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ABSTRACT 

Hiemstra, J.A. (1995). Verticillium wilt of Fraxinus excelsior. PhD Thesis, 
Wageningen Agricultural University, The Netherlands, xvi + 213 pp, 40 figs., 
28 tables, 4 plates with colour pictures, 327 refs., English and Dutch summaries. 
ISBN 90-5485-360-3 

Research on ash wilt disease, a common disease of Fraxinus excelsior L. in young 
forest and landscape plantings in several parts of the Netherlands, is described. By 
means of a survey for pathogenic fungi in affected trees, inoculation and reisolation 
experiments it is demonstrated that the disease is caused by Verticillium dahliae Kleb. 
Host specificity and virulence of a V. dahliae isolate from ash are compared to those 
of isolates from elm, maple and potato. Disease incidence and progress, and recovery 
of infected trees are investigated through monitoring experiments in two permanent 
plots in seriously affected forest stands. Monitoring results are related to the results 
of an aerial survey for ash wilt disease in the province of Flevoland to assess the 
impact of the disease on ash forests. Furthermore, pathological xylem anatomy of 
infected ash trees is described and mechanisms of recovery are discussed. Finally, 
results are integrated and related to data on ash and on verticillium wilts of other tree 
species presented in literature reviews in the starting chapters of the book. 
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Stellingen 

1. Bij door Verticillium dahliae aangetaste essen is herstel de regel en 
sterfte de uitzondering. 

Dit proefschrift. 

2. De ringporige anatomie van de es verklaart zowel de zeer snelle 
verspreiding van Verticillium dahliae door de boom in het jaar van 
infectie' als het zeer hoge herstelpercentage in het jaar daarna2. 

1 Braun, 1982. Lehrbuch der Forstbotanik. Fischer Verlag, Stuttgart, 
pp. 182-185: Das Massensterben ringporiger Bäume. 

2 Dit proefschrift. 

3. Verkleuring van het vaatweefsel is geen betrouwbaar diagnostisch 
kenmerk voor de aanwezigheid van Verticillium dahliae in bomen. 

Dit proefschrift; S. Wilhelm and J.B. Taylor, 1965, Phytopathology 
55:311-316; E.B. Himelick, 1968, 111. Nat. Hist. Survey Bl-1968. 

4. Het is zeer waarschijnlijk dat er ook onder de boomsoorten 
zogenaamde 'symptomless carriers' van Verticillium dahliae zijn. 

5. De al in het begin van deze eeuw geuite waarschuwing dat men de 
bosbescherming dient te bestuderen en niet moet beschouwen als een 
receptenboek, dat men even opslaat om binnen vijf minuten de 
diagnose te stellen en de genezing te bewerkstelligen, is helaas nog 
steeds actueel. 

M. de Koning, 1922. Boschbescherming, Thieme & Cie, Zutphen. 

6. De wetenschapsvelden van de bosontwikkeling en van de Pathogenese 
bij verwelkingsziekten van bomen vertonen principiële 
overeenkomsten; in beide gevallen is de interactie tussen processen en 
structuren bepalend voor het verloop van de ontwikkelingen. 

7. Boggling of the mind is a part of the process of gaining insight. 
C.H. Beekman, 1984, Phytopath. Medit. 23:109-129. 

8. Een goed onderzoeker merkt ook datgene op waarnaar hij niet op 
zoek was. 



9. Een van de meer misleidende aspecten van wetenschappelijke 
publicaties is dat de daarin beschreven weg van hypothese tot 
conclusie vrijwel nooit getrouw weergeeft hoe de resultaten werkelijk 
zijn verkregen. 

John L. Casti, 1992. Verloren paradigma's, Contact, Amsterdam. 

10. Indien de Nederlandse samenleving werkelijk geïnteresseerd is in het 
duurzaam gebruik van natuurlijke hulpbronnen, dan dient zij het 
landbouwkundig onderzoek uit te breiden in plaats van daarop te 
bezuinigen. 

11. Gezien het veelvuldig misbruik ervan moet gevreesd worden voor de 
duurzaamheid van de term duurzaam. 

12. Indien we er niet in slagen om een einde te maken aan zaken als 
vermesting, verzuring en verdroging dan moet het gezegde "boompje 
groot, plantertje dood" omgedraaid worden in "plantertje groot, 
boompje dood". 

Stellingen behorende bij het proefschrift van Jelle A. Hiemstra, 
getiteld "Verticillium wilt of Fraxinus excelsior", 
te verdedigen op 18 april 1995 te Wageningen. 



Wanneer ick door 't Haeghsche bos, 
Van mijn beroep een weynigh los, 

Of in de naeste velden dwael: 
Soo vind' ick eycken, boven koel, 
Doch elders groen en wel gestelt, 
Gelijck de gaefste van het velt. 

Dit vind' ick vremt, dies vraegh ick dan, 
Ja, vraegh hier gront, en reden van. 

Jacob Cats; Hof-Gedachten, 
op 't Gesichte van Boomen enz. 
op Sorghvliet (1651-1660) 



VOORWOORD 

De eerste aanzet voor het in dit proefschrift beschreven onderzoek werd al in 
het najaar van 1984 gegeven tijdens mijn stage bij de toenmalige afdeling 
Bosontwikkeling van het Staatsbosbeheer. Tijdens terreinbezoeken in verband 
met onderzoek naar het beheer van jonge gemengde loofboomopstanden werd 
ik door verschillende beheerders meegenomen niet alleen naar — uiteraard — 
de percelen waarop ze trots waren, maar ook naar de 'probleemgevallen'. In 
het laatste geval betrof het meestal percelen waarin het zogenaamde 
'essensterven' optrad. De bijbehorende vraag was dan: "Vertel jij, als 
'Wageninger' nou eens wat hier aan de hand is." Dat was toen nog te veel 
gevraagd. Maar de vraag bleef wel hangen. 
Een vervolg kreeg dit tijdens mijn laatste afstudeervak, waarin ik zes maanden 
besteedde aan het in kaart brengen van de omvang van het probleem en het 
inventariseren van mogelijke oorzaken. Dat leverde opnieuw geen afdoende 
antwoord op, maar wel voldoende informatie voor het formuleren van een 
voorstel voor vervolgonderzoek. Dit werd in 1987 door de Landbouw
universiteit Wageningen gehonoreerd met een AIO-project. Het onderzoek is 
gedurende de periode 1987-1991 uitgevoerd bij de vakgroepen Bosteelt en 
Bosoecologie, later Bosbouw, en Fytopathologie. Het verwerken van de 
gegevens en het schrijfwerk kostte zoals inmiddels duidelijk zal zijn wat meer 
tijd. 

Nu ook het schrijven achter de rug is wordt het tijd om de vele bij het 
onderzoek betrokken personen te bedanken. In de eerste plaats de heer 
O. Buwalda (SBB, Groningen) en Ir. A. Arnoldussen (RIJP). Zonder hun 
enthousiasme was het misschien nooit zo ver gekomen, zij waren de al 
genoemde beheerders. Daarnaast moet Ir. P.A. van den Tweel (SBB, afd. 
Bosontwikkeling) genoemd worden omdat hij degene was die me voorstelde 
het 'essensterven' als onderwerp te nemen voor mijn laatste afstudeervak. 
Prof. R.A.A. Oldeman en prof. J. Dekker dank ik voor hun steun en 
vertrouwen bij het opzetten en de uitvoering van het project, dr. ir. P. 
Schmidt en dr.ir. T. Limonard voor alle tijd en belangstelling bij de 
begeleiding van het onderzoek. De leden van de begeleidingscommissie, ir. 
A. Arnoldussen, ir. B. van Baren, ir. J.J. Borgesius, M. de Kam, ir. B. van 
der Pas en ir. P.A. van den Tweel hebben door de jaarlijks terugkerende 
nuttige discussies mede de richting van het onderzoek bepaald. 
Het onderzoek werd financieel ondersteund door het Staatsbosbeheer, later 
directie Bos- en Landschapsbouw en de Rijksdienst voor de IJsselmeerpolders. 
Hierdoor was tijdelijke assistentie bij enkele tijdrovende experimenten en bij 
de verwerking van de gegevens van de proefperken mogelijk. NWO droeg de 



kosten van het bijwonen van het Verticillium congres in 1990 in Leningrad. 
Het ERASMUS-programma van de EEG ten slotte maakte een verblijf van 
drie maanden aan de Universiteit van Hamburg mogelijk. 
Aan de uitvoering van het onderzoek hebben velen hun steentje bijgedragen. 
Ir. F. Burger, ir. H. Schneider en P. Gilmore wil ik van harte bedanken voor 
hun doorzettingsvermogen bij de vaak saaie en tijdrovende klussen waarbij zij 
als tijdelijk assistent fungeerden. De mensen van de tuin: J. Post, A. Zweers, 
L. Goudswaard en wijlen B. Schalk leverden een onmisbare bijdrage aan de 
het werk op het proefveld aan de Afweg, in de proefperken in het bos en aan 
de helaas niet geslaagde potproeven. De inzet van enkele studenten maakte 
een verbreding van het onderzoek mogelijk. Paul van der Vegt, Marten 
Denekamp, Robert Schroeijers en Toon Rijkers, bedankt dat jullie een deel 
van het werk op je namen. 
Dr. T. Limonard en drs. G. Bollen hebben mij als niet-fytopatholoog ver 
genoeg bijgespijkerd om dit onderzoek tot een goed einde te laten komen. 
Ook de andere leden van de vakgroep fytopathologie dank voor de nuttige 
adviezen en prettige samenwerking. Hetzelfde geldt voor de nog niet met 
name genoemde vrienden en collega's binnen de vakgroep Bosbouw, met 
name de medebewoners van de "bovenkamer". Collega onderzoekers buiten 
de Landbouwuniversiteit waaronder prof. D.M. Elgersma, dr. W. Gams, dr. 
H. Heybroek, drs. B.C. van Dam, ing. A. de Haas, ir. N.G.M. Dolmans en 
dr. H.A. van Kesteren; bedankt voor de leerzame discussies en vaak 
waardevolle praktische tips. 
De lezers van de manuscripten: dr. P. Schmidt, dr. T. Limonard, dr. A.J. 
Termorshuizen, dr. R.P. Leersnijder, prof. J. Dekker en prof. Oldeman 
hebben door hun gedegen commentaar bijgedragen aan het stroomlijnen van 
de uiteindelijke tekst. Ir. J.B. van der Pas heeft de engelse tekst gecorrigeerd. 
De vele discussies bij prof. Oldeman thuis, waarbij het niet altijd alleen maar 
over essenverwelking ging, waren zeer stimulerend. 
Mijn beide paranimfen, dr. R.P. Leersnijder en dr. A.J. Termorshuizen komt 
een apart woord van dank toe. Peter bedankt voor vele computeradviezen en 
de ontwikkeling van het in hoofdstuk 8 gebruikte computerprogramma. Aad, 
dank voor het zeer uitvoerige commentaar en opbouwende kritiek op de 
concept teksten. Daarnaast beiden dank voor de morele steun. 

Tot slot, dank aan mijn ouders, schoonouders, familie en vrienden voor de 
blijvende belangstelling. En Hilly, zonder jouw steun en vooral ook geduld 
was dit alles nooit afgekomen. 

Jelle Hiemstra, Wageningen, 2 maart 1995. 
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GENERAL INTRODUCTION 

Een vreemd gerucht gaat door het land. 
Ze sterven bij tientallen 
Zou het waar zijn? 

(A Strange rumour is spreading.. 
They are dying by the score. 
Would it be true?) 

From: Het raadsel der Iepenziekte 
(The mystery of the Elm Disease) 
by S. Broekhuizen, 1937; p. 5. 

Recently, in some parts of the Netherlands an unidentified disease of common 
ash (Fraxinus excelsior L.) leading to dieback and death of affected trees 
caused great concern among owners and managers of broadleaved forests. It 
was feared that yet another serious disease threatened one of our important 
broadleaves, after Dutch elm disease and watermark disease had become 
major diseases of elms (Ulmus spp.) and water willow (Salix alba L.), 
respectively. This instigated a research project of which the present book is 
the final report. 

In the first section of the present chapter the victim of this 'new' disease, 
F. excelsior, is described. The second section introduces the research project. 
In that section also the design of the other chapters and of the book as a 
whole are outlined. 

1.1 Fraxinus excelsior 

1.1.1 Taxonomy and natural area 

The common or European ash, Fraxinus excelsior L., belongs to the family 
of the Oleaceae, a family of mostly trees and shrubs. Besides the genus 
Fraxinus this family includes the well-known genus Olea (with O. europaea, 



Chapter 1 

the olive) and many genera with species known as ornamental shrubs and 
trees like Syringa (lilac), Jasminum (jasnune), Ligustrum (privet), 
Chionanthus (fringe tree) and Forsythia (Boom, 1980). 

All ash species are found in the Northern Hemisphere, mostly in the 
temperate regions. Most species are trees of the mountains, but in the 
northern part of their natural area they also grow in the plains (Scheller, 
1977). In Europe F. excelsior L. (common or European ash) and F. ornus L. 
(flowering or manna ash) are the most common species. The best known 
species on the American continent (Record and Hess, 1943) are 
F. americana L. (white ash), F. pennsylvanica Marsh, (green ash) and 
F. nigra Marsh, (black ash). 

In Western Europe F. excelsior is the only native ash species. Its natural 
area (Fig. 1.1) stretches from the Mediterranean region to the southern parts 
of Scandinavia and from the Atlantic Ocean to the Wolga river. It includes the 
British Isles and Eire. The geographical and climatological limits of this area 
are the Atlantic Ocean in the west, the short growing period in the north and 
the dry and hot summer periods in the east and south. Because of the latter 
the common ash is limited to forests along streams in the southeastern part of 
its natural area and to the mountains in the southern part of its natural area 
(Hulden, 1941; Wardle, 1961). 

Fig. 1.1 Native area of Fraxinus excelsior L. (after Houtzagers, 1954). 



General introduction 

Within its natural area the common ash is present on two categories of soil 
types. Primarily, it is a species of mixed deciduous forests with Quer eus, 
Tilia, Ulmus and Acer spp. on moist, humic, loamy, deep soils. Secondly, it 
is found in combination with Fagus sylvatica, Acer pseudoplatanus and Abies 
alba on drier, calcareous soils, although with suboptimal growth (Houtzagers, 
1954). 

Since the report of Munch and Dieterich (1925), especially in German 
literature, ashes from these two soil types long have been considered to be 
two different physiological races: 'Wassereschen' ('water ash', i.e. ash 
originating from the first category of sites) and 'Kalkeschen' ('lime ash', i.e. 
originating from the second category). However, despite much and thorough 
research (e.g. Leibundgut, 1956; Weiser, 1964a,b; Von Schönborn, 1967) no 
clear differences between the two could be demonstrated. Mayer (1984) 
explains this by stating that a former continuous range of ash sites has been 
split into two groups of sites rather recently. This would be the result of the 
appearance, about three thousand to four thousand years ago, of beech (Fagus 
sylvatica L.) that became dominant on part of the former ash sites. Too little 
time would have passed for the evolution of physiologically differing races to 
occur, especially because common ash is a genetically stable species with a 
large genetic variability (Mayer, 1984). 

1.1.2 Morphological and growth characteristics 

The common ash is characterized by long, pinnate leaves with 9 to 13 leaflets 
and opposite, black buds (Fig. 1.2). The tree grows according to the model 
of Rauh (Fig. 1.3), i.e. with an orthotropic monopodial stem, orthotropic 
monopodial branches and lateral flowering (Halle and Oldeman, 1975). The 
rhythmic growth of all axes results in a whorled or subverticillate arrangement 
of the branches. Under favourable conditions, two (Roloff, 1989) and 
sometimes even three (personal observations) successive shoots within one 
growing season are possible. After death or loss of part of the tree, young ash 
trees usually regenerate rapidly which is illustrated by its frequent use as 
coppice or pollards. In large trees regeneration processes after loss of major 
parts of the crown may lead to the formation of young tree-like structures 
(reiterated complexes conforming to Rauh's model or parts of it) on the major 
branches (Fig. 1.4). 
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Fig. 1.2 Morphological characteristics of Fraxinus excelsior, a. Twig with characteristic black 
buds. b. Twig with female flowers, c. Twig with male flowers, d. Pinnate leaf, 
e. Winged fruits (samara). Reprinted with permission from: Boeijink et al., 1992. 
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Fig. 1.3 Diagram of the model of Rauh for different developmental stages of a tree. Common 
ash, of course, has compound leaves instead of the single leaves shown in the 
diagram. Reprinted with permission from: Halle, Oldeman and Tomlinson, 1978. 

On very suitable sites common ash can reach a maximum height of 40 to 45 
meter (Savill, 1991). Heights of 20 to 30 meter, however, are more common. 
Especially during the first 10 to 20 years height growth may be very fast. Ash 
trees normally do not grow very old, although they may reach an age of about 
300 years. In coppice-form they even may become 500 years old (Wardle, 
1961; Thill, 1970; Mayer, 1984). 

The root system of common ash is of the heartroot type with far-reaching 
horizontal roots clustered in the upper soil layer and deeply penetrating 
sinkers (i.e. vertical roots; Köstler et al., 1968). The roots are often 
concentrated in certain parts of the soil, resulting in rootless areas within the 
rooted soil volume. The fine rootlets are strongly concentrated in the upper 
10 cm of the soil. They often spring directly from the coarse roots. Most of 
them live only one year (Wardle, 1957). The tree has mycorrhizae of the 
vesicular arbuscular type (Jenik and Kubfkovâ, 1961; Linnemann, 1972). 
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Fig. 1.4 Reiterated complexes conforming to Rauh's model on the major branches of a 
common ash showing severe crown dieback. Warwick County, Great Britain 
October 1987. Photograph by the author. 

The ash flowers before the leaves are out. The flowers are wind-pollinated 
and appear in bunches from lateral buds (Fig. 1.2b,c). They may be male, 
female or hermaphrodite. Unisexual trees exist but in many cases different 
flower types are present on one tree (Rohmeder, 1952). The seed (Fig. 1.2e) 
is a small samara, i.e. a small winged nut which is distributed by wind. 

The wood of Fraxinus is ring-porous (Grosser, 1977), i.e. with very large 
spring vessels and quite narrow vessels in the summer wood. Because of their 
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much smaller diameter the transport capacity of the summer vessels is much 
lower than that of the spring vessels. Hence, water transport is almost 
exclusively ensured by spring vessels (Zimmermann, 1983). These vessels are 
functional for one season only, so diameter growth, i.e. formation of new 
spring vessels, starts before flushing. The narrow summer vessels may remain 
functional for several years. Braun (1970) considers this anatomy to be an 
adaptation to the short period with very fast flushing between the cold winter 
period and the hot, dry summer period in the native area of most ring-porous 
trees. 

The strong concentration of the water transport on a limited part of the 
outer growth ring makes ring-porous trees vulnerable to disturbance of the 
water transport by injuries as well as by vascular wilt pathogens (Braun, 
1970; Zimmermann, 1983). In such cases, however, the water transport may 
be maintained by the narrow and much safer summer vessels. For this reason 
Carlquist (1988, p. 28) sees this type of wood anatomy as 'a strongly 
pronounced adaptation for conducting large volumes of water in earlywood, 
combined with conductive safety (evidently with much reduced volume-
handling capability) in latewood'. 

1.1.3 Silviculture and use 

In Dutch forestry only trees from seed are used. In amenity and roadside 
plantations some clones may also be found, viz. 'Altena', 'Atlas', 
'Diversifolia', 'Eureka', 'Geessink' and 'Westhof's Glorie' (Lombarts, 1989; 
Anon., 1990). In all cases these clones are grafted on F. excelsior seedling 
rootstocks. 

Monographic treatments of site requirements, growth and production of 
ash are given by Volquardts (1958), Thill (1970) and Knorr (1987). More 
ecologically oriented reviews were published by Hulden (1941) and Wardle 
(1961). The most important aspects are summarized below. 

The large geographic area of its natural distribution indicates that common 
ash has no very strict climatic requirements. If sufficient water is available it 
grows well in cool temperate areas as well as in areas with high summer 
temperatures. Low winter temperatures generally do no harm but common ash 
is very sensitive to late spring frost (Peace, 1962) that may cause forking by 
killing the apical buds of stem and branches, after which both subapical buds 
reiterate Rauh's model (cf. Fig. 3.11 in Oldeman, 1990b). 
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The soil requirements of common ash are much more pronounced. It shows 
its best growth on deep, moist, well-drained and aerated, fertile soils of about 
neutral reaction. On drier or less fertile soils the tree grows much more 
slowly, especially when older. Ash does not tolerate prolonged flooding, 
waterlogging or compacted soils. Hence, for wood production to be 
commercially attractive, common ash should be grown only on the best sites 
(Evans, 1984). 'An expensive tree on rich soils', it was called by Ackermans, 
Creemers and ter Harmsel (1979). 

It is often stated that ash grows best on limy soils but this certainly is not 
the whole truth (Thill, 1970). If soils are rich enough, ash will grow well 
without lime. Indeed it can grow on strongly calcareous soils without the 
occurrence of lime-induced chlorosis unlike, for example, Quercus robur. Van 
den Burg (1981) reports that ash grows well on soils with a pH (H20) ranging 
from pH 5 to pH 8. 

Finally, for fast growth and harmonious crown development ash requires 
high light conditions. During its seedling stage, however, it is highly shade-
tolerant. Even after up to 30 years of suppression with very slow growth (less 
than one cm per year), seedlings may resume normal growth after opening of 
the canopy (Van Miegroet and Lust, 1972). 

In the past the mechanical qualities of ash wood, being strong, elastic and 
shock-resistant, made it apt to be used for weapons (spears, arrows, handles 
of battle-axes), tool handles, parts of all kinds of agricultural equipment, 
vehicles and boats, and in early airplane industry (Kollmann, 1941). In 
mountainous regions farmers often used the leaves and young branches as 
fodder, especially for sheep and goats (Pfeil, 1851). 

Nowadays ash wood still is used for sports equipment (hockey sticks, 
cricket stumps, baseball bats, bars, etc.) and in tool handles. Because the 
strength is caused mainly by the summer wood, wood for these purposes 
should contain a relatively high percentage of summer wood. Therefore it 
should be grown relatively fast (Aldridge and Hudson, 1954; Heilig, 1981). 
Well-grown ash of good quality is used for veneer, planking, parquet floors 
or furniture. Rather specific is the use as stirring sticks in aluminium smelters 
(Schepers and Van Haperen; 1992). Ash is also suitable for pulpwood and 
much appreciated as firewood. The latter is clearly illustrated by the last lines 
of an old anonymous rhyme discussing the value of many tree species for use 
as wood fuel (cited by Wilkinson, 1978; p. 12): 
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'But ash logs, all smooth and grey, 
Burn them green or old; 
Buy up all that comes your way; 
They 're worth their weight in gold. 

1.1.4 Importance in Dutch forestry and landscaping 

In the past two centuries, forestry in the Netherlands was developed by 
reafforestation of marginal lands, agricultural activities continuing to occupy 
the more productive areas. Therefore, until recently (see next section), ash 
forests were rather rare in our country. Ash was mainly limited to small 
remnants of riparian forest types (mainly in the eastern parts of the country), 
forests on rather steep fertile slopes (Limburg, in the deep south) and small 
forest plots in parklands situated on estates. Another important ash territory 
was the large ash-coppice area in the lower parts of the central provinces of 
Zuid-Holland and Utrecht. Besides these forest areas, ash always has been an 
important tree in plantings around farms and along roads because of its 
valuable and much-used wood (De Beaufort, 1853). 

In the second half of the present century the importance of ash in Dutch 
forestry increased considerably. This had the following reasons: 
- Better sites became available for afforestation in the newly reclaimed polder 
areas and in the traditional agricultural areas during re-allotment projects. 
- Changing forest policies increasingly favoured large broadleaved forest 
areas. 
- Major diseases (i.e. Dutch elm disease in elms, watermark disease in 
willows and several rusts in poplar) discouraged the use of some other 
broadleaved species. 

The increased use of ash in the newly established forests in the 
IJsselmeerpolders (Nuesink, 1980; Bos, 1984) and in roadside, recreational 
and amenity plantations in other areas, produced approximately 5000 ha of 
ash forest around 1980 (CBS, 1985). Especially in the coastal provinces and 
in the province of Flevoland ash stands form a substantial part of the forest 
area (Appendix I). In 1980 most of the ash forests were less than 40 years old 
because of the recent plantings. Except for the ash forest area, a further 5000 
km roadside and line plantations existed in 1980 (SBB, unpubl.) Finally ash 
is an important species in many mixed broadleaved stands, including many 
small woodlots planted for recreational and landscaping purposes. 
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In the long term planning of the Dutch government (Anon., 1986) a further 
increase of the ash forest area is intended, leading to a doubling of the area 
by the year 2050. In the light of the recent developments in European 
agriculture this even may be a conservative estimate. The need to decrease the 
overproduction of agricultural products and the pollution by intensive 
agriculture probably will lead to large areas of agricultural land to be 
abandoned by agriculture. This may lead to a strong extension of the area 
with fast-growing trees, including ash (WRR, 1992: fig. 4.10 and 4.11). 

1.1.5 Major diseases and pests 

In Northern America and in Great Britain two serious diseases occur in ash. 
North-American ashes, mainly F. americana, are affected by a disease called 
ash dieback or ash decline. Among the symptoms of the disease are slow 
growth, sparse foliage, small and chlorotic leaves, tufting of leaves at branch 
ends, cankers on branches and trunks, dying back of twigs and branches, and 
formation of epicormic (reiterated) shoots. Although many biotic and abiotic 
agents, including fungi, viruses, drought and frost damage, have been 
suggested as primary or secondary causes, and a close association of 
mycoplasmal infection with decline has been reported, the disease is still not 
completely understood (Sinclair et al., 1987). 

In Great Britain a disease, also called ash dieback or ash decline, is 
affecting F. excelsior since the 1950's and appears to have become more 
widespread in recent years (Evans, 1984). The main symptom is progressive 
dieback of twigs and branches over several years. The direct cause of the 
disease is still unknown, but large trees were shown to suffer more from the 
disease than small trees and single trees more than trees in groups. Also 
correlations were found with the presence of roads or ditches near trees and 
with the intensity of arable farming around the trees (Pawsey, 1983; Hull and 
Gibbs, 1991). 

In the Netherlands the above problems are unknown and until recently 
common ash was known as a species relatively free of serious pest and disease 
problems. Before the occurrence of ash wilt disease, bacterial canker caused 
by Pseudomonas syringae subsp. savastanoi pv. fraxini (Janse, 1981b) was 
the most damaging disease, as the cankers caused by this disease seriously 
reduce the commercial and aesthetic value of affected trees. In the 
Netherlands this disease is often, but not always, found on sites unsuitable for 
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ash (Janse, 1981a). Occasionally stem and branch cankers may be caused by 
some other fungi like Nectria galligena Bres. and Phomopsis spp. Honey 
fungus, Armillaria ssp., may also attack ash but is mostly restricted to 
weakened trees (Smith et al., 1988). 

Many insects are known to feed on ash (Wardle, 1961; Schwerdtfeger, 
1981; Anon., 1982). However, they hardly ever cause real problems. Ash 
bark beetle (Leperisinus varius F.) prefers weakened trees (or firewood logs 
during seasoning) for egg deposition. On healthy trees they cause beetle scab 
('ash-rose') by boring for maturation and hibernation. Because these bore 
holes are superficial they do not affect wood quality. 

Ash leaves may be eaten by caterpillars of Operophtera brumata L. 
(Winter moth) and Erannis defoliaria CI. (Mottled umber moth). Leaf psyllids 
(Psyllopsis spp.) cause blistering and swelling of leaves, mainly on young 
plants, and the gall midge Dasyneurafraxinea Kieff. raises pustules on leaves. 
The gall mite Aceria fraxinivora Nal. causes cauliflower-like galls on the 
flowers, and the Ash bud moth (Prays fraxinella Bjerkander) causes forking 
by mining terminal buds. On ash stems the Willow scale Chionaspis Salicis 
L. and the Ash scale Pseudochermes fraxini Kalt, may occur. 

Of much more importance, especially in young plantations, may be the 
damage caused by mammals like mice, rabbits, deer, etc. which girdle stems 
by eating the bark away. 

1.2 Outline of the project 

1.2.1 Background and motives 

As was shown above, in the last decades the importance of ash in Dutch 
forestry and landscaping has increased considerably and further increase is 
intended. However, in the end of the 1970's a previously unknown disease 
— commonly hitherto called 'essensterven' (dying of ash) — was observed 
in ash stands in several parts of the country. The rapid increase of the number 
of reports of this disease caused great concern among forest owners and 
managers. This instigated a preliminary investigation that was carried out 
during the summer of 1986 (Hiemstra, 1987a; Hiemstra et al., 1990). 

The investigation showed that the symptoms of the disease resemble those 
of some well-known and devastating wilt diseases of trees, like Dutch elm 
disease and watermark disease of willow in our country, and oak wilt in 
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Northern America. For this reason the name 'ash wilt disease' was coined 
(Miller and Hiemstra, 1987). It was shown that affected trees were present in 
most of the important ash areas of the country. Besides, the highest disease 
incidences (up to 20%) were reported in recently afforested areas where ash 
is an important tree species (i.e. provinces of Flevoland, Groningen and 
Zeeland). 

Because of these alarming observations, it was feared that the new disease 
indeed might cause serious problems in existing ash stands and frustrate the 
intended increase of the ash forest area. Hence, in May 1987 a new research 
project was started at the department of Silviculture and Forest Ecology (now 
merged into the department of Forestry) in co-operation with the department 
of Phytopathology, both from the Wageningen Agricultural University. The 
project was supported by the former Lake Ussel Polders Development 
Authority (Rijksdienst voor de IJsselmeerpolders), the State Forest Service 
(Staatsbosbeheer) and the Research Institute for Forestry and Landscape 
Planning (RIOBL 'de Dorschkamp', now Institute for Forest and Nature 
Research IBN-DLO). 

1.2.2 Aim and research questions 

As stated above, the fear for serious management problems in existing and 
future forest stands and urban plantations of ash, caused by ash wilt disease, 
led to the start of this research project. Hence, corresponding with the aim of 
plant pathology in general as formulated by Cowling and Horsfall (1980), the 
aim of this project was to understand the ash wilt disease so well that it can 
be managed effectively. 

For effective management of a disease problem, knowledge about the 
affected species, the causal pathogen and the development of the disease is 
essential. In the case of ash wilt disease, information on the affected species 
could easily be gathered by means of a literature survey, summarized in the 
previous section. In contrast, information on the cause and development of the 
disease was lacking. Hence it was decided that the study would concentrate 
on those aspects. This resulted in three main research questions to be 
answered: 
1. What is the cause of the disease? 
2. What is the effect of the disease on individual ash trees? 
3. What is the effect of the disease on forest stands of ash? 
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1.2.3 General approach 

The cause of the disease 
This aspect is covered by Chapters 2-5. The study started with delimiting the 
problem by coining a proper name (i.e. ash wilt disease; Section 2.1), 
describing the symptoms in detail (Section 2.2), and describing the 
distribution of the disease (Section 2.3). This part of the research was largely 
based on the results of a preliminary investigation in 1986 (Hiemstra, 1987a), 
supplemented by field observations in the summer of 1987. 

The next step (Section 2.4) was pinpointing the probable cause or causes. 
This was done by critically examining the available information and excluding 
as many potential causes as possible. Again the data from the preliminary 
investigation were the prime source of information. Some information gaps 
(e.g. presence of mycorrhizae and plant-parasitic nematodes in affected 
stands) were filled in by short-term research projects by others as cited. On 
the basis of all accumulated information, the hypothesis of ash wilt disease to 
be caused by a vascular wilt pathogen, probably a Verticillium sp., was 
formulated. 

This is followed by a literature survey on Verticillium wilts of woody 
plants in Chapter 3. 

In order to test the hypothesis, a nationwide survey for the presence of 
pathogenic fungi in diseased ash trees and an inoculation experiment 
investigating the pathogenicity of Verticillium dahliae in ash were carried out 
in the summer of 1988 (Chapter 4). The results proved that the ash wilt 
disease is indeed caused by Verticillium dahliae Kleb. 

This raised the question why the disease became only recently so 
important. Both host and parasite are native to the Netherlands, whereas no 
previous outbreaks of ash wilt disease have been described. A possible 
explanation might be the occurrence of a new host-specific or more aggressive 
strain of V. dahliae. This possibility was investigated by means of the 
inoculation experiment described in Chapter 5 in which three tree hosts of 
V. dahliae where inoculated with four isolates of the fungus obtained from 
different host plants. 

The effect of the disease on individual ash trees 
The work on this aspect is discussed in Chapters 6 and 7. In Chapter 6 this 
is done at organ level describing the anatomical anomalies in the xylem of 
inoculated young ash tree stems. In Chapter 7 the effect of the disease is 
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discussed at the whole-tree level. Disease progress in individual trees (i.e. 
symptom development and occurrence of recovery, dieback or death in the 
next year) and growth of these trees are analyzed. In both chapters, naturally 
infected trees as well as inoculated trees are studied. 

The effect of the disease on forest stands of ash 
This aspect is dealt with in Chapters 8 and 9. Disease incidence, distribution 
and progress in affected forest stands were studied in two permanent plots 
established in ash stands severely affected by ash wilt disease. The condition 
of the trees in these plots was recorded several times a year from 1987 to 
1991. The results of the monitoring and their meaning for understanding 
disease impact are discussed in Chapter 8. Chapter 9 presents another 
approach of the same subject. In this chapter disease incidence and impact in 
the province of Flevoland are discussed on the basis of the results of an aerial 
survey. 

Concluding chapter 
In the final Chapter 10 all results are reviewed in an integrated manner. Based 
on the results of the research and supplemented by data from literature, a 
description of the interactions between the pathogen and the host is presented. 
By analyzing the impact of the disease, this chapter also provides an answer 
to the question whether or not the situation is indeed as menacing as suggested 
by the quotation for the Dutch elm disease at the start of the present chapter. 
In a second section, the implications for nursery-growing and silviculture of 
ash are discussed. Finally, the new questions that arise from the results are 
outlined and the contents of further indispensable research are indicated. 

Resuming, the Chapters 1, 2 and 3 set the stage. Chapters 4 and 5 deal with 
the pathogen. Chapters 6, 7, 8 and 9 cover the diseased trees. In the latter 
group of chapters, the organization level studied (cf. Oldeman, 1990a) raises 
from the organ level, to the tree level, to the stand level and finally to the 
level of a group or mosaic of stands. In the concluding Chapter 10 all results 
are integrated in a portrait of the interaction between Verticillium dahliae and 
Fraxinus excelsior. 
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NAME, SYMPTOMS, DISTRIBUTION, AND 
POSSD3LE CAUSES OF THE ASH WILT DISEASE 

The aim of this chapter is twofold: to delimit the problem and to lay the 
groundwork for the main hypothesis of the research. Delimiting the problem 
is achieved by coining a proper name for the disease (Section 2.1) and 
describing its symptoms (Section 2.2) and distribution (Section 2.3). These 
three sections summarize the results of a preliminary research project, 
executed in the summer of 1986 (Hiemstra, 1987a; Hiemstra et al., 1990). 

Besides this summary there are also some new aspects. At the end of the 
section covering the symptoms of the disease, the code system is explained 
that was used throughout this study for describing symptoms and progress of 
the disease. Additionally, data collected during the years 1987-1991 are 
included in the section on distribution of the disease. 

Based on the data of the previous sections and on the results of a few 
additional short-term research projects by others the most probable cause is 
deduced in the last section of this chapter. This results in the hypothesis that 
the disease is caused by the vascular wilt pathogen Verticillium dahliae Kleb. 

2.1 Name of the disease 

In the first reports on the disease a large variety of symptoms was listed 
(De Kam, 1984; Hoogesteger and Araoldussen, 1985). In all cases dieback 
and death of trees were mentioned as important issues. Hence, the disease was 
generally referred to as 'dying of ash' (Dutch: 'essensterven')- Field 
observations during the preliminary research (Hiemstra, 1987) showed that the 
vast majority of diseased trees displayed the same disease syndrome with 
defoliation, preceded by wilt symptoms, being the most obvious early 
symptom (Fig. 2.1). Hence, the name 'ash wilt disease' has been introduced 
to replace the vague and unspecific term 'dying of ash' (Miller and Hiemstra, 
1987; Hiemstra, 1988). In this book the name 'ash wilt disease' will be used 
to refer to the disease. 
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2.2 Symptoms of the disease 

2.2.1 Symptoms and symptom development 

Symptoms 
As stated above, the most striking early symptoms of the disease are wilting 
and defoliation. Usually wilting of the leaves is accompanied by a subtle 
change of their colour towards a lighter, greyish green: 'loss of colour' 
(Fig. 2.2). In extreme cases withering or complete necrosis of the leaves has 
been observed (Fig. 2.3). All these early symptoms may affect the entire 
crown, or only part of it. 

Fig. 2.1 Main symptoms of the ash wilt disease: wilt and defoliation. Left: healthy ash tree. 
Note the regularly outspread position of the leaves and leaflets in the upper crown. 
Middle: A tree with early wilting symptoms. Particularly in the uppermost part of 
the crown all leaves droop. Right: A tree which lost almost all leaves after wilting. 
AH trees are 12 years old and have been carefully removed from an ash forest stand 
to enable a picture to be taken. (Horsterwold section Pz5-al, 1 September 1987). 
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Secondary symptoms of the disease may include the next phenomena: 
- reduced new flushes with very small, pale green to chlorotic leaves and very 
short internodes (Fig. 2.4); 
- marginal necrosis and scorch of the remaining leaves; 
- elongated dead areas of bark on the diseased stem or branches; 
- dieback of part of the tree; 
- epicormic shoots on surviving parts of the tree, sometimes followed by 
dieback of these shoots. 

Discoloration of the wood does not seem to be a consistent symptom. 
Some affected trees showed a discoloration in the cambial zone, the wood or 
the pith of stems or branches. However, in many other trees only a very 
slight discoloration was visible, if any. 

Symptom development 
The symptoms become conspicuous in the growing season, often after a 
period of normal growth. Many newly affected trees show the first symptoms 
in August or September. Death of affected trees may take place within a few 
weeks after initial symptoms. However, in other trees the death of the lower 
parts of the crown and finally of the trunk only took place after several years 
of languishing, formation of epicormic shoots and gradual dieback. 

Particularly in young trees, up to 15 or 20 years old, the processes of 
wilting and defoliation can occur very suddenly. In such trees no signs were 
found of a decrease in growth before the wilt symptoms appeared. 
Measurement of the shoots in some affected trees showed normal growth until 
the moment that symptoms appeared. 

It appeared that in some trees of 20 years and older, as well as the above 
acute process, a more chronic process was occurring. These trees did not 
show the sudden complete wilting and leaf fall as described above. Instead, 
the trees declined much more gradually. In 1987 in the city of Rotterdam 
some 20-year-old trees were showing a gradual decline including early leaf 
fall in 1986, extremely late flushing in 1987, sparse and pale-coloured foliage, 
gradual wilting, partial leaf fall and a partial dieback of the topmost twigs 
during the growing season of 1987. More recently, this kind of dieback has 
also been reported in other parts of the country. 



18 Chapter 2 

Fig. 2.2 (top) Early stages of the disease in a roadside plantation of Fraxinus excelsior 
'Atlas'. From left to right: Tree showing severe wilt, necrosis and loss of 
leaves; healthy tree; tree with early wilt and discoloration of leaves; 
healthy tree. (Rotterdam, Boszoomweg, 21 August 1987). 

Fig. 2.3 (left) Serious foliar symptoms on a 6-year-old nursery tree: defoliation and 
necrosis of leaves while still on the tree (Randwijk, 31 July 1989). 

Fig. 2.4 (right) Regrowth in year of defoliation: Reduced new shoots with very small pale 
green or chlorotic leaves and very short internodes (Horsterwold, section 
Pz5-al, 16 October 1990). 


