and nutrients from
the roots to the leaves; blocked/lemvessels causthe plant to wither and die.

1 No root damage is necessary, for example by root centipede or nematodes, to
cause an infection. Thieusariumfungus can affect the plant independentigoot
damagecan increase a fungal attack.

1 The fungus affectbactuca sativaiceberg lettuce butterhead lettuce, oak leaf
lettuce, Batavia,dllo bionda,lollo rossa, Roman lettuce, utiileaf varieties. Some
varieties show an increased tolerance.

1 Aboveground spreadf the fungus mainly takes gteviainfected plant material,
plant residues, through crop treatments and water droplets. Over medium and
short distances, the disease can also be spread through contaminated soil (earth
that sticks to machines, tools, crates, pallets) amdrethroughthe air. Spreadver
long distances may occur via seed.
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Flgure 3. Necr03|s in the vascular bundles cause&usgarium oxysporunf. sp.
lactucae(Source: Green Agro Control)

1 The fungus can survive in the ground for several yedise @timal soil
temperature for fungal developmens 2428°C. The first symptoms appear i
springas soil temperaturerise. Observations in Belgium show that ifens can
occur at 15°C.

1 Research shows that sensitivarietiesaredamagel moreat higher temperatures.
It is therefore difficult to indicate the general temperature range for lettuoetin
warmergrowingperiods itmay be beneficiaio plantresistantvarieties.

4. Symptoms

After planting irsoil, signs of infection begin with yelving, thenwilting and dieback
Older plants can survive, bdevelopmentlags behind uninfected plants

Flgure 4. Rtarded grovvth caused Bysarium oxysporurfi sp.lactucae(Source:
PSKW)

1 Infected plants usually show a rémiown necroticdiscolairation in the root base.
1 Vascular discolaration is often seen in leaf veins.
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Figure 5Symptoms of wilting ibutterheadlettuce (Source: Rijk Zwaan)

5. Control measures

The best control measure againsSusariumwilt is to plart cultivars tat are fully
resistant against the prevalemaice Unfatunately, these are outdoovarieties and
not suitablefor glasshouse productionThere is information about and experience
with partially resistant varieties. Tests already show that the following varsetiee
partially resistant:

o Intermediate and highesistance varieties:

)l
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Butterhead lettuce 42120 RZ (Rijk Zwaan), Emilinautfloor-type,
southern EuropeRijk Zwaan), Sandali@@utdoor-type, southern Europg

Rijk Zwaan)Note: these partiallyresstantvarieties require a fulkadapted
cultivation technique.

Lollo bionda: Lugano (Rijk Zwaan), Livorno (Rijk Zwaan), Limeira (Rijk Zwaan)
Lollo rossa: Satine (Rijk Zwaan), Athmos (Rijk Zwaan), Soltero (Nunhems)
Multileaf types: Codex (Salanova crispy, Rijlkaaly, Haflex (Salanova
crispy, Rijk Zwaan), Triplex and Wintex (Salanova crispy red), Extemp
(Salanova crispy green)

Green oak ledkettuce: Kitonia (Rijk Zwaan)

Red oak leaf lettuce: Xerafin (Salanova oak red, Rijk Zwaan)

Roman lettuce: Actina (Syngentaedls)

Batavia: Yacht (Salanova, Rijk Zwaan)

Crunchy types: 4673 RZ (Rijk Zwaan),-822 RZ (Rijk Zwaan)
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0 Sensitivevarieties:

Butterhead lettuce All common types under glass
Lollo bionda: Lozano (Rijk Zwaan)

Multileaf types: Vicinity (Salanova, Rijwaan)

Green oak leaf lettuce: Cook (Salanova, Rijk Zwaan)

= =4 —a -8 A

Red oak leaf lettuce: Rouxai (Rijk Zwaan), Saturdai (Rijk Zwaan), Eventai (Rijk
Zwaan), Soupirai (Rijk Zwaan), Xandra (Salanova, Rijk Zwaan)

Roman lettuce: Maximus (Rijk Zwaan)

Batavia: Othilie (4 Zwaan), Vessel (Salanova, Rijk Zwaan), Bsalainova,

Rijk Zwaan)

= =

Figure 6. Sandalina (see photo) and Emilina require an adapted cultivation technique
(Source: PSKW)

1 Crop rotation Research has shown thBRtisarium oxysporurh sp.lactucaecan
also colonize roots of tomato, broccoli, cauliflower and spinach, but without visible
symptoms.Fusarium oxysporur sp.lactucaecan alsosurvive on plant residues,
enablinginoculum ofthe pathogen toincrease. It therefore seems thairop
rotation does not offer a solution for the control of Fusarium.

1 Chemical crop protectioproducts no products are currentlypermitted for the
control of Fusariumn lettucein Belgium TheFUNSLAroject began a programme
to investigate products that might havean inhibitory effect againsEusarium
Azoxystrobin, present in the products Ortiva, Amistar and Mirador, and permitted
in protected lettuce production againg®hizoctonia(in Belgium)showed minor
effects at the beginning of cultivation againsusarium but at the end of the
cropping cycletreated lettuce was fully infected.

10
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1 Biological crop protection product€fficacy testsundertaken in theFUNSLA
project, showed that no productvas able to control the diseasbut there were
slight differences in weight and root development. For example, a slight positive
effect was observed for Prestop (3Z84ocladium catenulaturd1446) and various
products based ofirichodermavhen the first application was done laypplication
to modulesor at the plart nursery. Prestop and Trianun{Richoderma harzianum
T-22) already haveapprovalin protectedlettuce productionin Belgium When the
Fusarium oxysporunmfection is still very low, such as after steaming in the first
crop, the results may be better. Trianuf@wasapplied1l week afer sowing with
600 g in 100 lies of water perl00n?. 300 g of product werapplied to traygust
before planting with 10 litres of water per hectare. We recommend not to
combine Rizolegolclofos mehyl)and products based on Trichoderma in the same
tank, but they can be used separately on tkeil Prestop and products based on
Trichoderma are notecommended to be tanknixed O

1 Cultivation periodSoil temperature has a major influence on the development of
Fusarium oxysporuni. sp. lactucae i.e. lower soil temperatures significantly
reduce the risk of contamination and crop losses, Boose a cultivation period
that is least suitable for the del@pment of FusariumBased on experience in
Belgian companies, we cassertthat harvesting between 1 January and 1 March
gives fewer symptoms. However, this is always dependent on the soil temperature.
Research shows that plants showed visible wilting@pms in the summer 120
days after infeabn, whereas in the winter symptoms took-89 days to develop.

1 Variety choice: Grow less sensitive varieties during wamgnewingperiods.

1 Hydroponic cultivation: Several trials are currently under way toedeine
whether Fusarium oxysporumalso easily affects lettuce grown hydroponically.
Results apparently depend on how the artificial infection is applied. No natural
damage has so far been obserniadhe Netherlands or Belgium, but there is no
guarantee thatFusariumwill not occur.Fusariums a watefloving fungus and can
spread very quickly in a crop in water. When decontamination equipment can run
continuously, hydroponic lettuce may be an optioor fthe future, but high
investment costs relative to lettuce prices determine system viability.

1 Hygiene measures: For the time being, these the only measuresto prevent
contamination and prevent spreaith the event of an existing contamination.

11



0
AGENTSCHAP  #nn (Nl
INNOVEREN & /((\: Viaanderen [ongxy agro VWV

ONDERNEMEN

I
PROEFSTATION GENT

6. Industrial hygiene

Total irdustrial hygiene is necessargnce infected there is no cure to get rid of
Fusarium. A clean start is important to prevent contaminationthe new crop.
Important the right working order and the right priorities.

Important:

T

T

Basic rule: Start clean and stay clean!

Everything that needs to be disinfected must first be thoroughly cleaned. Organic
material neutralizes disinfectants, so they are no longer active. That is why
everything must first be sprayed clean oeathed before disinfection can take
place.

Alwaysrefer to the label instructions for use when using disinfectaits not let
anyone (accidentally) go from a dirty to a clean area.

Disinfectants give the best results lsigh RH, high temperature (20¥,0n clean
surfacesandwith long exposure time (fror80 minutesto 16 hours, depending on
the agentused. The bespolicyis to ensure that everything stays witr as long
as possible.

Re-cropping

1.

Remove old crop and all organic material. Organic materigde main source of
infection. Shredding crop residues causes direct contamination of the soil.

After removing all organic material, spray the productamea (equipment and
structures)with disinfectant. (Soil obviously cannot be sprayed clean).

Spray glasshouse structures with water to remove dust from the glasshouse and
parts. In case of heavy contamination, also add sodium hypochlorite to ttex.wa
Use a minimum of 3,000 fés of solution per bBctare Concentration of chlanie:

100 ppm (100 rhper 1000 lires of water).

Disinfect the entire watering system: Pipes, sprinkler cagis. can be
contaminated. If there is anfungus(spores) present, thenew plantswill be re
infected immediately after planting.

Chemical soil disinfectionExperience shows us that soil disinfection with

chloropicrin or 1,ichloropropene is iadequately effective. The efficaaf
productsbasedon metamis currently being investigated.

12
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Steaming: Soil steatneatment cansignificantlyreduce the amount oFusarium
in the soll, but it canot completelyeliminatethe pathogen. So there is still a risk
of infection forsubsequentlettuce crops It is therefore important to combine
control measures such as steareatmentwith other measures. According to the
literature, a temperature of 7@ for 30 minutes is optimal, and killslarge
proportion of the pathogen.Best resuls are obtainedby vacuum steaming
becauserusariumcan also survive in deeper soil laydfasariumis less likely to
survive n anaerobicenvironments, e.g. those caused gmoundwater.

Disinfectants can be used kdl fungal contaminatioron screen cloths first open
the screen clothby 75%to lower it. Contractors use aombination of hydrogen
peroxide andoeraceticacid as fog treatment (g. Sopuroxid 15, see Table 1).

Clean and disinfect all equipment; machines (spading machine, forklift, planting
machine), knives, tools, trays, packaging material, spraying equipment, etc.
Authorisedproducts require a recognitioof category PT (product type) 2 and are
listed in Table 1Belgium)

Clean other business premis@&estroy or vashall clothing and footwear used in
the old crop at a high temperature (90Y.

10. Provide soihutrition andgrow a moreresistantcrop varigty.

Glasshouse setup

1.

Ersure that the entire nurseris clean and remains clean.ovide good planning
and implementationdo not let anyone (accidentally) go from a dirty to a clean
area.

Place a large disinfection mat at each operating entrance ahentrances to
cultivation areas. Place large mats utk a way thaharvest car¢/forklift s drive
through with all wheels Walking around obypassingnats must be impossible.
Also ensure that staff with company footwear walk through the méatsure hat

the mats are always wet. Fill the containers witi?% potassium hydroxide
solution and keep the containers clean and effective. Mats that are not properly
maintained are a source of infection.

Only use cleaned containers from the plgmbpagator
Plants: Start from healthy plant material, ensure an entry check of all incoming
plants. The plant material must be groviay a company that also implements

measures againgtusarium

Use clean shoes and clothingash clothes at 9@!).

13
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During cultivation
1. Deny access to visitors who do not have to be in the glasshincedoors.

2. Lay disinfection mats at entrances that can not be ignored and ensure that they
are always soaked with potassium hydroxide: ensure that pH is always above 10.

3. Ensure that employees use clean clothing émak they clean theithands with
soap and water before they enter the greenhouse, after which they may be
disinfected.

4. Separate harvesting trousefsr each section/compartmentegular disinfection.

5. Use sepaate and disinfected toolfr each section/compartment

6. Always perform crop work in the same working direction.

7. Visitors:providedisposable overboots, disposable overalls and disposable gloves.

Figure 7. Make it clear to visitors that weariogerboots is mandatory

8. Crop control is essential; regularly inspect plants for possible symptoms. Think
about your working direction!

9. Haveplants with suspicious symptonexamined by a reputable laboratory.

10. Irrigationcanspread disease locally throughray water, via contaminated soil or
infected plants.

11. When recirculatig the feed water: disinfedty heating, UV or ozone.
12.Check the effectiveness of the disinfectant before recirculation is started.

If contamination has occurred

1. Removanfectedplants or plants that have come into contact wittiectedplants
in closed plastic bags. It is best to remove contaminated plants, plant and root

14
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remains and a buffer of plants around themZ ).

2. Mark contaminatedplaces. Pay attention to the order @fork: ensure that the
zone where infected plants have stomthe lastarea forcrop work.

3. After removing contaminated plants, wash hands thoroughly with soap and if

clothing has come into contact with contaminated plant material: remove
clothing and wah at a minimum of 9@ with washing powder.

7. Cleaning and disinfection methods
Cleaning agents:

1. Hands: Soap, alcohol gel.
2. Disinfection mats for disinfecting footwear: potassium hydroxid2%d).

3. Cleaning pad, machines, blades, etc.: Use asMader as possible and a high
pressure cleaner and disinfect with sodium hypochlorite (100 ppm).

4. Algae biofilm: hydrogen peroxide, sodium hypochlorite. Note: do not use sodium
hypochlorite in irrigation water during cultivation because of the chloratedss

5. 70-80% alcohol to disinfect hands, small surfaces and tools.
Disinfection equipment:

1. Heating: water must be treated for at least 120 seconds at 85°C or 15 seconds at
95°C. The advice for complete disinfection is 180 seconds at 85°C or 30 seconds
at 95°C, because it is often not certain which pathogen you are dealing with.

2. UV: minimum dose of 150 mJ / ém

3. Ozone: 2 to 5 ppm ozone for at least 1 minute or 1 ppm for at least 5 minutes.

4. Ultra-membrane filtration is also suitable féiusarium

15
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Table 1. Authorised disinfectants for treatment of materials and surfaces (PT2) against

fungi.
AT Active substance Dosage Minimum REnmEreE
Product number .
exposure time
For cantrol of
plant pathogenic
Menno 10212P/B benzoic acid 1% 16hours fungi,the
Florades surfaces must
remain wet for at
least 16 hours
Sopuroxid 15 | 4797B peracetic acid, . 1% 60 minor corrosive
hydrogen peroxide longer
- —— 5 -
Horticlean 15 77168 peraceticacid, _ 1% 60 minor corrosive
Fort hydrogen peroxide longer

Always follow the instructions on the label. Disinfectants work best if first the materials
and surfaces to be disinfected have been thoroughly cleaned. Always consult the

following link:

https://lwww.health.belgium.be/sites/default/files/uploads/fields/fpshealth_theme
file/list e_biocides_pdf _site web_ 96.pdf

Further information:

Please consult the following persons

Isabel.Vandevelde@proefstation.be

Jolien.Claerbout@UGent.be

Jenny.Neukermans@pcgroenteteelt.be An.Deombel@Inagro.be

¢ K Mygien® protocot Fusarium in lettuc@was producedby the project group

FUNSLA

0l aSR

2 Wygiénk ProtdcaizBuSaikiumih lettuc@ producedby

Groen Agro Control (Liesbeth Nijs) and LTO Glaskxedidrland and financed by the
Product Board for Horticulture. No rights can be derived from this hygiene protocol.
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