Stellingen

Ringvlekkenziekte wordt als een typische herfstziekte in volgroeide koolgewassen
gekarakteriseerd. Dit zegt veel over de onbekendheid met de epidemiologie van de
veroorzaker.

dit proefschrift

Infectie van siuitkoolpianten door M. brassicicofa treedt op bij kortere
bladnatperioden dan algemeen wordt aangenomen.

dit prosfschrift

Wicks, T.J. and B. Vogelzang, 1988. Effect of fungicides applied affer infection on the
control of Mycosphaerella brassicicola on brussels sprouts. Australian Journal of
Experimental Agriculture 28: 411-416.

De door Gtz en Boyle (1993) beschreven toetsmethode voor de bepaling van resistentie in
koolgewassen met behulp van door M. brassicicola in vitro geproduceerde antibiotische
metabolieten is onbetrouwbaar en negeert eerder gepubliceerde eenvoudiger methoden.

dit proefschriff

Het huidige waarschuwingssysteem voor Mycosphaerefia bestrijding in
koolgewassen laat de tange incubatie- en latentie-periode van de ringviekkenziekte
onder veldomstandigheden buiten beschouwing. Dit leidt tot overbodige
gewasbespuitingen.

dit proefschrift

"It can be argued that simple models handled in an enlightened way can vield at
least as good results in practical disease predictions as complex models with
inflexible characteristics, apart perhaps from the satisfaction, in difficult seasons, of
being wrong for more sophisticated reasons”

Bourke, P.M.A., 1970. Use of weather informalion in the prediction of plant diseases
epiphytotics. Annual Review of Phytopathology 8: 345-370.

Bastiaansen, C., A.Th.J. Koster, L.J. van der Meer, J.E. van den Ende, M.G. Pennock and
F.M.P. Buurman, 1997. A disease-forecasting system of Bofrylis blight (fire'} in lily. Acta
Horticuiturae 430:657-660.
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De toenemende afthankelijkheid van additionele financiering van het
landbouwkundig onderzoek werkt probleemgericht onderzoek in de hand, daar waar
systeemgericht onderzoek noodzakelijk is voor een verdere stimulering van
duurzame landbouw in Nederland.

Biologische landbouw is niet per definitie goed voor het milieu. De milieu- en
natuurbeweging en politicke partijen zullen in hun streven naar een beter milieu
meer effect sorteren wanneer ze niet eenzijdig de biologische landbouw
propageren, maar ook milieu-vriendelijke maatregelen uit andere landbouwvormen
en -stijlen erkennen en integreren tot een duurzame vorm van landbouw.

Van Leeuwen, T. en J. Dekker, 1998. Gok niet alleen op de biologische landbouw.
Milieudefensie 27: 18-19.

Het gebruik van de term "synergiewinst" om de beoogde samenwerking van
landbouwkundige onderzoeksinstellingen binnen het Wageningse Universiteits en
Research Centrum te karakteriseren is misleidend. In het beste geval kan er sprake
zZijn van antagonismeverlies.

Peper, B., 1996, Duurzame kennis, duurzame landbouw. Een advies aan de
Minister van Landbouw, Natuurbeheer en Visserij over de kennisinfrastructuur van
de landbouw in 2010. 43 pp.

Internationale financiéle instellingen als het IMF en de Wereldbank zijn opgericht
om ontwikkeling te bevorderen en armoede te bestrijden. Door van
ontwikkelingslanden te eisen dat ze jaarlijks ten minste een kwart van hun
exportinkomsten aan rente en aflossing van hun schuld betalen, bereiken ze eerder

het tegendeel.

Anonymous, 1998. Making debt relief work: a test of polifical will. Oxfam international
Position Paper: 12 pp.
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Author's abstract

Van den Ende, J.E., 1998. Ring spot disease of brassica crops: resistance and
epidemiology. PhD. Thesis, Wageningen Agricultural University, The Netherlands, 123 pp.,
21 tables, 30 figures, English and Dutch summary.

Ring spot disease of brassica crops is caused by the fungus Mycosphaerella brassicicola.
The disease can cause severe qualitative and quantitative losses, depending on the initial
inoculum, the environmental conditions during the growing season and the susceptibility of
the cultivar. A greenhouse screening method for resistance to ring spot in Brassica
cleracea was developed. Young plants were screened by using mycelial inoculum enriched
with 3% sucrose. Resistance was expressed both in cotyledons and true leaves by a lower
number of lesions than the susceptible control and/or by hypersensitive reactions, and
reflected adult plant resistance known frem field studies. Studies with isolates of M.
brassicicola, originating from various locations in Europe, indicated a differential host-
pathogen interaction. Several aspects of the epidemiology of the disease were studied.
Infection of cabbage plants under controlled conditions showed that ascospores of M.
brassicicola are able to infect cabbage plants within shorter wetness periods (< 1 day)
than generally assumed. The pathogen is well adapted to exploit leaf wetness interrupted
by dry periods, which makes the definition of an infection period for M. brassicicola in
terms of continous leaf wetness or high humidity unwarranted. From field studies it is
concluded that the fungus has long incubation and latent periods, which should be taken
into consideration when appiying fungicides to control the disease.

Additional keywords: Brassica oleracea, Brussels sprouts, cabbage, cauliflower, control,
host range, incubation period, inoculation method, latent period, Mycosphaerella
brassicicola, screening method.




Voorwoord

Een voorwoord wordt vaak gebruikt om dank te betuigen aan de grote hoeveeiheid
mensen die vreugde hebben ontvangen, dan wel last hebben gehad van het geploeter van
de promovendus. Hoe langer je over het afronden van een proefschrift doet, hoe meer
mensen betrokken worden bij het wel en wee van de schrijver, en hoe langer dus het
voorwoord wordt.

Herman Frinking heeft aan de wieg gestaan van dit onderzoek. Dankzij zijn inzet en
enthousiasme werd het Mycosphaerefla project gefinancieerd, en kon ik at voordat ik was
afgestudeerd beneden in de kelder toe treden tot het groepje bovengrondse pathogenen,
Professor Zadoks heeft mij met zijn rode pen gedurende een groot aantal jaren bestookt.
De vele discsussies over de manuscripten waren voor mij bijzonder leerzaam. Ik ben hem
erkentelijk voor het geduld dat hij ongewenst moest opbrengen bij het afronden van mijn
proefschrift.

De eerste fase van het onderzoek werd gefinancieerd door het bedrijfsieven: Bert
Schrijvers (Bejo Zaden), Frans van den Bosch (Royal Sluis), Bart van den Bulk en Ad van
Nieuwenhuizen {Rijk Zwaan), Hans Bongers (Nunhems Zaden), Anja van Herp en Jan-
Leendert Harrewijn (Nickerson Zwaan), Peter Hermans en Walter de Milliano (Novartis
Seeds) hebben mij sturing gegeven bij het tot stand komen van de resistentietoets.

Corrie Geerds en Wout Hoogkamer hebben mij menig maal geassisteerd wanneer de
hoeveelheid werk de pan uit rees. Dankzij hen is ook mijn liefde voor sterke koffie en
cryptogrammen met sprongen toegenomen.

Gedurende de jaren dat ik aan Mycosphaerefla heb gewerkt zijn er een groot aantal
studenten geweest die hun steentjies en rotsblokken hebben bijgedragen aan het
onderzoek: Bert Evenhuis, Henk Tiggelaar, Jannie Atzema, Marieke Bonhof, Jeroen
Sytsma, Jan-Kees Goud, Jan-Eelco Jansma en Marian Folkers. Bedankt (8x).

Proeven doen met planten kan niet zonder steun van kas en tuinpersoneel. Bedankt voor
de goede verzerging en het assisteren bij aanleg van veldproeven.

Op de vakgroep was het goed toeven, en dat was niet in de laatste plaats te danken aan
de collega's. Henk Schouten leerde mij de kneepjes van het Zadoks-AlO zijn. Diederik
Smilde was een prima kamergenoot, en Marjan Verhaar iot op het laatst een prettige
praatpaal.

Tja, en dan de years after. De collega's in Wilhelminadorp, de Schuilenburg clan en de
medewerkers van het LBO zijn in meer of mindere mate betrokken geweest bij mijn
zwoegen. Gegeven het feit dat de laatste loodjes het zwaarst wegen dank ik met name
Jan van Aartrijk van het LBO voor de ruimte die mij is gegeven om het proefschrift af te
ronden. Ineke, bedankt voor het vele bijspringen, ik heb straks eindelijk weer tijd voor
Botrytis en whisky.

Tot slot prettig nieuws voor de bruine agen en al mijn naasten: héhé, 'tis af,
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... je moet wel respect hebben voor iemand die DINSDAG kan spellen, ook al is het dan
niet helemaal goed; maar spellen is uiteindelijk niet de hele wereld. Sommige dagen is het
helemaal niets waard of je dinsdag kan spellen of niet.

{Winnie-the-Pooh)



Contents

1 Ring spot disease (Mycosphaerella brassicicola) of brassica crops: an introduction 1

2 Seedbed infection of cabbage by Mycosphaerella brassicicola 11
3 A screening test for Mycosphaerella brassicicola on Brassica oleracea 21
4 Differential interaction of Mycosphaerella brassicicola and brassica cultivars 33
5 Comparison of inoculation methods with Mycosphaerella brassicicola on 49

Brassica spp.: ascospores versus mycelial fragments

6 Effects of temperature, leaf wetness and humidity on infection of 63
white cabbage by ascospores of Mycosphaerelia brassicicola

7 Incubation and latent periods of ring spot in brassica crops in relation 81
to infection by ascospores: a field study.

8 General discussion 95
References 103
Summary 111
Samenvatting 115
Curriculum vitae 119

List of publications 121




Chapter 1

Ring spot disease (Mycosphaerella brassicicola) of brassica crops:
an introduction
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1.1 Disease

In the Netherlands, Brussels sprouts (Brassica oleracea L. var. gemmifera Zenker), cabbage
(B. oleracea var. capitata L.} and cauliflower (B. oleracea var. bolrytis L.} are important
vegetable crops, grown on more than 10.000 ha (Anonymous, 1992). Ring spot disease,
caused by Mycosphaerella brassicicola, has long been considered of minor importance fo
these crops. Since the early eighties, however, severe epidemics of ring spot disease in
cabbage and Brussels sprouts in the Netherlands, Germany and the UK changed this view
drastically {Frinking and Geerds, 1987; Humpherson-Jones and O'Brien, 1986; Zornbach,
1990).

Ring spot disease, usually indicated briefly as 'ring spot', is not restricted to Western Europe.
Yield losses caused by the disease have been reported in other cool and moist regions of the
world. In South Australia, growers have to spray every 10-14 days to control ring spot in
Brussels sprouts (Wicks et al., 1987; Wicks and Vogelzang, 1888). Ring spot was reported
in the USA, where it caused serious losses in cabbage seed yields in western Washington
{Gabriglson, 1981} and damaged Brussels sprouts and cauliflower production in coastal
regions of California (Nelson and Pound, 1959; Osmun and Anderson, 1915; Weimer, 1926;
Welch et al., 1969). In the mountains of eastern-Java {Indonesia), ring spot is the most
important disease in areas where cabbage is grown yearround (Van den Ende, unpublished).
The occurrence of ring spet on B. oleracea is also known from Chile (Gonzalez and
Maontealegre, 1987), Venezuela (Tortolero and Carrasco, 1982), Russia, Peru and Ecuador
(Chupp and Sherf, 1960).

1.2 Fungus

Mycosphaerelia brassicicola (Duby} Lind. {Ascomycetes, Dothideaceae) was first described
by Chevallier (1826) in France. Osmun and Anderson (1915) and Weimer (1926) described
the imperfect stage of the fungus. Snyder (1946) showed that the 'pycnidiospores' were not
able to germinate. The imperfect stage of the fungus does not represent a conidial but a
spermatial stage, which should be placed in the form genus Asferomeifa: Asteromella
brassicicola (Chev.) Boerema & v. Kesteren (Boerema and Van Kesteren, 1964). The fungus
sometimes forms 'chlamydospore like' structures (Dring, 1961; Van den Ende ef al., 1986).
According to Zornbach (1990) these structures do not play a role in the life cycle of the
fungus. For dispersal and infection the fungus depends on the production of ascospares within
pseudothecia.

No physiological specialisation has been reported for M. brassicicola. The fungus is
homathallic (Punithalingam and Holliday, 1975).
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1.3 Symptoms

Characteristic symptoms of ring spot disease are shown in Fig. 1.1A. Lesions appear on all
aerial plant parts, but usually mature foliage is most heavily affected. Two types of lesions are
formed. Ring spot derives its name from the most commonly formed type which is circular in
outline with a definite margin, while the other is more irregular beoth in shape and outline
(Weimer, 1926). Spermogonia and pseudothecia may be amranged in concentric rings or
scattered over the lesion. The pseudothecia oceur on both sides of the leaves, but more
abundantly on the adaxial side. Lesions on sprouts, stems, and cabbage heads are often
black, irregularly shaped and without sporulation {Rudnick, 1986; Zormnbach, 1990) (Fig 1.1B).

Symptoms of ring spot on B. oleracea are often confused with symptoms of Alfernaria
brassicicola (Schw.)Wiltsch., A. brassicae Berk. and Phoma lingam (Tode:Fr.)Desm.. Full
grown lesions of Alternaria show dark-brown or black conidiophores with spores, in contrast
to the black fruiting bodies of M. brassicicola. Young lesions of Alternaria are often darker and
less granulated than ring spot lesions (Fig. 1.2). Phoma leaf spots have more widely spaced
brown pycnidia which produce a pink cirrhus under humid conditions. Ring spot symptoms on
oilseed have been confused with white leaf spots caused by Pseudocercosporella capsellas
Ell. & Ev., although lesions of the latter lack the presence of spermogenia and pseudothecia
{Inman et al.,, 1991; Petrie and Vanterpool, 1978; Vanterpool, 1960; 1968),

Severe infestations lead to early leaf senescence and defoliation (Rudnick, 1986). Serious
economic losses occur as a result of both quantitative and qualitative damage at harvest time
{Jouan ef al, 1972; Long, 1986; Everaarts and De Moel, 1991). Severe infestations can
reduce cabbage seed vields (McKay, 1956; Gabrielson, 1981). M. brassicicola is a serious
storage pathogen of cabbage. Lesions provide a point of entry for secondary infection by
Botrytis spp., causing losses during storage of cabbage {Geeson and Robinson, 1975;
Geeson, 1978). Moreover, ring spot lesions grow at low temperatures (0-5 °C) resulting in an
increase of disease severity during storage (Zornbach, 1988).

1.4 Host range

Most brassica crops are susceptible to M. brassicicola (Table 1.1). All well-known B. oleracea
varieties are repotted as host plants. Data on B. campestris varieties are contradictory.
Chinese cabbage (B. campestris var. pekinensis Rupr.) is considered a host by some authors
(Nelson and Pound, 1959), but others disagree (Zornbach, 1988). In Germany, ocilseed rape
(B. napus Mill) plays an important role in the epidemiology of ring spot as a winter host
(Zornbach, 1990). Until 1988, oilseed rape was not considered to be a host for ring spot in the
Netherlands (R. Meier, personal communication).
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Figure 1.1 Symptoms of Mycosphasrella brassicicola on brassica. Characteristic lesions on leaves
{A) and on cabbage heads (B).

Figure 1.2 Young lesions of Mycosphaerella brassicicola (A} and Alfernaria sp. {B) on brassica
ieaves.
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Table 1.1 Overview of reporfed hosts of Mycosphaerella brassicicoia.

Brassica campestris L. var. chinensis L. pak choi

var. pekinensis Rupr. chinese cabbage
Brassica carinata Braun ethiopian mustard
Brassica juncea (L.)Czern. mustard
Brassica napus Mill. rape
Brassica nigra L. black mustard
Brassica oleracea L. var. acephale D.C. kale

var. botrytis L. caulifower

var. capitata L. cabbage

var. gemmifera Zenke Brussels sprouts

var. gongylodes L. kohl rabi

var, italica Plenck. broccoli

var. sabbelica L. collard
Raphanus sativus L. radish
Cruciferous weeds Hirschfeldia incana (Lagreze)Fossat

Matthiola incana L.
Sisymbrium officinale (L.)Scop.
Thiapsi arvense L.

Four cruciferous weeds have been reported as host plants for ring spot (Dingley, 1969), but
in infection studies only one of these weeds showed symptoms of ring spat, Thiapsi arvense
L.(Zornhach, 1990}.

1.5 Life cycle

Primary infection

M. brassicicola is able to penetrate seed coats and to produce lesions on the underlying
cotyledons {Huber and Gould, 1949; McKay, 1956; Weimer, 1926). Huber and Gould (1949)
and Snyder (1943) derived their idea that seed infection plays a major role in the epidemiology
_ of the fungus from field data. Others showed evidence to the contrary and stated that ring spot
is not effectively seedborne (Pound ef al., 1951; Jouan et al.,, 1972).

Usually, disease originates from infected plant debris in and on the soil, or from mature
infected crops-grow'rng near to the younger ones (Dixon, 1981). Pseudothecia are able to
overwinter in the soil (Zornbach, 1990). The practice of continuous cropping of host plants
yearround leads to build-up of inoculum in the field (Weimer, 1926, Welch ef al, 1969,
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Zornbach, 1990). Infected transplants can spread the disease over a large area {Huber and
Gould, 1949).

Spore discharge
Under field conditions ascospore discharge of M. brassicicola takes place over a wide range
of temperatures, from 0-26 °C (Butler and Jones, 1955; Quak, 1957; Weimer, 1926). In vitro
studies with Dutch isolates showed a lower maximum temperature of spore discharge, 22 °C
(Frinking and Geerds, 1987). Spore discharge is stimulated by rainfall and mainly occurs
under daylight {Hartill, 1977; Hartill and Sutton, 1880; Humpherson-Jones and O'Brien, 1986;
Staunton and Ryan, 1977). Zornbach (1990) trapped spores after dew periods and concluded
that rainfall was not an absolute prerequisite for spore discharge. Fruiting bodies of M.
brassicicola on dry leaves need 24-48 hours after wetting to discharge ascospores (Zombach,
1990).

After discharge, ascaspares are dispersed by wind (Weimer, 1926). In the coastal regions
of north-west Europa the ascospores can be found yearround (Jouan ef al., 1972; Quak,
1957).

Spore germination and penetration

Germination of ascospores of M. brassicicola strongly depends on wetness. Weimer (1926)
showed that some ascospores germinated in the presence of free water within 24 hours, but
that the majority of spores needed 48 hours at temperatures of 18-22 °C. At low temperature
(7 °C) the majority of spores needed 96 hours to germinate. This result contradicts that of
Snyder (1946) who found 100% germination within 24 h in free water in an outdoor experiment
during winter. Although free moisture seems to be required for germination, continuous
availability of free water is not necessary. At 11 °C ascospores can support a & days delay
between inoculation and moist incubation (Staunton and Ryan, 1977).

M. brassicicola ascospores do not germinate, or germinate poorly, on expanding cabbage
and cauliflower leaves (Hartill and Sutton, 1980). The effect is probably due to a volatile
metabolite {allyl-isothiocyanate) present in younger leaves.

Penetration of the host takes place through stomata. No direct penetration of epidermal cells
has been observed (Dring, 1961; Zotnbach, 1990). Hyphae become established between and
within host celis throughout the leaf, giving rise to the appearance of lesions on both leaf
surfaces (Dring, 1961). Penetration of the host takes place after long periods of high humidity
or leaf wetness. Reports on the required length of the wetness period are contradictory.
Nelson and Pound (1959) mention a one week period of (near-)saturated atmosphere. Meier
(1985) assumed that the fungus needs 4-6 days of high relative humidity (>90 %) to infect
Brussels sprouts. Zornbach {1990) showed that infection on cabbage can cccur after 34 days
of high refative humidity. Staunton and Ryan (1977) and Wicks and Vogelzang (1988) reported
even shorter periods, and stated that the fength of the required wetness period depended on
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temperature.

Incubation period

The period of time between the start of host infection and when the first disease symptoms
become visible is called the incubation pericd. Many studies have been carried out to
determine the incubation period, but data were contradictory again. Socme field data were no
more than rough estimations under various climatical circumstances. Data from infecticn
studies resulted from inoculations with either ascospores or mycelial fragments. Incculation
of cabbage plants with mycelial inoculum under controlled conditions at temperatures between
12 and 20 °C led to incubation periods between 24 and 12 days (Nelson, 1958). Zornbach
(1980) used ascospore inoculum and showed that the incubation period on young cabbage
plants was 10-14 days at 20 °C.

According to most observations in the field, the incubation period varied between 3-4 weeks
(Dring, 1961; Frinking and Geerds, 1987; Quak, 1957; Weimer; 1926, Wicks and Vogelzang,
1988; Zornbach, 1988). In Australia, Hartill (1977) reported a much sharter incubation period
of 1 week after heavy rainfall during summer.

Spermogonia and pseudothecia formation
The fungus forms spermogonia within a broad temperature range (0-22 °C} independent of
wetness (Weimer, 1926). Ripening and spread of spermatia probably take place under wet
conditions, as shown with other Mycosphaerella species (Higgins, 1920, 1929, 1936).
Pseudothecia with ripe ascospores are mainly formed on old, already yellowing leaves
{Osmun, 1915; Dring, 1961). At least 4 days of high relative humidity (>98%) are necessary
for formation of the pseudothecia (Dring, 1961; Nelson and Pound, 1959). Pseudothecia
containing ascospores were produced in a temperature range of 8-20 °C. Fruiting bodies were
also produced at 4, 24 and 28 °C but these did not produce mature ascospores. At 20°C ripe
ascospores were found 7 days after exposure of full grown ring spot lesions to a 7 days
maisture period. At lower temperatures (8 °C) the formation of ripe ascospores took at least
3 weeks (Nelson and Pound, 1959). Nelson and Pound (1959} found an optimum temperature
for ascospore formation between 15-22 °C, but Van den Ende et al. (1986) observed most ripe
ascospores at temperatures between 10-15 °C. Apparently, light is not required for fruiting,
since pseudothecia were formed abundantly on lesions in the dark {(Nelson and Pound, 1959).
Ripening of ascospores in fruiting bodies can be influenced by short periods of UV light
(Zornbach, 1990; Gétz ef af., 1993).

Latency period

The period of time between the start of host infection and when the lesion becomes infectious
(e.g., begins to sporulate) is called the latency period. No accurate data are available on the
length of the latency period. Rough estimations based on field obervations are given by
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Frinking and Geerds (1987), who found pseudothecia 4 weeks after infection. Using field
observations Zornbach (1990} estimated the latency period to be 5-6 weeks.

Infactious period

The period of time a ring spot lesion with pseudothecia is able to sporuiate and cause more
disease is called the infectious period. A single pseudothecium will produce ascospores for
only a few days {Dring, 1961). However, the successive formation of pseudothecia within cne
ring spot lesion results in an infectious period of at least four weeks (Frinking and Geerds,
1987).

1.6 Control

In the Netherlands, epidemics of ring spot ocour under wet conditions during late summer and
autumn (Van den Ende et al, 1986; Frinking and Geerds, 1987). Dutch growers use
henzimidazoles (benomyl, carbendazim) and, more recently, pyrifenox to control the disease.
Under Dutch legislation the number of fungicide applications against ring spot is restricted to
two times benzimidazcles and/or ane time pyrifenox per growing season (Mandersloat, 1993).
Guidelines based on the duration of wetness periods are used to determine the timing of
control {De Moel ef al., 1991; Van Oeveren, 1991). However, the lack of proper data about
the effect of wetness on infection by M. brassicicola and the lack of knowledge about the life
cycle of the fungus make these guidelines questionable. The use of fungicides te control ring
spot is not without risk. In several countries, repeated applications of benzimidazoles resulted
in resistance of the fungus against these fungicides (Gladders ef al., 1992; Wicks et al., 1987).
Breeding for resistance seems to be a promising strategy to control ring spot. Resistance to
M. brassicicola is claimed to exist in Roscoff-type cauliflowers which have been selected for
centuries in the UK and France. Similarly, selection of Brussels sprouts in south-west England
is reputed to have produced cultivars, for example Moases, with ring spot resistance (Dixon,
1981). Differences in susceptibility between cabbage cultivars are reported since the first
epidemics in the Netherlands (Mulder, 1985; Rijbroek, 1985, 1989). Unfortunately, systematic
screening of cultivars in the field is hampered by variability in the occurrence of ring spot.
Before 1988, screening tests under controlled conditions were not successful. Poor results
were mainly due to poor growth of the fungus and tack of sporulation on artificial media, and
to poor knowledge of the infection cycle of M. brassicicola. Therefore, six seed cormnpanies
(Bejo Zaden, Nickerson-Zwaan, Nunhems Zaden, Rijk Zwaan, Royal Sluis and Novartis
Seeds) financed a project, coordinated by the Dutch Horticultural Seed Trade Association
{NVZP, former NTZ), to develop a screening test for ring spot resistance in Brassica and to
study the infection cycle of ring spot in order to optimize disease control and selection for
resistance. The present thesis describes the major results of this project.
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1.7 Outline of this thesis

During the first phase of the project, research focused on the development of a screening
method for resistance to ring spot in young plants of B, oleracea. Young cabbage seedlings
with different levels of resistance to M. brassicicola were tested under field conditions, and the
effect of early infection on the epidemiology of ring spot was quantified (Chapter 2).
Practicability and reliability of a new method of screening under controlled conditions were
evaluated on different locations by potential users (Chapter 3). Because few data were
available about the variability of the fungus, isclates of M. brassicicola, originating from various
locations in Europe, were tested on a differential set of brassica cultivars (Chapter 4).

During the second phase of the project experiments were carried out to determine the
temperature and moisture requirements for infection more precisely, in order to optimize
disease control in the field. Most infection studies in the past were carried out with mycelial
inoculum, as production of the ascospores /i vitro was poor and unreliable. It was not known
whether data from inoculation studies with mycelial fragments were representative for infection
of plants by ascospores in the field. Chapter 5 describes a selective method to collect
ascospores from lesions of M. brassicicola on cabbage. Effects of temperature and leaf
wetness on the infection of cabbage plants after inoculation by ascospores and by mycelial
fragments of M. brassicicola were compared. Effects of temperature, relative humidity and leaf
wetness on infection by ascospores were studied more thoroughly in order to find simple
guidelines for infection conditions applicable in the field {Chapter 6). Data from field studies
with ascospores of M. brassicicola were used to describe the epidemiology of ring spot in the
field, and to evaluate the present disease control strategy (Chapter 7). A general discussion
of the results obtained in this study concludes this thesis (Chapter 8).



Chapter 2

Seedbed infection of cabbage by Mycosphaerella brassicicola’

'J.E. van den Ende, 1993. Netherlands Joumnal of Plant Pathology 99: 139-148
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Abstract

Three cultivars of cabbage with different levels of resistance to Mycosphaerella brassi-
cicola were tested for seedbed infection. Seedlings grown in seedbeds, to which infected
plant debris was added as an inoculum, showed typical ring spot lesions on the cotyledons
and first two leaves before seedlings reached the transplanting stage, whereas non-
inoculated controls had few lesions only. Differences in levels of resistance between
cultivars were present in seedlings grown under field conditions. Disease severity of
transplants at the end of the season reflected disease severity of seedlings before
transplanting in each cultivar. To lower the risk of a severe epidemic of ring spot at the end
of the growing season, the seedbed should be protected from infection by M. brassicicola.

2.1 Introduction

In the Netherlands, ring spot disease of brassica species, caused by Mycosphaerelffa
brassicicola (Duby} Lindau, is a major disease in cabbage. Under conditions of rainfall,
high humidity (2 days of 18 hours RLV>90%) and moderate temperatures (5-20 °C), the
disease can cause severe damage to the host (Hartill, 1977; Staunton and Ryan, 1978;
Ryan and Staunton, 1983; Frinking and Geerds, 1987; Zombach, 1990; Van den Ende,
1892a). During severe epidemics most of the exposed, older leaves become extensively
spotted. Young leaves of cabbage are usually without symptoms and they seem to
become susceptible only shortly before they finish expansion {Hartill, 1977, 1978, 1980).
Therefore, seedlings of cabbage are usually thought to be uninfected, though
circumstances in spring can be favourable for disease development. Several authors
presumed the importance of seedbed sanitation in the control of ring spot (Weimer, 1926;
Chupp and Sherf, 1960}, but experimental data on seedbed infection are not available.
Usually, infection of M. brassicicola is considered to occur after the transplanting stage,
that is at the age of 8 to 10 weeks (Frinking and Geerds, 1987; Meier, 1985; Zornbach,
1990). By the time the piants reach this stage of susceptibility, conditions usually no longer
favour disease development, as temperatures rise (>20 °C) and long pericds of high
humidity become rare during the Dutch summer. In late summer and autumn plants are
fully developed and climatic conditions can be optimal for disease development.
Accardingly, ring spot is considered to be a problem in the Netherlands at the end of the
growing season only, and iittle attention is paid to early infection in spring (Van den Ende
et al., 1986).

In greenheouse studies, severe infection by M. brassicicola was found on inoculated
cotyledons and on the first two leaves of inbculated three-weeks old seedlings of cabbage,
cauliflower and Brussels sprouts. Clear differences in resistance of seedlings to M.
brassicicola were found between the brassica cultivars {(Van den Ende, 1992b). This result
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indicated the possibility of seedbed infection of young plants by M. brassicicofa. If under
field conditions seedlings of cabbage are susceptible to M. brassicicola, occasional
infection in spring may result in a build-up of the disease to damaging amounts by harvest
time at the end of the growing season.

As no quantative data were available about infection of young plants before the
transplanting stage under field conditions, three field experiments were conducted (1989,
1990, 1991) to study seedbed infection and its effect on the severity of ring spot disease at
the end of the growing season. As no information was available on the resistance of
seedlings to M. brassicicola between different brassica cultivars under field conditions,
seedbed experiments were carried out with several cabbage cuftivars, with known and
different responses to M. brassicicola under greenhouse conditions.

2.2 Materials and methods

Seedbed infection

Three cabhage cultivars with different levels of resistance to M. brassicicola (CAO1:
susceptible, CA02: resistant, CA03: partially resistant) were sown in two seedbeds on 24
April, 1989, in Wageningen. Seedbeds (1.5 x 1.5 m) were surrounded by 0.5 m high walls
and located at 10 m distance to avoid cross infection between the seedbeds. Per seedbed
each of the three cultivars was sown in two rows of 150 seeds per row. Row distance was
15 cm. In a second experiment seeds of the same three cabbage cultivars were sown on 3
May, 1990, in two seedbeds. The seedbeds were surrounded by 0.8 m high walls and
separated by 20 m distance to avoid cross infection between the seedbeds. Each seedbed
{6 x 6 m) was divided in three blocks (1 x 1 m), at 1.5 m distance between the blocks. Per
block each of the three cultivars was sown in one row of 150 seeds, at 25 cm row
distance.

In both experiments inoculum was placed in one seedbed by strewing crushed dried
cabbage leaves collected during the previous season between the rows. The dried
cabbage leaves were for 50 to 60% of their surface covered by lesions of M. brassicicola.
In the other seedbed seeds were sown in untreated soil on which no cabbage had grown
for years.

On 7 May, 1891, CAO01, CAD02 and CAC3 were sown in four seedbeds. Three seedbeds
were treated with inoculum similar to the previous experiments, one seedbed remained
unfreated. The seedbeds were surrounded by 0.8 m high walls. Distance between
seedbeds treated with inoculum was 5 m, the control seedbed without inoculum was
located 20 m away from the treated seedbeds to avoid cross infection. Each seedbed (6 x
6 m) was divided in three blocks (1 x 1 m), with 1.5 m distance between the blocks. Per
block each cultivar was sown in ane row of 150 seeds, at 25 cm row distance.
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Disease in transplants
In the 1989 experiment, a sample of 200 seedlings per cultivar was taken from every
seedbed ten weeks after sowing. For every seedling, the numbers of leaves and of ring
spot lesions per leaf were counted. In addition, 50 seedlings per cultivar were transplanted
to two experimental plots, one for seedlings from the treated seedbed and the other for
seedlings from the control seedbed. The experimental plots, measuring 9 by 5 m, were
divided into three subplots of 2.5 by 5 m, with 0.5 m spacing between the subplots. Every
subplot contained one cultivar of which the seedlings were planted in five rows of ten
plants. Distance between plants and between rows was 50 cm. The experimental plots
were separated from each other by maize over a distance of 60 m, to avoid cross
infection. Within each sub-plot the resistant cultivar was planted between the susceptible
and the partially resistant cultivar so that cross infection between the sub-plots was
minimized. The rows were planted perpendicular to the direction of the prevailing wind. At
the end of the growing season, on 19 October, 1989, plants were harvested. Per plant,
the numbers of leaves and of lesions per leaf caused by M. brassicicola were recorded.

In the 1980 and 1891 experiment a sample of 100 seedlings per cultivar was taken from
every seedbed ten weeks after sowing. For every seedling, the numbers of leaves and of
ring spot lesions per leaf were counted.

Lesion type

Ta gain more insight in differences in resistance between cultivars to ring spot under field
circumstances, the lesion size of M. brassicicola on young seedlings was measured in the
1989 experiment. Lesions were either classified as a hypersensitive reaction, small (0-0.5
cm), medium (0.5-1.0 cm) or large (1.0-1.5 cm).

Weather data

In ali seedbed experiments temperature and relative humidity were recorded by use of
termohygrographs (Thies, Gottingen). Data on daily precipitation were obtained from a
weather station on a distance of 500 m from the experimental plots.

Statistical analysis

Data were analyzed using the Statgraphics computer software package (Statgraphics,
release 4.0). Analysis of the raw data indicated a heterogeneous error. Therefore, data of
three succeeding years were subjected to an analysis of variance after logarithmic
transformation of the number of lesions per cultivar. Because the data set involved small
values, log, (X + 1) was used instead of log,, X, where X is the number of lesions per
plant (Gomez and Gomez, 1984). Differences between treatments and between cultivars
were tested for significance at 95% probability with LSD.
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2.3 Results

In all three years rainfall together with long periods (> 2 days) of high humidity {(daily
average > 80%) and moderate temperatures (5 < T < 20 °C) were recorded during the
period that plants were growing in seedbeds (Fig. 2.1).
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Figure 2.1 Weather conditions during seedbed experiments in 1989, 1990 and 1991. Bars
represent daily average refative humidity (%), dofted lines represent daily average
temperature {°C) and diamonds represent rain days.
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In 1989 and 1990, the first lesions of M. brassicicola appeared on the susceptible cultivar
{CA01) in the treated seedbed five and six weeks after sowing, respectively. In the 1991
experiment lesion development began 9 weeks after sowing. Results of lesion counts on
seedlings ten weeks after sowing are presented in Fig 2.2. Data are expressed as the

- seedbed infection -

logarithm of the average number of lesions per leaf plus 1.
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Figure 2.2 The effect of seedbed inocufation in 1989, 1990 and 1991 by Mycosphaerella bras-

sicicola on seedlings of three different cabbage cultivars: susceptible (S), partiaily
resistant (PR), and resistant (R). The vertical bar represent the logarithm of the

average number of lesions per leaf per cultivar (ANLL) added with 1.
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Figure 2.3 Lesions of Mycosphaersila Figure 2.4 Hypersensitive reaction of a cultivar
prassicicola on a susceptible cultivar seedling. seedling resistant to Mycosphaereila brassicicola.

High numbers of lesions were found on the susceptible cultivar in the treated seedbeds of
1985 and 1990. Seedlings of CAD1 from the treated seedbeds showed typical ring spot
lesions, predominantly on the cotyledons and the first two leaves (Fig 2.3). The resistant
cultivar {CAQ2) showed a clear hypersensitive reaction on the green leaves of the young
plants (Fig. 2.4), whereas on the older yellowed leaves some lesion development took
place. In the control seedbeds only very few lesions were found on the susceptible cultivar
and no lesions were found on the partially resistant and resistant cultivars. In the 1991
experiment disease severity on seedlings of the susceptible cultivar was very low. The
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analysis of variance on the log,, transformed data of all three experiments showed
significant effects for seedbed treatment and cultivar (P < 0.01). No significant interaction
effects were present. Disease severity in the treated seedbed was significant higher than in
the control seedbed (LSD, o = 0.05). The number of lesions of the susceptible cultivar was
significant higher than that of the partially resistant and resistant cultivar (LSD, o = 0.05).

If the lesion type is taken into account the differences in susceptibility to M. brassicicola
between the three cultivars become clearer. Fig. 2.5 shows data from the 1989 seedbed
experiment. Most lesions on the susceptible cultivar tend to be large, whereas on the
resistant cultivar most infections result in a hypersensitive response or in small lesions.

At the end of the 1989 growing season the effect of the seedbed-inoculation was clear in
all three cultivars (Fig 2.6). Transplants of the susceptible cultivar from the treated seedbed
showed severe infection by M. brassicicola in contrast to the transplants of the same
cultivar from the control seedbed. Though relatively few lesions were counted on seedlings
of the partially resistant and resistant cultivars, the seedbed inoculation nevertheless had
effects on disease severity of both cultivars at the end of the growing season. Differences
in disease severity between cultivars of the treated plot correspond to the difference in
resistance to M. brassicicola of these cultivars.

100
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Figure 2.5 Frequency distribution of lesion types of Mycosphaerella brassicicola on a
susceptible (8), partially resistant (PR) and resistant (R} cuitivar. Lesion are
classified as not present (hypersensitive reaction, HR), small (0-0.5 cm), medium
(0.5-1) or large (1-1.5).
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Figure 2.6 The effsct of sesdbed inoculation of Mycosphaerella brassicicola on transplanted,
fully grown plants of three different cabbage cultivars: susceptible (8), partiaily resi-
stant (PR) and resistant (R). The vertical bar represent the logarithm of the average
number of lesions per leaf per cultivar (ANLL)} added with 1.

2.4 Discussion

The seedbed experiments of 1989 and 1990 show that infection of young seedlings is
likely to occur before transplanting if a source of inoculum is available and if weather
conditions are suitable for infection, If an incubation period of approximately 20 days (Van
den Ende, 1992b) is taken into account, the results show that in the field seedling infection
can already occur at a plant age of 2-3 weeks. Although conditions for infection seemed to
be optimal in all three years, disease severity levels in the 1991 experiment were very low.
This is probably caused by a low quality of the inoculum used in this experiment.
Sporulation of the particular dried leaf material was very poor, when tested in vitro
according to the method of Van den Ende and Frinking (1993b).

Infection by M. brassicicola is not restricted to the fully grown plants as suggested by
Osmun and Anderson (1915) and Butler and Jones (1949). Cotyledons and the first two
leaves of cabbage seedlings are also susceptible to M. brassicicofa. This resuit does not
contradict the conclusion of Hartill (1977, 1980) that symptoms rarely develop until leaf
expansion is complete, and never develop on rapidly expanding leaves. Two or three
weeks after sowing, cotyledens and the first two leaves of cabbage are likely to be fully
expanded. Therefore, infection of M. brassicicola is possible well before transplantation,
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which is at an earlier stage than suggested by Frinking and Geerds (1987) and Zornbach
(1988).

Although statistical reliable conclusions cannct be drawn, the results of the 1989
experiment after transplantation indicated that infected seedlings can have a strong impact
on the severity of infection at the end of the growing season. As shown in studies with
transplants older than 8 weeks, infection of plants early in the growing season will
especially occur in regions where large scale cultivation of Brassica is a regular procedure
and host plants are grown yearround (Jouan, 1972; Zornbach, 1990). In the spring,
ascospores from infested wintercrops can cause a high inoculum pressure for transplants,
but also for plants in seedbeds. The possihility of infection of young plants in seedbeds in
spring will certainly iead to a change in the current view on the control of ring spot during
the growing season of cabbage in the Netherlands. The experimentat results of this study
support the recommendations by Weimer (1926) and Sherf and MacNab (1986) to locate
seedbeds far from infected fields, to keep the seedbeds free from infected plant debris,
and to have the seedbeds protected from the prevailing wind which might carry ascospores
over a considerable distance.

Under field conditions differences in resistance of cultivars are present even when plants
are in a very young stage of development, which confirms results found in greenhouse
studies {Van den Ende, 1992b). Resistance is expressed as a lower number of lesions, a
reduced lesion growth or as a hypersensitive response. The results of seedbed infection in
the partially resistant and resistant cultivars may have been influenced by cross contamina-
tion from the severely diseased plants of the susceptible cultivar. Further research should
exclude this possibility by a better experimental design.

The present study suggests the possibility to select for resistance in cahbage seedlings in
the field. Under field conditions, seedling resistance seemed to be correlated to aduit plant
resistance against M. brassicicola. This information may be useful to the plant breeders,
who presently select for resistance in late fall when cabbage plants are fully grown.




Chapter 3

A screening test for Mycosphaerelia brassicicola on Brassica oleracea’.

L JE. van den Ende, 1991. Netherlands Journal of Plant Pathology 98:; 227-236.
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Abstract

A greenhouse screening method for resistance to ring spot (Mycosphaerella brassicicola)
in Brassica oleracea is described. High infection leveis were achieved by spraying young
plants by mycelial inoculum enriched with 3% sucrose. The screening method was tested
on 9 cultivars, 3 Brussels sprouts, 3 cabbage and 3 cauliflower respectively, with known
reactions to ring spot in the field. Resistance was expressed both in cotyiedons and true
leaves by a lower number of lesions than the susceptible control andfor by hypersensitive
reactions. Results of the seedling tests reflecied differences in resistance in the field.
Under controlled conditions the new test can be applied year-round to young plants thus
accelerating selection procedures.

3.1 Infroduction

In the Netherlands severe epidemics of ring spot in cabbage and Brussels sprouts in 1984
and 1988, caused by Mycosphaereila brassicicola (Duby) Lindau, emphasized the need for
resistant cultivars. Sources of resistance are available (Dixon, 1981; Mulder, 1985;
Zornbach, 1990), but progress is hampered by the time-consuming procedure of the
current resistance screening method. A test requires a complete growing season because
fully grown brassica crops have to be tested in the field and disease symptoms develop
slowly. Screening plants in the field is time-consuming and expensive, and results are
confounded by many factors, including weather conditions and uneven distribution of the
disease. For some pathogens, cabbage is screened in an early growth stage (Bansal et
al., 1990, Braverman, 1977; Natti et a/., 1967; Greenhalgh and Dickinson, 1975; Sjédin
and Glimelius, 1988, Williams, 1985). The use of seedlings or young plants has an
advantage since large populations of plants can be screened under controlled conditions,
in a short period, economizing growth chamber or greenhouse space. The results of
screening tests on seedlings or young plants are only reliable under the condition that
resistance found in an early growth stage of the host is correlated with resistance in its
adult stage (Sjédin and Glimelius, 1988).

Inoculations with M. brassicicola are mostly carried out with suspensions of mycelial
fragments {Nelson and Pound, 1959: Zombach, 1990), because mass production of spores
in vitro is hardly possible. It is not known whether incculations with mycelium give the
same reactions on cultivars with different susceptibility levels as natural infection by
ascospores (field situation). Temperature and leaf wetness are crucial factors in infection
studies with M. brassicicola on cabbage. Optimum values of these parameters have been
determined in other studies {(Weimer, 1926; Nelscn and Pound, 1958; Van den Ende,
1993b). From studies with M. citri it is known that sucrose increases the level of disease of
citrus leaves after inoculation with ascospores (Whiteside, 1974). Glucose was found to be
a weak stimulant for lesion formation of Botrytis squamosa and 8. cinerea on onion (Clark
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and Lorbeer, 1977). Comparable results for M. brassicicola are not available.

The objective of the present study was to develop an inoculation technique on young
plants of B. oleracea as part of a routine screening method for resistance against M.
brassicicola.

3.2 Materials and methods

Inoculum preparation
M. brassicicola was isolated from diseased leaves, collected in cabbage fields in the
northern part of the Netherlands. Isolates were grown on V8 agar at 17 °C under
alternating light: 12 h UV (380 nm) - 12 h dark. Four weeks before inoculation small pieces
of mycelium (1-2 mm?) were transferred to fresh V8 agar to start new colonies. After four
weeks eight of these colonies were suspended in 250 mi of distiled water by use of a
micrablender. An estimation of the number of units in the suspension, which can possibly
act as infection units, was determined by counting individual mycelial fragments with a
hemocytometer.

For good results isolates should not be used when they are older than six months, or
have been transferred more than four times (Van den Ende, unpublished). Therefore,
every six months M. brassicicola was reisolated from diseased plant material.

Host preparation

Inoculations were carried out on
cotyledons (CO) and young plants in
the third leaf stage (YP). Plants are in
the third leaf stage when the third leaf
is unfolded and the fourth leaf is just
visible (Fig 3.1).

Plants were grown on a potting
mixture consisting of decomposed
sphagnum peat to which some clay and
marl were added (TRIO 17 pH 5.4;
arganic matter 74%). For the
incculation of cotyledons, plants were
grown in small polyethylene pots (7-7-6
cmj) in the greenhouse at 17 to 20 °C in
daylight, supplemented with artificial
light (Philips, HPIT, 400 W) when
necessary. Cotyledons were inocufated

Figure 3.1. Third-leaf stage of a cabbage plant.
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at an age of ten days. For inoculation of young plants, plants were grown in bigger
polyethylene pots (101012 cm). Starting when the two first leaves of the plants in the
greenhouse were visible, ferlilizer was added weekly {Kristalon blauw: 19%N, 6%P, 20%K,
3%Mg). Plants were inoculated in the third leaf stage.

inoculation technique

Young plants were inoculated by spraying a mycelial suspension with a micro ulva (Micron
Sprayers LTD, Bromyard, England), approximately 3 ml per plant. For the inoculation of
cotyledons 3 ml per 10 seedlings was used.

After inoculation, plants were transferred to a growth chamber with a constant
temperature (15 °C) and low light intensity (1000 lux) (16 h light; 8 h dark). Plants
inoculated in the cotyledon stage (CO)} were kept in closed plastic containers to maintain a
high humidity. Plants inoculated in the third leaf stage were covered with plastic bags to
ensure a high humidity. After a six days period of high humidity plants were transferred to
the greenhouse (17 to 20 °C, daylight only). Symptoms could be read 18 to 24 days after
inoculation. Isolations were made from lesicns on the cotyledons and leaves to confirm the
presence of M. brassicicola.

Effect of sugar

To test a possible influence of sucrose on the disease level of M. brassicicola on cabbage
cotyledons, sucrose was added to standard mycelial inoculum (1.6.10° infection units per
mi) in order to abtain three concentrations and a control {0, 2, 4, 6 g 100 ml™"). Each
concentration was applied to 10 pots with 5 plants each, in two replications. Inoculation of
cotyledons was carried out according to the standard procedures.

The effect of sucrose and glucose added to the myceliai inoculum of M brassicicola
when used in inoculation studies on young plants {third-leaf stage) was tested on 8
cultivars with different levels of susceptibility to ring spot. Standard mycelial inoculum
{1.4-10° infection units per ml) was divided in five parts. To each part different amounts of
glucose or sucrose were added to obtain the following concentrations: 0% sugar (C), 1%
sucrose (S1), 3% sucrose (S3), 1% glucose (G1) and 3% glucose {G3). Per treatment, two
plants were inoculated in four replications according to the standard procedures.

Screening of cultivars

Cultivars of cabbage, Brussels sprouts and cauliflower which showed resistance (R}, partial
resistance (PR) or susceptibility (S) in previous field trials were selected for the screening
tests. The screening test was carried out on cotyledons (CO) and on plants in the third leaf
stage (YP). In the CO test 12 pots of 5 plants each were used per cultivar in three
replications. Cotyledons were inoculated with mycelial suspension (1.6-10° infection units
per ml) to which 3 g sucrose per 100 ml was added. As a control 12 pots with 5 plants
each were used, of which cotyledons were treated with a 3% sucrose sclution. In the YP
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test two plants per cuiltivar were inocutated in four replications by standard procedures.
The inoculum consisted of standard mycelial inoculum (1.4-10° infection units per mi) to
which 3 g sucrose per 100 ml was added. As a control two plants of each cultivar were
treated with a 3% sucrose solution.

Screening of cultivars on location

To evaluate the practical use of the screening tests, both the CO test and the YP test were
carried out on different locations. Six breeding companies (A, B, C, D, E, F) used the same
nine cultivars from the preceding screening test.

In bath tests plants were grown according to the standard procedures of the companies,

using there own potting mixtures and fertilizers. Circumstances in the greenhouse could
vary per location due to differences in construction of the greenhouses. Inoculations were
carried out after a fixed number of days from sowing. The different inoculations at the six
locations took place within a three day's period to minimise a possible time effect.
Preparation of the inoculum was standardized, using the same isolate for all locations.
The CO test was carried out in April-May 1989. On each location 12 pots with 5 plants
each were used per cultivar in three replicaticns. Cotyledons were incculated ten days
after sowing, with an inoculum containing 1.7-10° infection units per m! to which 3 g
sucrose per 100 ml was added. As a control 12 pots with 5 plants each were used, of
which cotyledons were treated with a 3% sucrose soiution. After inoculation plants were
kept at high humidity in closed plastic containers at 15 °C in the dark during 6 days. After
this incubation period they were transferred to the greenhouse.

The YP test was carried out in April-May 1990. On each location two plants of each
cultivar were inoculated in nine replications. Plants were inoculated 28 days after sowing.
The inoculum consisted of 1.4-10% infection units per m! to which 3 g sucrose per 100 ml
was added. As a controi two plants of each cultivar were treated with a 3% sucrose
solution. Before transfer to the greenhouse, plants were kept at high humidity in closed
plastic containers at 15 ® C under low light intensity (x 800 lux) for 6 days.

3.3 Results

Effect of sucrose

After 24 days the number of lesions per cotyledon was counted, and the average number
of lesions per cotyledon was determined for each sucrose level (Fig. 3.2). The results were
analyzed with ANOVA (LSD, «=0.05). The inoculum without sucrose resulted in a
significantly lower number of lesions than the inocula with sucrose. A concentration of 2%
sucrose in the inoculum gave a significantly higher number of lesions per cotyledon than
the control (0% sucrose}, but a significantly lower one than the concentrations of 4 and 6%
sucrose.

The number of lesions per leaf on young plants was counted 26 days after inoculation.
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Per treatment the average number of lesions per leaf per plant was determined. The
results were analyzed by means of ANOVA (LSD, o = 0.05). Fig. 3.3 shows the results on
the most susceptible cultivar, CAD1. Inoculation with the standard mycelial inoculum
enriched with 3% sucrose (53) resulted in a significantly higher number of lesions per leaf
than the other treatments (Fig. 3.3). This was true for all the susceptible cultivars tested. A
low concentration of sucrose (S1) resulted in a low number of lesions per leaf not
significantly different from the control {C). A low concentration of glucose (G1) resulted in a
significantly higher number of lesions per leaf than the control {C) and the S1 treatment.
Increase of the glucose concentration (G3) in the inoculum led to a low number of lesions
per leaf which was not significantly different from the control (C).

Results of the screening test

In both tests observations were made 26 days after inoculation. In the screening test on
cotyledons the average number of lesions per cotyledon was used as a measure for
susceptibility. In the screening test on young plants the average number of lesions on the
second leaf was used as a measure for susceptibility, because the second leaf of the
plants in the third-leaf stage is the most susceptible one (Van den Ende, unpublished).
Data were tested by means of ANOVA, Considering the fact that the data from these
experiments were used to gain insight in slight differences between cuitivars and not to
select cultivars, a rather discriminative multiple range test was chosen (LSD, o = 0.05).

Table 3.1 shows the results of the screening tests on cotyledons (CO) and young plants

{(YP). No symptoms were found in the control treatments. The second column of Table 3.1
shows the field observations according to the breeding companies. No quantative data on
the resistance under field conditions are available.
In the screening tests resistance was either expressed as a lower nhumber of lesions per
leaf than the susceptible cultivar and/or as hypersensitive reactions. On cotyledons (CO)
high levels of resistance were identified in CA02 and BS05, a result corresponding with the
field observations. CAO03 showed a high level of resistance, corresponding with the high
level of partial resistance found in the field. No significant difference was found between
the cauliflower cultivars {CF), which disagrees with the field observations (CFO7).

Results of the screening test on young plants (YP) were in agreement with field
observations. No symptoms were found on the second leaf in the cultivars CAQ2, CAG3
and BS05. Even in cauliflower (CF07) some resistance could be distinguished. Differences
between the partially resistant and resistant cultivars were not significant. As in the
seedling test the partially resistant cabbage cultivar (CA03) showed a high level of
resistance.
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Table 3.1 Differgnces in susceplibility to M. brassicicola between nine cultivars of Brassica
oleracea, cabbage (CAO1, CAG2, CA03), Brussels sprouts (BS04, BS05, BS06) and
caulifliower (CFQ7, CF08, CF09),

Field dala are rendered as S (susceptible), PR (partially resistant), and R (resistant).
The average number of lesions (ANL) per cotyledon (CC) and per leaf (second leaf
in YP) are shown. Means foliowed by the same letter are not significantly different

{LSD, o = 0.05).
cultivar field data ANL CO ANL YP
CAO1 S 34a 33a
CAQ2 R 02 ¢ 00 d
CAQ3 PR 03 ¢ 00 d
BS04 PR 14 b 0.3 ¢d
BSOS R 05 ¢ 00 d
BS06 S 19 b 10 b
CF07 R 12 b 0.1 d
CF{8 s 17 b 0.7 be
CF09 PR 12 b 0.4 bcd

Resulits of the screening test on location

At four locations (A, B, C, D) the CO test resulted in satisfactory disease levels on
cotyledons of the susceptible cultivar (85-100% of the cotyledons of the susceptible cultivar
were infected). At one location plants died before observations could take place, while at
the sixth location disease levels were too low for analysis (10% of the cotyledons of the
susceptible cultivar were infected).

Considering the four locations as replications of one experiment, data can be analyzed by
ANOVA. Although the results show high variability in numbers of lesicns per cotyledon
between the four locations (Fig. 3.4}, no significant difference in overall disease level could
be determined between the locations. Analysis of variance showed interaction between
cultivars and locations. Three statistically different reaction types could be distinguished on
each location: resistant or low susceptibility (CA02, CAD3, BS05), moderate susceptibility
(CF07, BSO4, CF09) and high susceptibility (BS06, CF08, CAO1).

At two locations the instructions for the YP test were not followed. This resulted in poor
plant growth. At one location plants died because of drought, while at the other location
(the same as in the CO test} the disease level was too low for analysis. The remaining two
locations can be considered as replications, and were statistically analyzed with ANOVA.
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Figure 3.4

Results of the CO test carried cut at four locations (A, 8 C, D). Differences in
susceptibility to M. brassicicola between nine cultivars of Brassica oleracea, abbage
(CAO1, CAD2, CAQ3}, Brussels sproufs (BS04, BS05, BS06) and cauliffower (CFO7,
CF08, CF09). Bars represent average numbers of lesions per cotyledon.

average number of lesions per leaf
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Figure 3.5

Resuits of the YP test carried ouf at two locations (B, D). Differences in
susceptibility to M. brassicicola between nine cultivars of Brassica oleracea,
cabbage (CAO1, CA0Z2, CAD3), Brussels sproufs (BS04, BSG5 BS06) and
cauliffiower (CFQ7, CF0B, CF09). Bars represent average numbers of lesions per
leaf.






