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Bibliographic abstract 

In winter, Phytophthora porri is an important pathogen of leek {Allium porrum L.) in 
the Netherlands. The fungus survives the crop-free period in summer by oospores in 
soil, and infects the leaves in autumn. Field studies indicated that dispersal by rain 
splash is crucial for initiation of an epidemic. Disease foci expanded at a rate of ca. 3 
cm.d"1 in the first month after artificial inoculation. At temperatures below 5°C the 
fungus is still able to grow in leaf tissue. Temperatures above 45°C are detrimental to 
all fungal structures, including oospores. Cultivars differed in partial resistance, both in 
naturally inoculated field tests and in zoospore-inoculated glasshouse tests. Within 
cultivars, a broad variation range for partial resistance was demonstrated by means of 
clone tests. High levels of partial resistance were observed in several landraces. Two 
landraces were crossed and backcrossed to cultivars. 

The research described in this thesis was supported by the Technology Foundation 
(STW), the Netherlands. 
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Stellingen 

1. Prei-selekties van het ras 'Blauwgroene Winter' bevatten eenvoudig selekteerbare 
partiële resistentie tegen papiervlekkenziekte. Bepaalde typen zomerprei, o.a. 
selekties van het ras 'Bulgaarse Reuzen' en landrassen uit voormalig Joegoslavië 
en Egypte, bevatten een hogere mate van deze ziekteresistentie die ingekruist 
kan worden in winterprei. 

Dit proefschrift 

2. Bladafval met papiervlekkenziekte is, op tuinbouwgrond, een biologische tijdbom. 
Dit proefschrift 

3. De Engelse benaming van papiervlekkenziekte (white tip disease) is misleidend. 
Dit proefschrift 

4. Phytophthora porri op Brassica spp. verdient op grond van moleculair-genetisch 
onderzoek een nieuwe soortsnaam. 

De Cock, A.W.A.M., A. Neuvel, C. Bahnweg, J.C.J.M. de Cock & H.H. Prell, 1992. Netherlands 
Journal of Plant Pathology 98: 85-105. 

5. De hogere opbrengst van prei-hybriden kan worden toegeschreven aan het 
- ontbreken van inteeltnakomelingen in de hybride-populatie. 

Schweisguth, B., 1970. Annales de l'Amélioration des Plantes 20: 215-231 
Kampe, F., 1980. Zeitschrift für Züchtungsforschung 10: 123-131 

6. De sterke inteeltdepressie bij autotetraploïden kan mogelijk worden verklaard 
door interactie tussen drie of vier allelen van één gen, of door interactie tussen 
allelen van drie of vier gekoppelde genen in afstotingsfase. Bewezen is nog niets. 

Bingham, E.T., R.W. Groose, D.R. Woodfield & K.K. Kidwell, 1995. Crop Science 34: 823-829 

7. Bij prei is het grootste deel van de genetische informatie waarschijnlijk verdeeld 
over 16 groepen sterk gekoppelde genen die ver van het centromeer af liggen. 

Gohil, R.N., 1984. Eucarpia 3rd Allium Symposium: 99-105 
Stack, S.M., 1994. American Journal of Botany 80, Supplement: 78-79 

8. De neergang van het preigeelstreepvirus in de jaren tachtig is waarschijnlijk een 
gevolg van resistentie, en kan zeker niet worden toegeschreven aan de invoering 
van een gewasvrije periode in de jaarcyclus van de intensieve preiteelt. 

Brewster, J.L., 1994. Onions and other Vegetable Alliums. CAB International, Wallingford 

9. Overgevoeligheidsresistentie voor necrotrofe pathogenen kan niet veroorzaakt 
worden door lokale necrose. 

Prusky D., 1988. In: W.M. Hess et al., Experimental and Conceptual Plant Pathology, Volume 3, 
Gordon & Breach, New York: 496 
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10. De eerste bewegingswet van Newton is een bijzonder geval van de tweede. 

11. Als de publicatie van het Communistisch Manifest (1848) en het ontstaan van het 
voetbalspel (ca. 1850) een gemeenschappelijke oorzaak zouden hebben, zou na 
de val van de Berlijnse Muur het voetballen overal moeten instorten zoals in 
Wageningen. 

Van den Bergh, J.H., 1963. Leven jn Meervoud. Callenbach, Nijkerk 

12. De gedachte dat een toename van het electronisch verkeer vanzelf leidt tot een 
afname van het auto- en vliegverkeer getuigt van een naïef optimisme. 

Toffler, A., 1980. The Third Wave. Bantam Books, New York 

13. Als 'missie' en 'taakstelling' van een organisatie botsen, is de bewegingsrichting 
onvoorspelbaar. 

14. Een stadsprovincie is geen stad en geen provincie, en verstoort de balans tussen 
stedelijke en andere landsbelangen. 

15. Zolang de Europese Unie onvoltooid is, is de kans op een gewapend conflict 
binnen de Unie klein. Daarom is verbreding van de Europese samenwerking 
urgenter dan verdieping. 

16. Spellinghervormers mogen geen financiële relatie hebben met een uitgever van 
woordenboeken; ze kunnen niet conservatief genoeg zijn. 

Stellingen, behorend bij het proefschrift 

'Phytophthora porri in leek: Epidemiology and resistance' 

door W.D. Smilde 

Wageningen, 22 maart 1996 



'There is no doubt but many vegetables and animals have qualities that 
might be of great use, to the knowledge of which there is not required 
much force of penetration, or fatigue of study, but only frequent 
experiments, and close attention.' 

Samuel Johnson. On Spring. Rambler 5, April 3, 1750 

We feel that the more one knows about a plant, the more interesting it 
becomes, and that work with it provides something beyond the purely 
utilitarian.' 

H.A. Jones & L.K. Mann. Onions and their Allies, xv, 1963 
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Chapter 1 

General introduction 

1.1 Leek 

1.1.1 Origin and classification 

Leek (Allium porrum L.) probably originates from A. ampeloprasum L, a diverse species 
which is found in the Mediterranean region and the Near East (Van der Meer & Hanelt, 
1990). The centre of origin of A. ampeloprasum is probably located in the eastern 
Mediterranean region, where the species occurs on coastal cliffs, in ravines and garigues 
(Von Bothmer, 1974; Bonnet, 1976). One taxonomie opinion is that A ampeloprasum 
comprises both the wild species and at least four vegetable groups: leek, kurrat, great-
headed garlic and pearl onion (Hanelt, 1990). In this view the correct botanic name of 
leek is A. ampeloprasum L. var. porrum (L.) Gay. This view is followed by Jones & Mann 
(1953), Siemonsma & Piluek (1993), Pink (1994) and Havey (1995). Nevertheless, Steam 
(1978) maintains that 'the cultivated leek A porrum L. is a cultigen probably derived 
from A. ampeloprasum L. but distinct enough now (...) to be kept apart'. Steam's view 
is supported in the list of stabilized plant names (ISTA, 1988) and hence in all national 
seed lists. A porrum is also accepted in the latest monography of Allium sect. Allium by 
Mathew (in press). In the present work we use therefore A. porrum for cultivated leek. 

A ampeloprasum belongs to the ampe/oprasum-complex within the section Allium 
of the genus Allium (Family Alliaceae). The ampeloprasum-complex comprises among 
others A bourgeaui Rech fil., A commutatum Guss. and A atroviolaceum Boiss. The 
species within the ampeloprasum complex are probably interfertile (Von Bothmer, 1974). 
Leek and kurrat were crossed by Van der Meer & van Dam (1982), and leek and A 
ampeloprasum var. lussinense by Wietsma & de Vries (1992). Recently, a vigorous, fertile 
hybrid of leek and A commutatum was reported by Verbeek et al. (1995). 

A ampeloprasum represents a polyploid series (x = 8) with tetraploids (2n = 4x = 
32), pentaploids (2n = 5x = 40) and hexaploids (2n - 6x = 48). Rare diploid variants 
occur in the endemics A ampeloprasum subsp. truncatum (Kollman, 1972) and A 
ampeloprasum var. lussinense (unpublished data). Tetraploids are most common. Leek 
is probably an autotetraploid, but the evidence for the occurrence of tetrasomic 
inheritance is weak, because only few genes have been studied (Beminger & Buret, 1967; 
Potz, 1987). Chiasmata are typically localized near the centromere, thus preventing the 
formation of tetravalents (Stack, 1993). 
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Most wild forms are biennial and form bulbs to survive the seasonal dry period of 
the Mediterranean climate. Often, numerous bulblets are produced around the parent 
bulb. The cultivated leek is a biennial (winter leek) or annual (summer leek) in which bulb 
formation and shoot splicing are almost wholly suppressed. Biennial leek usually requires 
vernalization before flowering. Bolting is promoted by short days during and long days 
after vernalization (Wiebe, 1994). There are also perennial leek types (Van der Meer & 
Hanelt, 1990). 

1.1.2 Early history 

Leek has been grown as a vegetable in the Middle East from Egypt to India since ancient 
times. The oldest records of leek stem from Egypt. Already before 2000 B.C. leeks were 
probably used to pay the wages of pyramid builders, together with onions and garlic 
(Hehn, 1911; Täckholm & Drar, 1954; Van Beekom, 1952). In the Bible 'leeks' are 
mentioned as an Egyptian vegetable (Numeri 11 : 5). In classical times, Theophrastus 
(ca. 327-ca. 287 B.C.) mentions different Allium crops, some of which must have 
resembled leek, which was apparently widely grown in Greece and the Near East. Galen 
(131-200 A.D.) mentions four Allium crops (Heyser, 1928), among which porrum and 
ampeloprasum, which names he used in roughly the same sense as Linnaeus would do 
later, viz. porrum designating the cultivated vegetable and ampeloprasum the wild 
species, called after the vineyards (vine = Gr. ampelos) in which they apparently grew 
well. 

The crop was probably imported to Western Europe in Roman times. The patron 
saint of Wales, St. David (ca. 600 A.D.), is associated with leek, and leek is still used as 
the national emblem of Wales. The origin of this tradition seems untraceable (Davies, 
1992). In the Middle Ages leek was mentioned in several European herbals and were 
probably grown in monastic gardens from Bulgaria to Ireland. Local landraces, adapted 
to local climates and market demands, were developed in many European countries. 
Although leek from Egypt and southern Europe cannot survive severe frost, several 
European landraces are winter hardy. The most winter hardy landraces are 'Winterreuzen' 
and 'Blauwgroene Winter' which have been important sources for modern Dutch 
cultivars. 

1.1.3 Economic significance 

Leek is an important vegetable in Europe. The total leek area in the EC was 27,000 ha 
in 1989 (Eurostat). Outside Europe the significance of leek is limited and data are scarce. 
The crop is important in Turkey (Astley, 1982). Currah & Proctor (1990) found that leek 
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Table 1.1 Leek production (area, weight and value) and export (weight) in the Netherlands, 1975-1995. 
Sources: CBS for areas, CBT for production and export '35-70, PGF for production and export 75-'95. 

Year 

1935 

1950 
1960 

1970 

1975 

1980 

1985 

1990 
1991 
1992 

1993 
1994 

1995 

Area 

103ha 

0.8 

1.2 
1.3 

1.3 

2.0 

2.5 

2.9 
3.6 
4.1 

3.9 
4.3 

3.9 

Production 

Weight 

106kg 

7 

12 
24 

28 

48 

51 
58 

94 
99 

114 

106 

Value 

106 Dfl 

0.2 

4 

21 
11 

22 

38 
68 

95 
117 

93 
105 

Export 

Weight 
106 kg 

6 

6 

5 

7 

7 

12 

40 

46 
56 
53 

is grown on a commercial scale in at least 16 countries in tropical and subtropical 
regions, among which Egypt, India and Indonesia. In the USA, Canada and Australia the 
crop is grown on a small scale (Maynard, 1988; Sward, 1991). 

The Netherlands are the world's third producer of leek, in 1991 only surpassed by 
France (9,000 ha) and Belgium (4,800 ha), and followed by the United Kingdom (3,300 
ha) and Germany (1,500 ha). 

In the Netherlands, the leek area increased over 1975-1995 from 1,300 to about 
4,000 ha. In the same period, the market production of leek increased from 22.106 to 
almost 100.105 kg per year, and the total sales increased from Dfl 60 to 120 million (US$ 
40 to 80 million) per year (Table 1.1). Leek is widely grown in home gardens. Almost 
50% of the Dutch leek production is exported, mainly to Germany, while only 5% of the 
consumption is imported. The Dutch seed industry has the largest share of the world 
market for leek seed. 

The Dutch leek production is concentrated in the southern part of the country (Fig. 
1.1). Before 1940, leek was a relatively unimportant crop on clay soils in the western part 
of the country, near the cities (Kemmers et al., 1952). After 1945, the crop was mainly 
grown in the south of the country on sandy soils, which require less labour during 
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harvest. Leek is one of the few winter crops with high labour requirements and profit 
margins, and is therefore an indispensable source of income for many farmers, who tend 
to grow the crop in very narrow rotation schemes. The intensity of leek cropping may 
be estimated for each Dutch municipality from the ratio of the leek area and the area 
under field grown vegetables (CBS, 1994). For 10% of the leek area this ratio is above 
0.5, suggesting that ca. 400 ha of the Dutch leeks are grown on the same field at least 
every second year. In many places continuous cropping is practised. 

G=r 

Bron: Afd. Kartografie, Sectie Grafische Vormgeving SC-DLO 

Figure 1.1 Geographic distribution of 4000 ha commercial leek in the Netherlands, 1994 (CBS). The areas 

of the black squares are proportional to the measured leek areas. The smallest squares correspond with 

5-15 ha, the largest with 165-175 ha. 
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Table 1.2 Characteristics of leek cropping seasons for direct marketing. Recommended varieties, 

percentages of the total production, expected yields, and average prices are given for each crop type. 

Cropping season Variety3 Harvest1' Yield0 Yield Priced 

Month % Weight 103 kg.ha"' Dfl.kg"' 
avg. (min - max) 

Very Early Summer6 

Early Summer 
Summer 

Early Autumn 
Late Autumn 
Winter 

Late Winter 

-
HR 

HR 

BH 
BH 
BW 
BW 

6 

7 

8 

9-10 

11-12 
1-2-3 

4-5 

3 
5 

7 

19 

19 
30 

17 

25 

35 

40 

40 

35 
28 

35 

-
1.05 (0.88-1.09) 
0.89 (0.57-1.10) 

0.76 (0.57-1.05) 

0.83 (0.65-1.02) 
1.18 (0.91-1.74) 

1.06 (0.78-1.38) 

"recommended by CRG (1995). HR = Herfstreuzen, BH = Blauwgroene Herfst, BW = Blauwgroene Winter 
b1 = January, 2 = February, etc. 

auctioned leek weight averaged over 1988-1992 
auctioned leek in 1988-1993, avg = middle-price averaged over weeks and years, min = lowest middle 

price averaged over weeks, max = highest middle price averaged over weeks (Balk-Spruit & Spigt, 1995) 

•Van der Meer & Hanelt (1990) 

1.1.4 Utilization and marketing 

The blanched pseudo-stem of leek has a softly pungent taste which adds flavour to 
soups, salads, and Italian and oriental dishes. Consumers desire a long white shaft and 
dark green leaves, and dislike soil in the shafts. Bolting and (even slight) bulbing of plants 
are undesirable. 

Leeks are harvested all year round (Table 1.2). Only in June there is a technical 
constraint for production, as at that time the winter leeks have bolted and the summer 
leeks are still too small. In the rest of the year the production is determined mainly by 
market forces. 

The market requirements for leeks may vary greatly over seasons and among 
countries. Summer leeks are generally harvested very young. They are valued for their 
leaves, which should be tender. Autumn and winter leeks are valued for their shafts and 
the leaves are less important. In the UK the leaves are even cut off, but in other countries 
the leaves are important for market presentation of the crop, although they are not 
always eaten. On the Spanish market the leeks should be relatively thin, while the 
Japanese market requires very thick pseudo-stems. Swiss and Bulgarian landraces have 
long stems and a light leaf colour. Such types are preferred by the public in these 
countries. 
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In the Netherlands, most leeks are produced for the fresh market, and are marketed 
through auction houses. About 10% of the leeks are supplied directly to supermarkets, 
and another 10% is used for industrial purposes, mainly in dried and tinned soups. The 
auction prices vary from Dfl. 0.76 for early autumn to Dfl. 1.18 per kg in winter (Table 
1.2). During prolonged periods of severe frost the prices may rise sharply due to a 
reduced supply. 

Leeks are auctioned in three quality classes. The criteria for classification may vary 
somewhat, but as a rule the Class I leeks should be almost totally free of diseases and 
soil, and should be evenly trimmed (De Kraker & Bosch, 1993). Class I leeks get a 10-
30% higher price than Class II, and double the price of Class III. Growers generally aim 
for the production of Class I, which often involves high investments in crop protection 
and labour. About 50% of the auctioned leeks are Class I (Spaans, 1992). Manual 
trimming of plants is particularly important for Class I when leaf spot diseases are 
present, and may require about 25% of the production costs (Van der Spank, 1995). 

1.5 Cropping methods 

Commercial leek is grown in various ways (De Kraker & Bosch, 1993). Usually, leek is 
sown at high density in seed beds by specialized companies, who sell the plants to the 
grower after ca. 12 weeks when they have 3-6 leaves. In the Netherlands, leeks are 
seldomly sown in the production field, but in the UK direct drilling is quite common. 
Direct sowing has several disadvantages: there will be more plants which express genetic 
deficiencies in the production field, less opportunity for weed control, and the plants 
must be 'earthened up' to produce long white shafts. Leek transplants are planted into 
12-15 cm deep planting holes, often at 12 x 50 cm distance. 

Leek is harvested 3-10 months after transplanting. The plants are sometimes stored 
at -1 °C for 1-2 months after harvesting to obtain a better price. In the last decade, the 
labour requirements for leek harvesting were reduced through mechanization. Share-
lifters (Du: klembandrooiers) are now used to cut the roots and lift the plants from the 
field. The cost of decrease in product quality by mechanical damage is small compared 
with the benefit of higher labour productivity. Washing of leeks is more or less 
automated, but manual trimming is still necessary. 

Mechanization leads to further specialization, and an increase in scale of leek growing 
farms. For small farmers, the crop rotation schemes become very narrow. At the same 
time, it becomes attractive for larger farms to grow leeks. It may be expected that an 
increase in scale will take the form of new cropping regions competing with traditional 
cropping regions. 

Trimming and washing of leeks may create environmental problems. Dutch leek 
farmers have to abide by laws and regulations for the disposal of leaf debris (Edel et al., 
1994; Van de Pol, 1995). The common practice of returning leaf debris to the land is 
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forbidden, although it is allowed to leave leaf debris behind when the leek is trimmed 
on the land. It is forbidden to make piles of leaf debris on or in the soil, as this will lead 
to nitrogen leakage to the subsoil. Therefore, the leaf debris should either be transported 
to special depots, or the leeks should be cleaned on the land. 

The disposal of washing water is also regulated. Farmers have to pay for a licence to 
wash their leeks, related to the amount of pollution. In this way the authorities hope to 
minimize the pollution of surface waters. 

1.1.6 Diseases, pests and disorders 

Leeks may be affected by a number of disorders and parasitic organisms. The scope of 
the present study is limited to only one disease, Phytophthora porri or white tip disease, 
which is the most important disease of Dutch leek crops in the winter season. The names 
of a number of important pests, diseases and non-parasitic disorders are listed in Table 
1.3. The list is based on reviews of onion pests and diseases, which frequently also treat 
some leek pests and diseases (Rabinowitch & Brewster, 1990; Snowdon, 1991 ; Brewster, 
1994; Schwarz & Mohan, 1995; Howard et al., 1995), listings of leek diseases (Bonnet, 
1976; Crüger, 1983; Grill, 1985; Snoek & de Jonge, 1985; Forrat, 1988; Van der Meer 
& Hanelt, 1990; De Kraker & Bosch, 1993; Messiaenefa/., 1993), and a taxonomie check 
list (Boerema et al., 1993). There are no reliable data on the relative importance of leek 
pests and diseases in terms of crop loss. For each disease in Table 1.3 the present author 
gives a rough, subjective estimation of its importance in the Netherlands, based on 
information collected over the years 1990-1995 from extension workers and researchers 
at experimental stations. Some extra information about various points of interest is given 
in the text below. 

Onion thrips (Thrips tabac!) was probably the most important problem of leek in the 
Netherlands in 1990-1995. Severe epidemics developed during the summer seasons. The 
insects often multiplied in spite of frequent attempts at chemical control. Onion fly {Delia 
antiqua) and leek moth (Acrolepiopsis assectella) were also a hazard, but were controlled 
relatively easy with insecticides. 

Leek rust (Puccinia porri) was second in importance. Severe epidemics of leek rust 
occurred every year. Intensive chemical control was not always effective when the disease 
came in early. 

White tip disease (Phytophthora porri) was the most important disease during winter. 
Severe losses were reported from the south of the Netherlands where leek is grown 
intensively, but the disease was also found in other areas, on farms and sometimes in 
home gardens. Although the disease was widespread, it was not present in all leek fields, 
even within leek cropping areas. 
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Table 1.3 Diseases, pests and disorders of leek, and their importance in the Netherlands. The entries are 
grouped together with 1. fungal leaf pathogens, 2. fungal root pathogens, 3. bacteria, 4. viruses, 5. 
arthropods 6. nematodes and 7. non-parasitic disorders. 

Causal organism or cause Name or symptom Importance3 

Phytophthora porri 
Puccinia allii 
Alternaria porri 
Heterosporium allii-porri 
Pleospora herbarum 
Leptotrochila porri 
Colletotrichum circinans 
Botrytis spp. 
Fusarium spp. 
Pyrenochaeta terrestris 
Sclerotium cepivorum 
Urocystis cepulae 
Erwinia sp. 
Pseudomonas sp. 
Leek yellow stripe (LYSV) 
Acrolepiopsis assectella 
Delia antiqua 
Thrips tabaci 
Lyriomyza spp. 
Tetranychus spp. 
Ditylenchus dipsaci 
Genetic deficiencies 
Herbicide damage 
Ozone injury 
Sun scald 
Frost damage 

white tip 
leek rust 
purple blotch 
leaf blotch 
black mold 
black stripe 
smudge 
leaf fleck 
basal rot 
pink root 
white rot 
smut 

bacterial rot 
bacterial rot 
yellow stripe 
leek moth 
onion fly 
onion thrips 
leaf miner 
spider mites 
twisters 
white spots 
white spots 
white spots 
necrosis 
necrosis 

++ 
++ 
+ 
+ 
+ 
± 
± 

+ 
+ 
± 
+ 
+ 

++ 
+ 
+ 

+ 

' • no estimate given, ++ heavy losses every year, + light losses every year, ± light losses in some years, 

no losses in the Netherlands in 1990-1995 

Purple blotch (Alternaria porri) was present in most leek crops in autumn and winter, 
but it was generally considered a minor problem, mostly occurring on dying leaves, and 
only occasionally causing an outbreak. 

Fusarium basal rot (Fusarium sp.) was a widespread hazard of transplanted seedlings. 
To prevent seedling death, fungicides were applied to roots or planting holes. Sometimes 
a mild leaf attack by Fusarium sp. could be found. In the course of our research, 
Fusarium basal rot sometimes caused adult plant death when bolting plants were 
transplanted from field to glasshouse for breeding purposes. Death of potted plants, 
especially inbreds with little vigour, was often associated with Fusarium basal rot. 



Introduction 9 

Black mould (Pleospora herbarum; anamorph Stemphylium herbarum (Bakker, 1953; 
Boerema et al., 1993) could be found in almost all leek fields on dying leaves and as a 
secondary invader of necrotic spots on the leaves, but apparently never caused significant 
losses. 

Leaf blotch {Heterosporium allii-porri; synonym Cladosporium allii (Boerema et al., 
1993) was rarely detected on leek. Sometimes the fungus occurred as a secondary 
invader, but at least one local epidemic did occur. 

Black stripe disease (Leptotrochila porri) was virtually absent in 1990-1995, although 
it appeared to be increasing in 1980-1990. 

Smudge (Colletotrichum circinans) was reported at least once as a disease on leeks 
(Alofs, 1995). 

White rot (Sclerotium cepivorum), smut (Urocystis cepae) and pink root (Pyrenochaeta 
terrestris) seem to be absent from leek in the Netherlands, although they are reported 
on leek in other European countries (Bonnet, 1976; Grill, 1985). 

Botrytis spp., although described on leek (Maude, 1990), are not found on leeks in 
the Netherlands, except sporadically as a secondary invader. 

Bacterial diseases, causing characteristic malformations, were regularly seen in Dutch 
leek crops. Leaf flecks caused by Pseudomonas sp. were reported from Germany by 
Smolkaefa/. (1992). 

Leek yellow stripe virus (LYSV) is a nonpersistent, aphid transmitted virus, which used 
to be an important pathogen, but after ca. 1980 the prevalence of LYSV has declined 
steadily (Van Dijk, 1993, p. 40). This decline coincides with a shift to cultivars with darker 
green leaves that are called resistant. The resistance of these cultivars may have been 
improved through selection (Matthieu et al., 1984). Before the LYSV epidemic in the 
seventies, selection fields were often far from the areas with intensive leek cropping. 
After moving the selection activities to locations with high disease pressure, resistance 
appeared to improve rapidly (pers. comm. T. van der Jagt). Resistance to LYSV was also 
found in kurrat (Van der Meer, 1990), but because of the decline of LYSV (and also 
because of very high susceptibility for leek rust in the LYSV resistance source) breeders 
did not start introgression programs. It is probably not true that the LYSV decline is the 
result of a time gap in the annual production cycle, as stated in Brewster (1993), 
although a better geographic isolation of seed beds and production fields, and better 
aphid control may have contributed to the LYSV decline. 

White, necrotic spots on leaves caused by a genetical deficiency may occur in all 
plants of certain inbred lines of leek. These spots may vary in size and form, and their 
occurrence may be related to developmental and environmental factors. There are 
probably several deficiency genes, each with its own characteristics. Berninger and Buret 
(1967) mentioned 8 different chlorophyll deficiency phenotypes. We suppose that a 
genetic deficiency may resemble leafspot symptoms. The symptoms sometimes resemble 
those of ozone damage of onion (Engle & Gabelman, 1966). Usually about 1% of the 
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plants in commercial cultivars show genetic deficiencies. These plants may give rise to 
false alarm in supervised disease control programs, as they may be confounded with 
white tip disease. In most cases, however, genetical deficiencies can be recognized by the 
typical occurrence of white spots on all similar plant parts, and by the isolated position 
of affected plants. 

1.1.7 Breeding and germplasm sources 

Leek breeding is based on mass or half-sib family selection, usually within seasonal crop 
types (Currah, 1987). Leek is a tetraploid, self-compatible outbreeder with low tolerance 
to inbreeding. Outbreeding is enhanced by insect pollination and serial flowering within 
the umbels. Leek cultivars are open-pollinated and should contain enough genetic 
variation to avoid inbreeding depression. The genetic heterogeneity of leek is undesirable 
for mechanical harvesting and for cultivar registration. Registration authorities use a very 
broad cultivar concept for leeks because of the heterogeneity of leek selections (Van 
Marrewijk, 1988). 

The aims of leek breeding vary according^ the seasonal crop types. Summer leeks 
are selected for rapid growth to improve the yield. Winter leeks, on the other hand, are 
selected for slow growth, as this property is associated with winter hardiness and late 
flowering ('resistance to bolting'). Autumn leeks are selected for an optimal balance 
between rapid growth and cold tolerance. All leek types are selected for long shafts and 
absence of bulbing. Winter leeks are selected for dark leaf colour, which is considered 
as an indication of winter hardiness and is important for market presentation, and for 
an upright habit with easily removable outer leaves and closed 'collars', preventing the 
access of soil to the shafts. 

Resistance plays a secondary role in most Dutch breeding programs. Selection is 
usually based on the natural occurrence of disease in selection fields. It appears that LYSV 
resistance has increased in winter leek and has contributed to the remarkable decline of 
this disease in the past decades. Leek rust also occurred regularly in selection fields. 
Nevertheless, resistance to leek rust is still insufficient. Breeders may select occasionally 
for resistance to leaf diseases such as P. pom, but probably because of annual variation 
in severity and because the leaf diseases are not distinguished properly, there are no 
examples of leek cultivars resistant to one of these diseases. 

Schweisguth (1970; 1984) described male sterility (ms) genes. He suggested that it 
is possible to create F, hybrid leek cultivars with higher yield and greater uniformity than 
the traditional open-pollinated (OP) varieties by crossing a male sterile and a fully fertile 
inbred line. Schweisguth demonstrated that F, hybrids may produce yields 19-34% 
higher than OP varieties. Kampe (1980) found even larger differences (18-79%). The 
superiority of F, varieties over OP varieties may be due to the presence of 10-20% 
inbreds in the OP varieties rather than to heterosis. Without these inbreds, OP varieties 
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may be more heterozygous than (two-way) F, hybrids. Three- or four way F, hybrids are 
probably needed for combining high heterozygosity with genetical homogeneity (Van der 
Meer & Hanelt, 1990). Synthetic varieties, as proposed by Schweisguth (1982), may be 
highly heterozygous, but not very homogeneous because of the inclusion of selfed plant 
material in the synthetic race. 

Recently, Smith (1994; 1995) selected vigorous ms-lines which can be vegetatively 
propagated in an easy way, either via topsets or by the tissue culture method described 
by Silvertand et al. (1995). Because the male sterility factor is under nuclear control, the 
ms-line cannot easily be maintained via seed propagation. Production costs for F, hybrid 
seed will be high as long as no cytoplasmic male sterility (cms) is available. Several 
attempts to find or create cms have failed in recent years, but there are still some 
unexplored opportunities (Buiteveld et ai, 1994, Verbeek étal., 1995). 

Leek germplasm collections exist in Bulgaria, Czechia, Germany, France, the 
Netherlands, Turkey, UK and USA (Astley et al., 1982; Astley, 1992). The largest 
collection of leek cultivars appears to be the Dutch collection at the Centre for Genetic 
Resources (CGN), which is a semi-autonomous part of the Centre for Plant Breeding and 
Reproduction Research (CPRO-DLO) in Wageningen. Apart from the CGN collection, a 
second collection was created at CPRO-DLO for research purposes. The material of this 
collection was obtained for a large part from the Pullman Institute in Washington State, 
USA, and from various other sources, including botanical gardens and individual 
collectors. 

1.2 White tip disease 

1.2.1 Biology and distribution 

The causal organism of white tip disease is Phytophthora porri Foister, a homothallic 
species of the genus Phytophthora (family Pythiaceae, order Peronosporales, class 
Oomycetes) (Alexopoulos & Mims, 1979), which can grow on natural media like corn-
meal agar or V8 agar. Infected leaves show papery white local lesions, typically lozenge-
shaped (ca. 3 x 5 cm) and sometimes surrounded by a dark green water-logged zone 
(Fig. 1.2 and 1.3). The fungus is present in the infected tissue as large non-septate 
mycelium which is both inter- and intracellular. Sporangia can develop in vitro and in wet 
lesions and may release 10-30 zoospores. Oogonia with both paragynous and 
amphigynous antheridia are produced in abundance in leaves, while oospores are formed 
as the leaves dry up. Oospores are sexual spores with a thick wall. They can be 
considered as resting structures, which may survive at least the crop free period in 
summer and possibly several years longer. Oospores probably initiate epidemics of P. porri 
in autumn. Subsequent intensification is supposedly due to sporangial infections. Early 
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infections are typically half-way the leaves or at leaf tips, but later infections are nearer 
to the leaf bases. 

The host range of P. porri includes a number of Allium species (A. porrum, A. cepa, 
A. fistulosum, A. sativum, A. tuberosum, A. bakeri, A. nipponicum), cabbage (Brassica 
spp), peach-leaved bell-flower[Campanulapersicifolia), carnation (Dianthuscaryophyllus), 
carrot (Daucus carota), Chrysanthemum sp. (Baker, 1972), Gladiolus sp. and tulip (Tulipa 
gesneriana) (CMI, 1978; Ho, 1983). Only cultivated hosts of R porri are known. Although 
cross-infection appears to be possible in some cases, there is some degree of 
specialization, at least in isolates from cabbage and leek (Van Es, 1992; De Cock, 1993). 
Leek isolates were found to infect onions (Tichelaar & Van Kesteren, 1967; Griffin & 
Jones, 1977), and onion isolates were found to infect leeks (Tomlinson, 1951). 

P. porri has been reported from Western Europe, Italy, Greece, Canada, South Africa, 
Australia and Japan (CMI, 1990), and recently also from the USA (Heimann, 1994). The 
disease is regularly causing harvest losses of leek in the Netherlands, Belgium, England 
and Japan. In France and Germany losses seem to occur only incidentally. 

Harvest losses may be severe. In some cases total crop loss is reported. A diseased 
crop generally gives a lower yield weight, requires more labour for trimming the plants, 
and obtains lower prices. If the number of lesions is low, they can be removed by 
trimming, but then the leek is often declassified, because of unequally cut leaves. 
Moreover, diseased plants tend to wilt more rapid than healthy plants. 

Figure 1.2 Leek (Allium porrum L.) 
with a lesion of Phytophthora porri 

Figure 1.3 P. porri lesion with 
irregular water-soaked halo. 
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1.2.2 Research history 

Foister (1931 ) described and named the disease, and studied its epidemiology in Scotland 
and England. A first attempt to find resistance followed soon (Ogilvie & Mulligan, 1932), 
but no resistance was found in 17 leek cultivars. After Foister's study, the importance of 
the disease decreased gradually, possibly because of phytosanitary measures like burning 
or burying of crop debris (Foister, 1961). 

Van Hoof (1959) studied chemical control of white tip disease in the Netherlands, 
which became the standard method of disease control, although the cold and wet 
weather conditions which are favourable for the disease appear to reduce the 
effectiveness of chemical control. On heavily infested soils control is often unsatisfactory. 
Moreover, the use of fungicides is increasingly seen as a health hazard, both for humans 
and other organisms. 

Alofs & Pijnenburg (1988) developed an alternative control method by straw 
mulching. This method is derived from the theory that splash dispersal of soil particles 
is usually the first step in a P. porri epidemic. From this theory it follows that initial 
infection is minimized when the soil is covered, e.g. with a layer of straw. Straw mulch 
is now applied on ca. 10% of the Dutch leek acreage. The mulching method is 
particularly popular with farmers that hope to get peak prices in winter, as mulched 
crops can be harvested a few days longer after the start of a frost period. The method 
is not reliable when the disease is already present in the crop before mulching, usually 
at the end of August, when plants are big enough for mulching with straw. 

Because of the relatively high input of chemical control agents in leeks, the 
development of alternative control strategies for leek diseases has a high priority in the 
Dutch Multi-Year Crop Protection Plan (Anonymous, 1990). To control fungal diseases 
of leek 34,000 kg active ingredient (a.i) was used in 1990 in the Netherlands. This is 
equivalent to 25 kg a.i./ha. 

In 1986 the first steps towards the present research project were taken by Van der 
Meer (IVT, 1986), having collected leek accessions in the preceding years. Several 
breeding companies showed interest for an in-depth study of P. porri. It was felt that the 
success of the breeding project would strongly depend on the development of 
phytopathological techniques and insights. The expertise for the phytopathological 
research was found in the Department of Phytopathology of the Wageningen 
Agricultural University (WAU) where oomycetes had been studied for many years. A first 
draft of a research proposal was prepared in 1990 by E.G.A. Linders. C. Kik (Centre for 
Plant Breeding and Reproduction Research (CPRO-DLO), the former Institute for Breeding 
of Horticultural Crops (IVT)) and H.D. Frinking (WAU-Phytopathology) elaborated it and 
obtained financial support from the Dutch Technology Foundation (STW). 
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1.3 Outline of this thesis 

1.3.1 Research aims and methodology 

The ultimate aim of the research presented in this thesis is to control the fungal 
pathogen Phytophthora porri effectively. The derived goals were 

- to study the mycology and epidemiology of P. porri 
- to identify and exploit resistance to P. porri in leek. 

These two goals are interrelated in various ways. First, fungal growth in vitro should be 
studied to develop screening techniques. Second, the design and interpretation of field 
experiments for resistance evaluation depends on epidemiological insight concerning 
natural sources of inoculum and the influence of weather on sporulation, dispersal and 
infection. Third, the problems and prospects of alternative control strategies may 
stimulate or, in contrast, discourage breeding for resistance. Effective control may result 
from the use of partially resistant varieties in combination with other control measures. 

1.3.2 Epidemiology 

Epidemiological questions were addressed in field and controlled environment 
experiments. In the field, the major research questions were 

- how important is rain for epidemic development? 
- what is the velocity of spatial progress of an epidemic? 
- are there differences in resistance among leek cultivars and their relatives? 

In the controlled environment studies, the major questions were 
- what is the incubation period of P. porri at different temperatures? 
- is early screening for resistance possible? 

To achieve our aims, new techniques were developed, among which 
- a technique for in vitro production of zoospore inoculum 
- an inoculation technique to test resistance of young plants 

For resistance screening, two inoculation techniques were developed. In 1991-1993 
young plants were inoculated with a few ml zoospore inoculum dripped into the shafts 
of young leek plants. This technique allows a crude resistance evaluation. In 1994 the 
immersion technique was invented, which allowed a better differentiation for resistance 
than the earlier drip inoculation method. 

1.3.3 Resistance 

The research program, aimed at the exploitation of resistance, was organized along two 
lines: (1) introgression of resistance from selected landraces, and (2) genetic studies of 
resistance within winter leek. 
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1. Introgression strategy. First, gene-bank accessions were tested in a (drip-
inoculated) glasshouse test, with field-tested cultivars as more or less susceptible controls. 
Next, a number of gene-bank accessions was chosen for a field evaluation, and gene-
bank accessions with a high level of resistance in the field test were chosen for crossing 
with mother plants of winter leek cultivars. The F, populations were again tested in a 
crude glasshouse test. From the best F, populations single plants were selected for 
backcrossing and inbreeding. Finally, the backcrossed and inbred populations were 
evaluated in an (immersion-inoculated) glasshouse test and in a field test. 

2. Genetic studies. Differences in field resistance among plants of the same cultivar 
of winter leek were analyzed through tests of clones and half-sib families. Realized 
heritabilities were estimated with half-sib families selected for resistance or for 
susceptibility. 

1.3.4 Contents of chapters 

The epidemiological part of the study is described in chapters 2-5, the research 
concerning resistance in chapters 6 and 7. Key words referring to specific subjects 
addressed in each chapter of this study are given in Table 1.4. 

In chapters 2 and 3 most emphasis is placed on indoor experiments. In chapter 2 
basic mycological techniques for producing oospores, sporangia, zoospores and mycelium 
are described. A field experiment was included as an application of these techniques. In 
chapter 3 two new techniques are described: the immersion method and the oospore 
germination assay. Both techniques were used to study temperature effects. 

In chapters 4 and 5 the temporal and spatial progress of epidemics of P. pom in 
leeks is studied in multi-year field experiments. In chapter 4 the hypothesis that rain is 
a key factor explaining the course of the temporal progress curve is tested. In chapter 5 
the intensification and extensification of artificial disease foci is studied simultaneously. 

In chapters 6 and 7 sources of resistance to P. porri are identified in landraces, using 
field tests and immersion tests. Also, genetic variation for resistance in modern leek 
cultivars is investigated. In chapter 6 resistance is described in landraces and modern 
cultivars with an emphasis on multi-year field tests. In chapter 7 genetical aspects of 
resistance are investigated using clonal and half-sib progenies of modern cultivars and 
cross- and backcross-progenies of modern cultivars and landraces. 

General aspects of this thesis are discussed in chapter 8, which finishes with 
recommendations. 
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Table 1.4 Key words for subjects treated in the eight chapters of this thesis. 

Chapter - Page headlines Key words 

1 - Introduction 

2 - Field inoculation 

3 - Temperature 

4 - Rain 

5 - Foci 

6 - Resistance 

7 - Genetics 

8 - Discussion 

Allium porrum L. 
leek diseases 
Phytophthora pom' Foister 

fungus isolation 
inoculation with zoospores 

inoculation with oospores 
inoculation with diseased tissue 

immersion inoculation 

incubation period 

degree-day model 
thermal death 
oospore germination 

soil solarization 
epidemic progress curves 
degree-day model 

splash dispersal 
sporulation 
host growth 

disease profiles 
disease maps 
gradient analysis 

field tests of cultivars 
glasshouse tests of gene-bank accessions 

field tests of gene-bank accessions 

immersion and field tests 

clones of winter leek 

half-sib families of winter leek 
crosses of winter leek and resistant landraces 

recommendations 
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Field inoculation of leek with Phytophthora porri 

Summary: Field inoculation of leek with zoospores of Phytophthora porri resulted in a 
high level of infection within a short time. Inoculation with infected leaf tissue resulted 
in a more gradual increase of disease incidence. Inoculation with oospores was relatively 
unsuccessful. Zoospores were produced in Petri-dishes by treating fast-growing, young 
mycelium with a diluted soil extract for at least 2 days, followed by a cold treatment in 
sterile demineralized water. The successful methods can be used for evaluation of 
resistance or fungicide performance, and for epidemiological experiments. 

2.1 Introduction 

Field experiments with Phytophthora porri Foister on leek (Allium porrum L.) depend on 
natural infection. The absence of the disease during some years has often hampered field 
evaluations of leek cultivars and breeding lines, and of fungicide performance (Vanparijs 
and Bockstaele, 1984; Van Bakel, 1964). Therefore, a reliable inoculation method was 
needed. 

2.2 Materials an methods 

During the autumn of 1991 three different inoculation methods were tested in a field 
experiment, using three different kinds of inoculum: zoospores, infected leaf tissue of 
leek, and oospores. 

Zoospore inoculum was produced as follows: 15 discs (diam. 5 mm) from a P. porri 
culture on leek agar (200 g leek leaf extract in 1 I of demineralized water and 17 g agar) 
are grown on 10-15 ml of 10% V8 broth in a Petri dish (diam. 9 cm) at 15°C for 2-3 
days. Then the V8 medium is decanted and a 10x diluted soil extract is added, which is 
produced by suspending 500 g of soil (Trios 17) in 1 L of demineralized water, leaving 
the suspension overnight, and autodaving the filtrate. After at least 2 days incubation 
with soil extract at 15°C numerous sporangia should be visible. Soil extract is then 
removed and 10 ml cold demineralized water is added. After 2-4 h at 3°C this medium 
will contain about 1000 active zoospores per ml. Usually less than ten percent of the 
sporangia has germinated after the cold treatment. The described method is a 
modification of the method of Chen & Zentmyer (1970) and of Hamm & Koepsell (1984). 
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Table 2.1 Disease incidence (n=600) after inoculation with 
(1) zoospores, (2) infected leaf tissue, (3) oospores, 
days after inoculation 

(1) (2) (3) 

7-13 days 50% 30% 7% 
30-60 days 80% 80% 12% 

Zoospores will remain active for several hours when the suspension is kept cool. 
When sporangia are kept at 3°C they will produce fresh zoospores for about 3 months. 
Inoculation is achieved by dripping one ml of the zoospore suspension into a leaf sheath 
of a leek plant. 

Infected leaf tissue is produced by placing an agar disc with mycelium or one drop of 
a zoospore suspension on a leaf piece of 5 cm length. After incubaton in a moist 
chamber for about 4 days at 15-20 °C the leaf pieces are dried. Agar discs are removed. 
At the seventh or eighth day after inoculation greenish symptoms, typically lozenge-
shaped, will develop. For inoculation, the infected tissue is placed into the leaf sheaths 
of leek plants, where a small quantity of water is often present for long periods. 

Oospore inoculum is produced in leek agar. Colonies of P. porri are incubated for 2 
months at ca. 17°C. To harvest the oospores, agar plates are homogenized in 50 ml 
sterile demineralized water per plate and incubated for 20 h at 18 °C with 0.5% (w/v) 
Novozym (Sigma L-2265) solution to digest the mycelium (Spielman era/., 1989). The 
surviving oospores (ca. 1000 per ml) are used as inoculum. 

Each method was used to inoculate 600 leek plants. Five winter leek cultivars were 
used. Non-inoculated control plants were grown in neighbouring rows at 45 cm distance 
and in separate plots at 2.4 m. 

2.3 Results 

Zoospore inoculation caused the highest incidence levels (Table 2.1): seven days after 
inoculation 50% of the inoculated plants showed disease symptoms. This percentage 
increased in the next few weeks till about 80%. Inoculation with infected leaves resulted 
in 30% incidence at the eleventh day after inoculation. In the next two months the 
incidence increased gradually till 80%. 

Oospore inoculation was relatively unsuccessful. Thirteen days after inoculation only 
7% of inoculated plants showed symptoms, and one month after inoculation 12% was 
infected. 

Non-inoculated plants in neigbouring rows did not show symptoms until about three 
weeks after inoculation. Therefore, after three weeks, infection of inoculated plants may 
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be due to secondary spread. During the reported period, no natural infection occurred 
in neighbouring control plots. This proves that soil-borne inoculum of P. porri was absent 
in the experimental plot initially. 

2.4 Discussion 

Advantages of zoospore inoculation are the high infection percentage, the absence of 
contaminants from the inoculum, and the possibility to quantify the inoculum and to 
apply it homogeneously. A disadvantage of zoospore inoculation compared with infected 
leaf tissue inoculation may be the higher sensitivity to weather conditions. Zoospore 
inoculation was completely unsuccessful when temperatures were too high (>25°C) 
during inoculation. Cool and wet conditions are supposed to favour the infection 
process. 

Zoospores or infected leaf tissue may be applied to spreader plants in a field trial. 
Both methods may be useful for field evaluation of resistance and of fungicide 
performance. 
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Effects of temperature on Phytophthora porri 
in vitro and in planta 

Summary: Cardinal temperatures for mycelial growth of Phytophthora porri on corn-
meal agar were <5 (minimum), 15-20 (optimum) and just above 25°C (maximum). The 
number of infections after zoospore inoculation of young leek plants was relatively low 
at supra-optimal temperatures, but was not affected by sub-optimal temperatures. At 
0°C plants were infected easily. The incubation periods needed for symptom formation 
were 36-57 days at 0°C, 13-18 days at 5°C, and 4-11 days at >11 °C, and were fitted 
to temperature between 0 and 24°C with a hyperbolical model (1/p= 0.00812*T+ 
0.0243). Oospore germination, reported for the first time for P. porri, was strongly 
reduced after 5 h at 45°C, and totally absent after 5 h at 55°C. Soil solarization for six 
weeks during an exceptionally warm period in May-June 1992 in the Netherlands raised 
the soil temperature at 5 cm depth for 17 h above 45°, but did not reduce the initial 
level of disease in August significantly. 

3.1 Introduction 

Phytophthora porri Foister is a serious disease of winter leek in Europe. The disease 
causes white, more or less lozenge-shaped local lesions of ca. 3 x 5 cm cm on leaves, 
sometimes surrounded by a green water-logged zone. Sporangia are formed readily in 
water-logged lesions under wet conditions, and may release 10-30 zoospores. Epidemics 
may destroy the crop before January-April, when winter leek is harvested. The fungus is 
homothallic. Oospores, and possibly chlamydospofes which are very similar in shape, 
formed in infected leaves, may enter the soil with leaf debris and survive the crop-free 
period, roughly from February till July, and probably longer. In autumn, the oospores may 
germinate to form immediately sporangia, which may release zoospores. The zoospores 
may be transported to leek leaves by rain splash, thus triggering a new epidemic. 

Species of Phytophthora may be seen as groups of isolates, brought together by 
taxonomie conventions, but not necessarily separated from other species by natural 
barriers (Waterhouse, 1983). Non-morphological characters such as host specialization, 
cardinal (minimum, optimum, and maximum) or lethal temperatures are not considered 
to be important for the definition of species. Yet these characters are ecologically 
relevant and may provide important clues for disease control. 
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Table 3.1 Minimum, optimum and maximum temperatures (°C) reported for in vitro growth of P. porri 
isolates from various countries and host plants 

Reference 

Foister, 1931 

Leonian, 1934 
Legge, 1951 

Tomlinson, 1951 

Waterhouse, 1963 
Van Hoof, 1959 

Katsura ef a/., 1969 
Noviello ef a/., 1971 

Semb, 1971 
Geeson, 1976 
Katsura, 1976 

Kouyeas, 1977 

Ho, 1983 

Von Maltitz ef a/., 1983 
Kröber, 1985 

Kiewnick, 1985 

Luoefa/., 1988 
De Cock ef a/., 1992 

Temperature (°C) 
Minimum 

<8 

<5 

3 
0 

<5 
-3 
0 

<5 

0 

2 

<5 

<5 
<3 

Optimum 

<25 

25 

15-19 
15-20 
20 

15-22 
15-20 

15-20 

15-20 

20 
20 

20 
25-30 

18-21 

Maximum 

<35 
27 
27 

27 
33-35 

26 
27 

27 
25 
25 

28 
27 

31-32 

23-26 

30 

24-27 

Country1 

UK 
UK 
UK 

UK 
UK 

NL 
JA 
IT 

NO 
UK 
JA 

GR 

CA 
SA 

GE 

GE 

CA 
various 

Host 

Leek 
Leek 

Campanula 
Onion 
Leek 

Leek 
Allium spp. 
Onion 

Cabbage 
Cabbage 
Allium spp. 

Gladiolus 
Carnation 

Carrot 
Onion 
Leek 
Cabbage 
Cabbage 
Leek, Carrot 
Leek & others 

1 CA= Canada, GE = Germany, GR = Greece, IT = Italy, JA = Japan, NO = Norway, SA = South Africa, UK 

= United Kingdom 

Cardinal temperatures for mycelial growth in vitro of P. porri were determined by 
several authors (Table 3.1). In real life, however, the fungus is growing in living tissue, 
so it is interesting to compare growth in vitro and growth in planta. 

Lethal temperatures of several Phytophthora species have been determined in various 
studies, mainly in relation to disease control based on thermotherapy (Table 3.2). Several 
Phytophthora spp. appear to be sensitive to temperatures that are associated with solar 
heating of soil in subtropical climates (Juarez-Palacios, 1991) or composting (Bollen, 
1985). The most heat resistant structure of P. capsici was the oospore (Bollen et al., 
1989). We assume that the same is true for P. porri. 
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Table 3.2 Comparison of lethal temperature dosages for oospores, chlamydospores or mycelium of several 
Phytophthora species 

Phytophthora Fungal Lethal temperature 
species structure' dosage 

°C duration 

Optimum Reference 
temperature 

P. cinnamomi 
P. capsici 
P. capsici 
P. cryptogea 
P. infestans 
P. megasperma 
P. megasperma 
P. cactorum 
P. fragariae 
P. porri 
P. porri 
P. porri 

chl 

chl 
oos 
oos 

oos 
oos 

oos 
oos 

oos 
myc 

myc 
myc 

38 

42.5-45 
47.5-50 
40-45 

40 
45 

>45 

45 
30 

45 
40 

25 

30 min 
30 min 
30 min 
30 min 
2 d 
30 min 
30 min 
30 min 
40 d 
10 min 
20 min 
90 d 

24-282 

282 

282 

22-242 

202 

24 

30 
252 

20-222 

15-20 

15-20 
15-20 

Barbercheck & von Broembsen, 1986 

Bollen, 1985 

Drenthef a/., 1995 
Juarez-Palacios ef al., 1991 

Duncan, 1985 
Yokoyama, 1976 

'chl = chlamydospore, oos = oospore, myc = mycelium 
2optimum temperature data from Waterhouse (1963) 

The aims of this study were, first, to study the effect of temperature on P. porri 
growth in vitro and in planta. For measurement of in planta growth a new inoculation 
method was developed, and the results of the in planta growth experiment are described 
by a degree-day model which may be applied to field data. Second, the prospects for 
thermotherapy were explored by determining the lethal temperature for P. porri oospores 
in vitro and in a field experiment. As no germination of P. porri oospores has been 
reported in earlier studies, a new germination assay had to be developed for the in vitro 
test. In the field experiment, an attempt was made to eliminate natural inoculum in soil 
by soil solarization. 

3.2 Materials and methods 

3.2.1 General 

Origin of isolates. All four isolates were obtained from commercial leek crops in The 
Netherlands. Isolate 1 originates from Gelderland (Lienden), 1991; isolate 2 originates 
from Noord-Brabant (Rijsbergen), 1987, and is stored at the Centraal Bureau voor 
Schimmelculture as CBS 141.87; isolate 3 and 4 originate from Limburg (Blerick and 
Horst-Meterik, respectively), 1992. 
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Isolation, identification and maintenance of P. pom. Isolates 1, 3 and 4 were obtained 
from light-green, water-logged margins of fresh lesions. Excised leaf pieces were rinsed 
for 2 min in 1 % NaOCI and cut into pieces of 1 x 0.5 cm which were placed on Petri-
dishes with corn-meal agar (17 g.L"1; Oxoid, code CM103), amended with ca. 200 ppm 
vancomycin (Tsao, 1983) at 15°C. The fungus was identified using the most recent 
morphological key (Stamps et a/., 1990). The fungus was subcultured at 15°C in Petri-
dishes on 1.2% agar (Oxoid Technical Agar No. 3) mixed with 20% leek extract, or 
occasionally on 1.2% agar mixed with 20% V8 broth. Leek extract was made from 200 
g leaf tissue, mixed and boiled with 10 g saccharose in 1 L demineralized water, and 
then sieved through a plastic sieve (mesh width 0.5 mm). 

Mass production of sporangia. Fresh axenic sporangia were obtained by growing the 
fungus on ca. 30 agar pieces of 5 mm2 in diluted (2%) leek extract in Petri-dishes, with 
notches to improve aeration, at 15°C in the dark. The leek extract was decanted after 
2-3 d, and sterile soil-extract was added. Sporangia developed on fresh mycelium after 
another 2-3 days. Then, the plates were used for harvesting zoospores or transferred to 
4°C for later zoospore harvesting. Sporangia remained viable for several months at 4°C. 

Sterile soil-extract was made by mixing 500 g steamed Trios 17 peat soil with 1 L 
demineralized water. The mixture was decanted and sieved the next day. The filtrate was 
autoclaved. Tap water and materials containing copper were avoided, as traces of copper 
may inhibit sporangium formation (Ribeiro, 1983). 

Inoculation ofplantlets by immersion in zoospore suspension. Zoospores were harvested 
shortly before inoculation by decanting the soil extract and adding cold (4°C) sterile 
demineralized water (SDW) to the dishes. Two to three hours later the dishes contained 
a suspension of 1 -5.103 active zoospores per ml. This suspension was decanted and 
poured into sterilized capped glass bottles which were placed on ice for some hours, 
before transfer to nonsterile plastic containers (40x25x15 cm) and tenfold dilution 
with SDW of 4°C. The diluted suspension had 100-500 zoospores per ml. For 
inoculation, 3 months old plants (5-7 leaves) were uprooted and their roots were shortly 
rinsed to remove most of the adhering soil and to check for the absence of root diseases. 
Healthy plants were placed horizontally into the container for ca. 20 h, at 15°C in a dark 
climate chamber or shadowed glasshouses. The plants were completely submerged 
during incubation. 

Oospore germination assay. Oospores were harvested from P. porri cultures in a nutrient-
rich liquid medium (20% leek extract or 20% V8) in Petri-dishes ( 0 9 cm) after at least 
one month of incubation at 18-20°C. A semi-sterile enzyme mixture (NovoZym; Sigma 
L-2265; 0.5 % w/v, incubated overnight at 18-22°C) was used to digest the mycelium 
and sporangia. NovoZym was removed by three cycles of centrifugation at low speed 
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(3000 rpm), discarding the supernatant and adding SDW (Spielman et al., 1989). 
Germination was tested in SDW at 20°C and dimmed artificial light (6 W.m"2) in 
Microtiter plates (Greiner, 0 1 cm wells). 

3.2.2 Experiments 

Experiment 1. In vitro growth. To compare the cardinal temperatures of the Dutch 
isolates to those given in Table 3.1, radial growth of two isolates was measured in Petri-
dishes ( 0 9 cm) with 13 ± 0.1 ml corn-meal agar (CMA), incubated in six dark cabinets 
with constant temperatures (5, 10, 15, 20, 25, 30 ± 0.2°C). Fungal colonies grew from 
agar pieces ( 0 5 mm) taken from the advancing margin of a P. porri colony on CMA, 
and placed upside down on the agar plates. During the first 24 h Petri-dishes were 
placed at 15°C to let the fungus grow into CMA. After this first day the Petri-dishes 
were distributed over the five temperature cabinets in six replicates. Radial growth rates 
were calculated as the mean of four radii measured along two perpendicular lines, 
divided by the incubation period, including the first day of growth at 15°C. 

Experiment 2. In planta growth. Inoculation 1: On 27 December 1993, 70 leek plantlets 
were inoculated by immersion at 15°C and divided over eight rooms with constant 
temperatures at 0, 5, 11, 14, 18, 22, 24, 30 ± 1°C. Ten plants per treatment were 
used. After inoculation the plants were placed horizontally in a plastic container in a 
closed polythene bag, with wetted cotton plugs covering the root system. At 0 and 5°C 
the plantlets were incubated in dark rooms. At ^11°C plants were incubated in 
shadowed glasshouses with natural daylight (20-40 W.m2) for ca. 8 h per day. 

Inoculation 2: On 17 Jan 1994, 35 plantlets were inoculated at 15°C and submitted 
to the same seven incubation treatments. Only five plants per treatment were available. 

Inoculation 3: On 12 Jan 1995, 18 plants were divided into three groups, which 
were inoculated by immersion at 0°C, 5°C and 9°C, and subsequently incubated at 
these temperatures in the described way. This experiment was designed to prove that not 
only colonization, but also infection of leaves may occur at low temperatures. 

Plants were inspected daily. Lesions were counted as soon as they appeared and 
marked by a plastic peg to prevent double counts. The average numbers of lesions per 
leaf, and the longest, shortest and average incubation periods were determined. 

Experiment 3. Oospore germination. Repeat 1 : Oospores of isolate 1 were harvested as 
described above from 20% leek-broth cultures that were first incubated at 15-17°C for 
five months, and at 4°C for another five months. The oospores were divided over three 
temperature treatments. Aliquots of 0.02 ml SDW, containing ca. 280 oospores, were 
pipetted into wells of three Microtiter plates. Twelve wells per plate were used. Varying 
volumes of additional SDW were pipetted into each well, as the volume of SDW affected 


