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STELLINGEN

1. Bij het optreden van inwendig vruchtrot bij komkommer {s het
bloemp je van doorslaggevende betekenis.

Dit proefschrift.

2. Gewasresistentie tegen Didymella bryoniae leidt ook tot
minder vruchtrot.

Dit proefschrift.

3. De benaming bladvlekkenziekte voor aantasting van komkommer
door Didymella bryoniae is misleidend.

Gewasbeschermingsgids 1985:310.

4. Vaak wordt ten onrechte aangenomen dat een ziekte of plaag
afkomstig 1s ult het land waar het optreden ervan voor het
eerst is beschreven.

5. Energleschermen in de glastuinbouw verhogen de luchtvochtig-
heid in de kas en verlagen de kans op schimmelinfecties.

6. Niet alleen chemische, maar ook biologische bestrijding van
plagen kan de export van tulnbouwprodukten in gevaar
brengen.

7. Wakimoto et al. hechten ten onrechte waarde aan de gevonden
verschillen in concentratie bacteri¥n van Corynebacterium
michiganense bij de door hen getoetste cultivars van tomaat.

Wakimoto, S., Uematsu, T. and Mukoo, H.,
1986.

. Bull. Nat. Inst. Agr. Sci. Ser. C 22:

! 269 - 28l1.

8. Bestrijding van nematcden met het middel methylbromide heeft
de voorkeur boven het gebruik van aldicarb en oxamyl.

9. De teelten zonder aarde in kassen bieden bij uitstek moge-
11 jkheden voor de blologische bestrijding van wortel-
pathogenen.

10. Gecomposteerd plantaardig tuinafval kan niet in de
intensieve glastuinbouw worden hergebruikt.

Lati . LUSCHOOL

wALELLVGEN




11. Doorstroming van onderzoekresultaten naar de praktijk wordt
belemmerd door het huidige overheidsbeleid ten aanzien van
de voorlichting.

12. Het vak geestelijke stromingen dient behalve voor het
basisonderwi js ook voor het voortgezet onderwijs verplicht
te zijn.

13. Organisatiestructuren komen en gaan, maar onderzoek zal
blijven bestaan.

N.A.M. van Steekelenburg.

Didymella bryoniae on glasshouse
cucumbers.

Wageningen, 17 september 1986.
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INTRODUCTION

The cucumber industry in the Netherlands
Production systems

Commercial production of cucumber under glass in the Netherlands began
about a century ago. Production of vegetables under frames started
between 1880 and 1890 (Barendse, 1951). According to Hazeloop (1897)
the frames in the Loosduinen area were mainly used for cucumber
production. The first single span glasshouses, speclally designed for
cucumber cropping were built in the Netherlands, after English
example, in the beginning of this century (Nederpel, 1954). In this
type of glasshouse an inclined or arch training system was applied.
Commerclal cropping under frames and in single span cucumber houses
has been abandoned nowadays. The largest development in cucumber
production was in the fifties and sixties when the upright training
system in multi-span glasshouses found acceptance.

This system requires less labour and gives higher yields. Ome of the
benefits of multi-span glasshouses is that they allow a flexible
change to another crop.

Early-planted c¢rops were traditionally grown on horse manure,
which was later replaced by straw bales. The decomposition of the
manure and straw provided heating of the root zone. In the seventies
the straw bales were wmore and more replaced by a soil heating system
of buried pipes in the soil. Since 1975 there has been an increased
use of rockwool as growing medium for cucumber. About 300 ha (60%) of
the early—-planted cucumbers were grown on rockwool in 1985. Rockwool
is an inert, pathogen-free medlum with good water retaining
properties. Water, containing all the necessary nutrients, is applied
to each plant by means of trickle irrigation. The nutrient solution is

not recirculated.



Four production systems can be discerned:

1. Pipe-heated crops planted between December and end of February.
Cropping extends to October. Part of the acreage of this
early-planted crop is replaced by an autumm crop.

2.  Air-heated crops planted in March/April. They are grown in
rotation with other crops, mainly lettuce.

3. Unheated crops planted in May/June, also grown in rotation with
other crops.

4. Autuuwn crops planted in July/August, usually following a main
crop of tomato, with cropping to October/November, so they have

to be heat assisted.

Growing environment

The cucumber crop is the most thermophylic one of the glasshouse
vegetables. Since the energy crisis of 1973 prices of fuel have risen
enormously. The share of the heating costs in the total costs of an
early—planted cucumber crop increased from about 20 to 30% in the past
ten years. The glasshouse Industry was forced to carry out energy
saving measures. Leakages in the glasshouses were sealed, thermal
screens and double glazed walls were installed, ventilation was
restricted and heating temperatures were lowered. A more humid
environment was the result of all these measures with its consequences

on the incidence of diseases.
Cultivars

The cultivars have changed throughout the years. They determined also
the production system. The main objectives of breeding were earliness
and high production. Nowadays more and more attention is given to
fruits with a good quality and a long shelf life and to disease
resistance.

Initially, mixed flowering cultivars were grown. Pollination had
to be avoided as it resulted in low quality fruits. Since 1975 only
female flowering hybrids are grown. They are very suitable for the
upright training system, give no fruit pollimation problem and are
very productive.

2



Economics

Cucumber 1is the second in importance , after tomato, of the glasshouse
vegetable crops, in the Netherlands.

The acreage of cucumber was highest in 1977 (1330 ha). It
decreased slowly to 1050 ha in 1983 with more than 500 ha
early-planted crops, about 250 ha air-heated or unheated crops and 250
ha autumn crops (R jksinstituut voor het Rassenonderzoek van
cultuurgewassen, 1985).

Between 1970 and 1984 the auction supply increased from 242
million kg to 340 million kg (650 million fruits)per year and the
turn-over from 125 to 350 million guilders (De Visser, 1981;

Ri jksinstituut voor het Rassenonderzoek van cultuurgewassen, 1985).

Production clearly increased in despite of a decreasing acreage
since 1977. This implies a rise in yield per m , mainly caused by the
continuous introduction of more productive cultivars and the steady
development away from scoil-based crops to rockwool crops.

About 80% of the production is exported, mainly to West~Germany.

Fungal diseases

In the Annual Reports of the Glasshouse Crops Research and Experiment
Station in Naaldwi jk, scab (Cladosporium cucumerinum) has been

reported for years and years as a serlous disease on cucumber.
Research on this disease started in 1927. After the second world war,
good control was obtained with trichlorotrinitrobenzene (Bulbosan).
Resistant cultivars were introduced in the mid fifties and at preseat
all commercial cultivars are resistant.

Fusarium was considered a serious threat to the cucumber crop in
1936. After the second world war, Fusarium wilt and Fusarium foot and

root rot were controlled by grafting onto Cucurbita ficifolia and by

steaming the soil. On grafted cucumbers Fusarium solani f. sp.

cucurbitae was observed in 1958, probably because the seed of the
rootstock had been infected. Afterwards it occurred rarely.

With the scab resistant varieties no chemical control of scab was
carried out and as a consequence the incldence of other leaf diseases,

namely Corynespora cassiicola (= C. melonis) and Didymella bryoniae,




increased. Target leaf spot (C. cassiicola) could be solvad by the
development of resistant cultivars, but the occurrence of D. bryomiae
lacreased gradually.

The development from frames to glasshouses in cucumber production
and the intensification of the crop resulted in a considerable

increase of powdery mildew (Sphaerotheca fuligipea) since 1955. The

pathogen developed resistance to some of the fungicides, which had
become available for control of the disease, particularly to systemic
fungicides. Each time when this happened it was necessary to change to
another chemical. The use of funglcides 1s still the wmost important
control method. A few powdery mildew resistant cultivars have been
introduced recently. However, they are hardly grown because they show
leaf necrosls under poor light conditions and are less productive than
the susceptible cultivars.

At present, the most important fungal diseases in cucumber are

stem and fruit rot (Didymella bryoniae) and grey mould (Botrytis

cinerea). Grey mould is controlled by avoiding humid conditions and by

spraying chemicals. Black root rot (Phomopsis sclerotioides) can cause

gsevere losses when no proper steam sterilisatioam is carried out. The

rootstock Cucurbita flcifolia 1s less susceptible to this disease.

Under humid conditions, in unheated and air-heated crops in

particular, downy mildew (Pseudoperonospora cubensis) can have serious

consequences. Verticillium wilt has increased in the last years, both
in border soil crops and in rockwool crops. Occasionally severe

attacks of white rot (Sclerotinia sclerotioru:z) occur. Root rot in

which Pythium gpp. are included -.an be a pro'iem in particular in

rockwool systems.
Didymella bryoniae

The disease was first reported on cucumber in the same year in three
countries, namely in France (Roumegudre, 1891), Italy (Saccardo, 1891)
and Delaware U.S.A. (Chester, 1891). Leaves, atems and fruits of all
kinds of cucurbits can be infected. The symptoms have been referred to
as leaf-spot, stem canker, gummy stem blight, vine wilt and black
fruit rot. The disease is geographically widespread and occurs both in
outdoor and protected crops (Chupp and Sherf, 1960).

Both the perfect and the imperfect state of the fungus occur. The



occurrence on many plant species and plant parts is probably the main
reagon the fungus has been described under many different names. The
correct name for the perithecial state is Didymella bryoniae (Auersw.)

Rebm (Miiller and Von Arx, 1962) and for the conidial state Phoma

cucurbltacearum (Fr.)} Sacc. (Boerema and Van Kesterenm, 1972).

In protected crops in Europe it was not a major disease until the
production of cucumber was intensified considerably. In the
Netherlands, the disease was first observed on grafted cucumbers grown
under frames ia 1953. It caused brown and necrotic lesions on
cotyledons, leaves and stems. With grafted cucumbers an Infection at
the graft union could kill the plant. Until 1967 the disease was of
minor importance and symptoms were mainly restricted to lesions on the
leaves. From then on an increase in stem lesions initiating from
wounds made by trimming and picking was observed, in particular during
summer and autumn. The lesions are initially brown and turn black by
the formation of pyenidia and perithecia. Girdling stem lesions which
remain wet result in dying of the plants. Some control of the disease
was achieved with zineb. Infection of growing tips and external fruit
rot are ohserved as well. The youngest leaves and growing tip are
malformed, turn brown and become necrotic. With a severe infection the
growing tip dies. With external rot, lesions all over the fruit occur,
predominantly in the post harvest period during the warm summer
months. Internal fruit rot was noticed in 1967 for the first time in
the Netherlands in particular on all female flowering cultivars (Sweep
and Govers, 1967). With internal fruit rot the tissue in the centre of
the blossom end of the fruit is brown discoloured. Intermal fruit rot
is hard to observe externally. It was, like externmal fruit rot, mainly
noticed during the summer months. Fruit rot, both internal and
external, has adverse effects on the quality of the Dutch produce.

The disease has never been a problem in single span cucumber
houses, in contrast to multi-span glasshouses. This fact may be
explained by the differences in training system and micro climate
between the two types of glasshouses. The lancreased incidence of the
disease earlier in the season since the energy crisis of 1973 is
probably a result of the more humid glasshouse climate, which in its
turn is one of the consequences of the energy saving methods the
glasshouse industry was forced to introduce. The change in cultivars

throughout the years is probably also an lmportant factor explaining




the increased incidence of stem and fruit rot. The breeding for
resistance to scab and target leaf spot and the breeding for
bitter-free fruits and all female flowering may have resulted in

cultivars which are more susceptible to stem and fruit rot.

Aim and cutline of the present study

In the previous part of this imtroductory chapter it has been outlined
that in counnection with production system, cultivar and environmental
conditions fruit and stem rot, caused by D. bryoniae, has become the
most harmful fungal disease of glasshouse cucumbers in the
Netherlands. With no adequate method of control avallable a study was
undertaken to develop a control strategy for the disease. For this, a
better insight in the biology of the pathogen and in the epidemiology
of the disease was required.

This thesis contains after the introductory chapter unine
previously published papers. The survival of the fungus and the
incidence of ascospores in glasshouses, outdoors and under controlled
environmental conditions are described in the first paper. The
occurrence of fruit rot is the most troublesome. Therefore the second
and third paper deal with factors influencing external and internal
fruit rot, respectively. As a result of energy saving measures
cucumbers are produced under more and more humid conditions. The
influence of the humidity on the incidence of the disease on leaves
and growiag tips under controlled environmental conditions is
described in the fourth paper. The fifth, sixth and seventh paper deal
with the influence of the glasshouse climate under commercial
conditions on the incidence of the disease. In particular the
influence of ventllation on disease development was studied.

In the eight paper inoculation methods are described and compared to
support the breeding for resistance. The ninth paper, dealing with
chemical control, is supplemented with recent developments. At the end

a general discussion with conclusions and a summary is given.
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Abstract

The survival of Didymella bryoniae and the incidence of ascospores in glasshouses, outdoors
and under controlled conditions were studied. The fungus was able to overwinter in the open
as dormant mycelium, Dry and undecomposed crop residues remained a source of infection
for more than one year. Moisture and a minimum temperature between 5 and 10 °C were need-
ed for fructification. For ascospore release a high relative humidity was not sufficient, the
substrate had to be moist during a short period. Ascospores could be trapped throughout day
and night both outdoors and in glasshouses, but there was a marked peak during a period of
3 h in the evening. Both on days with and without rain about the same numbers of ascospores
were trapped from crop residues in the open. Ascospore release was favoured by watering the
plants in the glasshouse. Under controlled conditions the release of ascospores was determined
by humidity and not by light or darkness.

In a cucumber crop in the glasshouse the first ascospores were trapped at about the same
time the first symptoms on the plants appeared. In the glasshouse with introduced diseased
plant debris, particularly when the debris became wet when the plants were watered, the disease
was more severe and yield was less than in a glasshouse without introduced plant debris. Air-
borne ascospores may cause the primary infection of a cucumber crop. Therefore, hygienic
measures must be taken to eliminate plant debris as source of infection, both in glasshouses
and outdoors.

Additional keywords: Cucumis sativus, Mycosphaerella citrulling, Mycosphaerella melonis,
spore trap.

Introduction

Stem and fruit rot caused by Didymella bryonize (Auersw.) Rehm, synonyms
Mycosphaerella citrullina (C.0.5Sm.) Gross. and Mycosphaerelia melonis (Pass.) Chiu
and Walker, is one of the most important diseases in cucumber crops in many coun-
tries. It occurs annually in every glasshouse with a cucumber crop in the Netherlands.
Lesions with black fruiting bodies, pycnidia and perithecia, on stubs left after
removal of the fruits are usvally the first symptoms of the disease. This implies that
the disease is not observed during the first months after planting. For a good control

! Seconded to the Glasshouse Crops Research and Experiment Station, Zuidweg 38, 2671
MN Naaldwijk, the Netherlands.
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strategy the between-crop survival of the fungus must be known. Therefore, the over-
wintering and survival on crop residues in the open air and in glasshouses were
studied during several years. In Madison (Wisconsin, USA), the fungus overwinters
as dormant mycelium (Chiu and Walker, 1949},

Little is known about the role of ascospores in the epidemiology of the disease. The
incidence of ascospores in a field crop of watermelon was studied by Schenck (1968a
and 1968b) in Florida (USA). Fletcher and Preece (1966) collected data about the con-
centration of ascospores in glasshouse air. The incidence of ascospores in the open
air during and after the winter in the Netherlands is reported here. Factors influencing
release and concentration of ascospores in the air outdoors, in glasshouses and in a
controlled environment were studied. The relation between ascospores in glasshouse
air and disease development on plants and fruits was studied in an experiment on the
importance of diseased plant debris as source of infection.

Materials and methods

The experiments on the survival of the fungus and on the release of ascospores were
conducted in a field, in glasshouses and in a growth chamber (Karl Weiss ZK 2200
E/+ 4 JU-P-S). In the field, temperature and humidity at 1.5 m above soil level and
precipitation were recorded.

Survival, Stem pieces of cucumber plants, covered with pycnidia and perithecia of
D.bryonige, were placed in styropor boxes in the open and in a glasshouse in
November 1973 and 1974. The boxes in the field were covered with wire netting to
prevent the material from being blown away and the bottoms were perforated to
drain rain water. The material in the glasshouse was kept dry at a temperature of
about 20 °C. Diseased plant material was also buried into soil and placed both in the
open and air-dry in a glasshouse in the autumn of 1974. Every month, of each treat-
ment 10 stem pieces with a length of 5 cm were examined macro- and microscopically.
The viability of the fungus was checked by plating out fruiting bodies on cherry
decoction agar. The virulence of the isolates was checked on cucumber seedlings,
cultivar Farbio, as described elsewhere (Van Steekelenburg, 1981). The survival of the
fungus on plant debris in the open air was also studied with the aid of spore traps.

Spore incidence. Two types of spore traps were used, a self-made trap with glass slides
and a Burkard volumetric spore trap.

The self-made traps consisted of wooden trays of 30 x 7 X 4 cm (length X width
X height} with holes in the bottom and wire netting on top. They were filled with
heavily diseased stem pieces of cucumber plants. Glass slides of 76 x 26 mm were
placed a few mm above the. diseased plant material in grooves of the standing sides
of the trap just above the wire netting. At the end of November 1977 such traps were
placed in the open air 30 cm above soil level and in a glasshouse at about 20 °C. In
August 1978 the trap outdoors was provided with fresh material. In addition a trap
was placed upside down with slides underneath the plant material. Each tray was pro-
vided with three slides which were changed at least monthly. After exposure, the slides
were stained with cotton blue and examined under the microscope for presence of
ascospores and conidia of D.bryoniae.




The Burkard volumetric spore trap is a modification of the trap designed by Hirst
(1952). It is equipped with a seven-day recording clockwork-driven drum and provid-
ed with a special sampling tape. In December 1979, a wind-vane-mounted trap, with
orifice at 0.5 m above soil level, was placed in the open air with diseased plant
material in wire netting in a circle 0.5 m from the orifice, to determine the release
of spores outdoors in more detail.

The incidence of ascospores indoors was determined using a trap without a wind-
vane in the same glasshouses where the influence of debris of a previous crop on the
outbreak of the disease was studied in 1980.

For a more detailed study of the effect of temperature, humidity and light on
release of ascospores, a Burkard trap was placed in a growth chamber with air move-
ment from the bottom to the top and equipped with an Elka Airfog atomizer. The
atomizer was connected with a time-clock so that at any chosen time it could operate
for 15 min to wet the material. The photoperiod was 12 h and light intensity was 30
000 lux (90% number 33 and 10% Philinea fluorescent tubes). For each experiment
subsamples were taken from air-dry stored diseased stems and these were attached to
the trap in wire netting at 10 cm from the orifice of the trap. Each experiment lasted
2 weeks after which the bundle of diseased stems had to be replaced because of
development of saprophytic fungi.

In all experiments, sections of the exposed tape, representing periods of 24 h, were
stained with cotton blue and the number of ascopores deposited on it were counted
with the aid of a microscope.

Crop residues as source of infection. The influence of debris of diseased plants of a
previous crop on disease development was studied in three glasshouse compartments
of about 19 m® each in 1980 and 1981. Three rows each of ten plants of cultivar Far-
bio were planted in steam-sterilised soil in mid February in each compartment.
Diseased stem pieces of plants of a previous crop were scattered on the soil in one
compartment and suspended in wire netting above the plants in another. The plant
debris on the soil was wetted when the plants were watered, but the plant debris
suspended above the plants remained dry, as the spray irrigation system lay on the
soil. In the third compartment no disecased plant debris was introduced.

During the 1980 season, a Burkard spore trap was used during 7 out of 14 days
alternately in the two compartments in which diseased plant debris was introduced.
When spores were trapped in either of these compartments, the trap was also run in
the compartment without introduced plant debris. From then on the trap operated
in each compartment during 7 out of 21 days. The number of D.bryoniae lesions on
the main stem were counted every 2 weeks. The fruits were harvested twice a week
and every fruit was cut in half lengthwise to check for internal rot (Van Steekelen-
burg, 1978a).

In 1981, the experiment was repeated in the same way, but without using a spore
trap, in three other compartments of the same size. The heating and ventilation
temperatures were 20 and 25 °C, respectively. The relative humidity was registered
with a thermohygrograph,

If necessary powdery mildew was controlled with fenarimol (Rubigan). In order to
avoid spreading of the disease from one compartment to another all operations with
plants were carried out first in the compartment without introduced plant debris, then
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in the compartment with plant debris suspended above the plants and subsequently
in the compartment with plant debris on the soil. The compariments were separated
by guard compartments with a sweet pepper crop. The first experiment was finished
mid July and the second one at the end of August.

Results

Survival, On stems stored above soil in the open during the winter of 1973/1974, only
empty fruiting bodies were observed after one month. Perithecia filled with asci were
found inside some stem pieces in February 1974, Pycnidia with some conidia were
observed at the end of April 1974, Only empty fruiting bodies were found during and
after the winter of 1974/1975 on material stored above soil in the open.

On stems stored dry in a glasshouse, only old perithecia with asci and old pycnidia
with some conidia could be found throughout the storage periods, even after storage
of stumps for 18 months. Young brown pycnidia, and occasionally a young
perithecium, were found if stumps were kept wet in petri dishes for one week.

On stems in soil and stored in the open, or air-dry in the glasshouse, only empty
fruiting bodies were found during the observation period. The plant material in the
soil in the open was totally decomposed after nine months, I, bryonige could still be
isolated from plant debris in air-dry soil in the glasshouse stored for ten months.

Table 1. Numbers of ascospores and of conidia of D.bryoniae trapped with glass slides above
or underneath diseased cucumber stem pieces in the open air during the 1977/78 and 1978/79
season, and the mean temperature per month.

Month 1977/78 1978/79

slides above mean slides above slides underneath  mean

temperature temperature

ascospores conidia (°C) ascospores conidia ascospores conidia (°C)
August + ++ + ++++ 164
September 4 PR +re+ 1511
October + FRNT o+ ++ 12.5
November - - + . 2.1
December ++1 + o+ o+ 5.8 + + 4 + + + 29
January - - 4.5 - - _ . —0.9
February — - 2.5 - - - - 0.4
March - + 7.1 - + - + 54
April - + 7.9 - - + + 8.4
May + + 12.4 - + - + 11.8
June ++ - 15.4 — + + + 15.2
'~ = no spores; + = 1-10 spores per glass slide; ++- = 11-50 spores per glass slide;
+++ = 31-100 spores per glass slide; ++++ = > 100 spores per glass slide.

Tabel 1. Aantallen ascosporen en conidién van D.bryoniae die mer behulp van objectglaasjes,
aangebracht boven of onder aangetaste stengeldelen van komkommer, in de open lucht werden
gevangen in de perioden 1977/78 en 1978/79, en de gemiddelde temperatuur per maand.
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Isolates of D.bryoniae oblained by plating empty fruiting bodies from plant debris
stored during winter in the open or in a glasshouse were as virulent as isolates from
a newly diseased crop. Even the winter of 1973/1974 with 14 days of frost and with
a minimum temperature of —9 °C did not have any harmful effect on the viability
of the fungus.

Spore incidence. No spores were caught on the slides in the self-made trap with air-
dry plant material in the glasshouse, except one ascospore in February 1978. The
numbers of spores caught on slides in the open air during cach month of the experi-
ment are given in Table 1. No or hardly any spores were trapped in January and
February, both in 1978 and 1979. Spores were trapped only in months with a mean
temperature higher than 5 °C, except in December 1978, when mean temperature was
2.9 °C. In this month temperatures fluctuated very much and there were two periods
of seven days with a mean daily temperature higher than 7 °C.

The daily number of ascospores caught with the Burkard spore trap from diseased
plant material stored in the open air, precipitation and mean daily temperature for
the period 20 December 1979 to 12 May 1980 are given in Fig. 1. No spores were trap-
ped when the mean daily temperature was below 5 °C, except in the first few days
when the material was stored outdoors and apparently already mature ascopores were
discharged. Spores were trapped both on days with and without rain. When spores
were trapped in February and March, the mean daily number of spores was 21 on
days without and 19 on days with rain, with a highest mean number of 3.2 and 3.1
spores per hour per 0.6 m’ sucked air, respectively. The mean diurnal periodicity
curves on these days with and without rain show the same evening peak between 19.00
and 22.00 h (Fig. 2).

In glasshouses with plant debris as a source of infection, no ascospores were trap-
ped until the beginning of April. In all three compartments the first ascospores were
recorded at about the time of first appearance of symptoms on the plants in the com-
partment concerned. The maximum number of trapped ascospores per day was 200
to 250 in April and May and 1000 to 2000 in the second half of June and the first
half of July. Ascospores were caught nearly always throughout day and night with
a marked peak in the evening. In June/July 1980 this peak was between 21.00 and
23.00 h (Fig. 3). The minimum and maximum mean numbers of ascospores trapped
per hour per 0.6 m® sucked air, were 7 and 109, respectively. During the day the
relative humidity was about 60%. Usually, in the evening at about 19.00 h it increased
to more than 95% which was maintained during the night, At about 8.00 h it decreas-
ed again to about 60%. Obviously there is a correlation between humidity and
ascospore release. The effect of watering the plants on ascospore release was checked
on 12 days. On 9 days there was a peak in number of spores caught within 3 h after
watering which did not coincide with the evening peak, and on 3 days there was no
peak within 3 h after watering.

In the growth chamber experiments, no spores were caught when air and dew point
temperature were both 23 °C (r.h. > 95%). No spores were caught either at an air
temperature of 23 °C and an alternating dew point temperature of 19 °C (r.h. ¢. 70%)
and 23 °Cin a 12 h cycle. After wetting the plant material spores were caught mainly
within the first 3 h both with 23/23 °C and 23/19 °C air/dew point temperature com-
binations (Fig. 4). Wetting at different points of time during the light and dark peried
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Fig. 1. Daily number of ascospores of D.bryoniae trapped from diseased cucumber stem pieces
in the open air with a Burkard spore trap, mean daily temperature and precipitation from 20
December 1979 till 12 May 1980,
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Fig. 1. Aantallen ascosporen van D.bryonine die per dag van aangetaste stengeldelen van
komkommer in de open luchi werden gevangen met een Burkard sporenvanger; de gemiddelde
dagtemperatuur en neerslag vanaf 20 december 1979 tot 12 mei 1980,

13




Fig. 2. Mean diurnal periodicity curves of ascospores of D.bryonige trapped from diseased
cucumber stem pieces in the open air with a Burkard spore trap on days with { ) and
without rain (- - -} expressed as percentage of the peak geometric mean concentration of 21 and
25 days, respectively, in het period 7 February to 26 March 1980.
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Fig. 2. Gemiddelde dagelijkse periodiciteitscurven van ascosporen van D_bryoniae, die van
aangetaste stengeldelen van komkommer in de open lucht werden gevangen met een Burkard
sporenvanger op dagen met (——) en zonder regen (- - -), uiigedruki als percentage van de
hoogste gemiddelde vangst van respectievelifk 21 en 25 dagen in de periode van 7 februari tot
26 maart 1980,

had no different effect on the spore catches. At air and dew point temperatures of
both 5 °C some spores were caught after wetting the plant material but only during
the first few days. Apparently these spores were mature already at the start of the
experiment,

Crop residues as source of infection. In the 1980 experiment, the first lesions on the
main stem were observed in the two compartments with introduced plant debris in
April, about 2 months after planting. In the compartment without diseased plant
debris, these symptoms were observed about 2 months later (Fig. 5). In the compart-
ment with plant debris on the soil, the first fruit with internal rot was found about
the same time the first symptoms on the plants appeared. In the two other compart-
ments the first fruit with internal rot was observed about 2 to 4 weeks after the first
stem lesions appeared (Fig. 5). The total numbers of harvested fruits from the com-
partments without debris, with debris above the plants and with debris on the soil
were 1137, 915 and 876, respectively.

In the 1981 experiment, the first fruit with internal rot in the compartment without
introduced plant debris was found in the beginning of May, without any lesions
observed on the main stem. With plant debris on the soil, the first lesion and the first
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Fig. 3. Mean diurnal periodicity curve of ascospores of D). bryorige in glasshouse air trapped
with a Burkard spore trap on 15 days on which the plants were not watered in June/July 1980,
expressed as percentage of the geometric mean concentration.
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Fig. 3. Gemiddelde dagelijkse periodiciteitscurve van ascosporen van D.bryonice, die in
kastucht werden gevangen met een Burkard sporenvanger op 15 dagen waarop de planten niet
werden beregend in juni/juli 1980, uitgedrukt als percentage van de hoogste gemiddelde vangst.

fruit rot were observed in the beginning of June, about 4 months after planting. The
development of the disease from then on was about similar as in 1980. Without plant
debris and with debris above the plants, hardly any symptoms on the plants and fruits
developed in 1981 (Fig. 5). The total numbers of harvested fruits from the compart-
ments without, with debris above the plants and with debris on the soil were 1405,
1287 and 1240, respectively.

Discussion

The fungus was able to survive periods with temperatures below ¢ °C in diseased
plant material, probably as dormant mycelium, as was also observed by Chiu and
Walker (1949) in Wisconsin (USA). Data on spore catches outdoors (Table 1, Fig.
1) and in a growth chamber indicate that the minimum temperature for fructification
of D.bryoniae is between 5 and 10 °C. This implies that ascospores can be present
in glasshouse air throughout the year and are absent outdoors only during a few
winter months. In vitro and in vivo, the minimum temperature for growth of the
fungus was also between 5 and 10 °C (Van Steekelenburg, 1982; Wiant, 1945).
Besides a temperature above this minimum, moisture is needed for fructification of
the fungus on plant debris. After winter the conidial state was formed first and the
perfect state appeared later on, usually less numerous on plant debris outdoors (Table
1). The same was found after inoculation of cucumber fruits (Van Steekelenburg,
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Fig. 4. Periodicity curves of ascospores of D.bryoniae trapped from diseased cucumber stem
pieces in a growth chamber with a 12 h dark/light cycle and 23/23 °C (——) and 23/19 °C
(- - -) air/dew point temperature combinations after two times of wetting per 24 h, expressed
as percentage of the peak geometric mean concentration per hour.
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Fig. 4. Periodiciteitscurven van ascosporen van D.bryoniae, die van aangetaste stengeldelen van
komkommer werden gevangen in een klimaatkast met een [2-urige donker/licht cyclus en
lucht-/ en dauwpunttemperatuur combinaties van 23/23 °C (——) en 23/19 °C (---), na
tweemaal bevochtigen per etmaal, uitgedrukt als percentage van de hoogste gemiddelde vangst
per uur.

1982; Wiant, 1945) and after wetting air-dry stored debris of diseased plants.
Although pycnidia were formed predominantly, ascospores are important in the
epidemiology of the disease.

The fungus is very resistant to dryness and can survive in dry plant material present
on glasshouse structures and in plant debris in and on the soil as long as the debris
is not decomposed. The disease will occur earlier and more severely when plant debris
from a previous crop is left in the glasshouse, particularly when this debris is wetted
(Fig. 5). After finishing the crop, thorough cleaning of the glasshouse and washing
down the structures, preferably with a disinfectant, is essential to eliminate sources
of infection for the next crop. In order te control the disease a soil disinfestation is
needed when a monoculture of cucumber is practised. Both sterilisation by steam and
by methylbromide proved to be effective (unpublished data). Plant debris thrown out-
doors can serve as an infection source too. Wind-borne ascospores originating from
this debris may be responsible for the primary infection of the crop. As ascospores
are already formed and released at rather low temperatures and moist conditions, the
plant debris must be destroyed immediately after finishing the crop.
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Fig. 5. Development of the total number of D.bryoniae lesions on the main stems (——) and
of the total number of fruits with internal rot (- - -) in cucumber crops in glasshouse compart-
ments (30 plants each) without introduced plant debris (I), with plant debris above the plants
(II) and with plant debris on the soil (III) in 1980 and 1981.
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Fig. 5. Het verloop van het totaal aantal stengellesies van D.bryaoniae (——) en van het totaal
aantal vruchten met inwendig rot (- - -) in een gewas komkommers in kasafdelingen {met elk
30 planten) zonder ingebrachte plantenresten (I), met plantenresten boven de planten (I} en
met plantenresten op de grond (II) in 1980 en 1981,

A daily peak concentration of ascopores in the air outdoors (Fig. 2) and in the
glasshouse (Fig. 3) was observed during a period of about 3 h. Under controlled ¢on-
ditions the majority of the mature ascospores were also released within a period of
3 h after wetting the plant material (Fig. 4). Outdoors and under glass this peak occur-
red in the evening after sunset. The difference in time of sunset in spring and summer
is reflected in the time of appearance of the peak in Fig. 2 and 3. No effect of light
or darkness on release of ascospores of D.bryonige was observed in the growth
chamber experiments. Watering the plants in the glasshouse favoured nearly always
ascospore release, With diseased plant material stored outdoors rain was not
necessary for ascospore release (Fig. 1 and 2). Most probably rain has an effect on
ascospore release but it could not be established under the experimental conditions
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outdoors. Rain favoured ascospore release of Mycosphaerella pinodes on pea straw
and on days without rain ascospores were released in a regular daily rhythm with an
afternoon peak too (Carter, 1963). According to the results in the growth chamber
experiments a high relative humidity is not sufficient, a certain supply of moisture to
the perithecia is needed for the rclease of ascospores. After sunset, temperature
decreases and humidity increases both outdoors and in glasshouses and apparently the
substrate becomes sufficiently moist for ascospore release. The ultimate factor that
determines the periodicity of ascospores release is humidity and not light. Ascospores
can be present in the air at all times of the day and night outdoors (Fig. 2) and in
glasshouses (Fig. 3). It is evident that at least a proportion of the perithecia on the
plants or plant debris receive sufficient moisture at any moment of the day for
ascospore release. Carter {1963) suggested the same for Mycosphaerella pinodes on
pea. Fletcher and Preece (1966) and Schenck (1968a) reported a similar peak concen-
tration of ascopores of D.bryoniae in the evening hours with cucumbers in
glasshouses and with watermelons outdoors, respectively. Schenck (1968a) stated that
periods of free moisture were needed to collect ascospores. Fletcher and Preece (1966)
found highest ascospore counts in wet dull weather.

With an increase in disease level during the cropping period the number of
ascospores in the glasshouse air increased and so did the number of fruits with inter-
nal rot (Fig. 5). This fruit rot, which can be caused both by ascospores and by conidia
{unpublished data), is still under investigation. Due to an early incidence of
D.bryoniage, a yield reduction of 10 to 20% is possible. These results were from
unreplicated experiments in small glasshouses but were observed in two successive
years and also in other experiments a higher discase incidence on the plants resuited
in a reduction in number of harvestable fruits (Van Steekelenburg and Van de
Vooren, 1981).

Trapping ascospores of D.bryoniae is of no use to forecast the disease. It is easier
to look for the very first symptoms as these can be spotted about the same time the
first ascospores can be caught. When the first symptoms of the disease appear control
must be achieved by a combined action of preventing humid conditions (Van
Steekelenburg and Van de Vooren, 1981) and frequent sprayings with fungicides (Van
Steekelenburg, 1978a and 1978b).
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Samenvatting

Epidemiologische aspecten van Didymeila bryoniae, de veroorzaker van stengellesies
en vruchtrot bij komkommer

De overleving van Didvmella bryoniae en het voorkomen van ascosporen in kassen,
buiten en onder geconditioneerde omstandigheden is onderzocht. De schimmel kon
buiten overleven als rustend mycelium. Aangetaste plantenresten, die droog en niet
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verrot waren, bleven gedurende meer dan een jaar een infectiebron. Voor fructificatie
was vocht nodig en een minimum temperatuur tussen S en 10 °C. Voor het vrijkomen
van ascosporen is een hoge relatieve luchtvochtigheid niet voldoende, maar moet het
substraat gedurende een korte periode vochtig zijn. Zowel buiten als in de kas konden
ascosporen gedurende de gehele dag en nacht worden gevangen, maar er was ’s
avonds een duidelijke pick gedurende een periode van 3 uur. Op dagen met en zonder
regen waren de aantallen ascosporen die buiten in de nabijheid van aangetaste
plantenresten werden gevangen ongeveer even hoog. Door het watergeven van de
planten in de kas werd het vrijkomen van ascosporen bevorderd. Het vrijkomen van
ascosporen werd onder geconditioneerde omstandigheden bepaald door de
vochtigheid en niet door licht of donker.

De eerste ascosporen werden in een kas met een gewas komkommers gevangen op
ongeveer hetzelfde moment als waarop aan de planten de eerste symptomen te zien
waren, In vergelijking met de kas waar géén aangetaste plantenresten waren in-
gebracht was in de kas met ingebrachte plantenresten de ziekte ernstiger en de pro-
duktie minder, vooral als de plantenresten bij het watergeven van de planten nat
werden.

Ascosporen in de lucht kunnen de eerste aantasting in een gewas komkommers
veroorzaken en daarom moeten hygiénische maatregelen worden genomen om
plantenresten, die zowel buiten als in de kas een bron van infectie vormen, te
vernietigen.
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Abstract

Several factors influencing the occurrence and extent of exterpal fruit rot caused by Didymella
bryenize on cucumbers in the post harvest period were studied.

The minimum, optimum and maximum temperatures for growth of the fungus on fruits
were circa 10, 23 and 35 °C, respectively. The influence of the temperature on the growth of
the fungus in vitro and in vivo was about similar. The fitness of the fungus diminished by
storing inoculated fruits at about the maximum temperature for growth of the fungus for one
day, but this temperature influenced fruit quality negatively. Storing at 10 to 12 °C is more
advisable.

Isolates of I, bryoniae showed variation in virulence. There was a linear relationship between
growth on fruits and growth in vitro of these isolates, but no correlation was found with disease
incidence on plants.

The degree of fruit rot was increased by more severe wounding, by storing in the dark in-
stead of in the light and by higher nitrogen fertilization of the crop. Relative humidity during
storage had no effect on fruit decay. It is very likely that the amount and composition of avail-
able nutrients for fungus growth determine the degree of rotting of the fruits.

With the present cultivars, external fruit rot can be best controlled by reducing the changes
of wounding in the pre- and post-harvest period.

Additional keywords: Cucumis sativus, Mycosphaerella citruflina, Mycosphaerella melonis,
post harvest disease, stem and fruit rot.

Introduction

Didymella brvoniae (Auersw.) Rehm, synonyms: Mycosphaerella citruilina {(C.O.8m.)
Gross. and Mycosphaerella melonis (Pass.) Chiu and Walker, causes a variety of
symptoms in cucumber (Cucumis sativus L.) grown in glasshouses in the Netherlands
and other countries. Foliage and fruits can be attacked. Fruit rot, both external and
internal, is the most troublesome as often fruits decay during storage and handling
after being harvested. Sometimes four out of the twelve fruits per box stored during
one or a few warm days on a wholesale market show lesions. Rotting of stored cucum-
bers and melons can be caused by several pathogens like Botrytis cinerea, Sclerotinia
sclerotiorum, D. bryoniae and bacteria as has been observed by myself and others

1 Seconded to the Glasshouse Crops Research and Experiment Station, Naaldwijk, the Nether-
lands.
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Fig. 1. External rot on cucumber fruits, caused by D. bryoniae.

Fig. 1, Uitwendig rof op komkommervruchten veroorzaakt door D. bryoniae.

(Ceponis and Butterfield, 1974; Luepschen, 1961; Saito 1976), but D. bryoniae is
the main organism involved in the rotting of Dutch cucumbers. With internal rot,
D. bryoniae produces a brown heart rot at the blossem end of the fruit with no
external discolouration. With external rot, lesions can occur all over the fruit and
somewhat irregularly circular spots, first yellow to light brown in colour but scon
turning black, are produced by D. bryoniae (Fig. 1). Beneath this dark sunken lesions
an extensive rot 1s found. The main diagnostic feature is the abundant development
of black pycnidia followed by perithecia.

After storing apparently healthy fruits under warm and humid conditions up to
25% of the fruits, depending on the fungicides sprayed on the crop, showed lesions
caused by D, bryoniae (Van Steekelenburg, 1978). The percentage of fruits with in-
ternal rot varies from harvesting date to harvesting date, with 14% as the highest
recorded (Van Steekelenburg and Van de Vooren, 1981). Apparently external fruit
rot is as important as, or even more important than, internal fruit rot. The influence
of several factors on the occurrence and extent of external fruit rot are described in
this paper. The internal fruit rot problem is still under investigation.

Materials and methods

Picked marketable fruits of the female flowering cultivar Farbio, grown under com-
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mercial conditions, were wounded with a cork borer of 5 mm @ to a depth of 5 mm,
unless stated otherwise, and inoculated with a highly virulent isolate of D. bryoniae.
The inoculum consisted of 5§ mm discs of a 14-day-old culture of the fungus grown
on cherry decoction agar and exposed to black light (Philips TL 20 W F20 T12 BLB)
to induce sporulation. Each fruit was inoculated at three sites and incubated in
darkness in cabinets of 0.6 m?* in which temperature and relative humidity could be
controlled very accurately or in a glass box of approximately 1 m* with an air humi-
dity at saturation point. Usually the incubation temperature was 23 °C.

Two measurements, perpendicular to each other, of the diameter of each lesion
on the fruit four to seven days after inoculation were taken. The mean diameter of
the lesions minus the diameter of the wound is given in the tables and figures.

To study the effect of the soil nitrogen level, plants were grown separately in sty-
ropor boxes filled with 15 1 of commercial potting soil and watered by drip irrigation.
Per litre irrigation water 0.5 g K,80, and 0.2 g MgS0O,.7H,0 was given and nitrogen
was supplied at four levels, viz. 0, 0.15, 0.30 and 0.45 g NH,NO, per litre water.
Fruits of two harvesting dates, about 10 and 12 weeks after planting respectively,
were inoculated. Subsequently the plants were sprayed with a conidial suspension of
D. bryonige to study the difference in plant susceptibility between the N levels, The
number of D. bryoniae lesions on the main stem of the plants was counted and the
total surface area of these lesions was measured four weeks afterwards.

Results

Wounding. Fruits were wounded with a 5 mm @ cork borer to a depth of 1, 2.5 and
5 mm and with a 1 mm p needle to a depth of 1 and 5 mm to study the effect of
wounds on the occurrence of rot, The inoculum was inserted into or applied to these
wounds. No rot occurred on inoculated unwounded fruits or on fruits inoculated
after needle puncture, to whatever depth. With wounds 5 mm in diameter the per-
centages of lesions and the diameter of these lesions increased with increased depth
of wounding (Table 1),

Table 1. Effect of depth of 5 mm @ wounds on percentages of lesions produced and on lesion
diameters four days after inoculation of cucumber fruits with D. bryoniae.

Depth of Percentage of lesions! Lesion diameter (mm)

wounding

(mm) Exp. [ Exp. 11 Exp. III Exp. 1 Exp. 11 Exp. I
1 42 58 22 8 7 7

2.5 - - 30 - — 9

5 98 100 94 14 15 20

1 Based on 60 sites per treatment.

Tabel 1. Inviged van de diepte van wonden, 5 mm in doorsnede, op het percentage gevormde
lesies en op de lesie-diameter, vier dagen na inoculatie met D. bryoniae.
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Fig. 2. Effect of temperature on lesion diameters of inoculated cucumber fruits ( )} and
on colony diameters of D. bryoniae on PDA (— — —) (imeans of 30 and 10 replicates respec-
tively at each temperature tested in three experiments of 11-20°, 17-29° and 26-35°C respec-
tively).
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Fig. 2. Effect van de temperatuur op de diameter van de rotte plek van gelnoculeerde kom-
kommervruchten (- } en op de koloniediameter van D. bryonige op PDA (— — —) (ge-
middeilden van respectievelijk 30 en 10 herhalingen per getoeiste temperatuur in drie experi-
menten van respectievelijk 11-20°, 17-29° en 26-35°C).

Temperature. The effect of temperature on lesion development on fruits and on
colony diameter on potato dextrose agar (PDA) is given in Fig. 2. The minimum,
optimum and maximum temperatures for growth in vitro and vivo were about 3, 26,
35 °C and 10, 23, 35 °C, respectively. Fruits stored during the first day after inocu-
lation at about the minimum temperature for growth of the fungus rotted afterwards
at 20 °C significantly more severely than fruits stored continuously at 20 °C, where-
as fruits stored during the first day at about the maximum temperature for fungus
growth rotted afterwards at 20 °C significantly less severely (Table 2). Inoculated
fruits were incubated for 0, 4, 8, 16 and 24 h at 20 °C before storing at 11 °C, the
normally recommended temperature for weekend storage. A 4 h incubation period
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Table 2. Influence of storage temperature during the first day after inoculation with . bryo-
niae on the lesion diameters of wounded cucumber fruits.

Temperature (°C) during Lesion diameter (mm)!
first day next six days
6 20 602
20 20 480
36 20 24c

1 Based on 30 inoculation sites per treatment.
2 Entries marked with different letters differ significantly at P < 0.05 (Studentized range in
connection with an analysis of variance).

Tabel 2, Invioed van de temperatuur gedurende de eerste dag na inoculatie met D. bryoniae
op de diameter van de rotte plek op verwonde komkommervruchten.

at 20 °C did not, but a 8 h period did stimulate the rotting of fruits subsequently
held at 11 °C, compared with fruits continuously incubated at 11 *C.

Relative humidity. The results of the experiments on the influence of relative
humidity are given in Table 3. No significant differences in rotting were observed
between the humidities tested except that in one experiment the fruits at 50% r.h.
rotted significantly less than at higher humidities.

Light and darkness. The experiments on the influence of light on fruit decay were
conducted in a serial thermostat. The boxes, 50 cm long, 50 cm wide and 25 ¢m high
were closed with double glass either covered with a black plastic sheet or illuminated

Table 3. Influence of relative humidity on lesion diameters on wounded cucumber fruits in-
oculated with D. bryoniae.

Relative Lesion diameter (mm)!
humidity (%)
Exp. I Exp. II Exp. III
50 38a2 292 468
65 45b 32a 47
80 450 34a 43a
95 450 34a 47a

! Based on 30 sites per treatment.
2 Entries of one experiment marked with different letters differ significantly at P <0.05 (Stu-
dentized range in connection with an analysis of variance).

Tabel 3. Invioed van de relatieve luchtvochtigheid op de diameter van de rotte plek op ver-
wonde komkommervruchiten die met D. bryoniae zijn geinoculeerd.
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Table 4. Lesion diameters of D. bryonige-inoculated wounded cucumber fruits stored in the
light or dark.

Ligt or Lesion diameter (mm})!
darkness

Exp. I Exp. II Exp. III
Light 10a2 3(= 52a
Dark 200 48b 620

| Based on 30 sites per treatment.
2 Entries of one experiment marked with different letters differ significantly at P < 0.05 (anal-
ysis of variance).

Tabel 4. Diameter van de rotte piek op verwonde, met D. bryonige geinoculeerde
komkommervruchten die in het licht of in het donker werden bewaard.

with two fluorescent tubes of 20 W each. The results are given in Table 4. Fruits rot-
ted significantly more in the dark than in the light. There was no difference in fungal
growth on PDA in the light and in the dark.

Isolate. Various isolates collected during several vears were tested for their virulence
on cucumber fruits. The diameter of the lesion on the fruit was compared with the
radial growth of the fungus on PDA. The isolates showed differences in virulence,
and the growth in vitro and in vivo of these isolates was linearly related with a cor-
relation coefficient of 0.83 (Fig. 3). Variation in virulence between isolates was not

Lesion diameter Fig. 3 Relationship between colony dia-
(mm) s
a5~ meter on PDA (means of 3 replicates) and
lesion diameter on cucumber fruits (means
a0 of 10 inoculation sites) of 11 isolates of D.
bryoniae.
35
30
25
20
154
10 Fig. 3. Relatie tussen de digmeter van de
kolonie op PDA (gemiddelden van 3 her-
57 halingen) en de diameter van de rotte plek
_J y = 1.46x — 796 op komkommervruchten (gemiddelden van
0 '/\/ o0 o A 20 10 inoculatieplaatsen} bij 11 isolaten van D,
colony diameter (mm) bryonige.
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Table 5. Lesion diameter of D. bryoniae-inoculated wounded cucumber fruits of plants fer-
tilized with four levels of NH,NO,.

Level of NH,NQ, Lesion diameter (mm}!
g.1°1

Exp. [ Exp. 11
0.0 5a2 42
0.15 8ab 9b
0.30 100 10be
0.45 18¢ 13¢

! Based on 60 (Exp. 1) or 40 (Exp. II) sites per treatment.
2 Entries of one experiment marked with different letters differ significantly at P < 0.05 (Stu-
dentized range in connection with an analysis of variance).

Tabel 5. Diameter van de rotte plek op verwande, met D). bryoniae geinoculeerde komkom-
mervruchien van planten die mef verschillende hoeveelheden NHNQ, zijn bemest.

correlated with the duration of their cultivation on an artificial medium. Virulent
isolates did not lose their virulence even after subculturing in vitro for more than fi-
Ve years.

Nitrogen fertilization. Seven weeks after planting, leaf colour differed between the
treatments with different N levels. Where no nitrogen was added some leaves had
turned vellow. The colour of the leaves varied from light green to dark green in the
treatments with 0.15, 0.30 and 0.45 g NH,NO, per litre irrigation water. Soil analy-
sis at that time proved that the amount of nitrogen in the soil of the four treatments
was very low, low, moderate and normal, respectively. The results of inoculating
picked fruits from the different treatments in two consecutive experiments are given
in Table 5. Fruits of plants grown at a higher nitrogen level rotted more severely. In
the treatments with low nitrogen levels the yield of healthy fruits was lower than in
the treatments with higher nitrogen levels. At the end of the cultivation period, the
number and the total surface area of D). bryoniae lesions on the main stem of the
plants at the two highest nitrogen levels was four- to fivefold that at the two lowest
nitrogen levels.

Discussion and conclusions

D, bryonige is a wound parasite as inoculated non-wounded and slightly wounded
fruits did not rot at all. Apparently the peel of the fruit forms a mechanical and/or
physiological barrier to fungal infection. Svedelius and Unestam (1978) demonstrated
that mechanical injury facilitates fungal invasion of cucumber leaves because of re-
lease of nutrients from damaged cells rather than as a result of the rupture of the
protective cutin layer.

The rotting of cucumber fruits increased progressively from 12 to 23 °C; there-
after it fell and was very limited at 32 °C. Similar results were obtained by Luepschen
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