
Phytophthora nicotianae var. nicotianae 
on tomatoes 

G. Weststeijn 

rt i 

NN08201,541 ^ 



G. Weststeijn 

Phytophthora nicotianae var. nicotianae 
on tomatoes 

Proefschrift 
ter verkrijging van de graad van 
doctor in de landbouwwetenschappen, 
op gezag van de rector magnificus, prof. dr. ir. H. A. Leniger, 
hoogleraar in de technologie, 
in het openbaar te verdedigen 
op vrijdag 2 februari 1973 des namiddags te vier uur 
in de aula van de Landbouwhogeschool te Wageningen 



STELLINGEN 

I 
Bij het onderzoek naar de bestrijdingsmogelijkheden van bodempathogenen behorend 
tot de familie van de Pythiaceae is tot nu toe onvoldoende aandacht geschonken aan 
de rol van de zoosporen bij het ziekteproces in de grond. 

II 
De conclusie van Ho, dat Phytophthora megasperma Drechsler var. sojae Hildebrand 
in de grond hoogstwaarschijnlijk in ziek sojaboonweefsel overblijft, is niet geiecht-
vaardigd. 

Ho, H. H., Mycologia 61 (1969) 835-838. 

Ill 
De invloed van de groeiomstandigheden op de lengte-breedte-verhouding van de 
sporangien van Phytophthora palmivora (Butl.) Butl. is onvoldoende onderzocht om 
deze eigenschap te gebruiken voor een taxonomische onderverdeling van de schimmel. 

Turner, P. D., Trans.Br.mycol. Soc. 43 (1960) 665-672. 

IV 
Het onderzoek naar de invloed van uitwendige omstandigheden op de groei van 
groentegewassen onder glas moet meer gericht zijn op de mogelijkheden tot bestrijding 
van ziekten dan op die tot vermeerdering van de kilogramopbrengst. 

V 
Bij de bestudering van de invloed van luchttemperatuurwisselingen op de groei van 
groentegewassen wordt te weinig rekening gehouden met het daardoor veroorzaakte 
verloop van de grondtemperatuur. 

Hussey, G., J. exp. Bot. 16 (1965) 373-385. 

VI 
Het is verwarrend in de mycologie de term 'vegetatief te gebruiken, als daaraan een 
andere betekenis wordt gehecht dan in de botanie. 

Ainsworlh, G. C , 1967. Dictionary of fungi. CMI, London. 
Burnett, J. H., 1967. Fundamentals of mycology. Edw. Arnold (Publ.), London. 

VII 
Ter bevordering van de internationale communicatie in de fytopathologie dienen ge-
lijksoortige termen afgeleid van eenzelfde stam in de verschillende talen op dezelfde 
manier gedefinieerd te worden. Dit vereist de instelling van een internationale werk-
groep voor de terminologie in de fytopathologie. 



VIII 
Bij de opstelling van een kostenbegroting voor oogstwerktuigen in de akkerbouw 
mogen de gevolgen van het te verwachten struktuurbederf van de grond niet buiten 
beschouwing gelaten worden. 

IX 
In het Nederlandse Internationale Hulpprogramma moet de opleiding van middelbaar 
personeel in de ontwikkelingslanden voor diensten in de landbouwsector een belang-
rijker plaats innemen dan heden het geval is. 

X • 

Niet alleen uit esthetische maar ook uit volksgezondheidsoverwegingen moet het 
stedelijk openbaar groen zodanig worden ingedeeld, dat gazons en speelplaatsen vrij 
blijven van hondenfaeces. 

XI 
De mogelijkheid, die in artikel 1639n van het Burgerlijk Wetboek gegeven is om een 
dienstbetrekking te beeindigen voor het verstrijken van dewettelijkvastgesteldeproef-
tijd zonder inachtneming van de voor de opzegging geldende bepalingen, gaat voorby 
aan het nut voor alle belanghebbende partijen de reden van de beeindiging te weten. 

Proefschrift van G. Weststeijn 
Wageningen, 2 februari 1973 
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I. Introduction 

In the last twenty years glasshouse tomato production in the Netherlands increased 
from 75.000 tons in 1950 to 200.000 tons ten years later and to 379.000 tons in 1970. 
The acreage increased from 1110 ha in 1950 to 2589 ha in 1960 and 3464 ha in 1965, 
remaining approximately at that level until the present time (3339 ha in 1970). The 
rise in production during the firstmentioned decennium was largely obtained by the 
increase in acreage, but during the second decennium there was a considerable rise in 
productivity per unit area. This resulted from intensification of production methods, 
by the construction of glasshouses with better light transmissibility, by improvement 
of the heating and ventilation systems, of the irrigation and dressing methods and of 
soil disinfection. Also, the propagation of better plant material concentrated to a 
greater extent than before on specialised holdings, the rise of temperatures during 
propagation and after transplanting and extensive application of carbon dioxide 
contributed to the improvement of productivity. 

These changes, especially those concerning propagation and the temperatures used, 
have had an important influence on the incidence of diseases, such as root and foot 
rots. These diseases, which have always occurred on tomato in the Netherlands, were 
known to be caused by the fungi Rhizoctonia solani Kiihn, Botrytis cinerea Pers. ex Fr. 
and Didymella lycopersici Kleb. (Riemens, 1939; Fremouw, 1940; Verhoeff, 1963a 
and 1963b). 

A different type of root and foot rot which was not caused by any of the pathogens 
mentioned above was found in 1963. Verhoeff and De Mos (1963) considered it to be 
of a physiological nature. Furthermore, an aberrant type of stembase rot, appearing 
within a few days after transplanting in June and July, had been reported from 1959 
onwards, which was also thought to be a physiogenic disorder (Anonymous, 1959; 
De Boer, 1960). These two 'physiological' disorders gradually increased in frequency 
and reached epidemic proportions in 1966 and 1967. It was therefore decided to start 
a special research project at the Glasshouse Crops Research and Experiment Station 
at Naaldwijk to investigate these problems. The studies were aiming to find: 
a. the cause of the disease; 
b. the conditions which enhance its incidence; 
c. the ways of prevention or control. 



II. The culture of tomatoes 

1. In the Netherlands 

Several ways of tomato-growing can be distinguished: a. planted in winter in fully 
heated glasshouses; b. planted in springtime in slightly and non-heated glasshouses 
and c. planted in summer without heating followed by heating in autumn. The crop 
in the open air is not mentioned, as this way of growing on a commercial scale has 
been abandoned in the Netherlands. 

Below, cultivation methods and their history are described briefly, as they may have 
or have had an influence on the development of the disease reported here. Cultivation 
can be divided into two separate phases; these are: a. the preplanting period, including 
preparation of the soil, sowing and propagation of the plant material and b. the 
planting and post-planting period including all work from planting until the end of 
the crpp, such as planting, management of soil and air conditions, tending of plants, 
disease and pest control, harvesting etc. 

A. Soil disinfection 
During the last ten years annual soil disinfection in summer or autumn has become 
general practice. Previously, steam was used and introduced into the soil through 
dug-in pipes or chloropicrin was applied. To reduce labour costs, however, pipe 
steaming was replaced by sheet steaming; besides, methyl bromide became available 
as soil disinfectant. If root-knot nematodes only are present in the preceding crop, 
the soil is treated solely with a nematicide. For summer planting alone the soil is not 
disinfected, because the costs are too high in comparison with the modest revenues of 
an autumn crop. 

B. Sowing andpropagation 
For small quantities seeds are sown in special sowing compost arranged in sowing 
boxes and for larger quantities in sowing beds either elevated as benches or at ground 
level. When the cotyledons are well spread the seedlings are pricked out in potting 
compost in plastic pots or pressed peat blocks. At present seeds are sometimes 
sown directly into the pots or blocks. The plants are subsequently placed on the soil of 
the propagation beds in special glasshouses or glasshouse compartments and kept 
until ready for planting. This task is executed by the growers themselves or put out to 
contract. The propagation of plant material on contract by growers specialized in 
raising transplants was of little importance before the mid-1950's, but developed 
gradually thereafter. Initially these holdings supplied mainly seedlings for planting 
in non-heated glasshouses from the middle of March onwards. By the late 1950's 
they began to supply also plant material for the winter plantings. Consequently, the 
propagation period at these holdings extended from October till July. Where peat 
blocks were always used, the top-layer of the propagation beds contained young to­
mato roots from November onwards. Disinfection of such beds, before the propagation 
season started, did not become a general practice until the second half of the 1960's. 



Up till the late 1950's seedlings had been raised at a temperature of 12-14 °C at 
night and 18-20°C in the daytime. Thus, they were usually 11-13 weeks old at plan­
ting and had quite lignified vascular bundles. In later periods quick raising at tempera­
tures of 16°C at night and 21 °C in the daytime with a maximum of 28 °C on very 
bright days resulted in the use of 7-9 week old plants; these, however, suffered a 
severe temperature shock at transplanting into non-heated houses. 

C. Period of planting 
Until the 1950's tomatoes were not planted in heated houses before the middle of 
January. Improvement of the heating systems and construction of glasshouses with 
better light transmission, however, allowed planting even as early as mid-December. 
Interest in summer plantings was small, because plants were raised under flats and 
subject to the aphid transmitted Cucumis virus 1 and Chrysanthemum aspermy virus. 
The complex of each of these viruses with tomato mosaic virus caused severe damage 
to the growth of the tomato plants. In the second half of the 1950's, however, interest 
increased again, because by then plants were propagated in glasshouses, protected 
from aphids. 

D. Planting and watering 
The seedlings are planted into dibbed holes preferably in soil at 15°C or more. The 
custom has always been, and still is, to water the plants with a hose pipe immediately 
after planting, so as to enable the plants to strike roots into the border soil quickly. If 
subsequent vegetative growth has to be checked in order to further fruiting, watering 
is usually delayed for some time. This is often practiced when soil- and air temperatures 
are lower than desirable and the capacity of the heating system is insufficient or non-
existing. 

Watering is often effected by sprinkling lines which, as long as these lines are sus­
pended at shoulder level, moisten the plants entirely. As soon as the lowest three or 
four leaves of the plants have been removed, so that water spread will not be 
impeded, the lines are suspended at approximately 20 cm above the soil. The leaves 
and stems of the plants then largely remain dry. 

E. Temperatures after planting 
During the last decade the usual growing temperatures in winter plantings of 15°C 
at night and 20 °C in the daytime were increased to 16°C and 21 °C respectively, while 
allowing a temperature rise to 30 °C on bright days. This temperature regime forced 
the plants into earlier production. The hazardous early non-heated plantings have 
been replaced by plantings in glasshouses with a hot air or a single pipe heating system. 
This heating system was aimed to reduce the risks of very early cold plantings but has 
often tempted the growers successfully to earlier plantings. 

On many holdings, glasshouses are often heated until June. The use of the heating 
systems is then suspended until August or September, because many a grower thinks 
no heat is required in that period; in this case, however, one forgets that control of the 
relative humidity of the air is necessary. 

F. Pest and disease control 
Several measures are taken as a normal routine to control some frequently occurring 
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pests and diseases. Soil disinfection, before planting, already mentioned under point 
A is directed against Meloidogyne spp., tomato mosaic virus, Pyrenochaeta lycopersici 
R. Schneider & Gerlach and recently also against Fusarium oxysporum f. lycopersici 
(Sacc.) Snyder & Hansen. For summer planting also grafting unto resistant rootstocks is 
applied. Planting holes are often treated with a maneb suspension to reduce infection 
by Didymella lycopersici Kleb. Plant bases are sometimes treated with a suspension of 
quintozene against Rhizoctonia solani Kiihn or of thiram against Botrytis cinerea 
Pers. ex Fr. 

During the rest of the cropping period regular spraying and/or dusting of pesticides 
is practiced mainly against B. cinerea, Cladosporiumfulvum Cke and the pests, Tetrany-
chus urticae auct. and Trialeurodes vaporariorum Westw. A recent development is also 
the use of predators against these pests. A low relative humidity is desirable to reduce 
spread of D. lycopersici, Cfulvum and B. cinerea. 

G. Duration of the crop 
Winter plantings are continued until July and then immediately followed by a summer 
planting of tomatoes or cucumbers. If the plants are in very good condition the crop 
may be carried on until August or even October. Plantings in March and later are all 
ended in the autumn. 

2. In Southern England and Guernsey 

When the. disease discussed in this paper became a problem in the Netherlands it did 
not in Southern England and Guernsey. It is of interest to try to find the reason for 
this (see chapter X), but for this purpose it is necessary to point out the main differen­
ces in tomato growing techniques by that time between these parts of the United 
Kingdom and the Netherlands (cf. Anonymous, 1964; Sheard, 1971). 

Planting material was propagated by the growers themselves and at lower tempera­
tures than m the Netherlands, i.e. at 14-15°C at night and 17-18°C in the daytime 
raising to a maximum of 24 °C on bright days. Planting was not started until the begin­
ning or the middle of January using plants in pots with the first flowers open. When 
plants had been pricked off into boxes or peat blocks, planting was done earlier on. 
ifte better light conditions (Nisen, 1969; Koninklijk Nederlands Meteorologisch 
\\1 XT\i , ; H a r n e t t> 1 971) allowed a quicker growth of the planted seedlings than 
in the Netherlands, resulting in a first pick by the end of March. The temperature after 
piantmg was 17 C at night and 20°C in the daytime with ventilation at 24 °C. Growth 
2 r " t S 7 s , c h e c k e d by v e ry ireful and regular watering using at times appro-
a f W . Z ? s o l u t ' o n concentrations and by keeping the plants in pots (whalehide) 
ddI o r , ™ ; ! °H' C l i t l v a t i o n i n "on-heated glasshouses was rare in Guernsey, but 
in that w A°1 ? n g l a n d ; t h e n ' h oweve r> P l an t i"g was done as late as April.Also 

^^t£££££ more light than in the Netherlands'resultin*in a 

duSlSf fl T d i s i n f e c t e d m u c h more carefully than in the Netherlands, using 

d^fecdon 8 ' T h C f e g U l a r l y USCd t r ° U g h s a l s° a l l o w e d f o r a c a f e f u l 



III. The disease 

For purpose of identification and comparison with similar tomato diseases abroad a 
description is given here of symptoms and isolated pathogens. 

1. Symptoms 
During the course of the work the disease symptoms described below, were found to 
be caused by the same fungus. Initially, however, some were considered to be of 
different origins. 

A. Foot and root rot 
The rot starts as a brown discoloration of the lateral roots or the tip of the tap root. 
The former easily break and rot away completely, probably by secondary invasion of 
saprophytic micro-organisms. Usually the infection progresses into the tap root. In 
young plants the infection of the tap root progresses upwards along the tissue of the 
vascular bundles as well as through that of the gradually widening pith. At this stage 
the foliage of the plants takes on a dull dark-green colour; during sunny hours some 
wilt may show up. Also, adventitious roots are formed at the stem base. When the 
fungus reaches the stem base, the cortex is infected, which discolours from green to 
dark-grey. The vascular bundles brown as in the roots and the pith tissue becomes 
greyish-brown and desiccates. As young plants do not yet possess a complete cylinder 
of lignified xylem tissue, the desiccation of the pith causes the whole stem base to 
shrivel. The plants then collapse and die quickly (Fig. 1). 

This symptom is mostly found on non-heated commercial holdings within 5-6 
weeks after planting in springtime. Less frequently similarly diseased plants are found 
in crops planted in heated glasshouses in winter. 

In older plants a tap root infection often progresses only a little upwards. This may 
result in a range of foliage symptoms: from darkly discoloured top leaves and yellow 
basal leaves, when the greater part of the tap root is infected, to only slightly dark-
green top leaves, when a small part of the tap root is infected. In the latter case the plants 
usually start to form a large number of lateral roots from the healthy part of the tap 
root and may resume normal growth. 

When planting is effected in June and especially in July, frequently the stem base 
alone is infected and not the roots. In this case infection starts at soil level and pro­
gresses upwards and downwards. The symptoms at the stem base and the consequences 
for the plants are identical to those already described. This type of infection takes 
place within one week after planting. 

B. Leaf blight 
Occasionally parts of leaflets or sometimes complete leaves discolour bluish-green 
and wilt. This, at times, happens to plants on propagation beds, of which the leaves 
have temporarily touched the soil, for instance after heavy overhead watering. 



Fig. 1. Root and foot rot symptoms (plant at the left: healthy). 

W'WM 

Fig.l. Wortel- en voetrotsymptomen (links: gezond). 

C Leaf stalk and stem infection 
Infected leaf stalks and stems show a blackish-green discoloured lesion. The vascular 
bundles and the pith tissue have the same symptoms as the corresponding tissues in the 
s em base which always include a collapse of the infected parts. Infection of a leaf 
stak usually originates from infected leaf blades and may cause infection of the stem, 
wmcn may also arise from infected fruit stalks or from infection of fresh wounds (e.g. 

m ^ u Pf l t ° f t h e p l a n t a b o v e a s t e m ksion wilts and in most cases dies 
quickly, even in older plants (Fig. 2). 



Fig. 2. Stem infection on a young plant. 

Fig. 2. Stengelaantasting bij eenjongeplant. 

D. Fruit rot 
The syndrome of this disease also includes a wet fruit rot, usually called 'buckeye rot'. 
The fruits show greyish-green, partly watersoaked lesions, usually with dark brown 
concentric rings or parts thereof. Internally, the mucilage turns dark brown to black 
and decomposes to a watery substance. The fruits maintain their original shape, at 
times even look somewhat inflated and drop easily (Fig. 3). 

In tomato-growing under glass in the Netherlands this symptom mainly occurs on 
fruits of the lowest truss, sometimes on those of the second lowest. In conformity with 
leaf stalk infection fruit stalks may also become infected, showing similar symptoms. 

2. Closely similar diseases abroad and their respective pathogens 

In many other countries symptoms similar to those described above have been attribut­
ed to many different Phytophthora spp. In 1917 Sherbakoff described buckeye rot 
caused by Phytophthora terrestria Sherbakoff (later corrected in P.terrestris). A 
closely resembling fungus was found in the USA by Reddick (1920) to infect young 
seedlings (damping-off), the stem of older plants (stem girdling) and the foliage 
(blight). In Bulgaria P.nicotianae v. Breda de Haan vai. nicotianae was found to cause 
stem infections, especially on very young plants (damping-off) (Atanasoff and Kova-
cevski, 1929). In the literature there are many reports of Phytophthora parasitica Dast. 



Fig 3. Wet fruit rot, caused by P. nicotianae. 
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Fig. 3. Nat vruchtrot,veroorzaakt door P. nicotianae. 

causing all symptoms described above (for instance: Kendrick, 1923; Richardson, 
1941; Williams and Sheard, 1943; Fulton and Fulton, 1951). Foot and stem rot is also 
caused by Phytophthora cryptogea Pethybr. & Laff. (Pethybridge and Lafferty, 1919; 
Reddick, 1920; Bnen, 1940), while Brittlebank and Fish (1927) found this fungus to 
cause also damping-off. Similar symptoms were provoked in Yougoslavia by an as 
yet undetermined Phytophthora sp. (Aleksic et al., 1969). 

A wet fruit rot resembling buckeye rot was caused by Phytophthora capsici Leon., 
according to Kreutzer et al. (1940) and Tompkins and Tucker (1941), while foot rot 
caused by this fungus was reported by Critopoulos (1955). Tompkins and Tucker 

F- a i? r n d Phytophthora drechsleri Tucker to cause the same type of fruit rot. 
finally there are some incidental reports of other Phytophthora spp. infecting toma-

° J n ! s ' 1-e; s t e m r o t W Phytophthora citricola Sawada (Salerno and Calabretta, 
J; J^P'^-off. root rot and buckeye rot incited by Phytophthora mexicana Hot-

son & riartge (Hotson and Hartge, 1923); stem infection by Phytophthora primulae 
lorn rnson (Tomhnson, 1952) and by Phytophthorapalmivora (Butl.) Butl. (Weststeijn, 

M rl T°°t FOt b y PhytoPhthora verrucosa Alcock & Foister (Foister, 1940). 
™ , H J I 7 Phytophthora spp. mentioned above are considered good and validly 
~ S

f
pe

D
Cies ^ Waterhouse (1963). P.terrestria, however, she considers to be a 

/ 3 ? °,\F-mcotlanae var. nicotianae. As to the specific and varietal names 'nico-
S P £ ?armtlca t h e terminology by Waterhouse is adhered to in this paper, 
wane P. nicotianae var. nicotianae will be referred to as P. nicotianae. 

3. Isolations from the Netherlands 

be
S D S w a b r ? ' * ! f ° 0 t r ° t S a s we l 1 a s t h e r o o t r o t s were originally considered to 

Phyfollthora n f 8 * ' U 19M> t h e D u t c h P lan< Protection Service isolated a 
WeSSSS PlftS W i t h r o o t r o t ^ P t o m s ; at the same time Verhoeffand 

er isolated from similarly diseased material Phytophthora arecae(Colem.)T>ethybr. 
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