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Stellingen

. Zowel relatieve luchtvochtigheid als het tijdstip van toediening van Verticillium lecanii hebben
grote invloed op het bestrijdingseffect van V. lecarnii op echte meeldauw op komkommer.
Dit proefschrift

. Pindaolie lijkt een goed formuleringsmiddel voor sporensuspensies van Verticillium lecanii
wanneer deze wordt ingezet voor de biologische bestrijding van echte meeldauw. Pindaolie
verhoogt de effectiviteit van V. lecanii, gedeelielijk door een verminderde afhankelijkheid van
hoge relatieve luchtvochtigheid.

Dit proefschrift

. Studies over biologische bestrijding van komkommer- en rozemeeldauw in tritrofe systemen
zijn complex. Ben waterdichte controle bestaat niet. Door het toedienen van water met of
zonder formuleringsstoffen wordt het fyllosfeer-systeem sterk beinvloed.

Dit proefschrift

. Biologische bestrijding van komkommermeeldauw in combinatie met het gebruik van
partiee] resistente komkommerrassen heeft meer kans van slagen dan beide methoden
afzonderlijk.

Dit proefschrift

. Onder natuurlijke omstandigheden is biologische ziektebeheersing zelden spectaculair en
zij blijft vaak onopgemerkt. Deze biologische ziektebeheersing wordt pas opgemerkt
wanneer het evenwicht in het systeermn wordt verstoord, bijvoorbeeld na eliminatie van
antagonisten door pesticiden.
Baker K.F. and Cook R.J., 1974. Biologicat control of plant pathogens. W.H. Freeman and
Company, San Francisco, USA; Hofman T.W., 1988. Effect of granular nematicides on the
infection of potatoes by Rhizoctonia solani, Wageningen , Academisch proefschrift;
Raaijmakers J.M., 1998, Natural plant protection by 2,4-diacetylphoroglucinol producing
Pseudomonas spp. in take-all decline soils. Motecular Plant-Microbe Interactions 11: 144-132.

. Het experimentele resultaat dat, tegen de verwachting in, bij hoge relatieve
luchtvochtigheid infecties van komkommerplanten door Botrytis cinerea minder ernstig
zijn dan bij lage relatieve luchtvochtigheid biedt perspectieven voor biologische bestrijding
van echte meeldauw op komkomimer.
Dik A., 1998. Geintegreerde bestrijding van bovengrondse schimmels. In: Gewas-
beschermingsonderzoek op de proefstations. Kerssies A. (ed.) Gewasbescherming 29: 89-90,

. De schattingen door Oerke e? al.van verliezen in gewasopbrengsten veroorzaakt door
ziekten, plagen en onkruiden zullen in veel gevallen te hoog zijn omdat deze gebaseerd zijn
op proeven waarin het desbetreffende pathogeen, plaaginsekt of onkruid wel of niet
bestreden werd terwijl alle andere ziekten, plagen en onkruiden chemisch werden
bestreden. Door de chemische bestrijding van een breed scala aan organismen is de kans
groot dat veel van de aanwezige antagonisten van het onderzochte organisme worden
getélimineerd.

Oetke, E.C., 1994, Estimated crop losses due to pathogens, animals petsts and weeds. In: Crop

production and crop protection, Oerke, E.C., Dehne, HW., Schnbeck F.and A. Weber (Eds.),

Elsevier, Amsterdam, pp. 72-733.




8. Door nieuwsgierigheid naar het leven van anderen gedreven kijkt de Nederlander boven de
13 jaar gemiddeld 129 minuten per dag naar de televisie waardoor hij/zij de kans loopt dat
het eigen leven minder interessant wordt.

( hutp/intomart/Het Media Loket)

9. De krapte op de arbeidsmarkt van de automatisering zou men kunnen oplossen door meer
deeltijdbanen te scheppen waardoor het werken in de automatisering voor mensen met
kleine kinderen een interessante optie wordt.

10. Schrappen van de zogenaamde onrendabele spoorlijnen door de Nederlandse Spoorwegen
doet het aantal onrendabele lijnen toenemen.

11. Ruimtegebrek in het Westland zou men voor een deel kunnen oplossen door kassen boven
op gebouwen te plaatsen.

12. De energie die het kost om te promoveren in de ecologische fytopathologie is de laatste
jaren omgekeerd evenredig met de maatschappelijke waardering.

13. Duurlooptrainingen zijn een goed middel tegen stress.

Stellingen behorend bij het proefschrift ‘Studies on biological control of powdery mildew in
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Ik adem in en kom tot rust.

Ik adem uit en glimlach.
Thuisgekomen in het nu

wordt dit moment een wonder!
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Author's abstract

Powdery mildew on rose {(Sphaerotheca pannosa) and cucumber (Sphaerotheca
fuliginea) are two serious diseases in glasshouses. Intensive control by fungicides is
needed. The research presented here deals with biocontrol of powdery mildew on
cucumber and rose by means of mycoparasites. The mycoparasites Ampelomyces
quisqualis, Sporothrix rugulosa, Tilletiopsis minor and Verticillium lecanii were
tested on rose powdery mildew. V. Jecanii produced the best results. For biocontrol at
glasshouse scale an efficient production method of phialoconidia of V. lecanii was
developed. In exploratory glasshouse experiments J. lecanii was superior to S
rugulosa in controlling cucumber mildew. Especially on a partially resistant cucumber
cultivar biocontrol by V. lecanii showed prospect. To identify characteristics for the
selection of V. lecanii isolates with high potential for biocontrol under glasshouse
conditions, the effect of water limitation on 14 isolates was explored. Conidial
germination, growth and sporulation were all clearly affected by humidity, but showed
no correlation with mycoparasitic potential. The effect of timing the biocontrol
treatment by V. lecanii was studied on rooted mildewed cucumber leaves. At high
humidity early preventative and early curative treatments gave considerable reduction
in mildewed leaf area. In semi-commercial glasshouse experiments our V. fecanii
isolate, A. quisqualis and Sporothrix flocculosa were tested against cucumber
powdery mildew. A. quisqualis did not control the disease. V. lecanii had only minor
effects. S. flocculosa gave the best control. The failure of biocontrol by V. lecanii was
attributed to low humidity in the glasshouse. Formulation of V. lecanii with arachid oil
significantly reduced its humidity dependence. Possibilitics for integrated control are
combinations of partially resistant cultivars, formulation of V. lecanii and combination
of V. lecanii with fungicides.




Vaorwoord

Voor altijd zal mijn aandacht getrokken worden door een meeldauwkolonie op een
plant of boom. En nog enthousiaster zal ik worden wanneer ik zie dat er zich op dat
blad een veldslag afspeelt tussen de meeldauwschimmel en andere schimmels. Het
onderzoek naar biologische bestrijding van komkommer- en rozenmeeldauw heeft
mij zeer geboeid.

Graag wil ik Tijmen Hijwegen en professor Zadoks bedanken voor alle
discussies, adviezen en het nakijken van mijn manuscripten. Tijmen, jij hebt mij
geleerd om goed naar de mycoparasieten te kijken, ik kan bijna zeggen om met ze te
praten, al weet ik niet zeker of ze wel luisterden. Heel veel dank voor al die jaren
samenwerking!

Tijdens een van de eerste besprekingen spiegelde professor Zadoks mij een
komkommerkas voor met hier en daar een eikeboompje waarop meeldauw met
daarop een mycoparasiet. Vanaf deze boompjes zou de mycoparasiet zich via de
Iucht door de kas verspreiden en zo de meeldauw onder controle houden. In mijn
fantasie zie ik in die kas ook citroen lieveheersbeestjes die graag meeldauw
knabbelen en dusdoecnde de mycoparasieten van de ene naar de andere meeldauw
kolonie slepen. Daamnaast staan andere planten die als gastheer dienen voor biologi-
sche bestrijders. Voor biologische bestrijding van insekten worden nict alleen
insekten en schimmels ingezet maar ook vogels. En zo zal de monocultuur in de
kassen plaats moeten maken voor gecontroleerde stukjes "natuur”, Zoals U in dit
boekje kunt lezen zijn we nog lang niet zo ver, maar er is een kleine bijdrage
geleverd aan het onderzoek naar de mogelijkheden van biologische bestrijding van
komkommer en rozenmeeldauw.

In het voorjaar van 1992 begon ik vol goede moed mijn eerste komkommer-
kasproeven om de effecten van twee potentiéle mycoparasieten van komkommer-
meeldaow te testen. Met het verzorgen en waarnemen van de planten had ik in
mijn tijdsplanning rekening gehouden. Echter geen haar op mijn hoofd had er aan
gedacht dat er ook nog eens duizenden komkommers geoogst moesten worden. Ik
wil hier al het kaspersoneel en met name Bertus van der Laan en Wim den Dunnen
bedanken voor alle hulp. Tijdens de kasproeven in Naaldwijk was Wout
Hoogkamer mijn compagnon. Het waren zware maar gezellige dagen daar in die
bloedhete kassen. Aleid Dik wil ik bedanken voor de gastvrijheid op het
Proefstation voor Bloemisterij en Glastuinbouw te Naaldwijk en de goede
samenwerking,

Naast de kasproeven werden verschillende kleinere experimenten uitge-
voerd met bemeeldauwde komkommerblaadjes. Theo Damen wil ik ervoor
bedanken dat ik na heel wat rondzwerven eindelijk terecht kwam bij goed instelbare
klimaatkasten.




Omdat de rozenmeeldauw in Wageningen niet goed wilde aanslaan zijn in
samenwerking met het Proefstation voor de Bloemisterij en Glastuinbouw in
Aalsmeer proeven over biologische bestrijding met behulp van mycoparasieten
uitgevoerd door studente Linda Hydra. Albert Kerssies en Tineke Boskoop, bedankt
ik voor de gastvrijheid en samenwerking.

Verscheidende studenten wilden tijdens hun afstudeervak cen bijdrage
leveren aan dit onderzoek. Wendy van Eijnatten, Linda Hydra, Els Rooze, Pascal
de Koning, Gitte Schober, Jannie Schénhagen, Ellian van Strien, Karin Ostergaard
en Nicole van de Werf, bedankt! Zoals jullic gemerkt zullen hebben werk ik graag
met meer mensen aan een onderzoek. Zonder jullie was het niet zo ver gekomen!

Frank van den Bosch, Emst van den Ende, Herman Frinking, Dirk Jan van
der Gaag, Corrie Geerds, Eelco Gilliamse, Wout Hoogkamer, Nina Joosten en
Diederik Smilde wil ik bedanken voor de gezelligheid in ons gangetje ¢n verder de
hele Vakgroep Fytopathologie voor de goede sfeer.

Lieve Kees, Saskia, Koen en Tanja, ik ben jullie heel erg dankbaar voor de
ruimte en tijd die jullie mij gegund hebben om het onderzoek met dit boekje af te
ronden. Ik za! de keukentafel nou echt eens helemaal opruimen. Tenslotte bedank ik
mijn ouders en Thea omdat ze altijd voor mij klaar stonden en vele dagen op Tanja
hebben gepast.

Marjan Verhaar
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General introduction



General Introduction

General Introduction

Cucumbers and roses in the Netherlands

Cucumber. Cucumber is thought to have originated in India, where it was cultivated
for 3000 years. Cucumbers were spread to China, Near East and Europe (Zeven and
Zhukovsky, 1975). In the Netherlands, the production of cucumbers under glass started
about 1900, Since 1970 introductions of more productive cultivars and improvements
of cultivation techniques, such as the introduction of artificial substrate, increased the
production in kg per m’. Nowadays glasshouse-grown cucumber belongs to the leading
vegetables of Dutch horticulture. In 1995, the area of cucumber under glass was about
750 ha with a production of 488 million kg and a value of 544 million guilders (CBS,
1998). About 85% of the produce is exported, mainly to Germany.

Roses. The oldest fossils of roses are about 35 million years old and are found
in the mountains of N-America, Europe and Asia. In Egypt remnants of roses date
from about 170 AD. Rose is thought to have originated in Persia. Roses were
cultivated by the Romans and Greeks and played a role in myths and legends as
symbols for youth, beauty, desire and fertility (Philips and Rix, 1993). On still lives
of flowers of the Dutch and Flemish painters in the 17th and 18th century the famous
roses of that time can be seen. Today, rose grown under glass is the leading cutflower
in the Netherlands and a successful export product. From 1970 to 1995 the area under
glass increased from 422 to 900 ha. In 1995 the 900 ha of roses under glass
represented about 25% of the total area of cutflowers under glass. Rose greenhouses
are heated (18-20°C) and one third of the roses is grown on artificial substrate. The
production per m? is still increasing. The mean numbers of rose flowers per m? in
1985, 1990 and 1995 were 184, 223 and 248, respectively (CBS, 1998).

Powdery mildew

Powdery mildews are characterized by the appearance of spots or patches of a white
to greyish, powdery growth on the outside of plant organs. The powdery mildew fungi
are biotrophic parasites. They usually grow on the plant swiface, obtaining nutrients
from the plant by means of haustoria reaching into the epidermal cells. An attack of
powdery mildew reduces the vigour of the plant and causes a loss of crop yield. The
external mycelium produces conidiophores. Each conidiophore produces a chain of
conidia. Conidia are mainly carried by air currents (Frinking and Scholte, 1983).
Conidia exist for 50-70% of water so that they can germinate and infect without free
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water on the plant surface. When environmental or nutritional conditions become
unfavourable mildews may produce one or more asci inside a closed ascocarp, the
cleistothecium (Agrios, 1988). Powdery mildew fungi occur in many climates. They
belong to the class Ascomycetes, the order Erysiphales, the family Erysiphaceae, the
subfamily Erysiphoideae. They obtain their nutrients from the host plant, reduce
photosynthesis, increase respiration and transpiration, impair plant growth, and reduce
yield.

Cucumber powdery mildew. Cucumber powdery mildew is a major disecase
attacking both field- and greenhouse-grown cucumber plants. The two most frequent
species on cucumber are Erysiphe cichoracearum DC. and Sphaerotheca fuliginea
{Schlecht.; Fr.) Pollacci. E. cichoracearum was considered to be the predominant
mildew pathogen throughout most of the world before 1958. Today S. fuliginea is
more commonly reported worldwide. A shift in the predominance of these two fungi
may have occuired, or the causal organism may have been misidentified in the past
{(McGrath and Thomas, 1996).

As cleistothecia are scarce, Ballantyne (1975) searched the available literature
and developed a set of consistently reproducible criteria for the identification of
cucurbit powdery mildews using the conidial stage. S. fuliginea was identified as the
powdery mildew pathogen in the Dutch greenhouses (Boerema and van Kesteren,
1964), and so far has been the only species on Dutch cucumber. 8. fuliginea develops
quickly under favourable conditions in the glasshouses. Conidia remain viable for 7-8
days. The latent period is about 5 days (McGrath and Thomas, 1996). The name S.
Juliginea has often been used in a wide sense comprising all or almost all
Sphaerotheca taxa with large peridial cells. Junell (1966} split the species S. fidiginea
and restricted the latter name to the powdery mildews on Veromica s.lat. Junell
described cucumber powdery mildew as Sphaerotheca fusca (Fr.) Blumer. Braun
(1985) followed Junell, and deseribed cucumber mildew as Sphaerotheca fusca (Ft.)
Blumer (Braun, 1995). The Royal Netherlands Society of Plant Pathology chose to use
§. fusca (Fr..Fr.) Blumer (Anonymous, 1996a). In this thesis the name S. filliginea is
used because it is still the most used name for cucumber powdery mildew in scientific
literature.

Rose powdery mildew. Rose powdery mildew was described in 1819 by
Wallroth as Sphaerotheca pannosa (Wallr.:Fr.) (Braun, 1995). S. pannosa is an
economically important disease of garden and glasshouse roses. In Dutch glasshouses
roses are grown year-round so that the mildew can be active throughout the year.
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Chemical control

Intensive control by fungicides is needed, since resistant cucumber cultivars are
sensitive to chlorosis and poorly adapted to use in Dutch glasshouses (Groot ef o,
1992). Resistant roscs exist but they are not commercially important and thus rarely
used. Bélanger et al. (1998) reported, according experiments carried out at the
Research Station for Floriculture and Glasshouse Vegetables in the Netherlands, the
economic damage threshold for roses to be estimated at 5 to 10 infected leaflets/m? and
for cucumber a yield loss of 0,02% per percentage point of infected leaf area per plant
and per day.

Chemical controf of S. fuliginea. Up to 1965 5. fuliginea could be controlled
effectively by protective fungicides (Besemer, 1965). The development from frames
to glasshouses and the intensification of the crop facilitated the occurrence of S.
Juliginea and protective fungicides could no longer control the disease satisfactorily.
A frequent application of systemic fungicides became necessary (Schepers, 1985).

S. fuliginea developed resistance to several fungicides. Application of
dimethirimol and benzimidazole fungicides had to be discontinued after a few years
because of resistance development (Bent et af., 1971; Kooistra et al., 1972). The use
of pyrazophos was drastically reduced when S. fuliginea developed partial resistance
to this fungicide (Dekker and Gielink, 1979). Failure of discase control by ergosterol
biosynthesis inhibitors has been observed for triforine (Schepers, 1983). McGrath and
Thomas (1996) rccently found isolates of S. fuliginea resistant to benomyl and
triadimefon in commercial production fields in the USA. Mixtures and alternation of
fungicide compounds are two basic strategies to reduce the resistance risk but the best
strategy is to regard the use of crop production chemicals as an element in integrated
crop production in which non-chemical control has first priority (De Waard, 1993).

A high input of fungicides against S. fuliginea is common. In 1996, seven
fungicides were registered for control of cucumber powdery mildew in the
Netherlands, pyrazophos, bitertanol, bupirimate, fenarimol, imazalil, tolylfluanide and
triforine. Chemical control has to be started immediately after the first observation of
powdery mildew (Anonymous, 1996b). Growers spray several times per season mostly
at intervals of 7 to 10 days (Lohuis, 1996).

Chemical control of S. pannosa. Chemical control begins immediately after the
first observation of powdery mildew. In 1997 benomyl, bitertanol, bupirimate,
carbendazim, carbendazim/pyrazophos, dodemorf, fenarimol, imazalil, pyrazophos,
thiophanate-methyl, totylfluanide, triadimenol, triflumizole, triforine and sulphur were
registered for use in roses in the Netherlands. Dodemorf, fenarimol, imazalil and

5
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sulphur were used as room treatments (Anonymous, 1996b). If necessary sprayments
are repeated in intervals of 7 to 10 days (Lohuis, 1996).

Since about 1980 there is a tendency to grow greenhouse vegetables in an
environmentally friendly way. With biocontrol of insects good results have been
obtained. Commercial application of biocontrol on insects increased considerably. At
the moment several biological agents, mostly insects, are available against whitefly,
leaf miners, spider mites, thrips and caterpillars. In 98% of the cucumber area one or
more insects were biologically controlled in 1996 (Anonymous, 1996c). Because
fungicides can affect the equilibrium between prey and predators in biocontrol
systems, fungicides against cucumber powdery mildew have to be chosen with
consideration (Anonymous, 1996b).

Alternative control treatments against cucumber and rose powdery mildew

An enormous diversity of alternative control treatments, such as water, plant extracts,
oils, antitranspirants, salts, compost extracts and biological agents were tested on
powdery mildews (Bélanger et al., 1998). A summary of alternative control treatments
tested on cucumber and rose powdery mildew is given below.

Water. Yarwood (1939) suggested a control procedure with an abundant water
supply for the home gardener and small commercial grower. He found that high
humidity favoured growth of certain fungal parasites of powdery mildew and that
rainfall, through mechanical action, materially decreased disease incidence. Water
sprays have been used, with moderate success only, as a means of controlling powdery
mildew, especially in rose (Perera and Wheeler, 1975; Wheeler, 1978).

Water showed to have different effects on the various stages of disease development:
dryness favoured colonization, sporulation and dispersal, while high humidity favoured
infection and conidial survival (Reuveni and Rotem, 1974). Yarwood (1978) found
that periods of leaf wetness progressively increased mildew severity.

Plant extracts. Milsana®, a plant extract of Reynoutria sachalinensis F.
Schmidt, has a disease-reducing effect on powdery mildew fungi in different crops
(Herger et al., 1988). This extract, marketed in Germany in 1991 (Milsana, Compo
Ltd., Miinster, Germany), is applied prophylactically with 7 to 10 days intervals. A
weekly application of Milsana reduced disease severity of cucumber powdery mildew
in eight weeks to 50% of that of the untreated control (Daayf et af., 1995). Under
Dutch greenhouse conditions, Milsana® clearly caused a reduction in susceptibility of
cucumber plants to powdery mildew (Dik and van der Staay, 1995). The extract of
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neem kernel was effective against S. fuliginea on courgette (Rovesti et al., 1992) and
garlic extract against S. fuliginea on cucumber (Qvarnstrém, 1992).

Compost extracts. Applications of aqueous extracts of compost were effective
against various powdery mildews under which mildew on cucumber (Weltzien, 1989).
The mechanism of control is believed to be induced resistance (Samerski and Weltzien,
1988). Variability in quality hampered commercial application (Bélanger et of., 1998).

Silicon amendments. Addition of soluble silicon to nutrient solutions reduced
the powdery mildew infections on cucumber (Bloemhard, 1992; O'Neill, 1991; Voogt,
1990, Menzies et al., 1991). Dik (1994) observed variation in effects among cultivars
and cropping seasons. Although the mechanism is not fully understood silicon has
become increasingly popular in the greenhouse industry. About 60% of the cucumber
growers and 30% of the rose growers in Europe are using silicon additions to the
nutrient solutions (Menzies and Bélanger, 1996). Foliar sprays with potassium silicate
reduced powdery mildew on cucumber (Menzies et af., 1992).

Salt applications. Reuveni et al. (1996) found that spray applications with
phosphate or potassium salts controlled powdery mildew in cucumber. This effect
could not be replicated by Dik (Bélanger et al., 1998). Spraying with sodium
bicarbonate showed an inhibitory effect on S. filiginea (Homma et al., 1981; Ziv and
Zitter, 1992) and S. pannosa (Horst et al,, 1992). The latter observed some
phytotoxicity of bicarbonate on roses.

Detergents. Detergents such as Tween 80 and Zohar LQ-215 showed inhibitory
effects on cucumber powdery mildew (Cohen et al., 1956).

Oils. Several researchers showed an effect of various oils against powdery
mildews, among which S. fuliginea (Harbele and Schlésser, 1993; Horst ef al., 1992;
Ohtsuka and Nakazawa, 1991; Schneider and Northover, 1991) and S. pannosa (Pasini
et al., 1997).

Clay and whitewash. Spraying with a 10% suspension of clay and whitewash
gave reduction in powdery mildew infections (Marco et al., 1994).

Induced resistance. Systemic induced resistance, induced by prior inoculation
of lower leaves with pathogens that cause limited local lesions, was extensively studied
in cucurbits by Kuc and co-workers (Dean and Kué, 1986). A single spray of
phosphate or potassium salts on the first true leaf of cucumber was reported to induce
systemic protection against powdery mildew on leaves 2-5 (Mucharromah and Kug,
1991; Reuveni et al., 1993; Reuveni et al., 1995). Single applications of these salts
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Table 1. Biocontrol agents tested on cucumber and rose powdery mildews

Biocontrol agents Mildew References (in chronological order)
Acremonium alternatum S. fuliginea Malathrakis, 1985; Malathrakis and Klironomou,
1992; Malathrakis et al., 1995
Ampelomyces quisqualis S. fuliginea Jarvis and Slingsby, 1977; Philipp and Criiger,
1979, Sundheim, 1982; Sundheim and Krekling,
1982; Philipp ef al., 1984, Sztejnberg et al., 1989
Schmitz-Elsherif, 1990; Feldman et al., 1993
Falk et al., 1995; Abo-Foul et al., 1996
Dik et al., 1998
Aphanocladium album S. fuliginea Hijwegen, 1988
Calcarisporium arbuscula 8. fuliginea Hijwegen, 1988
Penicillium chrysogenum S. fuliginea Hijwegen, 1988
Sporothrix flocculosa S. fuliginea Jarvis et al., 1989; Bélanger ef al,, 1994
Dik etal, 1998 9
§. pannosa Hajlaow and Bélanger, 1991; Hajlaoui et af., 1992
Sporothrix rugulosa S. fuliginea Jarvis et al., 1989; Verhaar et al., 1996 9
S. pannosa Hajlaow and Bélanger, 1991
Tilletiopsis spp. S. filiginea Hoch and Provvidenti, 1979, Urquhart er al. 1994.
Tilletiopsis albescens S. fuliginea Knudsen and Skou, 1993; Hijwegen, 1988,
Tilletiopsis minor S fuliginea Hijwcgen, 1986, 1988, 1992
Tilletiopsis pallescens 8. fuliginea Urquhart ef al., 1994
Tilletiopsis S. fuliginea Urquhart er al., 1994
washingtonensis S. pannosa Hajlaoui and Bélanger, 1991
Verticillium lecanii S. fuliginea Spencer and Ebben, 1983; Hijwegen, 1988,

Verhaar et al., 1996 ¥, Askary ef a/., 1997
Verhaar ef ol , 1997 @; Askary eral., 1998,
Diketal, 1998°

Y Included in this thesis.




General Introduction

also suppressed powdery mildew on roses (Reuveni ef al. 1994). Conspicuous
differences in inducibility of resistance to powdery mildew between susceptible and
partially resistant cucumber and rose cultivars were found in respectively, number of
colonies and number of produced spores per cm? when the synthetic inducer 2,6-
dichloroisonicotinic acid (INA) was used (Hijwegen and Verhaar, 1994; Hijwegen ef
al., 1996).

Biological control by means of biocontrol agents. An alternative to the use of
fungicides may be biological control by means of biocontrol agents. Biocontrol can be
based on competition for nutrients and space, production of antibiotics,
mycoparasitism or induced resistance. Elad ef al. (1996) reviewed biological control
of powdery mildews in greenhouse crops. Table 1 provides an overview of research
on potential biological control agents of S. fidiginea and S. pannosa in glasshouses
during the last twenty years.

This thesis

The research project reported in this thesis was part of the Additional Research
Programma of the Multi-Year Crop Protection Plan. The Multi-Year Crop Protection
Plan published by the Dutch government aimed at a reduction of the use of fungicides
by 65% in floriculture and by 50% in horticulture by the year 2010 (Anonymous, 1991
a,b,c). The control of powdery mildews on cucumber and rose, two important products
of Dutch horticulture, depends mostly on fungicides. Both the development of
resistance against fungicides in S. filiginea and the increasing use of biocontrol agents
against insects, which can be disturbed by fungicides, demand for an alternative.

The aim of the study presented here was to investigate biocontrol of powdery
mildew on cucumber (S. fuliginea) and rose (S. pannosa) by mycoparasites as an
alternative to chemical control. Mycoparasites are fungi growing upon other fungi, thus
decreasing the growth and multiplication of the hosting fungi.

In preliminary experiments, isolates of potential mycoparasites (Ampelomyces
quisqualis, Aphanocladium album, Calcarisporium arbuscula, Penicillium spp.,
Sepedonium chrysospermum, Sporothrix rugulosa, Verticillium lecanii) were tested
on cucumber powdery mildew, In our experiments isolates of Verticillium lecanii and
Sporothrix rugulosa showed the best results (Verhaar, unpublished data).

V. lecanii is known as a parasite of insects, nematodes and rust fungi (Schuler
etal., 1991). As V. lecanii is already used in the preparations Mycotal® against aphids
and whiteflies in greenhouses in the Netherlands, a study of V./ecanii as a biocontrol
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agent against powdery mildews in greenhouse crops could possibly lead to
multifunctionality of biocontrol sprays. Therefore this study concentrated on the
tritrophic system cucumber, powdery mildew and V. lecanii.

QOutline of this thesis

The present thesis addresses several aspects of biocontrol by mycoparasites, gradually
focusing on Verticillium lecanii. Chapter 2 deals with biocontrol of mycoparasites on
rose powdery mildew introducing a new bioassay. The effect of relative humidity on
mycoparasitism after treatments with and without various mycoparasites
(Ampelomyces quisqualis, Aphanocladium album, Sporothrix rugulosa', Tilletiopsis
minor and Verticillium lecanii) was studied. Chapter 3 describes an efficient method
to produce high densities of phialoconidia of ¥, lecanii for biocontrol of cucumber
powdery mildew. Chapter 4 discusses two exploratory glasshouse experiments on
biocontrol of cucumber powdery mildew. Two mycoparasites, S. rugulosa and V.
lecanii, were compared on a susceptible and a partially resistant cucumber cultivar.
Chapter 5 deals with components analysis of mycopathogenicity in an attempt to select
V. lecanii isolates with a high biocontrol capacity on cucumber powdery mildew.
Chapter 6 describes experiments on preventive and curative application of V. lecanii
for biocontrol of cucumber powdery mildew. In glasshouse experiments on a semi-
commercial scale, executed at the Research Station for Floriculture and Glasshouse
Vegetables in Naaldwijk, the Netherlands, three biocontrol agents (4. quisqualis,
Sporothrix flocculosa' and V. lecanii) on cucumber powdery mildew were compared,
Chapter 7. An appendix to this chapter deals with the persistence of V. lecanii in the
glasshouse during these experiments. Chapter 8 explores the effects of formulations
on humidity requirements of V. Jecanii spores for biocontrol of Sphaerotheca fuliginea.
Chapter 9 briefly discusses the sensitivity of V. lecanii to fungicides used against S.
Juliginea, The results are integrated and discussed in Chapter 10.

" In 1995 the names of Sporodhrix rugulosa and 5. flocculosa were changed to Pseudozyma rugulosa (Traquair,
L.A. Shaw & Jarvis) Boekhout & Traquair and P. flocculosa (Traquair, L.A. Shaw & Jarvis) Boekhout &
Traquair (Boekhout, 1995). In this thesis the names S. rugulosa and S. flocculosa are wsed for the purpose of
continuity.
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Mycoparasitism of §. pannosa

Effect of relative humidity on mycoparasitism of rose powdery mildew with and
without treatments with mycoparasites

Abstract

A bioassay was developed to study the effectiveness of mycoparasites to control
rose powdery mildew under selected environmental conditions. One isolate of
Ampelomyces quisqualis, Aphanocladium aibum, Sporothrix rugulosa and
Tilletiopsis minor, and four isolates of Verticillium lecanii were tested at four
relative humidities (RH), 100, 90, 80 and 70%. Each of these fungi seemed to have
its own, humidity-dependent pattern of mycoparasitism. Most mycoparasites lost
their effectiveness rapidly below 100% RH, but one isolate of V. lecanii achieved
over 80% mildew control at 90% RH, a hopeful result.

Introduction

Powdery mildew, caused by Sphaerotheca pannosa (Wallr.:Fr.) Lév. var. rosae
Wor., is an economically important disease of glasshouse roses. Regular fungicide
applications are necessary to control the disease. Biocontrol by means of
mycoparasites may be an alternative to fungicides. Several biocontrol agents have
been described as candidates for the control of powdery mildews, especially of
cucumber powdery mildew, Sphaerotheca fuliginea (Schlecht.: Fr.) Poll, such as
Ampelomyces quisqualis Ces. (Jarvis and Slingsby, 1977; Philipp and Hellstern,
1986; Sundheim, 1982), Aphanocladium album (Preuss) W. Gams (Hijwegen and
Buchenauver, 1984), Sporothrix flocculosa Traquair, L.A. Shaw & Jarvis and
Sporothrix rugulosa Traquair, L.A. Shaw & Jarvis (Jarvis et al., 1989; Verhaar er
al., 1996), Tilletiopsis minor Nyland (Hoch and Provvidenti, 1979; Hijwegen,
1986, 1992, Urquhart et al., 1994) and Verticillium lecanii (Zimm.) Viégas
(Verhaar et al., 1996; Askary et al., 1997). Hajlaoui and Bélanger (1991) tested the
effects of temperature and humidity on the activity of S. flocculosa, 8. rugulosa and
Tilletiopsis washingtonensis Nyland on rose powdery mildew. S. flocculosa, the
fastest colonizer of these three, proved to be as effective as registered fungicides
under commercial conditions (Bélanger et al., 1994). Many of the known
mycoparasites of powdery mildew have not yet been tested against rose mildew.
Because relative humidity (RI1) has been shown to exert great influence on the

13
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effectiveness of mycoparasites (Hajlaoui and Bélanger, 1991; Jarvis ef al, 1989,
Philipp and Hellstern, 1986), they should be tested at different relative humidities.

The objective of this study was to develop a bioassay to compare
mycoparasites for effectiveness against rose powdery mildew under various
environmental conditions, and to determine the effect of RH on mycoparasitism of
rose powdery mildew with and without mycoparasite treatments. The potential of
mycoparasites present in the resident phyllosphere mycoflora and of five
mycoparasites previously reported to have a deleterious effect on cucumber
mildew, 4. quisqualis, A. album, S. rugulosa, T. minor (one isolate each), and V.
lecanii (four isolates) were tested at four relative humidities, ranging from 100% to
70%.

Materials and methods

Bioassay

Cut rose leaves. Compound rose leaves (cv. Sonia) with just unfolded leaflets were
taken from plants grown in a glasshouse, in which no fungicides against powdery
mildew had been used for two weeks prior to the experiment. Cnly the top three
leaflets were used, the lower leaflets were removed. A test unit was prepared by
sticking the petiole of a leaf through a small hole in the cap of a plastic test-tube
containing about 5 ml of a sucrose solution. Two ranges of sucrose solutions (0;
0.001; 0.005; 0.01; 0.015; 0.02% and 0; 0.1; 0.5; 1, 1.5; 2%) were lested to
determine the optimum for shelf life of the mounted leaves. Per litre of sucrose
solution, 0.5 mg AgNO; was added to prevent the growth of algae. The test units
were incubated in a climate room (20°C; 16 hours light, 20 W/m?, Philips Son-T
Agro 400 W, 80% RH). Twice a week the nutrient solutions were re-adjusted to
their original volumes. Per sucrose solution, five test units were assessed and the
experiment was conducted three times.

Inoculum effectiveness. Before mounting, detached rose leaves were
inoculated in & vacuum-operated settling tower (Reifschneider and Boiteux, 1988)
at a pressure of -15 kPa by laying them, with the upper surfaces upwards, at the
bottom of the tower. Pieces of leaves with different numbers (1, 5 or 10) of
abundantly sporulating mildew colonies (diameter 5-10 mm) were used as inoculum
sources to determine the optimum inoculum density. After a sedimentation time of
2 min the inoculated leaves were removed from the tower and mounted.
Inoculations were performed in order from low to high levels of inoculum. Per
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mildew colony, the spore deposit was about 7 spores per cm? Test units containing
0.01% sucrose solution were incubated for 3 days in plastic boxes (43 x 35 ¢m, 23
cm high), with a shallow layer of water on the bottom. The boxes were covered by
polyethylene sheets to obtain a saturated atmosphere, optimal for germination of S.
pannosa (Wheeler, 1978). The boxes were placed in a growth chamber (20°C; 16
hours light, 20 W/m?®, Philips Son-T Agro 400 W). After 7 days the test units were
taken from the boxes and incubated for 14 days in a growth chamber with a RH of
75% during the day and 85% at night. Twelve test units were inoculated per
inoculum level. The number of mildew colonies was assessed per leaflet. The
experiment was conducted three times.

Mildew control by mycoparasites

Mycoparasites. The mycoparasites are listed in Table 1. V. lecanii isolates 1, 4, 13
and 14 were cultured on oatmeal agar, A. album and 5. rugulosa on malt agar, and
A. quisqualis on oatmeal agar alternating with malt agar. T. minor was cultured in a
liquid medium of 2% malt extract and 0.2% mycological peptone in the dark at 20
°C in a rotary shaker at 140 rpm (Hijwegen, 1986). Spore suspensions were
prepared from 10 to 14 days old cultures by washing the colonies with distilled
water and filtering the resulting suspension through cheesecloth. In the case of T
minor, an 8 days old culture was taken. Spore densitics were determined with a
haemocytometer and adjusted to 5x10° spores ml™. As an additive, 0.01% Algan-S,
a biological detergent containing 30% Ascophyllum nodosum extract (Europlant
Ltd, Appelscha, the Netherlands), was used.

Mildew, About 60 detached rose leaves were inoculated simultaneously as
described before with S. pannosa using 10 colonies as inoculum. They were
mounted in plastic test-tubes and incubated at a saturated atmosphere as described
above.

Biocontrol treatments. After seven days of incubation, inoculated leaves
with moderate levels (2-4 colonies per leaflet) of mildew were selected and
randomly distributed over the treatments. These leaves were sprayed with spore
suspensions of the mycoparasites containing 5x10° spores per ml using a DeVilbiss
sprayer in a separate building. Controls were sprayed with distilled water with or
without 0.01% Algan-S (Wa and W, respectively). Thereafter the leaves were
incubated in climate rooms (280m’, under Philips Son-T Agro 400 Watt
assimilation lamps (20 W/m?, 16 hours light); 20°C; 70%, 80%, 90% or 100% RH
controlled by ultrasonic mist equipment Damfomat Edo20; windspeed (2 m/sec). In
practice temperatures ranged between 19 and 21°C and RH's (except 100%) varied
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Table 1. The mycoparasites tested against Sphaerotheca pannosa on rose.

Code  Isolate Year of Host/origin
isolation

Aa Aphanocladium 1985 ex Sphaerotheca fuliginea on Cucumis,
album Wageningen, The Netherlands

Aq Ampelomyces 1993 ex Sphaerotheca pannosa, Republic of South
quisqualis Africa

Sr Sporothrix 1990 ex Sphaerotheca fuliginea on Cucumis,
rugulosa Wageningen, The Netherlands

Tm Tilletiopsis 1981 ex Erysiphe martii on Lupinus polyphyllus,
minor Bonn, Germany

V1 Verticillium 1988 ex Sphaerotheca fuliginea on Cucumis,
lecanii (1) Wageningen, The Netherlands

V4 Venticillium 1973 CBS 470,73 ex Hemileia vastatrix on
lecanii (4) Cofffea, India

Vi3 Verticillium 1993 ex Erysiphe on Hordeum, Wageningen,
lecanii (13) The Netherlands

vi4 Verticillium 1993 ex Microsphaera on Mahonia, Marienthal,
lecanii (14) Germany

within 5%. To obtain a saturated atmosphere in the growth chambers, polyethylene
covered plastic boxes were used as described above.

Percentage parasitized powdery mildew was assessed at 3 and 7 days after
biocontrol treatments {d.a.b.) for 100% RH, and 2, 6 and 14 d.a.b. for the other RH
values, The percentage of the mildew colonies parasitized by the biocontrol agents
was assessed using a binocular microscope at x50 magnification. Percentage
parasitation was scored in classes separated by 5% intervals (0,5,10,...). The mean
of the three leaflets per test unit was calculated and subjected to statistical analysis.

For each humidity level, two or three sequentially replicated experiments
were catried out with a total of 20 or 21 leaves per mycoparasite. Test units were
randomly placed on a table in the middle of the growth chamber.

Additional check on cross-contamination

After the biocontrol treatments were finished, the growth chambers were cleaned so
that no cross-contamination could occur. Per humidity level, 20 rose leaves were
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inoculated with mildew and the percentage parasitized mildew colonies were
assessed after two weeks.

Statistics

The effect of the amount of mildew inoculum on the mean number of mildew
colonies per leaflet was analyzed by ANOVA and mean results per inoculum per
experiment were subjected to nonlinear regression analyses.

Because humidity effects on mycoparasitism were obvious, the data were
separated by humidity level and subjected to the Kruskal-Wallis test with an
associated multiple range test for unequal sample sizes (Hollander and Wolfe,
1973).

Percentages parasitized mildew colonies increased at rates varying according
to mycoparasite, RH level, and time. The rate of increase of parasitism expressed in
percentage/day was calculated by interpolation between observations made at the
days (d.a.b.) indicated above.

Results

Bioassay, inoculum effectiveness

Rose leaves grown on high sucrose concentrations, 1, 1.5 and 2%, yellowed and
died. On a sucrose concentration of 0.01% leaves remained green over a three week
period.

The number of mildew colonies used as inoculum had a signtficant (P<0.05)
effect on the resulting number of lesions per leaflet. The effect of number of
inoculum colonies on resulting number of mildew colonies could be roughly
described by the nonlinear equation: ¥ = 3.08X/(0.42 + X) (R? = 0.60, n= 12,
P<0.01). The differences were relatively small, probably due to the inevitable
background infection caused by spores dispersed in the glasshouse environment.
The mean background infection of about 1 colony/leaflet, was evidenced by the 0
inoculum level, For further research 10 colonies were used as the inoculum dosage,
resulting in about 3 colonies per leaflet.

Mildew control at different relative humidities

In all cases the applied mycoparasites were observed on treated mildew colonies,
while no equivalent amounts of saprophytic fungi or other mycoparasites were
noticed on these colonies.

17
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100% RH. At a RH of 100%, mildew parasitation by V. lecanii-1 was over
70% within 3 d.a.b. (Fig.1A). The other three V. Jecanii isolates attained similar
values only at 7 d.a.b. At least ninety percent of the mildew area was parasitized by
V. lecanii-1, V. lecanii-13, S. rugulosa, A. quisqualis, A. album and the water plus
Algan-S control treatment at 7 d.a.b.

90% RH. At 90% RH, V. lecanii-1 and V. lecanii-13 attained values over
40% within 2 d.a.b., while at 6 d.a.b. the mean values were 72 and 55% (Fig.1B).
The other mycoparasites did not reach more than 25% parasitized mildew at 6
d.ab. At 14 dab. the percentages mildew parasitized by V. lecanii-1 and V.
lecanii-13 had risen to 83% and 75%, while S. rugulosa and A. quisqualis attained
about 70%.

80% RH and 70% RH. At 80% RH V. lecanii-1 parasitized 26% at 2 d.a.b.
and 57% at 14 d.a.b (Fig.1C). At 70% RH mildew parasitation never surpassed
35% and no significant differences between mycoparasites were found (Fig.1D).

Expansion rates. The expansion rates of the mycoparasites on mildew,
expressed in percentage/day, differed most in the first two days, the period of
establishment of the mycoparasites. At 100% RH V.lecanii-1, V. lecanii-13 and §.
rugulosa were the fastest colonizers during the first 2 days. Other mycoparasites
such as A. album and A. quisqualis started slowly and showed increasing expansion
rates after 2 d.a.b. At 90% RH the expansion rates of V. lecanii-1 and V. lecanii-13
during the first 2 d.a.b. were comparable to those at 100% RH The other
mycoparasites developed more slowly. At 80% RH V. lecanii-1 was one of the
fastest mycoparasites. As the two most promising isolates of V. lecanii (isolate 1
and isolate 13) and the two control treatments did not differ significantly (P<0.05),
the mean expansion rates of these two V. lecanii isolates and the two control
treatments were summarized in Table 2.

Control treatments. The water and water plus Algan-S control treatments
resulted at 100% RH and 90% RH in high percentages parasitism at respectively 7
and 14 dab. (Fig.1A, 1B). V. lecanii, Penicillium spp. and Cladosporium spp.
were frequently observed on the mildew of the control leaves. At 100% RH S.
rugulosa was also found.

Additional check onm cross-contamination. At 100% RH about 30%
parasitized mildew was observed 14 d.ab. A Penicillium sp. was isolated from
parasitized mildew. At the other humidities amounts of parasitized mildew were
negligible.
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Table 2. Expansion rates of V. Jecanii and of the present phyllospheric mycoflora on S. pannosa in
percentage per day over two or three observation periods, after respectively biocontrol treatments with
V. lecanii {means of isolate 1 and 13) and control treatments {means of water and water plus 0.01%
Algan-8).

rate (mm/day)
% RH Period V. lecanii Control
100 0-3 202 4 $3b
4.7 11.3 10.8
90 0-2 225a 18b
1.6 47 35
7-14 2.1a 58b
80 0-2 11.0 7.0
1.6 25 25
7-14 26 1.9

® Means within a row with diffcrent letters are significantly different according to a multiple range test
based on Kruskal-Wallis rank sums (P<0.05).

Discussion

Bioassay

Beyond a certain dosage of mildew inoculum the number of resulting mildew
colonies seemed to be stable (Hijwegen et al., 1996). A maximum amount of about
5 colonies per leaflet was regularly observed on cv Sonia in glasshouses (Kerssies,
unpublished). This phenomenon of a stable number of resulting colonies has not yet
been explained.

As rose leaves become rapidly resistant to mildew, S. pannosa can only
infect young leaves (Wheeler, 1978; Frinking and Verweij, 1989). One week after
inoculation the diameter of the mildew colonies had attained 5 to 10 mm and hardly
increased further. Thus, mildew colonies in all treatments were comparable in size
and maturity.
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The bioassay using detached rose leaves, kept on a 0.01% sucrose solution,
proved to be a useful system to observe different mycoparasites of S. pannosa
during a two week period at various humidity conditions.

The relative high infections on the mildew of the controls could have
originated from (l.) cross-contamination between test units within one
compartment, (2.) micro-organisms resident on the rose leaves, and (3.) cross-
contamination between compartments. The first explanation is the most probable.
The negative conclusion is that control units placed at random among the treated
units do not serve their purpose well. The positive conclusion could be that
spontancous dispersal of biocontrol agents is highly effective, at least within the
range of time (1 and 2 weeks) and distance (0.1-1m).

Mildew control
General comments. The experiments were performed in a research station for
floriculture and mildew inoculum as well as leaves for the test units were taken
from plants growing in a semi-commercial glasshouse. Per humidity level, all
treatments including the controls were located in the same climate room. This
conditions can explain the relatively high parasitism levels by V. lecanii and the
slightly parasitic saprophytes Cladosporium and Penicillium (Hijwegen, 1992) in
the water and water plus Algan-S control treatments, after more than 6 days. Micro
organisms on the rose leaves as Cladosporium and Penicillium, though only weakly
parasitic and slow growing, can degrade a substantial amount of mildew in the long
run, due to their ability to germinate and grow at RH’s of 80-85% and enormous
reproduction capacity (Hijwegen, unpublished). Enhancement of the effectiveness
of the resident phyllosphere mycoflora through creating favourable environmental
conditions by application of a formulation without a biocontrol agent was
mentioned by Yang et al.(1993) and Verhaar et al. (1996). Rogers (1959) noticed
that prolonged wetting of mildewed leaves caused the collapse of conidial chains.
Probably, at a RH of 100%, collapsed conidiophores provide nutrients for the
resident mycoflora.

The additional check on cross-contamination showed parasitation of 30% at
14 d.a.b., but only at 100% RH, whereas the water control treatments in the main
experiment showed about 60% parasitized mildew =7 d.a.b., at relatieve humidities
> 90%. This indicates that cross-contamination in the main experiment by far
exceeded the effect of the resident mycoflora,

Mycoparasites. At 100% RH most mycoparasites parasitized a considerable
area of mildew within 6 d.a.b., while most mycoparasites showed less activity at
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lower humidities. 7. minor, even at 100% RH, gave a rather poor control. A relative
humidity close to saturation is needed for growth of this fungus (Urquhart ez al.,
1994; Hajlaoui and Bélanger, 1991; Hijwegen, 1992). On 7. minor treated leaves,
where saprophytes and other mycoparasites have reduced opportunities, due to
excess . minor inoculum, biocontrol is to slow, at least in the early stages, that the
T. minor treatment could be seen as a control treatment. Possibly a better control
treatment than the water controls. When antagonists are antagonized the net effect
can be next to nil (Verhaar et al., 1996). For A. quisqualis and A. album the low
activity below 100% RH is in accordance with the results of Philipp er al. (1990)
and Hijwegen and Buchenauer {1984). 5. rugulosa showed little activity at 90% RH
Hajlaoui and Bélanger (1991), however, obtained more than 80% rose powdery
mildew parasitized by S. rugudosa at 6 d.a.b., 90% RH and 26°C, but only 30% at
18°C, a value comparable to ours at 20°C. In our experiment, performed at 20°C,
V. lecanii-1 and V. lecanii-13 seemed to be the fastest powdery mildew colonizers
at 90% RH at 6 d.a.b.

The differences in expansion rates between mycoparasite treatments indicate
that every mycoparasite had its own, humidity-dependent, pattern of parasitism.
Considerable differences in activities were noted for the four V. lecanii isolates.
This result underlines the importance of testing different isolates of each
mycoparasite.

Possible improvements. In Dutch rose glasshouses the daily mean RH
fluctuates between 50% in winter and 90% in fall. In spring and summer the
temperature and the RH show a daily pattern, low temperature (<20°C) and high
RH (>80%) at night and high temperature (>20°C) and low RH (<70%) during the
day (Kerssies, 1994). These conditions are far from optimal for biological control.
An emulsion or a carrier may be needed to provide moisture for the mycoparasites.
Mineral oils (Philipp et al., 1990) or invert emulsions (Yang et al., 1993), for
instance, could reduce moisture stress of A. quisqualis and the mycoherbicides
Alternaria alternata and A. angustiovoidea. With the addition of a vegetable oil the
control effect of V. lecanii could be greatly increased (Chapter 8).

In conclusion, the bioassay developed to study mycoparasitism on detached
mildewed rose leaves at different RHs indicated that two isolates of V. lecanii are
interesting as potential biotogical control agents of S. pannosa. Experiments in
commercial rose glasshouses are necessary to determine the biocontrol potential
under more realistic conditions.
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Production of phigloconidia of V. lecanii

Efficient production of phialoconidia of Verticillium lecanii for biocontrel of
cucumber powdery mildew, Sphacrotheca fuliginea

Abstract

A method is described that yields over 3 x 10° phialoconidia/ml of V. lecanii.

Spore production of mycoparasitic fungi may vary considerably and mass production
of fungal conidia for biological control often meets with problems. Some
mycoparasites do not produce sufficient inoculum for small-scale experiments
(Hijwegen, 1988). Usually, special studies on cultivation methods are required as
demonstrated for Ampelomyces quisqualis by Schmitz-Elsherif (1990).

Verticillium lecanii (Zimm.) Viégas strain Fyto 88.1, isolated from
Sphaerotheca fuliginea (Schlecht.: Fr.) Poll. (Hijwegen, 1988), can easily be grown
and sporulates well on most solid media such as agars containing potato-dextrose
broth, malt extract plus mycological peptone, oat meal, chitin or skimmed milk. In this
way productions of 1-4 x 107 conidia‘cm? (0.5-2 x 10” conidia/petridish) can be
obtained. When, however, 8 x 10" conidia were required every week for a greenhouse
experiment, (Verhaar and Hijwegen, unpublished) surface grown cultures were
inadequate and other methods of cultivation were investigated. V. Jecanii was grown
at 20°C and 135 rpm in liquid media containing milled, autoclaved oat meal, skimmed
milk or malt extract plus mycological peptone. Yields of conidia were rather low.,
Conidium production was enhanced by raising the incubation temperature to 23°C.
Yeast cell walls and malt extract plus mycological peptone gave a good yield of
conidia. These media were, however, surpassed by far by growing V. lecanii in
autociaved oat meal suspension.

V. lecanii has been reported to produce only blastoconidia in liquid culture
(Latge et al., 1986). After consulting Di. W. Gams, CBS, Baarn this was investigated
using our strain Fyto 88.1. In our experiments submerged mycelium, producing micro-
verticils with micro-phialides carrying normal phialoconidia, was formed in liguid
culture. Budding was not observed. Conidia produced in liquid culture could not be
distinguished microscopically in size or shape from conidia produced on solid oat meal
medium. In 1% oat meal more mycelium was formed than in 3% oat meal. This raises
the question whether oat meal contains substances that influence the mycelium /
conidia ratio.

To investigate conidium production quantitatively, 0.8 cm® pieces of agar with
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Figure 1A, Effect of oat meal concentrations (1%, 2% and 3%) on the number of V. lecanii conidia
produced in liquid media incubated at 25°C. The graph gives the mean number of conidia/ml in four
replications. Data were log transformed (y-axis) and back-transformed (right y-axis). The standard errors

of the mean are given in the graphs by bars
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Figure IB. Effect of incubation temperatures of 20, 25 or 30 °C on the number of V. lecanii conidia
produced in 2% liquid oat meal medium. The graph gives the mean number of conidia/ml in four
replications. Data were log transformed and back transformed (right y-axis}. The standard errors of
the mean are given in the graphs by bars.
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Production of phialoconidia of V. lecanii

mycelium from the margin of a growing culture of V. lecanii were added to 300-ml
Erlenmeyer flasks containing 100 ml of 1, 2, or 3% milled and autoclaved oat meal
(Quaker HO Naturel) in distilled water. These flasks were incubated in the dark at
25°C in a rotary shaker at 135 rpm. Other flasks containing 2% autoclaved oat meal
were inoculated with V. Jecanii and incubated in the same way at 20° or 30°C. For
every treatment two flasks were used. The experiment was repeated twice. Ten-ml
samples were removed under sterile conditions after 3, 5, 7 and 10 days. The
suspensions were diluted 10-fold or, if necessary, 100-fold and the conidia were
counted in a hemocytometer. A production of over 3 x 10° conidia/ml could be
obtained at 25°C in 3% oat meal (Fig. 1).
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Fig. 2. Germination of conidia of V. lecanii produced in liquid media containing 1%, 2% or 3%
oat meal, incubated at 25°C after 3, 5, 7 or 10 days incubation. Drops of 20ul containing 2 x 10" spores
were placed on water apar. Germination was assessed after incubation for 24 h at 20°C, The data are
means of two replicates. The bars indicate the standard errors of the mean.
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Germination was assessed at 3, 5, 7 and 10 days by placing 20 pl droplets containing
10° conidia/ml on water agar and counting germinated and non-germinated conidia on
the next day (Fig. 2).

Incubation at 30°C resulted in a limited production of conidia, which
germinated poorly. Poor germination of conidia produced at temperatures above the
optimum for growth does not seem to be uncommon with mycoparasitic fungi (Van
Eynatten and Verhaar, unpublished). After 7 days of cultivation lysis of mycelium and
conidia had occurred and the cultures had to be discarded.

As a routine procedure V. lecanii was cultured 7 days at 25°C and 135 rpm in
a 3% oat meal suspension every week during 6 subsequent weeks. One flask per week,
containing more than 10° conidia/ml, was always sufficient for the 8 x 10'° conidia
needed for the weekly applications on cucumber powdery mildew, Sphaerotheca
Sfuliginea, during six subsequent weeks, indicating that the method is reliable.

In a later experiment 2 to 4 x 10" conidia were required weekly. As with 3%
oat meal suspensions the pores of the filter became plugged sometimes, it was decided
to grow V. Jecanii in a 1% suspension. The method proved to be reliable during the
production of eight consecutive batches and 1 or 2 flasks were always sufficient for
each of the weekly applications in the greenhouse experiment.

In conclusion, a high production of phialoconidia with high germinability was
obtained by growing V. lecanii in 1 to 3% milled oat meal during 7 days at 25°C in the
dark at 135 rpm.
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Control of 8. fuliginca by two mycoparasites

Glasshouse experiments on biocontrol of cucumber powdery mildew
(Sphaerotheca fuliginea) by the mycoparasites Verticillium lecanii and
Sporothrix rugulosa

Abstract

Two potential biclogical control agents of cucumber powdery mildew
(Sphaerotheca fuliginea), Verticillium lecanii and Sporothrix rugulosa, were tested
under plasshouse conditions. Two experiments were carried out. In the first
experiment two cucumber varieties with different levels of resistance, cv Corona
(susceptible) and cv Flamingo (partially resistant) were used. Verficillium lecanii
controlled the mildew better than S. rugulosa. On cv Flamingo, V. lecanii could
keep the mildew severity below 15% infected leaf area for 9 weeks after
inoculation with S. fuliginea. Treatment by Hora Oleo 11E, alone or as an additive
to V. lecanii, was as good as a fungicide treatment. In the second experiment
weekly and two-weekly treatments with V./ecanii were compared on cv Flamingo.
Weekly treatments with V. Jecamii, kept mildew severity at a level below 20%
infected leaf area during 10 weeks after inoculation with S. fuliginea. If applied to a
partially resistant cucumber cultivar, V. lecanii is an interesting candidate for
biological control of S. fiiliginea.

Key Words: Sphaerotheca fuliginea, Sporothrix rugulosa, Verticillium lecanii,
biocontrol, Hora Oleo 11E, partial resistance.

Introduction

Mycoparasites might be used in biological control of powdery mildews in
glasshouses. Several mycoparasites of cucumber powdery mildew are known
(Hijwegen, 1986; Hoch and Provvidenti, 1979; Jarvis ef o/, 1989, Malathrakis,
1992; Philipp et al., 1984; Sundheim, 1982; Urquhart et al., 1994). The potential
of mycoparasites to control powdery mildew depends on their intrinsic properties
and environmental conditions. Philipp er al. (1984) noticed that intensive wetting
during inoculation was imperative to obtain high rates of parasitation. Hajlaoui and
Bélanger (1991) found that temperature and humidity influenced the colonization of
rose powdery mildew by three antagonists of this fungus.

In commercial glasshouses, conditions are rarely favorable to a good
development of mycoparasites. Relative humidity during daytime is low (around
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