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l. INTRODUCTION

I.1. THE CULTURE OF LETTUCE

I.1.a. Economice

In The Nethexrlands, butterhead lettuce are together with
tomato and cucumber one of the three most important glasshouse
crops. The acreage under lettuce is the largest (2700 ha in
1981), the production value is the third highest (Dfl. 237 mil-
lion in 1981. Over 50 per cent of the culture is concentrated
in the glasshouse district of Zuid-Helland. Other centres are
in the provinces of Noord-Brabant, Limburg and Utrecht.

A great deal of the lettuce is grown in air-heated glass-
houses, usually following the main crop tomato. Often two suc-
cesgive crops are cultivated during November-March. The most
lettuce is grown during the winter and early spring: about 10
per cent in October-November, over 35 per cent in December-
February and over 45 per cent in March-April.

More than 90 per cent of the glasshouse lettuce production
is exported, 80 per cent to the German Federal Republic, about
10 per cent to the United Kingdom and the rest mainly to the
Scandinavian countries.

The price of Dutch lettuce in Germany is dependant on the
supply and on imports from France, where the yield greatly de-
pends on the weather conditions. An example of the average
price for 100 heads during three growing seasons is given in
Table I.l.

The main part of the direct production costs (i.e. exclud-
ing labour costs) is plant material and, &epending on the
cropping period, heating. Costs for pesticides are only a few
per cents of the direct costs. Ninety per cent of the labour
costs are for planting, cutting ané packing, ten per cent of
these costs are for the remaining growing operations including
creop protection.

The data for this paragraph are taken from: Proefstation
voor Groenten- en Fruitteelt onder glas (1979), Landbouw Eco-




Table I.1.: Price per 100 heads in Dfl. in different production periods
during three growing seasons. !

Seasons
Production period 79/80 80/81 81/82
Oct. /Nov. 22.80 42.50 34.40
Dec./Feb. 28.50 64.10 31.10
Mar. /May 18.70 40.40 34.40
Average 22.50 49.00 33.50

nomisch Instituut (1981) and Rijksinstituut voor het Rassen-
onderzoek van cultuurgewassen (1982).

I.1.b. Growing praciices

Lettuce is grown on different soil types, in which the pH
and, in soils sensitive to drought, humus content should be
not too low. Because lettuce is sensitive to salts, the soil

.is leached out by watering before cropping. Prior to planting
the soil is dug or rotavated (to a depth of about 20 cm) and
mahured according to recommendations based on soil sampling
analysis.

In autumn before the lettuce is planted, the soil is usual-
ly treated with methyl bromide to protect the tomato crop that
follows lettuce, against nematodes and Pyrenochasta lycopereicti.

This treatment can not be done in spring before the tomato
crop because the soil conditions are too wet and cold as a re-
sult of the heavy watering necessary for leaching out the bro-
mide.

Propagation of seedlings takes place at specialized nurs-
eries where pelleted seeds are sown in blocks, usually meas-—
uring 4 x 4 x 4 cm. Soil blocks of 5 x 5 x 5 cm with bigger
plants are used in order teo reduce the chance of drying out
in warm periods or to shorten the cultivation period. The du-
ration of propagation is 15-60 days, depending on the season.
The plants in the soil blocks are planted in shallow holes;
only in very early and very late crops blocks are then planted
deeper to avoid drying out.



Table I.2.: Cropping periods.

Date of

Crop sowing planting harvesting
Early autumn 10 Aug. - 25 Aug. 20 Aug. - 5 Sept. 25 Sept.- 20 Oct.
Au tumn 25 Aug. - 15 Sept. 5 Sept.- 1 Qct. 200ct. - 1 Jan.
Winter 15 Sept.-~ 25 Oct. 1 Qct. - 5 Dec, 1 Jan. - 1 Mar.
Spring 25 Oct. - 25 Feb. 5 Dec. = 22 Mar. 1 Mar. - 1 May
Late spring

25 Feb. - 5 Aug. 22 Mar. - 20 Aug. 1 May - 15 Sept.

and summey

Depending on the time of harvest, five cropping periods
can be distinghished ({(Table I.2.), each with specific growing
requirements and cultivars.

Planting density in warm cropping periods is 16-1% plants
per square meter, in colder periods 18-24 plants per square
meter. The duration of culture is greatly dependent on the
cropping period: three months for winter crops, one and a

'half month for early autunm and late spring crops. After
harvest, the lettuce is cooled to + 2°C in vacuum instal-
lations.

Lettuce is put up for auction in classes for weight and
quality according EEC standards. Quality class I is intended
mainly for export and realizes a much higher price than class
ITI which is reserved for national consumption, class III,
cooking lettuce, yields very few. A minimum weight of 12 kgs
per 100 heads in the winter months or 13 kgs in other months
is standard for class I. The following weight classes in kgs
per 100 heads are distinghished 10-11, 12-13, 14-15..... 23-
24 and 25 upward.

The cheice of cultivars is mainly determined by cropping
period and susceptibility to fungal diseases and physiclegi-
cal discorders.

A very important factor in lettuce cultivation is the
glasshouse climate. Processes of growth, development and head
formation are determined by the temperature and light {dura-
tion and intensity) and especially by the ratic of these to
each other. Particularly in winter crops under restricted



light and temperature conditions, it is difficult to combine
satisfactory plant growth and adegquate head formation.

During the night the temperature is maintained at 6-7°C
by heating or ventilation; during the day at + 12°C, rising
to 18-20°C or higher during sunny periods. Additional carbon-
dioxide (C02) ig used to increase the growth rate and to
broaden the leaves.

The watering regime can be very critical with regard to the
appearance of fungal diseases and physiological disorders.

A complete summary of diseases, pests, disorders and weeds
and their contrel is given in Consulentschappen voor plante-
ziektenbestrijding (1981). The main problems are the follow-
ing. In propagation nurseries downy mildew (Bremia lactucae)
and grey mould (Boirytis oinerea) may occur. B. lactucae is con-
stantly forming new physiological races, which break down the
crop resistance. Aphids are the most important insects, which
not only cause damage by sucking but can also transmit virus
and advance B. c¢inereq, Besides the above mentioned diseases
and pests, in planted lettuce bottom rot is a problem, espe-
cially in maturing lettuce (see Chapter I.2.). Tipburn and
glassiness are the most important of the physiolegical disor-
ders.

The possibilities of chemical control of disease and pests
late in the growing season are limited because of residual
pollution. Lettuce is a thin-leaved vegetable with an unfa-
vourable surface-contents ratio, that is eaten uncooked and
often unwashed. Circumstances for break-down of residues are
also unfavourable during December up to and including Febru-
ary, becauge the plant grows slowly and light is limited. Con-
trol in most instances is restricted to one single application
soon after planting. A later applicaticn is often not practi-
cable bhecause of safety intervals or the veryv intensive, close
planting, for which spraying equipment cannot be used, without
damage to the plants.

In order to control residues in lettuce, the expected date
of harvesting has to be reported in order to enable residue
inspection for fifteen different chemicals, including bromide.

In case the residue tolerance is in excess, an extra safety



interval is ordered or the sale even prohibited.

It should be emphasised that growing practices that avoid
diseases and pests such as healthy propagation material and a
favourable glasshouse climate which encourages regular growth
are important factors in lettuce growing. See also Chapter I.
2.b.

The data for this paragraph has been taken from the above
mentioned sources (Chapter I.l.a.} and from Bensink (1971),
Consulentschappen voor planteziektenbestrijding (1981) and
Van Holsteyn (1981).

I.2. BOTTOM ROT

I.2.a. Pathogens

Bottom rot is characterized by a soil-borne decay {in Dutch
"aangslag" or "smet” = "smudge") of lettuce plants that are in
head or nearly mature. The disease can make heads completely
unmarketable due to extensive rotting, but even with small in-
fections, extra trimming of the lower leaves makes cutfing
more laborious and can reduce lettuce quality class and head
welght significantly.

Until 1963 in The Netherlands, Botrytis cinerea, Sclerotinia
selerotioryn and S. minor were considered to cause bottom rot. In
1963 Verhoeff and Thijssen isolated Riizoctonia solani from plants
showing black rot in the lower leaves, This symptom was first
described in 1900 in the U.S.A, and in 1901 RA. solani was rec-
cgnized as the causal fungus (Townsend, 1934),

Rooistra et al. (1974) observed that "black rot" is often
nongpecific; in many instances in which the practical diagno-
sis indicated R. solani as the causal fungus, heads appeared
to be infested by B. cinereq and to lesser extend by R. solani
and Seclercotinia spp. Pythiwn spp. were also often involved.

These observations were confirmed in a survey by Tichelaar
(1976, 1977). From these investigations it became clear that
bottom rot in most cases was caused by 8. cinerea. The pathogens
Selerotinia spp. and R. solani were present to a lesser degree.
In more than a quarter of all diseased heads more than one
fungus was involved.
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The observed occurrence of Pythiwm spp. as a component in
the bottom rot complex led to taxonomic investigations by Blok
and Van de Plaats - Niterink (1978). Besides to P. sylvaticum,
a common species in Dutch soils, an unknown species was found,
which the authors described as P, uncinuletum nov., sp. Some iso-
lates were identified as P. tracheiphilum. From pathogenicity
tests the authors concluded that P. wunicinulatum and P. trachei-
phtlum might play a role in the bottom rot complex.

I.2.b. Control

Until 1978 the generally applied preventive control of the
bottom rot fungi Boirytis cinerea, Fhizoctonia sclani and Sclerotinia
spp. in most instances, consisted of one single pre-planting
soil surface application of qguintozene in combination with a
single dusting with thiram up till seven days after planting
to control B. cinerea. A combined product of quintozene and
dicloran or captan was also used. In cases where an attack
by Sclerotinia spp. was expected, quintozene was incorporated

"into the upper soil layer. In all control schemes; fumigation
using dicloran against Botrytis can be practised up till four '
weeks before harvest.

At the beginning of the seventies, the need for alternative
compounds for quintozene arose, firstly as a result of prob-
lems concerning contaminations with hexachlorobenzene, later
aggravated by residues of gquintozene. In this connection re-
search into fungicides to replace gquintozene in lettuce were
initiated by the Plant Protection Service (Kooistra et al.,
1974).

At that time a new group of specific¢ fungicides (dicarboxi-
mides) particularly effective against Botrytis spp, Sclerotinia
gpp. and Rhizoctonia spp. (Lacroix et al., 1974; Burgaud et al.,
1975) became available. From 1974 till 1975 iprodione, pro-
cymidone and vinclozolin were tested for approval as substi-
tutes for quintozene in controlling the bottom rot complex in
lettuce.

In 1977 and 1978, iprodicne (Rovral) and vinclozolin (Ro-
nilan) respectively were registered for application in let-
tuce. Procymidone {(Sumisclex) showed undesirable phytotoxici-



ty in this crop. Rovral is rather effective against A, solani,
Ronilan against Seclerotinia spp. and B. cinerea.

In 1980 a combination product of dicloran and captan was
registered for application prior to planting against B. cine-
rea and Selerotinia spp. only.

Tolylfluanid, registrated in 1982 for the control of B. ei-
nerea up till seven days after planting, has a limited appli-
cation.

The availability of Rovral and Ronilan caused a great re-
duction in the use of guintozene. In 1983, the application of
quintozene in lettuce will probably be prohibited in view of
its persistance in the environment.

The above mentioned dicarboximides are applied in one sin-
gle high volume soil spray within a week of planting, some-
times mixed with thiram, or followed by dusting with thiram
and fumigation with dicloran up till four weeks before har-
vesting.

Steam sterilisation of the soil is recommended if a heavy
Sclerotinia attack is expected.

Besides chemical control, cultivars with relatively little
susceptibility to bottom rot can be grown. There are cultivars
of which the lower leaves hardly touch the scil thus often es-
caping soil borne pathogens. The lower leaves of other culti-
vars turn yellow less guickly, thus offering resistance toc B.
cinerza for a longer period. The "upright" cultivars are at
present only cultivated on a limited scale. The usual preven-
tive chemical measures are also applied to these cultivars.

Cultural measures promoting an undisturbed plant growth
minimize the chance of B. cfnerea attack. In this connecticn a
correct temperature-light ratio and a relative humidity which
ig not too high should be maintained, B. cinerea attack can fur-
ther be avoided by not too close planting and moderate water-
ing. The latter two measures apply tc all other bottom rot
fungi. Harvesting in good time can alsc reduce losses. In suc-
cessive crops remnants of the previous crop should he care-

fully removed.



I.3. AIM AND OCUTLINE OF THE PRESENT STUDY

In the previous paragraph (Chapter I.2.b.) the necessity
of replacing quintozene as a fungicide against bottom rot was
discussed. During the investigations into alternative com-
pounds, a number of questions arose concerning the bottom rot
complex, especially with regard to R. selanZ. Althougn this path-
ogen is one of the most extensively studied fungi in phyto-
pathology (Parmeter, 1970; Domsch et al., 1980), a number of
aspects of the biology and the host-paragite relationship in
the specific situation of glasshouse lettuce growing in The
Netherlands appeared to be underinvestigated with regard to
the optimum control of R. sclant.

The present study starts with the symptomatology and inci-
dence of the fungi of the bottom rot complex and a survey of
crop losses caused by these (Chapter II). The followlng five
chapters are focused on R. solani as a component of the bottom
rot complex. In Chapter III the pathogenicity and anastomosis
groups are determined of RB. golani isolates from qlasshbuse
soll and lettuce. In view of the soil-borne character of R,
solani attack, methods for the isclation of this fungus from
soil are investigated (Chapter IV). By using a suitable bait
method the spatial distribution and inoculum density of the
soil in glasshouses is studied {(Chapter V). The relations be-
tween the main factors and infection by R, sclani, namely inoc-
ulum density, temperature and relative humudity are investi-
gated in Chapters VI and VII., Investigations end with experi-
ments on the chemical oontrol of the bottom rot fungi B. cine-
req, R, solani and Selerotinia spp. (Chapter VIII). A general dis-
cussion of the resunlts is given in Chapter IX.



il. BOTTOM ROT PATHOGENS: OCCURRENCE AND CROP LOSSES

II.1. INTRODUCTION

According to data from literature menticned in Chapter I,2.
it appeared that from lettuce heads with bottom rot obtained
from glasshouses using current crop husbandry practices, one
or more of the fungi Botrytis cinerea, Pythium spp., Sclerctinia
sSpp. or Rhizootonia solant could be isolated. The macroscopic
indentification of the pathogens proved to be difficult,
especially in an early stage of attack. This means that the
insight into the incidence and severity of disease ané the
part played by the individual pathogens or combinations, is
difficult. Also no information is available on potential crop
losses due to bottom rot in the absence of control measures,
or on the actual crop losses.

Experiments were set up in order to answer these dquestions.
This chapter reports research on:

a. symptomatology of bottom rot fungi under field conditions,

b. evaluation of cherry agar as an isolating medium for inden-
tification of bottom rot pathogens,

¢. occurrence of the pathogens and resulting disease incldence
and severity,

d. crop losses due to bottom rot fungi.
I1.2. SYMPTCMS

In meost instances bottom rot appears as a brownish-black
discolouration of the lower leaves, followed by decay, scme-
times with white mycelium. These a-specific symptoms may re-
sult from all bottom rot pathogens, mainly in the early stage
of attack (Kooistra et al., 1974).

In the follewing lines the symptomatclogy of the fungi in-
volved are described, based on many observations of attacked
pPlants and heads, and checked by microscopic identification
after plating of diseased tissus on agar.




Rhizoetonia solant ("Black rot")

The attack mostly starts only after the crop has covered
the soil. This is connected to the hygrophylic character of
the fungus (Chapter VII).

The first plant parts to become diseased are the leaf pe-
ticles and midrib portions which are in contact with the in-
fested soil. The initial symptoms are rust-coloured, sharply
defined lesions which expand and usually become darker
("black rot"™). The infected plant parts in contact with the
s0il decay almost completely within a short time, becoming
black leaf prints in which the main veins are visible as thin
threads. These very thin remnants are difficult to remove
from the ground.

Once it has started the decay spreads upwards and inwards,
from leaf to leaf. Midribs retain their white-green colour
the longest, sometimes revealing up to 2 cm long sunken brown
lesions.

aAnother characteristic is that infected plants appear
healthy because the outer leaves are mostly not attacked due

~to a too low relative humidity (Chapter VII). These leaves
keep their green colour because the stem is not infested and
also because superficially attacked midribs remain function-
ing.

A long lasting, very high relative humidity in glasshouses
may cause an attack of the whole head. When this happens the
plant turns into a slimy brown mass of disorganized tissue
with the exception of the stem.

In some instances brown mycelium on the veins can be ob-
served by the naked eve and dense mycelium on more decaved
plants. Black, irregularly formed 1-10 mm sclerotia can be
sporadicly found in affected heads or on the soil under plants
that have been attacked.

Under favourable conditions, i.e. high temperature and high
relative humidity (Chapter VII), the attack spreads very
guickly {within a week).

Young plants in soil blocks may be attacked if the water-

ing regime is incorrect resulting in drooping leaves to the

10




wet infested soil, after sprinkling.

The most specific symptoms of R. solani attack can be sum-
marized as follows: Plants appear healthy but at harvest time

. the lowest and innnermost leaves have turned into black rem-

nants with the exception of the midribs on which brown sunken
lesions are found. From below, diseased heads look "fish
boney". A cross-section of the stem does not show symptoms of
attack.

Botrytis cinerea ("grey mould")

As a rule this fungus only attacks damaged, maturing or
weakened plants. In lettuce crops attack has been observed
on young, drooping plants which have been planted too late, on
plants in which the growth had been interrupted during culti-
vation or on older plants with yellowing or damaged leaves.

The fungus penetrates into the stem base disturbing the
vascular system. As a result, plants are wilting and the heads
are not marketable. Attacked leaves or stems often show grey-—
ish-brown dispersing spores ("grey mould"). White mycelium may
also become visible.

The disease mainly occcurs in closely planted lettuce, com-
mencing during the last period before harvest. Mesophyl and
ribs of lower, old and already yellowing leaves turn brown and
decay. Parts of leaves that are further up the stem may also
become infested. Unmarketable heads can result when infested
plant parts have been removed.

. Specific to B. cinereq are spreading spores and, if the at-
tack is heavier, the plants wilt as result of a disorganized

stem base.

Selerotinia sclerotiorum and Sclerotinia mincr ("sclerotinia rot")

Symptoms in the beginning are very'much similar to those
caused by B. cinerea, namely infection of leaves that touch
the soil and infection of the stem base. As with R. solani the
attack may be restricted to the interior of the head. Edges
of leaves keep their green colour for the time being.

In amore advanced stage the stem starts rotting, the plant
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wilts and collapses. In this stage white mycelium and black
sclerotia (5=-10 mm in 3. selerctiorum and 1 mm in 5. mincor) can
be found. The latter symptom is characterigtic for "scleroti-
nia rot".

Pythium spp.

Attack is most common in mature plants of which lower
leaves decay. No fungal spores can be seen by the naked eye.
Pythium rot is slimier when compared to bottom rot caused by
other pathogens. The disease shows more or less specific cho-
cclate coleoured veins and midribs, of which the tissues are
completely decayed, and sometimes the disease is more advanced
in ribs than in the surrounding mesophyl. According to the in-
vestigations of Blok and Van der Plaats - Niterink (1978) a
number of Pythiwm species could be involved. It is not yet

‘known if these species cause different symptoms.
II.3. EVALUATION OF CHERRY AGAR AS AN ISOLATION MEDIUM

In the foregoing section it appeared that often a-specific
bottom rot symptoms occur. In order to he able to identify the
pathecgens, diseased plant parts need to be plated ocut. It is
also known that diseased tissues can harbour several pathogens.
For this reason it 1s possible for fast-growing fungi such as
B, cinerea and Pythium spp. to overgrow certain R. solant strains
which develop much more slowly on agar. The incidence of R.
solan? in a complex of fungi, on the heads could therefore be
underestimated.

This difficulty can be overcome for the greater part by
using a poor medium like cherry agar. In order to evaluate the
usefulness of cherry agar for R. solani isolates in a complex
of fungi, a selective medium for A. solani was prepared. Melted
cherry agar of 50°C was used as the base medium to which equal
parts of furalaxyl and dichloran were added in a range of con-
centrations. Furalaxyl has a known inhibiting effect on PFPy-
thium spp., dicloran on Sclerctinia spp. R, sclani is relative-
ly insensitive to these compounds. In a previous experiment it

12



Table II.l.: EDg, values in ppm a.1. furalaxyl plus dicleran in cherry
agar for mycelium growth inhibition of botteom rot pathogens.

Pathogen ED50 in ppm a.i. furalaxyl
plus dicloran {(1:1 mixture)

B. cinerea 6
P. irregulare 1.4
S. sclerotiorum . 3.8
R. solani > 128

was found that of the Pythi{wn spp. which are found in lettuce
(P, irregulore, P, mamilatum, P. tracheiphilum, P. uncinulatum and P. ul-
timen, see Blok and Van der Plaats - Niterink, 1978), P. i{rregu-
lare was least affected by furalaxyl. This species was included
in the experiment. The concentrations at which 50 per cent in-
hibition of the mycelium outgrowth of the bottom rot fungi oc-
curred, was determined as described in Chapter IV.3.c. The re-
sults are shown in Table II.1.

It appeared that ED50
solant was > 128 ppm. The other fungi tested were inhibited at

values of the mixed compounds for R.

much lower concentrations. For the sake of the following eval-
uation experiment, the composition of the selective agar mix-
ture was established on 20 ppm dichloran and furalaxyl respec—
tively.

In order to examine whether underestimation of R. solani in
attacked heads would occur by using cherry agar as an isola-
tion medium, the incidence of bottom rot pathogens in 43 dis-
eased heads was established by plating out infected tissue on
selective medium as well as on cherry agar.

Per head two infected leaf- or midrib portions were cut
into two equal parts. Each piece was again divided into halves
(about 2 x 5 mm each). One half was plated on selective medium,
the other on cherry agar. A hundred and seventy two tissue
pieces from 43 heads under investigation were plated on each
of the two media. The number of heads and the pathogens observ-
ed on each of the media is given in Table II.Z2.

13



Table II.2.: Number of 43 heads with specified pathogen(s), identified
on selective agar (cherry agar + 20 ppm dicloran + 20 ppm furalaxyl)
and on cherry agar.

Number of heads

Patheogen({s)
gselective agar cherry agar

Rhizoctonia solani (R) 33 v
Botrytis cinerea (B) 0 9
Pythium spp. (P) 0 1
B + R [¢] 30
P + R 0 2
B+P+ R 4] 1
No pathogen 10 0
Total R 33 33

From the results obtained with cherry agar it appeared that
R. solant could be isolated from 33 cut of 43 heads; namely in
combination with B. etmerea (30 x), with Pythium spp. (2 x) and
cnce with both these fungi. Selerctinia spp. was not found on
any of the heads. Using the selective medium, R&. solani could
be isolated from the same number (33) of heads.

These regults indicate that the use of cherry agar for
identification of fungi present in the same head will not lead
to an underestimation of R. esolani due to overgrowth by B. cine-
rea or Pythiwm spp. But it has to he mentioned that, using this
acid medium, soft rot bacteria associated with advances stages
of R. solani attack, as reported by Pieczarka and Lorbeer
{1975), are not detected. However, according to these authors,
bacteria are considered as secondary invaders after infection

by primary fungal pathogens.
II.4. INCIDENCE OF PATHOGENS AND SEVERITY OF ATTACK
In previous investigations (Kooistra et al., 1974; Tiche-

laar, 1976,1977) the incidence of bottom rot causing patho-
gens was determined in small samples of diseased heads from
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many crops treated with fungicides against bottom rot. The
severity of attack was not involved in these investigations.

The results of the analysis of the incidence of bottom rot
fungi and the sevefity of attack caused by these pathogens in
plets without fungicides are reported in this section. Inves-
tigations covered eleven crops from five holdings, indicated
as A, B, C, D and E.

Per crop 30 - 72 heads from 2 - 6 untreated plots (4.5 m2)
of fungicide trials were classified according to the severity
of attack ( 0 = no attack, 1 =1 -2, 2 =3 -4, 3 =5 -6,

4 = » 6 leaves attacked respectively, 5 = not marketable) from
which the average disease index (0 - 5) was calculated. Frem
each head two infected parts were plated on cherry agar for
identification of bottom rot fungi. Results are given in Ta-
bles II.3, 4 and 5.

Practically all heads on holding A (Table II.3.}) were at-
tacked by H. cinerea. The disease index amounted to 2.8.

All the heads on holding B (Table II.3.) were alsc diseased
mostly by B. cirnerea and R. solani or by a combination of the two.
The disease index of the heads infected by the combination of
the mentioned pathogens (i.e. 2.8) was samewhat higher than in
case of the separate pathogens.(i.e. 2.3). In this crop Selerc-
tinia spp. alone or in combinations occurred at a low rate.‘

On holding C (Table II.4) half of the crop was free from
attack. The other half was slightly attacked by B. cinersza (dis-
ease index 1l.1l.). In the succeeding crop heads were particu-
larly attacked by Pythium spp. and B. cinerea or combined {al-
most 90 per cent). Disease severity caused by B. cinerea was
highest (disease index 2.6.) and by DPythium spp. lowest {(dis-
ease index 2.1.). The combined attack took an intermediate
pesition (disease index 2.4.).

In comparing the results in both crops it appeared that the
disease attack in the spring crop is much lower and caused by
only one pathogen. In the late crop there was more damage to
all heads by one or more pathogens.

On holding D (Table II.4.) all heads were diseased in the

spring crop, particularly by B. einerea and R. solani or a com-
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Table II.3.: Analysis of incidence (%) and severity (disease index) of
pathogens causing bottom rot determined on heads from untreated plots

in two glasshouses (A and B) at harvest. Disease index 0 = ne¢ attack,

5 = heads not marketable.

Glasshouse A B
Cropping period winter late autumn
Number of heads examinated 30 60
Pathogen(s) heads disease heads disease
% index (0-5) % index (0-5)
No pathogen 1] 0
Botrytis cinerea (B} 93 2.8 32 2.3
Pythium spp. (P)
Rhizoctonia solani (R) 17 2.3
Sclerotinia spp. (S8) 1.7
B + P 7 1.5 1.8
B +R 27 2.8
B+ 58 10 2.8
P+ 5 2.0
B+ P + R 2,0

bination of both (almost 90 per cent). Disease severity was
equally high for both pathogens (disease index 2.2-2.3). Also
in the second, late spring crop, B. cinerea and R. solani were
the dominant pathogens; B. cinerea scored a disease index of
2.3 and R. solani alone or in combination with B. cinerea 3.2 and
3.3 respectively. In this crop Pythium spp. were rare.

A comparison of these successive crops on this holding
shows in both crops a hundred per cent attack by R. sclani or
B. einersqa or a combination of both. In the second culture,
cropped in a warmer period, the disease severity caused by H.
solani was much higher than in the first crop.

On holding E (Table II.5.) five crops were analysed during
two successive years. In the first crop (79-1), all heads were
attacked: 47 per cent by B. cinerea and 53 per cent by B. aine-
rea plus Pythiwm spp. or by Pythiwn spp. alone. The disease se-
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verity for B. cinerea was highest (disease index 2.3),.for Py-
thium spp. and the combination with B. ¢fnerea somewhat lower
{disease index 1.3 and 1.1 respectively). In the following
spring crop (79-2), beside B. cinerea (64 per cent), R. solant
alone or in combination with B. e¢inereqd was found. The disease
index for the attack by R, golani was 1.5, the index for R. so~
lant alone was much higher (disease index 4.5). In combination
with B. ¢inerea the attack was intermediate (disease index

2.2). In comparison to the first crop the higher incidence and
disease severity as a result of R. golani is striking.

In 1980, fifty per cent of the autumn crop (80-1) was not
diseased. The other half was attacked by Pythium spp. at a low
rate {disease index 1.4}. In the second early spring (80-2)
again half of the heads were again attacked, namely by Pythium
spp. and B. ciner¢a alone or in combination. Disease severity
caused by B. cinerea was somewhat higher than by Pythium spp.
(disease index 2.4 and 1,1 respectively). In the case of a
combined attack the disease index was intermediate: 1.3. In
the following spring crop (80-3) more than 80 per cent of the
heads were diseagsed, mainly due to Pythium spp. (40 per cent)
and R. solani (33 per cent) and B per cent due to combination
of the two. The disease severity caused by R. golani was much
higher than by Pythiwn spp.: disease index 4.7 and 1.7 respec-
tively. The disease index for the combination was again inter-
mediate: 2.5.

In comparing crops on holding E in 1979 and 1980 it appears
that the attack was heavier in 1979, mainly due +to B. cinerea,
whereas Pythium spp. and R. solant were less prevalent. In 1981
Pythium spp. and R, solani were the main pathogens. In both years
the disease severity in R, golani was highest, especially in
the crops cultivated during warm periods.

The observations of eleven crops at five holdings give rise
to the following conclusiong. Eighty to a hundred per cent of
the heads of most crops were attacked; in some ingtances half
of the crop was free from disease. Most crops were attacked by
two or more pathogens. About 30 per cent of the heads were in-
fected by more than one funqus. Two crops were attacked by
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B. einergea alone and one crop by PFPythium spp. alcne.

B. cinerea was found on most holdings, followed by Pythium
SPP., RA. solani and Seleroiinia spp. This conforms the reports
of Kooigtra et al. (1974) and Tichelaar (1976,1977).

The severity of disease per crop showed a great variation.
In most instances B. einerea caused the highest disease index;
in crops grown during warm periods R. solani! took over this
position. The severity of the disease caused by Pythium spp.
was usually the lowest. It was observed that all pathogens
could cause unmarketable heads (disease index 5). However,
except for R. solani in some cases, the average disease index
due to fungi that cause bottom rot, seldom exceeds value 3,
which amounts to 5 - 6 diseased leaves per head.

B. cinerea is prevalent in winter crops, the other bottom rot
pathogens more often appear in warmer cropping pericds. This
is in agreement with the findings of Kocistra et al. (1974)
and Tichelaar (1976, 1977). There is little correlation be-
tween the successive crops and the attack. However, when k.
solani is found in the preceding crop, incidence as well as
severity will be greater in the following (warmer) cropplng
period.

II.5. CROP LOSSES

From 1978 - 1980 field trials were carried out for the ap-
proval of the fungicides against bottom rot. The disease and
vield data from 28 glasshouse trials were analysed. In a num-
ber of holdings R. solan? and Sclerotinia spp. were known to cc-
cur in the soil. '

The potential yield loss was based on the difference in the
trial concerned of the yield data of the untreated object and
treated objects with lowest disease index {(attainable yield).
The actual loss was estimated from the difference between the
theoretical and the attainable yield.

The trials were carried out in six replicates and the plots
measured 3 x 1.5 m . At harvest forty plants were examined
from the centre of each plot. The following yield componénts
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were determined: average number of marketable heads from 40
plants, average weight of marketable heads, percentage of mar-
ketable heads of export quality class and the disease index

(0 - 5; 0 = no attack, 5 = not marketable, see Chapter II.4).
The occurrence of the main pathogens in the different glass-
houses was determined visually. In relevant cases differences
in yield results were checked by analysis of wvariance. The
yield differences of the mean of all glasshouses were proved
with the t-test of means (paired observations) according to
Wallis and Roberts (1965).

The results (Table II.6.) show that as an average in treat-
ed plots 39.7 (99.1 per cent) marketable heads were harvested,
i.e. almost the maximum of 40 heads. The range was narrow:
38 - 40 heads. In the untreated plots the average number of
marketable heads was significantly lower; 36.8 (92.1 per
cent). Alsc the range was wide, namely 20 - 40 heads. There-
fore, the potential loss of marketable heads is 7.0 per cent,
with a range of 0 ~ 50 per cent.

The average weight of marketable heads in the untreated
plots did not differ significantly from the average weight
of heads in the treated plots in most glasshouses, If the re-
sults from all the glasshouses. are considered, the average
difference of almost 10 g (equal to 1 kg per 100 heads) is
just significant. In the glasshouses where the lettuce weighed
less than 25 kgs per 100 heads and there was a significant
difference weight between treated and untreated plots (glass?
houses 3, 8 and 11), the cash return from the untreated crop
would be less because the lettuce would be in a lower weight
class (see Chapter I.2.).

The average percentage of heads of export gquality class in
the treated plots is high, 90.7 (36.7 - 100). In the untreated
plots this percentage is significantly lower: 83.2 (32.2 -100)
Therefore the potential loss in export quality c¢lass is on an
-average 7.5 per cent, On some of the holdings this loss is
much greater, up till 30 per cent (glasshouse 3).

‘ In most of the glasshouses the difference in disease index
between treated and untreated plots is highly significant. The

21




SN se't oz'T £°B6 S°L6 SN 6°p8T L°¥6T B8'6f L°6% g ‘d 'y 51
xx oz°T 3 87866 6768 SN €£789f T°L9E -Top  L°6E s g w1
xx 5670 [} L°9E Z°ge SN B el L°061 ='0F t-et d'd £l
xx 18°0 1°2 2796 TTLL X B°LSE 6°SEE L°6E St ¥ ‘3 'd’s z1
*x 69°0 8%°Z 9°96 E°16 xx g'rzz S°661 XX 0°6E L ZE | 11
xx EE°0 TET 9°p6 LG8 SN Z'S6T Z°BBT XX B 6 B'EE g) & o1
xx tz'0 9970 ="00F -"00% SN 878BZ 4§°Z6C 5N -"0F -'Ob d 6
xx €80 v 0°L8 0719 XX 1°SBT 87597 xx L°6t 975t g 8
= 91T 6L°¢ 06 ETEL SN 970z §°16C Xx 08t 0702 (u} ‘a ‘s 2
X LL"1T  ert T°%¥L 0O°SL SN 17S6Z 6°%0t SN €°LE  L°PE (g} ‘9 ‘s 9
xx L6°0  L1°2 1°L6  6°LL SN #*€9z S§°00f SN L°6E  LTPE ) ‘4 S
xx 18°0 LO°E vLL  T799 SN $°991 8-zl X 8’68 S°IF d ‘g [ 4
xx 01"t £1°¢ 6°0L 876t X  £709¢ ¥TET Xx 96 0°9¢ d 'y £
xx 95°0 1£°2 £'16 8798 BN 172tz TwoOT xx -‘0r E£°&E ) ‘g [4
xx ¥0°0 W0 8°96 0°L6 SN 9°v91 6°F91 -"0r  T°6E L T
*ubis  -jeal3  ‘13um ‘ubts  -3@agy  "Ijun -ubys  *3eaxl  cajum € *ubts  ‘jeea3 -IIM
sgeT> A3 syuerd ob 3o
-7Tend ja0dxa uy spesy Speay ITHRIVYIRM 307d a=d speay aTqelsy (1 (8)uab asnoy
Anamiou XapuT oswasTd - arqeiayava abejusoaed 3o (B) aybyom abeaaay ~Jeul JO Jequnu sbuIany —oiped ureR -S5RTH

rgoyeoTrdex 9 'syuerd gp Jo

s307d pagwaIiumn PURP PIIRaIl U0 paseq =xw sainbtg -sesnoysserh pr woxz sTsdTeue sso] doao aoJ eep preTd puw jox Wellod 9 IT STgel

22




IURITITUBTS J0U = SN ‘{070 ¥ d = Xx ‘500 5 d=X (€

S[ARIANTIMM = § ‘3PEIJR OU = O (Z

ajuspTouT oTpexods = () ‘°dds eTUTIOARTIS = S ‘TURTOS ¥ =¥ ‘‘dds mTRAg = 4 'eSIAUTY ‘H =4 (I

xx 0L°0 LL° = L*06 [ARN:] X 1°9¥7 89T xx L°6E B 9L ©XaAY

x=x oL°o [A: 084 9766 Z2°66 B SIZ L°S0Z -"0F LU6t d ‘g Bz

SN aeo P70 L"96 S°F6 SN €°29Z L7092 -0y L'ef ] LT

x £LT0 1£°7 0°SL 1°69 SN b°S6l 67061 -or  £°8f | 92

SN zZo°1 EP°T 1°Z6 ¥ e6 STLET &79¢1 -0  £°6E g sz

00 1070 S°LE T°66 SN Z°0TZ 87022 -0y -0V (a) ve

x €20 BT°T z 66 v LE SN B"8%C 6°SHT 86 06E @ ‘'a [ X4

SN BS°0 8871 L786 1726 SN B°tPl 179t SN e°6E  LTIE d |44

SN £1°0 B¥°0 5°Lée $°L6 SN E°TLZ O'ELZ -T0F  §°6t g 1Z

x £€9°0 s1°1 =001 9°686 SN 6728 £°182 =0 -T0F¥ (d)y ‘g 0z

xx &gb°0 [ 4 L°68 z2°89 SN 07I168T 5797 8°6€ H'BE (g) ‘g 61

SN 81°0 EE"D -"001 -7001 SN ¥°0L ©°T19C -0y 8°6t (4) ‘g at

2N 8970 0071 1°v6 3°€6 SN  6°0£f 6°TEE L76E  076C ¥) ‘g LY

xx £%°1 86°C S°vé 9 kL XX z°8lt L°0LT x £768 Z2°¥L () ‘a ‘s 91
rubte -jeexy “ajun ubts. ‘jeaxy “I3un ‘ub1E8 *3EAI3 "IIuUn Hm.cmum ‘3eall  tajum
SSeTd 43 syuerd op 30

~JTenb ja0dxe ul speay SPRaY ITqRIIYITRW 30Td xad speay ayqueiey (1 {s)usb asnay

Hnﬂmlcv XIPUT SERISTA a1qeloxIem abejuasiagd 3o (b) aybrom ebexasw -Ie@ jo xsqumu abelasy =oed uten -s8eTH

puw paieail uo poseq eae sainbig ‘sosnoysserb gz woiz sishieue ssor doxo Iol

*gol1eoT(daz g9 ‘sauerd gp o syord pagearywm

vlep PTolf pue 301 WO3}0d - (PRNUTIUOCD)

2°9°IT eTqel

23



disease index in the treated plots is 0.70 as an average with
a range of 0 - 1.77. The attack in the untreated plots is sig-
nificantly higher, 1.77 and the range is 0.01 - 3.79.

Economically the heads of export quality class determine
the yield of the lettuce crop (Chapter I.1l.b.). It appeérs
from the above discussed data that for the treated plots the
average percentage of marketable heads of export quality class
amounts 99.1 x 90.7 = 89.9 per cent. This has to be considered
as the attainable yield and is relatively set at 100. For the
untreated plots the data are 92.1 x 83.1 = 76.6 per cent
heads (relatively 83.2). From these figures the potential
loss due to bottom rot appears to be 100-83.2 = 16.8 per cent
heads of export guality class. In fact the financial loss is a
little less because marketable heads of other than export qua-
lity, realize, a relatively low, price. The calculated poten-
tial loss of 16.8 per cent is an average value. On individual
holdings (e.g. glasshouse 7), the potential logs can be more
than 50 per cent.

The actual loss due to bottom rot, i.e. on treated plots,
is much lower. In the foregoing it has been shown that treat-
ed fields yielded 89,9 per cent heads of export quality. If
100 per cent is considered to be the theoretical yield, the
actual loss would be 10.1 per cent heads. However, in fact
this figure is lower, because other factors, than bottom rot,
that also affect quality have to be condgidered (see Chapter
I.1.b.}, as was the case in glasshouse 13, In this crop the
attack of bottom rot fungi was low (disease index 0.55, i.e.
0.8 diseased leaf per head), but only 36.7 per cent of the
heads were classified in the export class, A more realistic
estimate of the average actual yield loss would be approxi-
mately 5 per cent of the heads, because in the majority of the
glasshouses, over 95 per cent of the yield was classified as
export quality (Table II.6.). In addition, costs for chemical
control and the removal of diseased leaves have to be consi-

dered as actual losses.
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IT.6. SUMMARY

From observations on diseased plants and heads from many
commercial glasshouses, bottom rot symptoms were described,
caused by B. cinerea, Pythiwn spp., R. solani and Selerotinia spp.
Only in certain, usually advances stages of attack are symp-
toms specific for the pathogen involved. In most cases the
leaves infected are a-specific decayed and the causal fungi
have to be identified microscopally after plating of attacked
tissue. Cherry agar appeared to be a suitable medium on which
to isolate pathogens from plant material with a complex of
fungi.

Analysis of pathogens from heads from untreated plots in
eleven crops, showed that B. cinereq was found in almost every
crop. The incidence of Pythium spp., OSclerctinia spp. and K. so-
lani was much lower. Most crops were attacked by two or more
pathogens. About 30 per cent of the heads were infected by
more than one fungus.

Disease severity of heads was highest when attacked by RA.
solani especially in warm cropping periods, least by Pythium
sSpp.

The incidence of Pythium spp., Sclerotinia spp. and R. solant
was higher in warm cropping periods, B. cinerea was more common
in winter crops.

The average potential loss on 28 holdings due to bottom rot,
determined on plots without fungicide treatment was estimated
at about 17 per cent heads of the export quality class. In one
glasshouse a loss of more than 50 per cent was found.

The actual loss, i.e. on treated plots, was estimated to he
about 5 per cent heads. The other losses are costs of control

and extra costs of harvesting (i.e. cutting diseased leaves).
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11l. CHARACTERISTICS OF RHIZOCTONIA SOLANI

III.1. INTRODUCTION

In the previous chapter the parasitic occurrence of Rhizoe-
tonia solani in lettuce was studied, showing that this fungus is
a relatively important parasite in this crop.

With regard to parasitic survival the question of suscep-
tibility of crops planted before and after lettuce may arise.
The host plant range is known to be very wide (Baker, K.F.,
1970) . In The Netherlands the most important glasshouse crops
tomato and cucumber are known to be attacked by R. solami (Con-
sulentschappen voor planteziektenbestrijding, 1981}.

The aim of the first part of the present study was the in-
vestigation of the susceptibility of 17 glasshouse plants to
R. solani, artificially inoculated in soil.

According to current concepts, the species R. gsolant consists
~of four hyphal anastomosis groups, designated AG-1, AG-2, AG-3
and AG-4 (Parmeter et al., 1969). From Japan two additional
groups have been described (Ogoshi, 1976; Kuninaga et al.,
1979) . According to Sherwood (1969), each anastomosis group
is characterized by distinctive morphologic, pathologic and
physiclogic norms with some overlapping of isolates in diffe-
rent groups. Anderson (1982) reviewed the genetical and patho-
logical research from 1965, focused on the AG-concept. Recent
research has pointed cut that one crop, e.g. sugar beet can bhe
attacked by strains belonging to at least two anastomosis
groups {(Herr and Roberts, 1980) which mainly attack leaves and
roots respectively.

The second part of the present study was undertaken to de-
termine the AG-group of isolates in soils and attacked lettu-
ce heads from glasshouses in different regions of The Nether-

lands.
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I11.2. MATERIALS AND METHODS

Hogt range experiments
_ The susceptibility to R. scolani isolates from gsoil (R 200-00-
79 and R 201-04-79) of the glasshouse plants listed in Table
IIT.1. was determined. From each crop 1-2 weeks cld seedlings
and 4-6 weeks old plants were transfered into plastic contai-
ners filled with artificially infested pot soil (one well-dis-
persed cherry agar plate colonized by R. solani in 500 g of
s0il) . Each container held 3-5 plants and there were three con-
tainers per cobject. Containers filled with non infested soil
served as a contrel. In order to obtain about 100 per cent re-
lative humidity, containers were placed at room temperature in
day-light under plastic cover. Plants were inspected and the
development of the disease was assessed daily: the following
categories of susceptibility wexe used: +++ (very susceptible,
plant dead after 2-4 days), ++ (susceptible, plant dead after
5-7 days), and + (moderately susceptible, plant dead after
8-11 days).

Determination of AG-groups

The tester-strains used, A, D, F and C (after Richter and
Schneider, 1953) were supplied by Dr. R. Schneider, Biologi-
sche Bundesanstalt flir Land- und Forstwirtschaft, Berlin-bDah-
lem, BRD. These groups correspond with the AG-groups 1, 2, 3
and 4 respectively of Parmeter et al., (1969).

Thirty five glasshouse isclates were tested, 11 isolates
originated from so0il from two holdings; the remaining 24 had
been isolated from attacked lettuce on 13 holdings. Cultures
were maintained on cherry agar.

To observe anastomosis, sterile glas slides were covered
with a thin water-agar layer. Two disks (8 mm in diameter)
were cut from the edge of fungal colonies and placed 2-3 cm
apart on the coated slides. The slides were placed in petri-
dishes and incubated for 24-48 hours at 15° or 22°C. The area
of hyphal contact was examined at 100 x and 400 x magnifica-
tions. In some cases hyphes were stained with 0.5 per cent
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aniline blue in lactophenol. Isolates were placed in the same
anastomosis gqroup as the tester strain, if hyphal contact with
cytoplasmic fusion was observed (Parmeter et al., 1969).

III.3. HOST RANGE

The observations showed that the hypocotyle and the cotyle-
dons were - particularly attacked and from there the parasite
spread to the upper stalk and leaves. None of the 17 tested
crops were immume (Table III.l.}. No differences were found
in infectivity between the isolates used.

The susceptibility of seedlings and older plants was prac-
tically the same under the experimental conditions. Most crops
were very susceptible. Gherkin, sweet pepper and tomato ap-
peared to be susceptible; beans and cucumber were moderately
susceptible.

Chemical control is advised for 7 of the 17 crowms tested
(Consulentschappen voor planteziektenbestrijding, 19281).

IIT.4. ANASTOMOSIS GROUPS

From the results obtained (Table III.2.) it appears that
all four European A. solani anastomosis groups were found in
35 isolates obtained from soil or lettuce heads on 13 holdings.
Two isolates from soll and lettuce from one holding did not
fuse with one of the tester strains.

The soil isolates, collected from only two holdings, be-
longed mainly to AG-4. Two isolates from one of these holdings
fused with tester strain AG-3. It is generally known that re-—
presentatives in this group occur almost exclusively on Selana-
ceqe, especially potato. Potatoes had been grown in the past on
the holding concerned.

It is striking that AG-1 was found in lettuce heads from
most of the holdings. AG-2 and AG-4 were found on only a few
holdings. In lettuce from glasshouses 9 and 13, two groups
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Table III.2.: Determination of anastomosis group of Rhiszootonia eclant
ilgolateg obtained from soil and lettuce of different glasshouses.

Glasshouse

1

e w3

10
11
12

13

Isclate

200~00-79
-Gl=
-03-
-04-

R 408-02-79

mow W N =

™ om W

201-01-79
-02-
-03=
-04-
~05-
-07-
-09=

409-00-79
-01-
-03~

401-00-76
-01-

402-01-76
404-00-76
405-00-76
406-00-77
407-00-77

410-00-79
-0l

411-00-79
412-00-79
413-00-79

416-02-79
-04-
-07-
-08-
-10-
-11-
-12-
-15-

Source

s0il

lettuce

soil

lettuce

lettuce

lettuce
lettuce
lettuce
lettuce
lettuce

lettuce

lettuce
lettuce
lettuce

lettuce

Anastomesis group

AG-4
AG-4
?

AG-4

?

AG-3
AG-3
AG-4
AG-4
AG-4
AG-4
AG-4
AG-1
AG-1
AG~-1

AG-4
AG-4

AG~4
AG-1
AG-2

AG-1

AG~1
AG-2

AG-4
AG-1
AG-1

AG-1
AG-2
AG-2
AG-2
AG-2
AG-~2
AG-2
AG-2
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were cobserved, e.g. AG-1 and AG-2.
All three isolates from lettuce in glasshouse 2 belonged
to AG-1l, whereas in the goil AG-3 and AG-4 were isolated.

III.5. DISCUSSION

All seventeen glasshouse crops tested appeared to be more
or less susceptible to R. solani which is in accordance with
the very wide host range of the species (Baker, K.F., 1970}.
It is, therefore, assumed that the presence of host plants
may contribute to the survival of £. golan? in glasshouse soils
(Papavizas, 1970).

Older plants were as susceptible as seedlings. This seems
contradictory to the generally accepted idea that old plants
are relatively resistant. This idea is largely bhased on the
fact that older plants have moved inte an environment that is
unfavourable for the fungus (Baker, K.F., 1970). In the expe-

‘riments the relative humidity was high in plots with both
seedlings and older plants and, therefore, favourable for fun-
gus development. Both stages of development of the test plants
were equally susceptible.

From Table IITI.1. it alsco éppears that, on some of the
crops tested, A. solani does not occur to such an extent in
practice that control measures are recommended. In many cases
the fungus will cause no problems because cultural measures
i.e. dryness or the use of "sterile soil blocks" for planting
"seedlings, inhibit A. gsolani development. Moreover it can be
assumed that the inoculum density in part of glasshouse soils
is low as a result of frequent soil desinfection with methyl
bromide (Chapter VIIT.4.e.}.

However, it cannot be excluded that changing cultural mea-
sures, for instance energy saving glasshouse isolation, resul-
ting in higher relative humidity, will stimulate R. golani to
attack a number of potentially susceptible crops. Moreover,
in the future the application of methyl bromide (Chapter VIII.
4.e.) will be further restricted and it looks as though sub-

31




stitute compounds will control R. solant less effectively.

From the determination of anastomosis groups in 35 isolates
it appeared that AG-1, AG-2 and AG~-4 were found in attacked
lettuce. AG-3 is known to occur exclusively in Solanaceae {(Ogos-
hi, 1976).

Although the number of isoclates and holdings tested was too
limited to draw general conclusions it was striking that AG-1
was found on most holdings. The combination of AG-1 and AG-2
occurred at a number of them.

In other crops like sugar beet (Herr and Roberts, 1980¢) it
was found that different anastomosis groups caused different
disease syndromes (for instance damping off, rcot rot and
foliage blight}). This aspect has not been included in the ex-
periments.

But during the evaluation of disease attack in lettuce
heads 1t often appeared that in heavily diseased heads some-
times only mesophyll was destroyed whereas in other equally
diseased heads, the midrib was also infested, causing cancers.
The differences may be due to differences in pathogenicity be-
tween strains linked to the anastomosis groups., as was the
case in the forementioned experiments with beet by Herr and
Roberts.

From a practical point of view the question may arise
whether anastomosis groups from lettuce differ in sensitivity
to fungicides. A provisional experiment in vitro showed that
all tested groups were equally sensitive to iprodione.

According to aAnderson (1982) the principle of the anastomo-
sls group concept i.e., each group is a seperate, more of less
independent unit, is an important factor to make progress in
devising methods for disease control and in obtaining disease

resistance.
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IITI.6. SUMMARY

In artificially infested soil the susceptibility of 17
glasshouse crops in the seedlings and older plant stage to
two R. solani isolates were tested. It appeared that all crops
proved to be susceptible, though to a different extent.

The determination of anastomosis groups in 35 isclates from
soil or lettuce from 13 holdings indicated the presence of
three of four known groups {(AG-1, AG-2 and AG-4, of which AG-1l
was predominant) in diseased heads. On some holdings two anas-—
tomosis groups were present. AG-3 ("potato group”) was found
in soil at only one holding.

Practical consequences of the findings concerning host plant:
susceptibility and anastomosis groups are discussed.
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IV. ISOLATION OF RHIZOCTONIA SOLANI FROM THE SOIL

IV.1. INTRODUCTION

The soil-borne fungus Rhizoctonia solani is generally consid-
ered a facultative parasite. Saprophytic occurrence and behav-
iour in the soil are factors of major importance for the para-
sitic appearance of the fungus.R. esclani may be present in the
soil saprophytically in colonized debris, as sclerotia, as hy-
phae or as basidiospores (Baker and Martinson, 1970}. Relative-
ly large fungal particles dominate in most soils (Boosalis and
Scharen, 1959; Weinhold, 1977; Clark et al., 1978).

In the past thirty years many methods for detecting R, solani
in soil have been developed. Modified after Bouhot (1979),
three categories of methods can now be distinguished for esti-
mating: inoculum density, competitive saprophytic ability and
.inoculum potential respectively.

The first category includes the most recently developed
methods. The number of R. solani propagules per unit of weight
of soil is determined by direct plating of soil on selective
agar (Ko and Hora, 1971; Henis et al., 1978, Doornik, 1981b}
or by microscopic cobservation of sieved soil suspended in wa-
ter or agar (Ui et al., 1976; Weinhold, 1977; Clark et al.,
1978; Roberts and Herr, 1979). Using this method saprophytic
and parasitic strains cannot be distinguished without time
consuming isclation and'testing, and no clear information is
obtained on the inoculum capacity. However, an important fea-
ture of these methods is the quantitative aspect, namely data
on the actual number of propagqules in the soil. From a histor-
ical point of view it is noteworthy that this, youngest, cate-
gory of .quantitative methods was developed only after an appro-
priate selective medium for R. selani became available recent-
ly (Ko and Hora, 1971). It then became clear that the fungus
occurse at comparatively wvery low densities in natural soils
{Baker and Cook, 1974). For this reason generally employed
so0il-dilution-techniques were not satisfactory in the case of
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R. solani, as other micro-organisms mostly occurring at high
densities. Hence, the sieving methods mentioned above that
have since then been developed are largely based on the oppo-
site principle: concentration of the population by sieving of
the soil.

The second category of methods are mostly the older tech-
niques. Here, competitive saprophytic ability is determined
by burying selective agar, impregnated baits or plants parts
in the soil, after which the colonization by R. golani is as-
sessed, The older methods have been reviewed by Sinclair
(1970), the more recent cnes by Geijpens (1974) and Bouhot
(1979). Surveys were made by Clark et al., (1978} and Camporo-
ta (1980). The results obtained are relative ones: the inocu-
Jum activity is expressed as coleonized proportion :of buried
baits. Generally employed dilution end-point-quantification
techniques (Bouhot, 1979} have great disadvantages when as-
sessing R. eolan? (Menzies, 1963). Bait methods are intended
for investigating aspects such as the saprophytic phase of R.
solani, changes of the inoculum dengity, multiplication and sur-
vival in the absence of the host (Bouhot, 1979). Also a close
correlation appears to exist between the inoculum density meas-
ured with bait methods and the resulting disease (Sneh et al.,
1966; Geijpens, 1974 and Papavizas et al., 1975).

The third category of methods measure the incoculum poten+
tial using susceptible host plants of which the disease is as-
sessed. A summary of these techniques is given by Sneh et al.
(1966), Sinclair (1970)'and Camporota (1980). It appears that
most authors conceive the inoculum potential in a broad sense:
"The result of the action of the environment, the vigor of the
pathogen to establish an infection, the susceptibility of the
host and the amount of inoculum present” (Baker, 1978). It is
clear that experimental results cobhtained with these methods
are essentially dependent on the chosen conditions. This con-~
cept of inoculum potential sensu Baker (1978} is discussed by
Vanderplank (1975} and Meijer (1979). The employment of math-
ematical transformations of inoculum density data for inter-~
pretaticnal purposes as suggested by Baker (1971) and Baker
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and Drury (198l1) is criticized by Vanderplank (1975), Grogan
et al. (1980) and Leonard {(1980). An attempt to standardize
this type of methods in order to increase the predictive value
for disease incidence was made by Bouhot (1979). He postulated
a number of experimental conditions by which in fact the max-
imum potential of the inoculum sensu Vanderplank (1975} is de-
termined. Mitchell (1979) defined this as follows: the capaci-
ty of a pathogen population to infest a population of fully
susceptible host plants under optimum conditions for infection.
Based on the above mentioned standardization, Camporota (1980,
1982) recently developed methods for characterizing R. sclant
populations causing damping-off.

Our aim was to have firgtly at our disposal a reliable iso-
lation technique in order to study the relationship between
inoculum density and disease in commercial glasshouses and sec-
ondly the selection of appropriate fields for testing candidate
fungicides against R. golagni in lettuce. In this connection the
paper disk bait method of Herr (1973) was modified and further
developed. The inoculum density data obtained with this method
are relative. In addition a new quantitative soil sieve method
was introduced in order to be able to estimate the actual num-~
ber of R. solan? propagules.

IV.2. BAIT METHOD USING PAPER DISKS

IV.2.a. Introduction

The paper disk bait method after Herr (1973) is based on the
competitive saprophytic ability of R. selani propagules to colo-
nize paper disks, socaked in a selective medium, in soil. The
method has been developed for in situ research in fields.

Paper disks, 6 mm in diameter, were placed over holes in
aluminium plates, which were inserted vertically inte the soil
without disturbing the growing plants. The plates were respec+
tively incubated, recovered, plated on selective agar and ex-
amined for RA. solant.

Tichelaar ({personal communication) modified this field meth-
od for the examination of s0il samples in the laboratory. Paper
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disks are not mounted in aluminium plates but placed in petri-
dishes and covered with soil. The procedure is principally the
same as the original method by Herr (1973). We adopted Tiche-
laar's modifications for the greater part, a few details being
changed. Disks were not placed on the bottom of petri-dishes
but inserted vertically into dishes which had been half-filled
with soil. No antibictica were added to the water agar for pla-
ting of paper digks.

The description of the method is as follows: petri-dishes,
9 cm in diameter, are filled with 50 g of well-mixed soil sam-
pPles and eight 6 mm paper disks socaked in selective medium
(according to Herr, 1973) are inserted vertically just under
the soil surface. Dishes are incubated at 25°C for a fixed num-
ber of days. Disks are then removed by tweezers and freed of
excess soil by running tap water. The disks are then dried on
filter paper for approximately half an hour, transferred onto
9 cm dishes containing 2 per cent water agar (eight disks per
dish) and incubated at 25°C for 24 hours. The edges of the
disks are examined microscopically (x 100) for R. solani out-
growth based on the morphological characteristics of the myce-
lium according Parmeter and Whitney (1970); in questionable
cases the possession of multinucleate cells in actively grow-
ing hyphae is determined {Commcnwealth Mycoclogical Institute,
1968) . Numbers of colonized baits are expressed as a percen-~
tage or transformed to corrected number of colonizations per
100 paper disks according to the concept of multiple infection
(Gregory, 1948; Vanderplank, 1975). In standard analysis,
five dishes each holding eight disks per soil sample are used
and incubated in soil for 48 hours. Based on the assumed at
random distribution of the propagules (because of hcomogeniza-
tion of the sampled soil) the lowest detectable infestation
level with a probability of 95 per cent, is 8 per cent colo-
nized paper disks using the above mentioned sample size (n =
40 disks).
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IV.2.b. Length of incubation period in the soil

A rapid routine method requires the shortest possible in-
cubation pericod. The effect of the length of the incubation
period on the results using different baits has been demon-
strated by Papavizas and Davey (1962), Martinson (1963), El-
zarka (1965) and Sneh et al. (1966). Depending on the kind of
baits, the authors obtained the best results with an incuba-
tion period of 2-4 days. Herr (1973) in his paper disk meth-
od, however, found 5-7 days optimum, hypothetically referring
to some inhibition of R. solani as a consequence of using se-
"lective inhibitors. In our opinion another explanation for
this comparatively long incubation times lies in the possibil-
ity of secondary colonization from neighbouring disks because
of the very short distance between baits in Herr's set-up.
When compared to primary colenization data, the yield is
greater, and later due to the necessary time for secondary
coleonization to develop.

In view of this an incubation time experiment was carried
out in which secondary colonization was excluded. Small plas-
tic cylinders (1.35 cm in diameter, 1 cm high) were filled
with approximately 1.8 g of natural infested sandy soil, con-
taining one paper disk. Cylinders were incubated in petri-
dishes at 25°C and periodically inspected for the presence of
R. solani. At the end of each incubation pericd fourty paper
disks were recovered. (Table IV.1.).

Results show that a high percentage of colonized baits is

Table IV.l.: Corrected number of colonizations per 100 disks after 1-14
days of incubation in naturally infested sandy soil (n = 40 disks).

Incubation Corrected number of coloniza-
(days} tions (per 100 paper disks)
1 20
2 22
3 29
4 14
7 11
14 11
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found after only one day. After 2-3 days, the yield is some-
what higher but thereafter decreased abruptly. This trend con-
firms the finding of the authors quoted. The optimum incuba-~
. tion pericd appears to be 2-3 days. The distinct difference
in optimum incubation periocd between our modified technigue
and the original method by Herr (1973) will be further dise=
cussed in the next paragraph.

In order to save time, the possibility of a two days' incu-
bation period was investigated. Soil from eleven glasshouses
was analysed by the standard method at different incubation
periods (1, 2 or 3 days). The results are given in Table IV.2.

The figures show that on an average in the sandy soils the
yield after a 3 days' incubation period is not significantly
higher than after 2 days. In clay soils the yield tends to be
somewhat higher after 3 days. More data are needed to confirm
this difference. Therefore, in routine research the chance of
underestimating to scme extent the inoculum density after two
.days of incubation will probably be smaller in sandy scils and

Table IV.2.: Corrected number of colonizations per 100 disks, after 1,
2 and 3 days incubation in natural infested soils (n = 40 disks).

Sanple Days of incubation
1 2 3
Sandy scil 1 22 29 25
2 42 82 82
3 5 20 43
4 9 11 11
5 6 48 48
[ 1 20 16
7 5 20 27
8 5 17 16
total 95 247 268
Clay soil 1 0 14 24
2 2 3 8
3 5 i1 22
total 7 28 54
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perhaps somewhat greater in clay soils. For most research an
incubation period of two days is justified.

IV.2.¢c. Secondary colonization

With respect to the paper disk method, the term “secondary
colonization" is used when a propagule is growing from one col-
onized paper disk to a neighbouring disk, which will lead to
an over estimation of the inoculum density of £. solani in the
soil sample.

Several authors reported a relatively fast growth of R. so-
lani in soil from the food base, especially in sterilized soils
(Papavizas, 1970; Doornik, 1980). We checked, by using eight
baits per dish and an incubation period of two days (2 cm dis-
tance between baits) the possibility of secondary celonization.
In sterilized soil, infested disks were placed vertically at 2
cm distance from non-colonized paper disks. No secondary colo-
nization was observed after one day of incubation at 25%c. Af-
ter two days, colonization by aerial mycelium of the control
disks was completed, indicating a growth of more than 1 cm per
day. The growth of mycelium in soil is slower. In a similar ex-
periment, infested disks were covered with sterilized soil. Af-
ter two days of incubation 55 per cent of the contreol disks
were colonized.

The significance of the food base (Papavizas, 1970), i.e.
paper disks impregnated with the selective medium, was jillus-
trated by the result of an experiment with mycelium as inocu-
lum source instead of colonized disks. Non-colonized control
disks were again placed at 2 cm distance from the mycelium. Af-
ter an incubation periocd of four days none of the control disks
were colonized.

In view of this, there is little chance that secondary col-
onization will occur in our experiments (2 cm distance between
baits, two days incubation period). Primary colonization re-
quires namely 1-3 days {see Table IV.2.). In sterile soil a
further 1-2 days are required before the mycelium reachs neigh-
bouring disks. In natural scils this will take even longer. A
two day incubation period is too short and é 2 cm distance be-
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tween paper disks is too wide for secondary colonization to
occur.

In Herr's technique (1973), the distance between disks was
only 0.75 cm, making secondary, and possibly tertiary, coloni-
zation possible. In this case, the optimum incubation time be-
comes longer and the inoculum density is overestimated. The
actual incubation time for primary colonization is shorter
than the value (5 - 7 days) found by Herr. In our experiment
this was 2 - 3 days which is in accordance with data in liter-
ature for other substrates {see Chapter IV.2.b.).

1v.2.4. Pathogenicity of isolates

In the paper disk method, saprophytically active inoculum
is assessed. The question is to what extent this inoculum
proves to be pathogenic for lettuce. In the literature on com-
petitive saprophytic ability a close correlation between col-
cnization and pathogenic activity of the fungus is reported
(see Chapter IV.l.). Thus Papavizas et al. (1975) used steri-
lized table beet seed as a bait and tested different R, solani
isolates for pathogenicity on seedlings in four crops includ=-
ing lettuce. All isclates were pathogenic for lettuce. Of the
remaining isolate and host plant combinations, 5 ver cent did
not cause disease syptoms.

In order to study this aspect of the paper disk methed, we
investigated 62 isolates from four glasshouse soils. Results
{(Table 1IV.3.) show pathogenicity for lettuce of all isolates

Table IV.3.: Pathogenicity for lettuce of Ehfaoctonia solam? isolates ob-
tained from soil using the paper disk bait method.

Number of
Soil examined pathogenic
isolates isolates
1 clay soil 27 27
2 sandy soil 30 30
3 sandy soil 3 3
4 sandy soil
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tested. Great differences occurred in the degree of pathoge-
nicity with regard to the incubation period and infection rate
as described by Papavizas et al. (1975).

Pathogenicity for lettuce of all isolates may be connected
with the frequency of lettuce cropping (1 - 2 crops per year)
in the glasshouses concerned. It can be concluded that, using
the paper disk bait method, the determined relative inoculum
density in soil from lettuce glasshouses refers to R. solant
isolates which are pathogenic for lettuce.

IV.3. SIEVING METHOD, USING SELECTIVE MEDIUM

IV.3.a. Introduction

In the literature, methods for estimating the actual number
of R. solani propagules in field soils (see Chapter IV.l.), are
based on one of the following principles. In one method, the
soil is sieved, which means that greater quantities of soil
can be used (Weinhold, 1977). A disadvantage is the following
'time-consuming microscopical examination. A second method is
that the soil is directly placed on a selective agar, demand-
'ing little microscopic assessment (Ko and Hofa, 1971). But
this means that only very small quantities of soil can be used.
In view of these facts, a combination of both methods was de-
veloped which has the advantages of both methods and the dis-
advantages are eliminated.

IV.3.b. Description of the method

Soil samples in a number of replicates of 50-100 g of soil
are washed over a 0.40 mm sieve. The soil retained is drained
off by filter paper at the bottom of the sieve up to justunder
water~holding capacity and then divided into 50 aligquots. Five
to ten aliquots are placed in petri-dishes with modified (see
Chapter IV.3.c.) selective medium according to Ko and Hora
(1971) and incubated at 25°C for 24-48 hours. Thereafter the
edge of clumps are examined microscopically {(x 100) for out-
growth of R. solani {see Chapter IV.2.a.). The percentage of
colonized clumps is determined, corrected for multiple colo-
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nization (see Chapter IV.2.a.) and the inocculum density i.e.
the number of living propagules per 100 g of soil is calcu-
lated.

IV.3.c. Improvement of the selective medium

Ko and Hora's selective medium (1971) includes fenaminoéulf,
a light unstable compound used to inhibit contaminiation by
Oomycetes, This medium has to be stored and incubated in the
dark. In order to avold this type of storage, furalaxyl, a re-
cently developed fungicide with high activity against Oomyce-
tes, was tested as a substitute.

A number of isolates of Pythium species and R. golant from soil
and lettuce were tested for sensitivity to furalaxyl. Six mm
diameter cherry-agar disks with mycelium of these fungi were
placed in dishes with Ko and Hora's selective medium without
fenaminosulf but with furalaxyl in concentrations ranging from
0-256 ppm. For Pythium spp., the minimum effective dose, which
‘would inhibit the growth of mycelium was determined. The inhi-
bition of mycelium growth of R. sclani at the different dosages
was compared with growth in the untreated check. The c¢oncen*
tration, at which 50 per cent inhibition is obtained, was es-
timated by plotting the data on logarithmic probability paper.

From the results (Table IV.4.)} it appears that the growth
of most Pythiwn species is inhibited completely at 32 ppm fu-
ralaxyl. For the common species P. {rregulare and P. sylvaticum J}
however, the minimum effective dosis is 128 and 256 ppm res-
_pectively. Table IV.5 indicates an EDSO value of furalaxyl for
R. solani of 180 ppm.

On account of these results, the concentration of furala-
¥yl in Ko and Hora's selective medium was standardized at 180
ppm. Although some retardation of growth of RA. solani on the
‘agar can be expected, interference by contaminating Pythium spp.
is avoided.

IV.3.d. Occurrence of R. golani in different sieve fractions

In the various sieving methods for determining the actual
number of propagules in soil (see Chapter IV.1.), different
sieve diameters have been employed. Roberts and Herr (1979)
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Table IV.4.: Minimum concentrations of furalaxyl {ppm} in the selective
medium for inhibition of mycelium growth of Pythium species.

Pythium species Minimum effective concentration

of furalaxyl in ppm.

P, ultimum 4
P. coligandrum 8
P. paroecandrum B
P. tracheiphilum 8
P. intermedium 16
P. gracile 16
P. sylvaticum Q 32
P, mamilatum 64
P. irregulare 128
P. sylvaticum & 256

used 0.25 mm, Uit et al. (1976) 0.3 mm, Weinhold (1977) 0.35
mm and Clark et al. (1978) 0.425 mm. Loss of R. golani propa-
gules rarely occurred. ) '

The wider the openings in the sieve the more effective the
procedure is. Therefore the possibilities for soil from let-
tuce greenhouses of a 0.40 mm sieve were investigated. Three
soil samples with a rather high inoculum density were washed

over sieves of different meshes.

Table IV.5.: Inhibiticn of Rhizoetonia solani mycelium on selective agar
with different concentrations of furalaxyl.

Concentxation of furalaxyl Mycelium growth inhibition
(ppm) (percentage)
0 0
32 7
64 ' 13
128 38
256 60

EDgq: 180 ppm
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From the first sample, 300 g of soil was divided into six
aligquots. Three sub-samples were washed over a 0.40 mm sieve,
the other three over a (.25 mm sieve. Fractions were then di-
vided into 50 soil clumps and transferred to Ko and Hora's
modified medium (1971) and inspected for R. solan? outgrowth.
It was assumed that no propagules would pass through a 0.25 mm
sieve. Should the number of propagules in both fractions prove
to be equally high, then no propagules had passed through the
0.40 mm sieve.

The other two soil samples were divided into two sub-sam-
ples of 50 g each and both were washed over a 0.40 mm and a
0.25 mm sieve in succession. Fractions on both sieves,  0.40
mm and < 0.40 - > 0.25 mm respectively, were divided into 50
clumps and transferred to selective medium plates. Here, it
was expected that no R. solani would he found in the finest
fraction.

The results are summarized in Table IV.6.

The data from the experiment with the first soil sample show
no significant difference in the number of collected propagules
using 0.25 or 0.40 mm sieves. In scoil samples 2 and 3, a sin-
gle propaqule was found in the finest fraction. In this con=
nection there are indications that during the washing proce-—
dure coarse soil particles (obvicusly with one propagule} have
splashed onto the fine sieve. It may be concluded that the
great majority of A. solani propagules are retained by a 0.40
mm sieve. This is in agreement with the literature cited. .

Table IV.6.: Occurrence of Rkizooctonia solani propagules in different sieve
fractions of three soils. Mean number of scil clumps with Rhizoetontaaclant
(n = 50).

Soil Fractions {mm)

> 0.25 > 0,40 # 0.25 - < 0.40 > 0.40
1;; 12.0 11.7
22) 0.5 17.5
2 0.5 21.0
1} 3 replicates 2) 2 replicates
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IV.3.e. GSize of sieved samples

In corder to increase the capacity of the method, it is neces-
sary to know whether the use of greater guantities of soil as
.Weinhold (1977) indicated {50 g soil per sample) influences the
inoculum density results. In this connection it should be taken
into account that, by dividing sieved soil samples into 50
clumps, part of the clumps may contain more than one propagule
(multiple coleonization). During growth on agar plates this will
not be noticed, therefore the number of propagules in the sam-
ple may be underestimated. This may occur more frequently when
inoculum densities are higher and the size of gamples is bigg-
er. Assuming that propagules are dispersed at random by mixing
the s0il, the multiple colenization transformation (see Chapter
Iv.2.a.) offers possibilities for correction.

In determining the effect of the guantity of sieved socil and
the usefulness of multiple colonization correction, three soil
samples with a low, intermediate and high inoculum density were
examinated. From each sample 50, 100 and 200 g of soil was
washed in two replicates, divided into 50 clumps and plated.
Clumps from samples of more than 200 g soil could not be han-
dled. Results are shown in Table IV.7.

Table IV.7.: Occurrence of Rhizoetonia solani in clumps of different amounts
of sieved scil from samples of different degree of infestation from which
inoculum densities were calculated {(propagules/100 g soil) without and
with using correction for multiple colonization.

Sail Amount of Clumps (n=50) with R. golani Inoc. density (prop./100g}

sample sieved
s0il (g) mean number % not gorr. corr.
1 50 1 2
100 2.5 5
200 5 10 3
2 © 50 7 14 14 15
100 15 30 15 18
200 21 42 11 14
3. 50 14.5 29 29 34
100 20.5 41 21 26
200 37.5 75 : 19 35
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Results show that in the case of sample 1 the three different
amounts ¢f soil preduce an equal value for inoculum density.
At this low density level multiple colonization is not expect-~
ed. It appearg that for sample 2 a lower inoculum density val-
ue is obtained with 200 g than with smaller amcunts of soil.
The difference is eliminated by correction for multiple colo-
nization. The effect of the amount of sieved soll proved to

be strong in sample 3 at a high density level. Without correc-
tion, the estimation of the inoculum density in 100 g and 200
g cf s0il proved to be lower than in the case of 50 g. After
correction for multiple ceclonization a good confeoermity was ob-
tained. To conclude, different amounts of sieved soil reach an
equal value for inoculum density provided that these are cor-
rected for multiple colonization. The capacity of the new
sieving method, with regard to the amount of soil handled, has
been increased fourfold by the possibility of sieving 200 g
instead of 50 g of soil when compared to Weinhold's method
(1977). '

IV.3.£. Efficacy of goll sieving

The efficacy of sieving scil over a 0.40 mm sieve is depend-
ent on the granular composition ¢f the soil and the character
of the organic material present. In sandy soils the fraction
» (.40 mm in generally greater than in clay soils. Seoils in
glasshouses for lettuce cultivation often have a fairly high
humus content.

_ This aspect was inveétigated with three sandy soils and a
clay soil. From each sample, 2 x 100 g of s0il were washed o-
ver a 0.40 mm sieve. Dry weight was established in the non-
sieved soil and in the #0.40 mm fraction. From dry-weight val-
ues the percentage = 0.40 mm were calculated. The difference
with respect to 100 per cent was considered the efficacy per-
centage of sieving. The results obtained are given in Table IV.
8.

The figures show that about 90 per cent of the goil passes
the sieve. This efficacy indicates an increase in the capacity
by a factor 9 as compared to Ko and Hora's method (1971) where
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Table IV.B.: Efficacy of sieving at four socils.

Soil Fraction & 0.40 mw Bfficacy of sieving
1 (sand) 11% 89%
2 (sand) 12% BB%
3 (sand) 10% 920%
4 (clay} 9% 91%

non-sieved soil is placed on a selective medium.

IV.3.g. Pathogenicity of isolates

As for the paper disk bait method (Chapter IV.2.d4.), path-
ogenicity for lettuce of 534 isolates obtained with the sieve
method was tested. Isolates from two sandy soils and one clay
s0il were used (Table IV.9,).

All igolates proved pathogenic for lettuce, however to dif-
ferent degrees with regard to the incubation period and infec~
tion rate. This agrees with the results obtained by Weinhold
(1977) , who found with his sieving method that all the isolates
from so0il of cotton fields were pathogenic for cotton.

IV.4. CCMPARISON OF METHODS

IV.4.a. Introduction
In Chapter IV.l. the practical advantages of the applica-

Table IV.9.: Pathogenicity for lettuce of isoclates ohtained by the
sieving methed.

Soil Number of
examined pathegenic
isolates isolates
1 sandy scil 20 20
2 sandy soil 25 25
3 clay soil 9 9
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tion of the paper disk method for estimating the inoculum den-
sity has been mentioned., The evaluation of the results ob-
tained requires data on the effectiviness of the bait method.

In the literature, a number of experiments comparing differ-
ent isclation methods have been described. Sneh et al. {1966}
compared percentages by &. solani colonized units from differ-
ent baits at progressive degrees of infestation of the soil.
For all substrates, a very close correlation (r = 0.96) with
the concentration of the inoculum in the soil was found. The
highest percentages of colonized baits were cbtained with bean
segments. These investigations demonstrate that, by using bait
methods, a good (relative) estimation of the inoculum density
can be obtained.

This alsc applies to the method in which clumps of soll are
plated directly onto the selective medium after Ko and Hora
(1971). Henis et al. (1978) found a high correlation between
the percentage of colonized clumps and artificially introduced
degrees  of incculum densities.

Weinhold (1977) compared the quantitative results, which he
cbtained with his sieving method examinating 26 natural infest-
ed soils, with the data obtained by using the bean segment bait
method. A good correlation (r = 0.90) was found. Weinheold con-
cluded: "The high correlation between the inoculum density ob-
tained by stem colonization and the population obtained by the
screening assay strongly supports the conclusion that both pro-
cedures accurately determine HA. sclant levels in soil".

Based on these literature data, a good correlation between
results from cur two methods is expected. Because our sieving
method is a combination of the Weinhold (19277) and the Ko and
Hera (1971) procedures, our paper disk bait method is in agree-
ment with the bait methods applied by Sneh et al. (1966).

The aim of the experiments described in this paragraph were
to test the accuracy of both methods and to quantify the rela-
tive data on incculum density from the paper disk methed, by
comparing thege with the actual numbers of propagules cbtained

"with the sieving method.
The experiments require a broad range of inoculum densities,
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therefore, samples were taken from a glasshouse in which great
differences in level of the infestation were known to occur.

IV.4.b. Correlation between the results of the sieving and the paper
disk methods

From a lettuce glasshouse on sandy soil, twelve soil sam-
ples were taken and treated according to the two isolation
methods. The percentages of colonized soil clumps obtained by
the sieving method were corrected for multiple colonization
and from these the numbers of propagules per 100 g of soil
were calculated. Similarly percentages of colonized baits ob-
tained by the paper disk method were corrected for multiple
colonization and given as numbers of colonizations per 100 pa-
per disks. Based on these figures, the regression of the paper
disk method results on the sieving method data were calculated
(Figure IV.1.}.

It appears that a rather broad range of inoculum densities
were 1involved and that a very good correlation exists between
results from both methods (r = 0.99}). The regression line pass-
es through the origin. These findings confirm cur expectation
‘and support the conclusion that the inoculum density is accu-
rately estimated by hoth methods.

IV.4.c. Quantification of the results obtained by the paper disk method

The interpretation of inoculum density results obtained hy
the paper disk bait method requires guantification of the per-
centages of colonized disks to numbers of propagules per 100
g of soil. The sieving method provides the actual number of
propagules of living R. solani per unit of soil.

In Chapter 1IV.4.b. a good correlation between results of
the both methods has been demonstrated. Therefore, the number
of living propagules per 100 g of soil (i) can be calculated
from data (Y) obtained by the paper disk method, using the re-
gression egquation, i = 0.26 Y, based on the data of the pre-
vious paragraph (Figure IV.1.).

The application of this figure indicates the actual value
of the threshold level of the paper disk method. Using the
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standard procedure of the method (n = 40 paper disks) the

threshold of detection was determined on 8 per cent colonized

disks (Chapter IV.2.a.). Quantification of this figure with

the above mentioned regression equation gives the value of 2

propagules of R. solani per 100 g of soil. Soil samples exam-

ined by the standard procedure, that showed none colonized

baits, may, therefore, contain 0 - 2 propagules per 100 g of

soil.
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Figure IV.l.: The relationship between the corrected number of propa-
gules per 100 g soil {(calculated from the data obtained by the sieving
method) and the corrected number of colonizations per 100 paper disks

{calculated from the data obtained by the paper disk method).
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IV.5. DISCUSSION

The modified paper disk bait method proved to be an accu-
rate and relatively fast and simple way of estimating the lev-
els of R. sclant in soils. '

The paper disks should be incubated in the soil for only
two days. Under these conditions and using a two cm distance
between digks, no secondary cclonization occurred and as a
consequence, also no overestimation of the inoculum density
tock place. In our opinion the possibility of the disturbing
appearance of secondary colonization occurring with some bait-
ing methods has received too little attention in the litera-
ture concerned {Chapter IV.1l.). It has been pointed out that
the optimal incubation period published by Herr (1973) was
too high probably due to the occurrence of secondary coloniza-
tion. This alsoc applies to the recently published results of
Camporota (1981), which he obtained by adapting Herr's method.

Ecolegically, R. sclani colonized suitable organic material
very quickly and abundantly {Garret, 1956), but obviously it
is readily succeeded, antagonized or masked by other species
(Papavizas and Davey, 1959; Sneh et al., 1966). The rather
abrupt decrease of percentage colonized baits at longer incu-
bation times in our experiments confirmg this.

As distinct from natural baits which are used in other meth-
ods, the composition of the impregnated paper disks is stand-
ardized. Another advantage may be the selectivity of the me-
dium used in the paper disk method. Examination for R. solani
rarely was disturbed by EB. golani-like fungi. Jager (1979),
using segments of Juncus effusus as a bait in potato field soils,
frequently came across PRhizoctonia -like fungi which hindered
the examination.

The use of the paper disk method, as it measures the com-
petitive saprophytic ability of the R. eoclani population, was
‘determined also by the generally accepted correlation of re-
sults of baiting methods with disease (Sneh et al., 1966; Geij-
pens, 1974; Papavizas et al., 1975). Chapter VI goes further

into this aspect.
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A possible restriction of the paper disk method and of bait
methods in general is an underestimation of the incculum den-
sity occurring at hundred per cent colonized substrate units
(Roberts and Herr, 1979). The chance is small that such high
levels of R. solan? in mixed so0il samples from lettuce glass-
houses will be found (Chapter V). Another possibility of un-
derestimating the population density is the appearance of mul-
tiple colonization at higher density levels. However, from the
experimental data about the correlation with the results of
the sieving method, the suitability of the correction for mul-
tiple colonization according to Gregory (1948) can be derived.
This agrees with the generally accepted use of this correc-
tion (Vanderplank, 1975).

A good correlation between results of the paper disk method
and the sieving method has been demonstrated. It could be con-
cluded that the inoculum density is accurately estimated by
both methods. A regression formula was introduced for the guan-
tification of the relative inoculum density data from the paper
disk method into actual numbers of R, golani propagules per 100
g of soil. It should be beorne in mind that these experiences
are based on soil samples from one glasshouse. Should more
glasshouse soils involved, the observed correlation coefficient
{r = 0.99} perhaps would be less high and the regression coef-
ficient (0.26} have another value, because of the possible dif-
ferences in competitive saprophytic ability of R. solani field
populationg or differences in the conductivity of soils for R.
solani. However, differences between soils with the same crop
are on average obvicusly small as Weinhold (1977) found when
he did similar experiments of twenty-six cotton soils. He cal-
culated a correlation coefficient of r = 0.90 for the data from
two inoculum density determining procedures. The results ob-
tained by Camporota (1981) with a modified paper disk method
indicate a similar competitive saprophvtic ability of R. solani
poepulations from four soils.

In contrast to other gquantitative assays the described new
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sieving technique is time-saving because it combines the ad-
vantages of two principles. By sieving samples, about 90 per
cent of the soil is discarded, while microscopic observation
is limited to the well-defined edges of clumps of soil plated
on selective agar. Apart from cutting down on the amount of
microscopic examination necessary, the capacity of the new’
quantitative sieving method is four and nine times greater
than the original assays of Weinhold (1977) and Ko and Hora
(1971) respectively.

The accuracy of the method was demonstrated in the experi-
ment on the relationship between the inoculum density data in
glasshouse so0il, as determined by the sieving technique, and
the paper disk method.

The occurrence of the multiple colonization of soil clumps
has proved to be corrected adaguately according the method of
Gregory (1948).

By the sieving method it is also possible to estimate the
vigour of R. solani propagules in soil as reflected by the num-
ber and length of hyphae emerging from each clump (Henisg et al.,
1978).

Isolates obtained by our sieving method were pathogenic for
lettuce; Weinhold (1977) in using his sieving method alsc found
all examinated R. solani isolates from cotton fields pathogenic
for cotton.

From the experiments with different sieving-diameters it
appeared that also in lettuce glasshouses A, solan? is practi-
cally restricted to coarse fractions (% 0.40 mm), correspond-
ing literature data with regard to A. eclani in other crops
(see Chapter IV.3.d.).

IV.6. SUMMARY

A relatively fast and simple bait technique for detection
of R. solani in soil has been improved and standardized, using
paper disks impregnated with selective compounds. After two
days incubation in soil and one day on water agar the disks

are microscopally examined for the presence of A. solani; rel-
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atively few disturbing fungl appear. Underestimation of the
relative inoculum density due to multiple colonization of the
disks could be removed by correction the percentage of colo-
nized disks using the formula on transformation for multiple
infection (Gregory, 1948). All isclates tested from four glass-
houses obtained with this method, were pathogenic for letttuce.

A new gquantitative sieving method has been developed for
estimating the actual number of active propagules of R. solant
4in soil by plating clumps of the soil fraction » 0.40 mm on
an improved selective medium. After incubation of the soil the
number of clumps with outgrowth of E. solan?f is determined by
microscopic examination. Multiple colonization has been adae-
quately corrected by Gregory's (1948) formule. The sieving
method is based on the combination of principles of two ex-
sisting techniques whereby the advantages of these assays are
maintained and the disadventages eliminated. Apart from reduc-
ing the time for microscopic examination the capacity of the
new method is four and nine times greater than the original
techniques, respectively. All isolates tested from three glass-
houses obtained with the sieving method are pathogenic for let-
tuce,

It has been concluded from the good correlation between the
results of the paper disk method and sieving method, that ino-
culum density of K. solani is estimated accurately by both
metheds.

For quantification of the relative inoculumdensity data ob-

tained with the paper disk method a regression formula has been
' calculated.
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V. OCCURRENCE OF RHIZOCTONIA SOLANI IN THE SOIL

V.I. INTRODUCTION

In the preceding chapters several times attention has been
focused on the socil~borne character of the attack on lettuce
by PRhigoetonia golant, Because of this property, knowledge of the
occurrence and the behaviour of the fungus in the so0il is es-
gsential to understand the appearance of the disease in glass-
houses.

The little information available in literature on these as-
pects of the fungus in mainly confined to field crops such as
potatoes, sugar beets, snap beans (Papavizas, 1970). However,
the author is not aware of publications relevant to glasshouse
crops, with their specific cultural measures (e.g. soil disin-
festation). This lack of knowledge is particularly felt with
regard to the control aspect of FR. selani in lettuce.

In Chapter IV, it has been shown that the paper disk method
is a suitable procedure for measuring . golani in soil. Using
this technique, the following agpects are investigated in let-
tuce glasshocuses: the spatial pattern of R. solani propagules
in the soil, the changes of inoculum density during successive
lettuce crops, the occurrence of the fungus in the soil of a
number of commercial glasshouses and its relationship to glass-

house characteristics.
V.2. SPATIAL DISTRIBUTION

V.2.a. General

In view of field sampling procedures for the determination
of inoculum densities and for disease dynamics studies, infor-
mation on the spatial pattern of R. solani propagules in the
s0il is desirable.

Experimental evidence concerning the spatial distribution
of scil-borne pathogens in scarce. Campbell and Pennypacker
(1980}, in reviewing the literature, repofted the following
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demonstrated or suggested spatial distributions: tetrahedal or
regular (for modelling purposes), uniform, random, uneven and
non—uniform (clustered)}.

In lettuce glasshouses a pattern of scattered patches of
diseased plants has often been observed both by growers and the
author. This indicates a horizontally clustered pattern of R.
golani population in the soil. According to Dijkstra (perscnal
communication), the negative binomial frequency distribution
function has been particularly applicable in describing data
invelving clustering of organisms in general. The parameters
of this distribution are: p = probability of paper disk colo-
nization by R. sclan? and k = relative index to clustering. The
"k" parameter gives an indication of the degree of clustering
present. Small values of "k" i.e. approaching zero, indicate
extreme clustering, as "k" approaches infinity, clustering de-
creases and random distribution is defined. General information
about the application in phytopathology of the negative bino-
mial distribution function is given by Campbell and Pennypacker
{1980).

The statistical analysis of the experimental data are based
on the publications of Anscombe (1950}, Bliss and Fisher (1953}
and Taylor (1961).

The procedure was as follows. On rectangular plots (see V.
2.b.) every 25 cm, corresponding to the distance between the
lettuce plants, soil samples of 9 cm diameter and 1.5 cm depth
were transferred to petri-dishes of the same size and provided
with 10 paper disks each. After incubation the number of colo—
nized disks and from that the corrected number of coloniza-
tions per 10 disks for each sample was determined.

From these figures a fregquency table of the numbers of soil
samples with specified numbers of colonizations per 10 disks
was composed. The mean number of colonizations per 10 disks
and the variance of the soil samples were also calculated.

From these data the variance-to~mean ratioc was calculated

'and the statistical equality to unity was tested. A variance-
to-mean ratio not significantly different from unity indicates
a distribution of R. sclani propagules conforming to a Poisson
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serie and, therefore, represents an even or purely random dis-
persion of sampled individuals. A variance-to-mean ratio sig-
nificantly greater than unity could indicate a clustering of

. propagules.

To describe the clustering of the B, solani propagules in the
horizontal layer of the soll the above mentioned frequency
data were further analysed for goodness of fit for the negati-
ve binomial distribution and the "k" parameter was determined
to indicate the degree of clustering present.

In order tc inguire into the vertical dispersion of propa-
gules, plots (see Chapter V.2.c.) were sampled with an auger
(22.5 cm high, 6 cm diameter). The soil sample obtained was
divided into 2.5 cm slices of soil. Each slice was transferred
onto a petri-dish with 8 paper disks. After incubation the
percentages of colonized disks were determined and corrected
for multiple colonization. With these data the linear regres-
sion on the depth of the slice of soil was calculated.

V.2.b. Horizontal digtribution

This was investigated in two glasshouses, A and B, on sandy
s0il. In A, a healthy tomato crop was ready for harvest. This
crop was planted after R, golani diseased lettuce, The size of
the rectangular trial plot was 50 x 175 cm, This area was
sampled every 25 cm in 2 rows of 175 cm long and 25 c¢m apart.
The results of the 24 samples are given in Figure V.l.

Inoculum densities show great differences between sampling
'sites only 25 cm apart.'Some positions have 8 or 9 colonized
disks out of 10 in contrast to border positions with none.

———--— 175 cm ——————4r
]
25.3]{“[9015733020005-0cm
-l oo ,0{e6| 9| ajr0] 75| 2]8}|¢0],
L

L._ 1

25 cm

Figure V.l.: Pattern of inoculum density in a section of glasshouse A.
Map of the number of colonized paper disks per scil sample with 10
disks, taken at 25 2 25 cm distance.
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Table V.l.: Glasshouse A. Analysis for pattern of inoculum density. Fre-
quencies of corrected number of colonizations per 10 disks of 23 soil
samples and the goodness of fit of expected fregquencies for negative bi-
nomial distributioen.

2)

Corrected Freguency Expected
number of frequency
colonizations for negative
per soil sample b binomial
0 9 9.0
1 1 2.9
2 2 1.8
3 1 1.3
4 0 1.1
5 1 0.9
6 1 0.7
7 0 0.6
8 0 0.5
9 2 0.5
10 6 3.7

Mean ceorrected number of colonizations: 5.8
Variance: 56.26
Variance-to-mean ratio: 9.71
"kx* value: 0.34

- Goodness of fit for negative binomial distribution:
chi-gquare value 3.52. Critical value 6.64,
P 0.01, 2 degrees of freedom

1} Numbers obtained from the data of figure VI.1l. by correction for
multiple colonization of disks, 10 paper disks per soil sample.

2) Number of soil samples having specified number cof colonizations
per 10 disks, 23 soil samples.

In order to answer the guestion whether propagules were
dispersed at random or clustered, data on inoculum density
were analysed further statistically. The result of the posi-
tion in which 10 disks were colonized (100 per cent) has not
been used in the calculations.

From the data in Table V.1l. it appears that the variance-
to-mean ratio of the number of colonizations per 10 disks is
significantly greater than 1., This indicates a departure from
a pure random distribution of the inoculum density. This was
confirmed by the fitting of the observed frequency data for
colonizations by the negative binomial distribution, with a
relatively low "k" wvalue.
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Table V.2.: Glasshouse B. Analysis for pattern of inoculum density.
Frequencies of corrected number of colonizations per 10 disks of 140
soil samples and the goodness of fit of expected frequencies for nega-
tive binomial distribution.

Corrected Frequencyz) Expected
number of frequency
colonizations for negative
per soil aamplel) binomial

0 76 76.0

1 37 33.8

2 15 15.8

3 & 7.5

4 0 3.6

5 2 1.7

6 3 0.8

7 0 0.4

8 0 0.2

9 1 0.2

Mean corrected number of colconizations: (.87

Variance: 2.04

Variance—-to-mean ratio: 2.34

"k" value: 0.91

Goodness of fit for negative binomial distribution: chi-square value:
0.76. Critical value 9.21, P & 0.01, 3 degrees of freedom

1} Numbers obtained by correction for multiple colonization of disks,
10 paper disks per soil sample.

2} Number of soil samples having specified number of colonizations per
10 disks, 140 soil samples.

The conclusion may be that the results cbtained indicate a
clustering of the R. sclani propagules in the soil of the exa-
mined area., This is visible in Fig. V.l.: positions with high
inoculum densities are concentrated in the centre of the plot.

In the second glasshouse B, a relatively large area was
sampled one week after planting lettuce. In the preceding
¢rop about 50 per cent of the lettuce plants were diseased by
R. golani . In two 18 meteéers rows {mutual distance 25 cm) samples
were taken at 25 com from each other (140 soil samples).

In Table V.2. the frequencies of the corrected inoculum
densities data are shown and the analysis of their spatial

distribution over the plot are given.
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Figure V.2.: Glasshouse B, Map of summarized number of colonized disks
per 10 soil samples (2.5 m), 10 paper disks each.

Analogous to results in the first glasshouse, data from the
second glasshouse indicate clustering of A. scian? propagules
in the so0il, whereby the dispersion of the inoculum density
can be very well described by the negative binomial distribu-
tion. The parameter "k" in this case is alsoc relatively low,
which indicates to a high degree of clustering. This is illus-
trated in Figure V.2., in which inoculum density data per 2.5
meter (10 successive samples) has been summed up for each row.

It appears that there is a distinct local concentration of
high inoculum densities (see arrow).

Summarizing it can be concluded that R. solani propagules in
both glasshouses (during the preceeding crop and at the start
of lettuce cultivation, respectively) were not distributed at
random but clustered. With respect to density, data could be
characterized well by the negative binomial frequency distri-
bution.

V.2.c. Vertical distribution

This was investigated in two glasshouses, C and D, on sandy
and clay soil respectively. In glasshouse C, at the time that
the late spring lettuce was ready for harvest, 9 loci were
sampled up to a depth of 30 cm. Results are shown graphically
in Figure V.3.

A negative linear regression appears to exist between ino-
culum density and sampling depth., Extrapeclation of the regres-
sion line results in the intercept with the X-axis between the
lith and 12th slice of soil (27.5 - 30.0 cm), below which,
therefore, the chance of finding R, solani is poor. In this
‘ glasshouse the fungus could therefore be found throughout the
whole of the plough layer.
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Soil depth {number of 2.5 cm soil layers)

Figure V.3.: Glasshouse C. Relationship between 2.5 cm soil layers and
inoculum density (number of cclonizations per 100 paper disks) at the
time of harvest of lettuce in a sandy soil glasshouse. Density data rep-
resent the average of 9 soil samples,

In the glasshouse D on clay soil, 12 samples were taken to
depth of 15 cm at the time of harvest of tomatoes. Results are
given in Figure V.4.

As in glasshouse C there is a rather high negative correla-
tion between inoculum density and depth of sampling. Extrap-
oclation of the regression line results in the intercept with
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¥= =1.425 X + 8953
t= - 0.86 (P < 0.06)

inoculum density
{corrected number of colonizations per 100 paper disks)
o,
T

Soit depth {number of 2.5 cm soil layers)

Figure V.4. Glasshouse D. Relationship between 2.5 cm g0il layers and
inoculum density {number of colonizations per 100 disks) at the time of
harvest of tomatoes in a clay soil glasshouse. Density data voints rep-
resent the average of 12 samples.

the X-axis just cutside the sixth slice of soil (15 cm}, Below
this depth the chance of finding R. solani propagules is poor.

V.3. CHANGES IN INOCULUM DENSITTY

V.3.a. General

The purpose of this study was to collect data on the changes
of the inoculum density of two successive lettuce crops in
three glasshouses, in order to cobtain in particular data on
the relatibn to soil temperature,

The inoculum density of the soil between lettuce plants was
determined periodically in two glasshouses (A and B) on sandy
soil and one glasshouse (C) on clay scil. In each glasshouse
six plots, measuring 1 x 1 meter, were sampled during the cul-
tures 3 - 6 times by taking 12 cores at 5 cm depth with an au-
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ger, 4 cm diameter. The 12 sub-samples were mixed making one
composite sample per square meter. These samples were analysed
with the standard procedure of the paper disk method (see IV.
2.a.). Plots were not treated with fungicides. In glasshouse
B the inoculum density of the soil of the preceding tomato
crop and the next cultivations of the soil were also deter-
mined.

The scil temperature at a depth of 3 cm was measured daily
or weekly, as nearly was possible at the same time of day.

At time of harvest the percentages of R. solani diseased let-
tuce heads from the plots were determined.

V.3.b. Results in glasshouses

Glasshouse A on clayey sand, was kept dry during the early
spring crop (11-2-1979/18-4-1979) and very dry during the late
spring crop (30-4-1979/6-6-1979). Results of the changes of
the inoculum density and soil temperatures during both crops
are given in Figure V.5.

During the first spring crop the inoculum density appeared
to remain constant on a relatively low level (1 - 3 coloni-
zaticons per 100 disgks). Soil temperatures remained low during
the early growing period of this crop (4 - 7°¢) but nearer
harvest time the temperature was higher (10 - 12°c) . At time
of harvest none of the 36 lettuce heads examined, was attacked
by R. golani.

Puring the second, short-term late spring crop the soil was
sampled three times. The inoculum density remained relatively
low (2 - 8 colonizations per 100 paper disks) but it tended to
increase during the growing period. Soil temperature (16 - 20°
C) was higher than in the first crop. A slight attack by A.
golani (3 per cent of 60 lettuce heads) was oObserved.

In comparing pcpulation levels in both crops, there were no
significant differences, although the soil temperature during
the second crop was considerably higher. It seems that no cor-
relation exists between scil temperature and inoculum density

under these glasshouse conditions
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Figure V.5.: Glasshouse A. Inoculum density {corrected number of colo-
nizations per 100 paper disks) and soil temperature (° ¢ at 3 cm below
so0il level at 8 a.m.) during two successive lettuce crops. Density da-
ta points represent averadges of six replications (plots).

In glasshouse B, on rather humid sandy soil, the early
spring crop was from 13-1-1979 to 9-4-1979, the late spring
crop from 14-4-1979 to 28-5-1979.
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In this glasshouse supplementary scil samples were taken
at the end of the preceding tamate crop (9-10-1978), after
soil drainage {12-12-1978) and close before (29-12-1978) and
after (30-12-1978) rotary tillage.

Observed data from this glasshouse are shown in FigureV.é6.

Results show a high inoculum density at the end of the sum-
mer tomato crep (55 colenizations per 100 paper disks). After
harvest (December) in the unheated glasshouse, the level of
infestation of the soil was significantly lower (23 coloni-
zations). Drainage and tillage had no distinect effect on the
inoculum density.

During the first crop the population level (9 - 13 celeo-
nizations per 100 disks) was maintained. In the beginning, the
temperature was below 10°C. In the later period it rose teo 14°
C. Twelve per cent of the 60 investigated lettuce heads had
been attacked at harvest.

During the second crop the incculum density increased con-
siderably on the last two sampling dates: 156 and 116 coloni-
zations per 100 disks respectively. Soil temperature fluctu-
ated around 20°C. Attack by R. solani was severe: of the 36
lettuce heads examinated 55 per cent were infected.

In conclusion it can be stated that the inoculum density
was high in the preceding tomato crop. Thereafter it de-
creased to a level that remained constant during the soil
treatments and the following lettuce crop. A strong increase
occurred at the end of the second crop. During this period
the temperature was relatively high. Results obtained from
this glasshouse indicate a positive relationship between in-
oculum density and temperature.

In glasshouse C on clay soil, the winter crop was from 6-11-
1978 to 12-2~1979 and spring crovp from 24-2-1979 to 17-4-1979.
Changes of inoculum densities and scil temperature during both
crops are shown in Figure V.7.

During the first cropping pericd, with the exception of
sampling dates 3-1-1979 and 17-1-1979, no significant differ-
ences in inoculum densities were found. There is no explanations

for the two extreme values on these dates. The score was low

66




*(s101d) suoyjesyrdeax X715 Jo seberase jusseadex sjutod wyuwp ATsusg * (Iaqusoaq) 25eTTTI AIwjox Iogje pue azcyaq ‘obeuresp 1708 I1e3Je
‘(aaqo3a0) ojewoy doxd snotasad Iyy JO AITEUSP WATNDOUT syl pue ‘sdoid 2oM33eT AATSEIONS om3 butinp (*w'd T 3E ToAsl [TOS MOtag mO
€ 3% 2,} arnjexadwe) 1708 puw (sysyp asded o] 2ad SUCTIEZTUCTOD JO ISGUAU Peloeliod) AITSUSP WNTNOCUI '@ 9STOUSSETD :°g9 A aInbid

~
w

Aely \idy yaiew Adenugey Asenwer A8QWasa L 1990300
T T T T T T v/ 0
R O~ : o~ —
, o’ e A o ] o
e / 0N o Q
v\ \ 10148/8:0}8q //o/ oz m
; / ebejin ey} i
_h b abeuiesp (105 /// m
___ //. or £
! “W 4 s
/ 2 le §
L domoewo)] 308 m
\‘\ m
\__\ 41 =4
' g
v ozt B
J —h
1 !
Lo T 8
Vi §
\ 1orl §
\? i 2
M &
o L N 109t
h dos 5 2 v don o] v m
N | . LA, 0
-m MU
g
o m
ELIE-
H
Foz :
O



°c
25
20+

10

Soil temperature

T T T T T 1

1%t crop 2™ orop

W
T

11 ~

!
/ N !
i

\\‘-d'
|

Corrected number of colonizations per 100 paper disks

0 1

November March April

December Jenuary February

Figure V.7.: Glasshouse C. Inoculum density {corrected number of cocloni-

zations per 100 paper disks) and scoill temperature {°c at 3 cm below soil
level at 9 a.m.) during two successive lettuce crops. Density data
points represent averages of six replications (plots).

on the other dates (0.5 - 3.5 cclonizations per 100 disks). At
the beginning, soil temperature was just over 10°%C but fell
during the last twe months of the growing pericd to 7 - 8%c.

At harvest time, none of 36 lettuce heads examinated was found
infected by R. eclani.

Incculum densities during the second crop did not differ
'significantly. The levels remained low (4.5 - 6 colonizations
per 100 disks). Scil temperature increased up to 10 - 14%. at
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harvest, 9 out of 36 lettuce heads were attacked by R. solani
{25 per cent).

In summarizing, it can be concluded that the inoculum densi-
ty remained low during both crops.

V.4. OCCURRENCE OF INOCULUM IN DIFFERENT GLASSHOUSES

V.4.a, General

In the years 1977-1979 the so0il of 62 commercial glasshouses
was investigated for the presence of R. sclani. This was done in
crder to select trial plots on which teo test candidate fungi-
¢ides. The samples were taken either from soil that had been
prepared for a lettuce crop, or from scil of the previous crop.

The procedure was as follows: Glasshouses were selected on
the basis of regularly occurring a-specific bottom rot symp-
toms in lettuce. This choice was made on the assumption that
the change was greater that R. eclani would be found in these
glasshouses rather than in those that had no problems.

Sampled units measured 9, 18 or 36 m2. The total of investi-
gated units per glasshouse varied from 1 to 18. Ten sub-sam-

ples per 9 m2

were taken with an auger (see Chapter V.3.a.)
and mixed making one composite sample. Depending on the number
of the above mentioned units, composite samples contained 10,
20 or 40 sub-samples. The inoculum density in each composite
sample was determined using the standard paper disk bait meth-
od. For each glasshouse the average inoculum density (correc-
ted nmumbers of colonizations per 100 paper disks) and also the
range of results of the separate composite samples are given.
The results of these samplings were also examined in order to
answer the question to what extent, using the composite soil
sampling procedure, a clustered spatial pattern of R. solant
propagules (see Chapter V.2.b.} can be demonstrated. For this
purpose the distribution of inoculum density data of separate
samples from glasshouses of similar infestation degree was sta-
tistically analysed according to the method mentioned inV.2.a.
In order to relate observed inoculum densities to possible
relevant farming characteristics, a questionnaire was filled
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in by growers regarding scil type, crop management and fungi-
cides in these glasshouses (Table V.3.). Eventual differences
in average inoculum density between the various categories
were statistically proved.

V.4.b. Inoculum deneity

Detailed figures on the results obtained for each investi-
gated nursery are compiled in Table V.3.

In Table V.4, the average incculum densities results per
nursexy are classified and their freguencies are given.

These data show that the average degree of infestation in
the glasshouses was between 0 - 12.8 colonizations per 100
disks. In more than 50 per cent of the glasshouges the aver-
age inoculum density was less than 1.4 colonizations per 100
digsks. Almost 90 per cent of all the glasshouses were in the
category of less than 5.4 colonizations per 100 disks.

Calculated for numbers of propagules, using the equation as
.established in Chapter IV.4.c., these figures equal 0.4 and 1.4
R. golani propagules per 100 g of scil respectively. In the most
infested glasshouse {(No. 27, Table V.3.) the average inoculum
density was 12.8 colonizations per 100 paper disks (3.3 propa-
gules per 100 g of so0il).

The data on the range of observed densities per separate
sample (Table V.3.) show a great variation in infestation lev=-
el of the soil within individuwal glasshouses. An example is
nursery No. 39 where nine samples were taken {each from 18
square meters). The average inoculum density was low (1.3 coleo-
‘nizations per 100 paper disks, correspending with 0.3 propa-
gules per 100 g of scoil). Of these nine samples one had an ino-
culum density of 16.3 colonizations per 100 paper disks (4.2
propagules per 100 g soil), while in the remaining eight sam-
ples no . R. solani were observed. The range on the most heavily
infested farm (No. 27) was 0 - 47.0 colonizations per 100 pa-
per disks (12.2 propagules per 100 g of soil).

The occurrence of heavily infested composite samples next
to samples that were practically free indicates a non-random
distribution of R. solani propagules in these glasshouses. To
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Table V.4.: Frequency tablerof inoculum density classes (mean corrected
number of colonizations per 100 paper disks) from 62 glasshouses.

Corrected mean number 1)

0of colonizations per Frequency

100 paper disks number %
0 24 38.7
£1.4 11 17.7
1.5 - 2.4 6 9.7
2.5 - 3.4 4 6.5
3.5 - 4.4 5 8.1
4.5 - 5.4 5 8.1

5.5 - 6.4 0 0
6.5 ~ 7.4 2 3.2
7.5 - 8.4 1 1.6
8.5 - 9.4 2 3.2
9.5 - 10.4 1 1.6

10.5 - 11.4 0 ]

11.5 - 12.4 0 0
12.5 - 13.4 1 1.6

Average: 2.3 colonizations per 100 paper disks (62 glasshouses)Z)

1} Freguency of glasshouses with specified number of colenizations.
2) Corresponding with 0.6 propagules per 100 g of soil.

confirm a clustered pattern and the fit to the negative bino-
mial distribution of propagules, frequencies of the inoculum
densities of 101 separate composite samples from 16 nurseries
{average inoculum densities 1.5 - 4.5 colonizations per 100
disks - see Table V.3.,) were statistically analysed. The re-
sults are shown in Table V.5.

It appears that the variance-to-mean ratio of the number of
colonizations per 40 disks is significantly greater than 1.
This indicates a departure from a pure random distribution .of
the inoculum density. This was confirmed by the geccodness of fit
of the observed frequency data for ceclonizaticons by the nega-
tive binomial distribution with a relatively small "k" value.

The results obtained indicate a clustering of R, solani
propagules in the soil of the 16 glasshouses. It proves that
the assumed clustered pattern of R. solani propagules in Chap-
ter V.2.b. is confirmed by the results of the examination of
composite scil samples from relatively large areas (9 -~ 36 m2).
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Table V.5.: Analysis for pattern of inoculum density values. Frequencies
of the corrected number of colonizations per 40 paper disks of 101 soil
samples from 16 nurseries, and the goodness of fit of expected frequen-
cies for negative binomial distribution.

Corrected number Frequencyzj Expected frequency
of colonizations for negative bino=-
per soil samplel) mial

0 33 34.4

1 33 28.7

2 15 17.9

3 12 9.9

4 3 5.2

5 2 2.6

6 [} 1.3

7 1 0.6

8 2 0.4

Mean corrected number of colonizaticons: 1.43

Variance: 2.71

Variance-to-mean ratio: 1.90

"k"™ value: 2.0

Goodness of fit for negative binomial distribution: chi-sguare wvalue 2.06
Critical value 9.21, P£0.01, 3 degrees of freedom

1) 40 Disks per soil sample,
2) Number of soil samples with specified number of colonizations.

‘V.4.c. Inoculum denzity in relation to esoil, cultural and sampling char—
acteristios

The questicnnaire on data concerning soil tvpe and crop man-
agement was received from all nurseries, although not all of
them had been filled in ¢ompletely. On the basis of the avail-
able information (Table V.3.), nurseries were grouped into rel-
evant categories, for which the average inoculum density was
"calculated and occurring differences statistically analysead.
Results are given in Table V.6.

There appears to exist a correlation between inoculum den-
sity and time of sampling. Glasshouses that had been sampled
in the cold winter months had a level of infestation signifi-
cantly half as high as nurseries that were sampled during the
warmer spring and antumn. As expected, this phenomenon indi-
cates the importance of temperature in population dynamics.

Also not quite unexpectedly, the level of infestation of
the soil was related to the time of the previous soil treat-
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Table 6: Inoculum density is relation to soil, cultural and s;mpling
characteristics.

Factor Number of Inoculum Relation
glasshouses densityl) {8/8.8.) 2)

1. Sampling time
autumn, 9-10-11

: 39 2.81

spring, 3

winter, 12-1-2 23 1.46 S{PL0.05)
2, Soil type

sand 26 2.37

clay 28 2.73 N.S.
3. Sampling crop

plantbed for lettuce 10 1.30

previous crop 52 2.50 S(P 0.10)
4. Previous crop

lettuce, endive 17 2.26

others 42 2,05 N.S.
5. So0il treatment

>1 year ago 20 2.57

£1 year ago 22 1.10 s(p£ 0.10)
6. {uintozene application

yes 23 1.45

no 34 2.42 N.S.

1) Mean corrected number of colonizations per 100 paper disks
2) § significant at the indicated level
N.S. not significant

ment. Soils treated with meth?l bromide and metam-sodium or
had been steam sterilized less that a vear before sampling,
had an average lower inoculum density than soils that had been
treated more than a year age. The number of nurseries was too
low to analyse the influence of a single treatment. However,

" the data indicate that soil treatment has a controling effect
on R. solani. The effect of methyl bromide will be further dis-
cussed in Chapter VII. Although the number of nurseries was
limited, the impression was obtained that the effect of soil
treatments was greater on clay than on sandy soil.

The observed significant difference of almost a factor two
of the inoculum density in samples taken from the previous crop
or from the plantbed of lettuce, can possibly be explained by
the fact that the inoculum had been diluted by soil tillaye,
before the lettuce is planted.
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Other analysed factors did not show significant differences.
Noteworthy was that the inoculum density in host crops such as
lettuce and endive were not higher than in non-host crops.

There was no difference in the level of infestation between
clay and sandy soils. The low number of observations did not
allow paying attention to the effect of organic matter in the
soil,

In soils treated with the persistent and for R. solani very
toxic fungicide quintozene, the level of infestation was near
to significantly lower (P£ 0.20) than in non-treated soils.

V.5. DISCUSSION

According to Strandberg (1973) it seems proper to assume
that spatial patterns of distribution of plant pathogens like
other natural populations of organisms are seldom truly ran-
dom or regular in nature. Results of our study show that also
in the case of E. solani in lettuce glasshouses these horizon-
tal patterns are not random, but clustered and can be adequate-
ly described by the negative binomial distribution. This is
the first recerd of this pattern for R. solani in soil.

However, Campbell and Pennypacker (1980), in their studies
on R. solani in snap bean, found a random distribution of dis-

eased plants per 6 x 6 square meters. The distributicn of le-
sions per plant was however clustered. Nevertheless, they con-

cluded that on a small scale fungal propagules in soil may be
dispersed non-randomly.

In this respect it is important that their study and Strand-
berg's results (1973) referred to the distribution of infested
plants and lesions rather than the distribution of the pathogen
itself. As the authors indicated, however, most epidemical
studies are based on the assumption that lesions, disease dam-
age and diseased plants give estimations of localized pathogen
populaticon densities.

Different distribution patterns may be expected with differ-
ent cultural practices. Trujillo and Snyder (1963) reported an
"uneven" distribution of Fusariwn oxysporum f.sp. cubense. The au-
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thors related this to the survival of the fungal propagules in
host tissue combined with a lack of cultivation and ploughing
in of banana stubble. On the contrary, practises for bean cul-
ture involve cultivation and subsoiling of bean plants after
harvest. On this basis Trujillo and Snyder (1963} concluded
that these practises would lead to an "even" distribution of
Fusarium solani f.sp. phasecli in such soils and cited the work of
Nash and Snyder (1962) as evidence of even distribution of the
pathogen in bean fields.

With respect to the lettuce glasshouses of our study, it
may be assumed that the customary cultural practice (rotary
tillage) usually causes little horizontal dispersion, leaving
infested foci relatively undisturbed.

S0il treatment with methyl bromide could he a factor con-
tributing te¢ the observed clustering of propagules. In this
connection some time after the disinfestion, local concentra-
tions of R, golani propagules in the soil can be demonstrated,
very probably related to the way of reintroduction of the fun-
gus (Chapter VIII}.

As far as the field sampling procedure is concerned, a non-
random distribution of A. solani propagules is an important
factor. The consequence is a possible reduction of the accura-
cy of inoculum density determinations. If sampling is executed
randomly a mean value with a relatively high variance would be
obtained. A larger sample size would be required, depending
on the degree of clustering present, toc obtain the same accu-
racy of the mean as at random distribution of the propagules
in the soil. Also the shape of the sampling path (preferable W)
and covering the entire field is important (Lin et al., 1979).

Data obtained on the vertical distribution of R, solani in
soll indicate a strong decrease of the inoculum density with
sampling depth. This is in good agreement with the literature
data of Papavizas et al. (1975) and Naiki and Ui (1977).

For quantitative sampling purposes it is recommended that
‘sampling depth be restricted to 5 cm in order to avoid undesir-
able dilution.
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During investigations on changes in the inoculum density
in two successive lettuce crops in three glasshouses, densities
remained rather constantly low in glasshouses & and C. In
'glasshouse B a seasonal curve appeared as was also cobserved by
Papavizas et al (1975) in bean fields and Herr (1976) in beet
fields: a maximum in the warm period and a minimum in the cold
months.

Fluctuations in the inoculum density of R. solani are affect~
ed mainly by the temperature and the availability of food mate-
rial (Papavizas et al., 1975). During the first lettuce crop in
glasshouse A, the soil temperature remained practically under
10°C, at which level 1little fungal growth can be expected
(Chapter VII). During the second crop the temperature was
much higher, but the water supply was minimal for R. selani
growth because the grower kept the soil as dry as possible.
Next to the ahove mentioned two factors influencing R. solani
growth, the water supply is also a real factor for progress of
the inoculum density (see also Chapter VII).

In glasshouse C no significant increase of the inoculum den-
sity was observed during the two crops. The rather low soil tem-
peratures showed hardly any variation. Besildes this, the glass-
house was on clay in which, sooner than in sandy secil, growth
inhibition of A. solant due to CO2 accumulation may occur (Papa-
vizas, 1970). Herr (1976) also did not observe a seasonal
density curve in clay.

In glasshouse B at the end of the preceding tomato crop
(which was not attacked) a high inoculum density was found.
Decaying leaf material probably served as a food supply. Dur-
ing glasshouse clearance in December, a decrease in the level
of infestation was found. After drainage and tillage and dur-
ing the next crop at low temperatures, the population level
remained unchanged. At the end of the warm second lettuce crop
the population density again increased. Besides a high temper-
ature, decaying lettuce leaves which food supply may have beeh
an important contributing factor.

Summarizing, it appeared from these investigations that the
inoculum density of R, golani in the soil hardly changes during
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winter and early spring crops when the soil temperature. is
about 10°C. In later crops when temperatures are highér the
density may increase, provided their are no additional hamper-
_ing factors such ag drying out of the soil. In other crops,
for example tomatoes (in practice non-host), high values are
found possihly caused by decaying tomatc leaves on the soil
surface.

The average level of infestation in the soil of 62 glass-
houses was low at sampling time (0.6 propagules wer 100 g of
s0il) . Because all nurseries concerned were familiar with bot=-
tom rot problems, the level of infestation in the total acre-
age (inclusive the glasshouses without structural problems}
may have been even lower. There are few exceptions but within
glagshouses infestation 1levels may vary considerably (see
column "Range" in Table V.3.).

On average, observed density data are confirmed by the lit-
tle information available in literature. Weinhold -(1977) found
that the population ranged from 0 - 15 propagules per 140 g
soil in 60 cotton and potate growing fields. Almost 40 per cent
of the sampled areas had an inoculum density of less than 0.5
propagules per 100 g of soil and 75 per cent less than 2.0
propagules per 100 g of soil. Clark et al. (1978) found fewer
than 5 propagules per 100 g of soil in 50 per cent of 29 cotton
fields.

There is alsc agreement between our findings and those by
Jager (1979). In surveying 62 potato fields in the northern
part of The Netherlands, using pieces of Juncus effusue as abait,
he found 1.4 per cent of the baits colonized by R. golant in
50 per cent of the so0il samples.

El Zarka (1965) using jew's mallow (Chorchorus olitoriusL..) as
a bait, found somewhat higher values in Dutch farm socils. From
24 fields with diseased potatces, no colonizations were found
in one field, in five fields 25-37 per cent of the baits were
celonized, whereas in the other 18 fields it amounted less than
25 per cent.
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In analysing the possible effects ¢f nursery and sampling
characteristics, higher infestation levels were found in sam-
ples taken in relatively warm periods than in those taken dur-
ing the cold periecd. This indicates the expected positive cor-
relation between R, golani activity and temperature (see also
Chapter VII}.

It was concluded with some reserve that lower inoculum den-
sities occur after recent soil treatments especially on clay.
Apparently the process of R. solani recclonization in sandy
solls is quicker, therefore, the effect of soil treatment dis-
appeared sooner.

A striking experience was the egqually high inoculum densi-
ties in fields bearing host crops like lettuce and endive and
fields bearing non-host crops. A possible explanation may be the
sporadic occurrence of the R, golani disease in lettuce (see
Chapter II). Besgides, the application of fungicides which in-
hibit R. solani is common in all lettuce crops (Chapter 1).

No difference. in the level of infestation was found between
clay and sandy scils. It is generally accepted that because of
less aeration, clay could CO2 concentrations that inhibit R. so-
lant growth (Papavizas, 1970; Herr and Roberts, 1980). On this
basig it may be assumed that clay soils show a lower averade
inoculum density. In our investigations the glasshouse clay
soils involved were well aerated, therefore, this negative COZ
factor for R. golani development was possibly not relevant,

The great differences in inoculum density between soils
that had been treated and had not been treated with quintozene
within two years previous to saﬁpling were almost significant
(P£0.20). This observation indicates a longlasting influence
on certain elements of the microflora (i.e. R. eclani) by very
persistent fungicides such as guintozene.

V.6. SUMMARY
Using the paper disk method the horizontal and vertical dis-

‘tribution of propagules of A. solan? in soll of glasshouses was
investigated. Based on results form horizontal socil samples
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taken con planting space (about 25 x 25 cm) a departure from
pure random distribution of the inoculum density appeared. The
indicated clustering of propagules of RA. solan? could be well de-
scribed by the negative binomial distribution. A clustered pat-
tern of propagules of R. solani has also been proved to excist in
composite soill samples of relatively large areas. This is the
first record of such a pattern for R, aolani in soil. The origin
of this spatial distribution was related especially to the lo-
cal reintroduction of the fungus after the soil had been dis-
infected with methyl bromide. The consequences of non-random
distribution of propagules concerning size and path of sampling
procedure have been discussed.

Data obtained on the vertical distribution of R. solani showed
that the inoculum density markedly decreased with increasing
depth of sampling. The maximum depth of occurrence of fungus
in sandy soil was greater than in clay. To avoid an undesira-
ble dilution, it is recommended that the sampling depth be re-
stricted to 5 cm.

Inoculum density was stable during winter crops with seoil
temperatures up to about 10°¢c. Increasing inoculum density was
cbgserved in warm cropping periods and in the main crop tomato.
In conformation of the literature concerned it was concluded
that fluctuations of inoculum density are mainly affected by
the availability of food, temperature and water supply.

On an average, the level of infestation in the soil of 62
glasshouses was low (about 0.6 propagule per 100 g of soil).
There were few exceptions but within glasshouses local inccu-
lum density may vary considerably. Higher infestation levels
were found in samples taken during warm periods than in cold
pericds. Lower inoculum densities were found in glasshouses
recently disinfected. The inoculum density of soils that had
been treated within two years with the very persistent fungi-
clde guintozene were nearly to significantly lower than in

non~-treated soils.
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VI. INFECTION BY RHIZOCTONIA SOLANI IN RELATION TO INOCULUM DENSITY

VI.1l. INTRODUCTION

In addition to information about the occurrence of Rhitzde—
tonta golan? in the soil and fluctuations of inoculum density
during lettuce cultivation, data about the relationship be-
tween initial incculum density and disease in the crop are im-
portant. Data available in the literature comes mainly from
short-term damping off experiments under controlled conditions
in artificially infested scil mostly with very high inoculum
levels (Henis and Ben-Yephet, 1970; Benson and Baker, 1974 a,
b; Geypens, 1974; Baker 1978). These data played an importént
rele in comprehensive treatments of the general inoculum den-
sity-disease curve of soll-borne diseases (Baker, 1971; Vander-
plank 1975; Baker, 1978; Ferris, 1982) and modelling proposals
(Baker and Drury, 1981). From these laboratory results it was
concluded that when the R. solan? inoculum densities are low,
the relationship to disease is cloge to linear.

The aim of the studies described here was to investigate
this relationship under field conditions. The predictive wval-
ue of the paper disk method to determine the initial inoculum
density with respect to the occurrence of /. solani in lettuce
was also evaluated. In addition, the type of epidemic progres-
sion of R. golani in lettuce is discussed. Relationships be-~
tween inoculum density, disease incidence and disease severity
were also studied in view of their possible use in assessing

disease and loss.
VI.2. MATERIALS AND METHODS

The experimental data were obtained from two successive
crops grown in the 1978-1979 season in greenhouses A, B and C,
as mentioned in Chapter V.3., and also from two successgive
crops in greenhouse C grown in the 1979-1980 season. In the
latter case experimental plots also remained in situ for three
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Table VI.1l.: Data on glasshouse, soil type, cropping period and tempera-

ture.

Glasshouse Soil Growth period Days Mean
code from to {number) temp. °c
A-1 Clayey sand 11- 2-79 18-4-79 66 10°
a-2 30- 4-79 6-6-79 37 19°
B-1 Sand 13- 1-79  9-4-79 86 6°
B-2 t4- 4-79 28-5-79 44 14°
c-1 Clay 6-11-78 12-2-79 98 8°
c-2 24- 2-79 17=4-79 52 12°
c-3 1-12-79 27-2-80 88 9°
c-4 3- 3-80 23-4-80 51 11°

successive years,

Initial inoculum density data were determined as described
in Chapter V.3.a. The final inoculum density was assessed by
‘collecting soil from underneath 6-12 lettuce heads in each of
the 6 plots (replicates) of 1 m2 to a depth of 2 cm. The soil
was transfered to petri-dishes, 9 cm diameter, to which 8 pa-
per disks were added. Further analysis was carried out accord-
ing to the standard method given in Chapter IV.2.a.

Disease incidence (percentage diseased heads) and disease
severity were determined as described in Chapter II.4. Disease
severity of all plants was calculated by dividing the total of
severity grades of all plants by the total number of plants and
‘the disease severity of diseased plants by dividing the sever-
ity grades of diseased plants by the number of diseased plants.

When O-values occurred with the logarithmic transformation
of data for regression analysis, the value 1 was added to each
original value in the series.

Where necessary, the number of infections per 100 plants was
cbtained from the percentages diseased plants by correction for
multiple infection according to Gregory (1948), see Chapter IV.
2.a.

Log-log transformation of the inoculum density and disease
(infection) data were carried out after Baker (1971).
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Temperatures in the crop were registered by a thermograph
(Thies, GOttingen) and the mean temperature during the entire
cropping period was calculated from the daily means.

General information on soil type, cropping period and mean
temperatures and included in Table VI.l.

VI.3. RELATIONSHIF BETWEEN INITIAL INOCULUM DENSITY AND DISEASE

Initial inoculum densities and the percentages of diseased
lettuce heads at harvest are given in the fellowing table VI.2.

Results show that the initial inoculum density in the crops
varied from 1.3 to 10.0 colonizations per 100 paper disks, with
one exception in crop B-2. The percentage of diseased headé
varied from 0 to 55.6.

Although a significant correlation appears to exist between
both measurements (§ =1.29 X;: r =0.80; P g0.05, where § =
percentage diseased heads and X = initial inoculum level)}, the

Taple VI.2.: Initial and final inoculum density, disease incidence and
disease severity data from B lettuce crops in 3 glasshouses; the figuxes
are means of 6 replicates.

Cm:>de1 ! Incculum densityz) Disease . Disease severitym

3 ) j.ncidencesl average for

inieta1?  ginal?

all plants diseased plants

A-1 2,1 7.9 0 0 ]

a-2 2,1 5.8 3.3 0.1 2.0
B-1 10.0 41.8 13.3 0.4 3.0
B~2 48.7 128.2 55.6 1.6 3.0
c-1 1.3 1.8 0 0 [

c-2 4.7 9.5 25.0 0.8 3.3
c-3 2.5 2.6 4,2 0.1 1.7
c-4 7.9 13.3 41.7 1.8 4.2

1) Glasshouse and crop, see Table VI.1.

2} Corrected number of colonizations per 100 paper disks.

3) n = 40 paper disks each replicate.

4} n = 4B-96 paper disks each replicate.

5) Percentage diseased heads (n = 6-12 heads each replicate).
6) Disease index (0 = not diseased, 5 = unmarketable).



extreme value in crop B-2 greatly influences both the slope
of the regression line and the correlation coefficient.

Between initial inoculum densgity (X} and the number of in-
fections per 100 plants (y, calculated from the percentage of
diseased plants, using the correction factor for multiple in-—
fection) the relationship is also linear (y = 2.25 X; r = .81,
P £0.05) but again the extreme initial inoculum density val-
ue of B-2 predominates.

However, this wvalue fits intc the other observations when
log-log transformation is applied. Linear regression analysis
gives §1 = 1.318 X;; r = 0.82; P £ 0.05, where §1 = log (y+l),
(y = corrected number of infections per 100 plants) and X, =
log {(x + 1), (x = initial inoculum density, i.e. corrected num-
ber of colonizations per 100 paper disks).

The regression line is shown in Figure VI.1. The fact that
the inoculum density-infection curve starts at the origin cor-
responds to the "experimental law of the origin" (Vanderplank,
1975). Likewise this is an extra indication for the suitabili-
ty (see Chapter IV.5.) of the paper disk method in determining
inoculum densities of R. solani.

It is worth mentioning that results hardly change when the
extreme value of crop B-2 is not included (&1 =1.431 X7 & =
0.84; P g 0.05). In both regression lines, slope values (1.318
and 1.431 respectively) do not differ from 1 significantly. Ac-
cording to Baker (1971), this value can be expected in the
soil-borne disease category in which the pathogen can attack
the plant from a distance. It is generally assumed that this
is the case in R. solani. Therefore, the slope value obtained,
agrees with Baker's view. Summarizing, the data obtained, in-
dicate a linear regression between initial inoculum density of
R, golant in soil and infection of lettuce under field condi-
tions.

VIi.4. RELATIONSHIP BETWEEN INITIAL AND FINAL INOCULUM DENSITY

Initial and final inoculum densities in the crops are given
in Table VI.2. Final inoculum densities vary from 1.8 - 13.3
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Figure VI.l.: Relationship between initial inoculum density and infec-
tion. Log-log transformation. Data from 8 crops. Data points represent
the average of 6 replicates.

with two extreme values of 41.6 and 128.2 colonizations per
100 paper disks {(crops B~-1 and B-2}. The relationship between
both variables is shown in Figure VI.2. There proves to be a
good linear regression between final (y) and initial (X) inoc-
ulum density (;r = 2.622 X; r = 0.99; P g 0.01}). The curve
starts in the origin indicating the more the accuracy of the
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Figure vI.2.: Relationship between initial inoculum density and final
inoculum density. Data from 8 crops. Density data points represent the
average of 6 replicates.

employed paper disk method for isoclating viable R. golani from
80il (see Chapter 1IV.5.).

When the extreme values mentioned above are omitted, the
correlation is maintained (n = 7: r = 0.88; n = 6: r = 0.87).
The value of the regression'coefficient (2.66) indicates

a certain ilncrease of the inoculum density during cropping.
This seems in contradiction to the results presented in para-
graph V.3., where the conclusion from periodical sampling da-
ta was that there was a non-significant increase of the popu-
lation during most crops. In this connection it should be
noted that scoil sampling at harvest was in the top two cm of
the soil (see Chapter VI.2.) whilst pre-cropping sampling and
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periodical sampling thereafter was at a depth of 5 cm (Chapter
V.3.a.). It is likely that lower wvalues would have been found
if sampling at harvest time was done at a greater depth, be-
cause inoculum density decreases with soil depth (Chapter V.2.
c.). Therefore, with respect to changes in inoculum density
during cultivation, the regression coefficient value should
not be emphasized toe much.

VI.5. RELATIONSHIP BETWEEN DISEASE INCIDENCE AND DISEASE
SEVERITY

Data on disease severity ratings of all plants, the ratings
of diseased plants and incidence of disease (percentage of
diseased plants) are given in Table VI.2.

Figure VI.3. shows a close linear regression between dis-

_ease severity ratings of all plants (y) and disease incidence

18 |-

16 [ )

14 |

08 |-

06 |-

Disaase severity (severity rating of all plants)
5
L

¥= 0.0336 X
04 |- r= 006{P< 001
02|

0 A | [ 1 1 n 1 1 1 ]
] 20 40 60 80 100

Disease incidence (/o diseased heads)

Figure VI.3.: The relationship between disease incidence and disease
severity of all plants. Severity rates: 0 = net diseased, 5 = unmarket-
able. Data from 6 crops. Data points represent the average of 6 repli-
cates.
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(X) (¥ = 0.0336 X; r = 0.96; P €0.01). This indicates that
the average severity of the disease increases proportionally
with the percentage of diseased plants.

A general point in relation to the biological meaning of
this relationship (severity rating of all plants-disease inci-
dence) is that this severity parameter for arithmical reasons
will be influenced by both disease incidence and disease se-
verity of diseased plants, but not independently (Scott and
Rosenkranz, 1981).

The relationship between disease severity ratings of dis-
eaged plantg and disease incidence is given in Figure VI.4.
Here the relationship is not linear. It appeared that the dis-
ease severity ratings of diseased plants (y) relates in a lin-
ear fashion to the logarithm of disease incidence x (y = 1.5

Xl + 1.1; xl = log x; r = 0.85; P &£ 0.05). This means that at

V=15 %+ 1
1L . x1=lugx
r = 085 {P £ 0,08)

Disease severity {y= severity rating of diseased plants)

0 1 1 2 A I 1 1 1 ] ]

1 2 4 8 B 10 20 40 60 80 100

Disease incidence [x = ©/p diseased heads)

Figure VI.4.: Relationship between log disease incidence and disease
severity of diseased plants. Severity rates: 0 = not diseased, 5 = un-
marketable. Pata from 6 crops. Data points represent the average of 6
replicates.
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increasing numbers of diseased plants, the severity of the
attack per diseased plant increases to a diminished degree,

This relationship can be used for estimating the threshold
_value of disease incidence causing economic loss. Crop losses
in mature lettuce incited by bottom rot are mainly caused by
the number of attacked bottom leaves per head. Lettuce heads
with rating 1 (i.e. 1-2 diseased leaves) will mostly not be
classified in a lower guality or weight class. Therefore,
heads with this severity rating generally do not contribute
to loss of yield, excluding the extra labour costs required
for the cutting of the lettuce.

Assuming the validity of the regression line in Figure VI.4.
(see Chapter VI.6.} the disease incidence at which the disease
- geverity is less than 1, may be determined as 1-3 per cent
diseased heads. Below this disease level no yield loss need
be expected.

The question arises at which initial inoculum density val-
ue 1-3 per cent disease level will be reached. Using the re-
gression formala in Chapter VI.3 (Figure VI.,l.) it appears
that 1-3 per cent disease (i.e. 1-3 infections per 100 plants)
can be expected at an initial inoculum density of about 0.7-
1.8 R, solani colonizations per 100 paper disks. Quantification
of this relative figures with the formula of Chapter IV.4.c.
gives 0.2-0.5 propagqules per 100 g of soil. Economic loss can
be expected if the infestation is above this level.

In Chapter V.4.b. it was found that the average infestation
level of 62 glasshcuses was 0.6 propagules per 100 g of soil,
-and therefore, above the mentioned threshold level for crop
loss. This agrees with the fact that these holdings were fa-
miliar with bottom rot (R. solan? inclusive)} problems.

VI.&, DISCUSSION

The data presented in Figqure VI.l. indicate at the investi-
gated range a linear relationship between the initial inoculum
density and infection of lettuce under field conditions. This

conclusion - based on a relatively small number of cbserva-
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tions - is supported by the results obtained from experiments
mentioned in the literature with R. golani as damping-off dis-
ease under controlled circumstances (see Chapter VI.1.). Also
Leach and Davey (1938), in studies of a comparable disease,
Selerotium rolfeif in beet, found a linear regression between the
population of viable sclerotia and the percentage of disease
in the subsequent crop in 22 commercial fields.

- The determination of the initial inoculum density was car-—
ried out by the paper disk bait method measuring the competi=
tive saprophytic ability of R. solani propagules. The observed
goed correlaticon with disease is in agreement with the close
relationship between inoculum density measured with other bait
techniques and the resulting disease by k. solanti cbserved by
Sneh et al. (1966}, Geypens (1974) and Papavizas et al.
{(1975) , see also Chapter IV.1. and 5.

The rather high correlation between initial inoculum den-
sity and disease indicates that environmental factors have
‘been relatively constant or have had little effect on the dis-
ease incidence. The available data insufficiently prove this
statement but a number of supporting remarks can be made.

As far as a-bictic factors such as conductivity of soils
for R. solani is concerned, it can be noticed that the data are
based on eight separate crops; four of these observations were
made at one and the same holding, and the octher four at two
heoldings. In each cccasion two guccessive crops were involved.

Further the negative relationship between the average tem~
perature and the duration of the crop is of importance (Table
VI.l.). Crops that are grown when the average temperature is
low take longer to incubate and grow than crops grown when
the temperatures are higher.

It may be concluded that the initial inoculum density data
from lettuce greenhouses obtained with the paper disk method
have a disease forecasting value,.

it appeared that inoculum density does not increase during

lettuce cultivation {(Chapters VI.4. and V.,3.}. Vanderplank
{1963) defines diseases that result from a monocyclic process
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in which an increase of disease occur without a corresponding
increase of inoculum which is effective during that season, as
"simple interest diseases" (SID).

Although disease progression during cultivation has not
been investigated in the present study, the observation of a
"static inoculum reservoir" makes the appropriateness of the
SID model for R. solani in lettuce plausible.

In spite of the fact that few data were available, general-
ly it was assumed that diseases induced by soil-borne patho-
gens progress according to the S$ID-model (Campbell et al,,
1980b). However, from studies of these authors (1980a' b) and
those of Campbell and Povell (1980) it appears that the as— -
sumption of SID-progression in soil-borne diseases is more
frequently denied than confirmed. Mainly as a result of the
appearance of secondary infecticon or increase of the inoculum
during the growing season. Also with R, solani under very favour-
able conditions for disease develcopment, a secondary attack
on neighbouring plants may occur as a result of the well-known
potentially fast spread of the fugus due to energy acquired
from the primary host.

In view of disease control the assumed SID-character of A.
golani 1in lettuce is of consequence for the strategy of con-
trol. As Vanderplank (1963} has pointed out, contreol of simple
interest diseases can bhe effected by using initial inoculum
reducing practices. In Chapter VIII this will be discussed in

more detail
As shown in Chapter VI.5. gcod correlations exist between

disease incidence and disease severity of all plants and dis-
ease severity of diseased plants respectively.

In most diseases little is known about the incidence-sevezr-
ity relationship (Seem and Gilpatrick, 1980). In their own in-
vestigations on apple mildew the authors found a correlation
between incidence and the square root of the severity data.
This relationship remained relatively constant for data from
different locations (orchards) or cultivars, but varied ac-~
cording to different seasons.

According to these authors, disease assessment in large
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field experiments or surveys can be made useful if a clear re-
lationship between incidence and severity of disease can be
established, thus requiring only incidence data to establish
severity levels. Butt and Barlow (1979) made use of this rela-
tionship by basing the decision guidelines for supervised con-
trol in British orchards on mildew incidence threshold levels.
Also in The Netherlands (Rijsdijk, in press), in a supervised
control system of cereal diseases and pests, incidence-sever-—
ity relationships are applied.

Relevant data on soil-borne diseases are very scarce (Camp-
bell et al., 1980a; Marois and Mitchell, 1981). In the present
study the relationship between disease incidence and disease
severity of diseased plants was suitable to estimate the
thresheld values for economic crop losses of disease incidence
and initial inoculum density respectively. The calculated fig-
ures, however, are more indicative than quantitative in view
of the relatively small number of cbservations.

Considering the positive results obtained in the mentioned
studies with apple and cereal diseases, time saving possibili-
ties in the application of disease incidence data for R. solani
in lettuce for crop loss assessments, and possibly, for dis-
ease management, must not be excluded. To this end, the number
of experimental holdings has to be extended and also the ef-
fect of fungicidal treatment in the crop on the incidence-se-
verity curve has to be studied. As for apple mildew, Seem et
al. (1981) found a less sloping curve, depending on the type
of fungicide. A similar picture for R. solami{ in lettuce is ex-
pected.

VI.7. SUMMARY

On a log-log scale a linear regression existed between ini-
tial inoculum density of RA. solani in the soil and infection of
lettuce. The slope of the curve did not differ from unity, in-
dicating that R. sclani attacks plants from a distance. It was
concluded that initial inoculum density data cobtained with the
paper disk method has a disease-forecasting value.
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The initial and final inoculum density data showed a very
good correlation. From the rather low regression coefficient
and the not varying inoculum density during the growth period
a "static inoculum reservoir" was suggested, hence B, golani in
lettuce would belonyg to the simple interest diseases. The con-
seguence to¢ strategy of control is mentioned.

The relationship between disease incidence and disease se-
verity of all plants proved to be linear. In excluding not
diseased plants the severity of the diseased plants was corre-
lated to the logarithm of disease incidence. Based om this re-
lationship the threshold values for yield losses of disease
incidence and initial inoculum density respectively were esti-
mated.
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VI). INFECTION BY RHIZOCTONIA SOLANI IN RELATION TO TEMPERATURE
AND RELATIVE HUMIDITY

VII.l. INTRODUCTION

In the earliest investigations on the epidemiology of FRhi-
zoctonia golani in ocutdoor lettuce, Townsend (19234) established
the significance of temperature and relative humidity. He ob-
served that R. solani rot was a problem in New York mainly dur-
ing periods of humid warm summer weather. From his experiments
it appeared that R. sclani rot was most severe when the mean
daily temperature was above 20°C. Minimum daily temperatures
as low as 10°% stopped disease development,

In a provisional survey on the occurrence of bottom rot
pathogens of glasshouse lettuce in The Netherlands, it was
found that A. solani mainly appears in lettuce heads in spring
-crops and scarcely in lettuce cropped in the colder winter
months (Kooistra et al., 1974).

To confirm these findings, an extensive survey on the oc-
currence of bottom rot was carried out in co-operation with
the Research Institute for Plant Protéction and the Extension
Service (Tichelaar, 1976 and 1977). Lettuce with bottom rot
symptoms were examined on 82 holdings. The percentage glass-
houses with R. solani diseased heads increased when harvesting.
took place in warmer periods: February 6.5 per cent, March 21
per cent and April 30 per cent in samples from 31, 24 and 27
glasshouses respectively.

As for the relative humidity, Townsend (1934) cobhserved in
outdoor lettuce that although humid weather favoured the dis-
ease this was not as essential as were high temperatures for
the development of this disease. In his study on the effect
of relative humidity on R. solani growth on agar, Townsend
(1934) stated that some growth occurred at 81 per cent rela-
tive humidity but that rapid growth occurred only when the
values were much higher.

In the other available study, Schneider (1953) classified
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R. solani as a hygrophile. The linear growth rate decreased

rapidly with decrease from 100 per cent relative humidity.

The threshold value for growth was 95 per cent relative hu-
midity.

Kocistra et al., (1974) observed that a high relative hu-
midity is not only important for initiating the infection but
alsc for further development. In an uncontrolled greenhouse
artificially inoculated plants were rapidly infested by path~
ogenic strains when covered with plastic sheet. After re-
moving the plastic, decay of leaves stopped and attacked
leaves dried up.

Because of the above mentioned observations of the author,
experiments under controlled conditions were set up to examine
the influence of the temperature on A. scolani. These experi-
ments tested:

a. the minimum temperature for mycelium growth on agar and

for infection of the lettuce leaf;

b. the effect of temperature on the length of the incubation
period and the rate of infection of the leaf;

c. mycelium growth-temperature curves of a number of typical
low temperature isolates.

Preliminary results of limited investigations on the effect
of relative humidity on mycelium growth and infection will be
discussed in Chapter VII.6. in relation to the literature data
cited above. .

VII.2. MATERIALS AND METHODS

Isolates were obtained from glasshouse soils using the pa-
per disk method and from infected heads from different glass-
houses.

In the mycelium growth experiments on cherry agar, agar
punches (5 mm diameter) with young mycelium were plated out
in 3 replicates. Outgrowth in two directions was measured pe-
riodically. The average daily growth at each temperature was
calculated from the linear part of the growth curve.

Infection experiments were carried out either on slices of
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lettuce leaf (4 cm diameter, surface 12.5 cmz) or on young
lettuce plants. Agar punches with young mycelium (5 mm diam-
eter) were placed in the centre of the lower leaf surface. For
each temperature six slices of leaf were used or three plants
with one mycelium punch on two leaves.

Experiments on the rate of infection were carried out in
six replicates on leaf slices. The percentage of attacked
leaf area was estimated daily, from which the number of days
required for 50 and 100 per cent infected leaf area at the
different temperatures were estimated graphically.

‘ For a limited number of isolates the linear spread of in-
fection was established daily by measuring the diameter of le-
sions on 2 or 3 leaves of three young lettuce plants.

VII.3. MINIMUM TEMPERATURE

The minimum temperatures for growth on cherry agar and for
infection of lettuce leaves were determined for 29 pathogen-
ic isolates from 17 glasshouses (Table VII.1l.).

The isolates from soil were tested at 9°C, gsome on lettuce
leaf only. It appeared (Table VII.l.) that four out of eleven
isolatesg did not infect leaves at this temperature but two of
these isclates showed mycelium growth on cherry agar (one was
not tested on agar).

The 18 isolates from attacked heads were collected in 14
glasshouses. The test temperatures were 9°C, 6°c and 3°c. The
results (Table VII.l.) show that respectively 11 of eighteen,
3 of fourteen and 1 of three isclates infected the leaves. The
minimum temperature for mycelium growth on cherry agar was al-
ways lower.

The results show that great differences in the minimum tem-
perature requirements for infection of lettuce leaves exist
between isclates, ranging from <3°C to » 9°C. The minimum tem-
perature for mycelium growth on cherry agar is at least three
degrees lower than the minimum temperature for leaf infection.

| The rate of increase of the infected area with three 409-
isolates was observed for 12 days at 6°C in order to examine
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Table VII.1l.: Minimum temperature of 29 Rhizootonia solani isolates (from
s0il and lettuce) for mycelium growth on cherry agar {CA) and for infec~
tion of lettuce leaf. - = no mycelium growth or no infection, + = myce-
lium growth for infection.

Isolate 3¢ 6cC 9 C

ChA leaf CA leaf A leaf

From soil:

200-00-79 - -
01 -
02
04

+ +

201-01-79

+

=
wm

++ o+

o+

202-00-79

+
i

From lettuce:
~ 400-00-78 +
401-00-76 - - + -
402-00-76 - - + -
403-00-76 - +
404-00-76
405-00-76
406-00-78
407-00-77
408-00-79

409-00-79
01
03

410-00-79
411-00-79 -
412-01-79

416-02-80 . - -
10
15 + + + +

S
]

N T T Y
1

+
1
+ +
+ +
+ + + +
+

wether the minimum temperature (9°C) required to initiate an
infection is higher than that needed to increase an establish-~
ed infection. Table VII.Z2. shows that the size of the infected
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Table VII.2.: Mycelium growth on agar and increase of infected leaf area
at 6°c, a temperature below the minimum for initiation of leaf infection
(3°c) but above the minimum for mycelium growth on cherry agar (< GOC).

Isclate . Mycelium growth on . Increase of infected
cherry agar at 6°c leaf area at 6°¢
409-00-79 + D -2
409-01-79 + -
409-03-79 + -

1) + : growth
2} = : no increase

area did not increase at 6°C, but, as was expected, mycelium

growth on agar continued. From this it can be concluded that

the minimum temperature for increase of an established infec-
tion is not lower than for initiating an infection.

In the infection experiments below the minimum temperature
(Table VII.1l. and 2.), mycelium growth on the leaves from the
'inoculum site were observed, but no typical complex infection
structures for penetration of the cuticula and epidermal cell
walls of lettuce leaf were formed such as at higher tempera-
tures (lobate appresoria according to Townsend, 1934; Dodman

and Flentje, 1970). Obviously, temperature requirement for
the formation of infection structures is higher than for my-

celium growth.

VII.4. INCUBATION TIME AND RATE QF LEAF INFECTION

Part of the isolates for which the minimum temperature for
infection was shown in Table VII.l. were taken for the deter-
mination of the incubation time at different temperatures and
the estimation of the rate of leaf infection (Table VII.3.).
Seven igolates were obtained from soil from two glasshouses:
the other ten were isolated from attacked lettuce from eight
glasshouses.

Results (Table VII.3.} show that the incubation time at
just above the minimum temperature {for most isolates 9%,
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for two 4l6-isolates 3°C) was 11-15 days. At higher tempera-
tures the incubation time décreases rapidly (3-6 days), where-
as at 20% disease symptoms were evident within 3 days.

Temperature also had adistinct effect on the infection
rate. At 99 - just above the minimum temperature for most
isolates - the infected leaf area increased from 50 per cent
to 100 per cent in 3-4 days, at 15°C in 2-3 days and at 12%¢
in 1-2 days (Table VII.3.).

From these estimated infected rates the linear increase of
the lesions in mm per day was calculated. This value was 2.2
mm per day at 9°C, 4.1 mm per day at 15°¢ and 8.2 mm per day
at 20°C. Of the three 416-isolates which were already infec-
tive at 6°C, the linear increase of the lesions was measured:
1.4 mm per day at 6°C.

The above established rapid decrease of the incubation pe-
riod and the rapid increase of the rate of infection of the
lettuce leaf area at higher temperatures (15-2000) confirms
the observation by growers that the disease may rapidly in-
crease during warm periods.

VII.5. MYCELIUM GROWTH CHARACTERISTICS OF STRAINS

Mycelium gfowth on agar in relation to temperature was
measured for eight iscolates from lettuce collected from a
glasshouse in which the winter crop had been uncommonly heav-
ily attacked (4l6-numbers). Two isclates (409-numbers) froﬁ
lettuce collected from a glasshbuse where attack during winter
months was rare, were included for comparison.

Results (Figure VIX.1l) show that seven out of eight 416-
isolates have a slowly increasing growth curve (maximum growth
5.5 mm per day) and a very wide range of the optimum tempera-
ture (12-2500}, with a minimum below 5°C and a maximum up to
34%.

Both 409-isvlates and one 4l16-isolate (416-02-80) show a
steep growth curve {(maximum growth up to 23 mm per day) with
a rather sharp optimum at about 25°C and a minimum over 5°C
and a maximum over 34°cC,
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409-00-79
409-03-79
416-02-80
416—D4-80
416-07-80
416—08—80
416—-10-80
416-11-80
416-f2-80
416-15-80

» 0 8 O % 0O &

20 |

a

-

Average daily growth in mm

Figure VII.l.: The influence of temperature on the average daily growth
on cherry agar of 10 Fhisoctonia solani isclates from lettuce of 2 glass-
houses, 409~ and 4l6-numbers respectively.
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Two types of isolates can clearly be distinguished. One
type, from the glasshouse with attack in cold crops, is char-
acterized by a low linear growth rate, a low minimum tempera-
ture and a wide optimum temperature range. The other type has
a steeper growth curve with a faster growth rate, a sharp op-
timum and higher minimum and maximum temperatures.

The established in vitro low temperature requirements of
the tested 416-isolates are in agreement with the infection
data of these igolates reported in the previcus paragraph and
with grower's experiences of recurring R, solani problems in
winter lettuce.

In a general way A. solani attack in winter lettuce is
scarce (Chapter VII.1l.) and very low temperature requirements
were not observed except for the 4l6-isolates. The history'of
the 416-glasshouse is also unusual compared to most of the
lettuce holdings. It is leocated on moorland that was reclaimed
50 years ago. In the first 35 years only agricultural crops
were grown, these were replaced by glasshouse crops and during
the last few years lettuce has been the main crop; the soil
was only sporadically superficially disinfected. Therefore it
‘can be assumed that a relatively "natural" R. solani population
is present, possibly with a great variation of strains. If
this is the case "colg" straiﬁs could dominate in winter

crops, causing R. seolant bottom rot.
VII.6. DISCUSSION

In interpreting the obtained {(minimum) temperature wvalues
for mycelium growth and infection of lettuce, it must be re-
membered that the experiments were conducted under artificial
laboratory conditions. Pennypacker and Stevenson {(1980) gues-
tioned the validity of applying such results to actual field
situations. Moreover, requirements for temperature under field
conditions are relative and vary in relation to the status of
other factors such as food supply or humidity {(compensation
concept of Rotem, 1978).

From the data obtained it c¢ould be concluded that a great
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part of the isolates tegted did not infect lettuce at 9°¢ and
that the few isclates with a lower minimum temperature require-
ment need a very long incubation time, and show a low rate of
leaf infection at 9°C (Tables VII.1l. and 3. respectively).
Further, a glasshouse temperature regime of 6=-7°C at night and
12% during day time is usual for winter crops (Chapter I).
This means that during the winter months the temperature of-
ten does not meet the minimum requirement for infection. There-
fore it ig very likely that the prevailing low glasshouse tem-
perature is an important factor with respect to the observed
minimum attack on winter crops (Chapter VII.l.).

In order to explore the possibility of controling the dis-
ease by regqulating the temperature, knowledge about the oc-
currence of "low temperature" strains {(Shephard and Wood, 1953;
Parmeter and Whitney, 1970; Sherwood, 1970 and Doornik, 1981a)
is important. In the present study isolates with a distinct
low temperature character for mycelium growth and infection
from only one glasshouse (416-numbers) were obtained (Chapter
VII.4. and 5.). This was related to the "natural" R. sclani
population of this relatively young and seldom disinfestated
holding (Chapter VII.5.).

In the important glasshouse district of Zuid-Holland most
of the lettuce glasshouses have a long history of intensive
{annual) disinfestation of the soil mainly with methyl bromi-
de, which efficiently contreols R. selani (Chapter VIII). It can
be assumed that this practice reduces many strains including
those that prefer low temperatures. Consequently, in the jeoint
surveys in 1975 and 1976 (see Chapter VII.l.) practically no
R. solani attack was found in lettuce glasshouses of the above

mentioned district.

It was observed that the minimum temperature for mycelium
growth on agar and leaves about 39C lower than for infection
of leaves (Chapter VII.3.). In evaluating the significance of
the minumum temperature for R. solani in lettuce both thresh-
old values should be considered. Should the glasshouse temper-
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ature be too low for infection, saprophytic spread of the fun-
gus over the soil or the leaf may occur, provided that the
food base is sufficient. The increase of mycelium at low tem-
perature can be a positive factor in the develcpment of an
epidemic. For refinement of the prediction of BR. soioni epidem-
ics in lettuce it is, therefore, important to know what min-
imum temperature requirements are for both the saprophytic
and the parasitic activity of isolates.

The literature and early experimentg by the author (Chap-
ter VII,l.) show that as far as the influence of the relative
humidity on the attack of lettuce is concerned the fungus is
hygrophylic. However, no free water is essential for infection
as in some other B&’., sclani-host plant systems (Baker and Mar-
tinson, 1970}). It should be noted that Townsend (1934) and
Schneider (1953) used one single isclate only. In preliminary
unpublished experiments by the author at & relative humidity
of 92 per cent and 15°C with 4 isclates mycelium growth on
agar and infection of young lettuce plants hardly differed
when compared with a relative humidity of 100 per cent.

Although thus n¢ exact data on the threshold value of rela-
tive humidity for infection of representative strains are
available, the following field observations alsc point out
the hygrophile character of £. solani. In well-ventilated glass-
houses, R. solani very rarely occurs in young, oOpen crops.
Moreover, attack is gseldom found in outer leaves, but mainly
in lower leaves and inside the heads, thus situations where
the relative humidity is high. This agrees with the observa-
tions made by Pieczarka and Lorbeer (1975) in outdoor lettuce.

VII.7. SUMMARY

The minimum temperature for mycelium growth on cherry agar
and for infection of lettuce leaf was determined for 29 R. so-
lani isclates obtained form soill or heads of 17 glasshouses.
The minimum temperature reguirement for infection of most iso-
lates was >9°C, one isolate infected at 3°C. The minimum tem-
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perature for mycelium growth was about three degrees lower
than for leaf infection. Temperature requirement for the for-
mation of the lobate appressoria infection structures appeared
to be higher than for mycelium growth.

. Incubation time slightly above the minimum temperature a-
mounted 11-15 days, at 20°C disease symptoms occurred within

3 days.

The linear increase of lesions of the isoclates investigated
was at 9°C 2.2 mm per day, at 20°¢ 8.2 mm per day.

Based on mycelium growth characteristics two types of iso-
lates could be distinguished. One type, seldom occurring, has
a low linear growth rate, a low minimum temperature and a wide
optimum temperature range. The other type hag a steeper growth
curve with a faster growth rate, a sharp optimum and highef
minimum and maximum temperatures.

It appeared that R. goleni in lettuce must be congidered hy-
grophilic, hut free water is not essential for infection of
the lettuce leaf.
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VIll, CONTROL OF BOTTOM RQT

VIII.1l, INTRODUCTICN

Before 1978, the generally applied preventive control of
the bottom rot fungi Botrytis cinerea, Rhizoctonia solani and Sole=-
rotinie epp. in most instances consisted of one single pre-plant-
ing soil surface application of quintozene in combination with
one single application of thiram up till seven days after
planting. For further details, the need for quintozene re-
placing fungicides and the availability of dicarboximides see
Chapter I.2.b.

This chapter first reports on in vitro experiments on the
sensitivity of bottom rot pathogens to dicarboximides, follow-
ed by the results from characteristic field trials for the ap-
proval of dicarboximides in compariscon to products of refer-
ence, quintozene and thiram. Also the efficacy of tolylfluanid
against B. ecinerea is examined. Finally the effect of soil dis-
infestation with methyl bromide on the population level of R.
golani was investigated.

VII1,2. MATERIALS EN METHODS

The chemicals used were: AlApirol Stuilf (10 per cent thiram)
AAgrunocl B.V.; Asepta PCNB 20 per cent (20 per cent quintoze-
ne} Asepta B.V.; Brassicol Super (20 per cent quintozene),
Hoechst Holland B.V.; Eupareen M (50 per cent tolylfluanid),
Hoechst Holland B.V.; Ronilan (50 per cent vinclozolin), BASF
Nederland B.V.; Rovral (50 per cent iprodione), Agriben Neder-
land B.V.; Sumisé¢lex (50 per cent procymidone), AAgrunol B.V.

Bottom rot fungi for mycelium growth inhibition tests were
isolated from attacked lettuce heads. Suspensions of the chem-
icals were mixed with melting cherry agar (50°C) in such a way
that a range of six concentrations was obtained. From good
growing colonies agar discg, 5 cm in diameter, were punched
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out and plated out in duplo on the medium containing the fun-
gicide. After one day, the radial growth was marked and then
measured in two directions over three days. The daily growth
was calculated and expressed as & percentage of growth in the
untreated. These figures were plotted against the concentra-
tions on logarithmic probability paper. From the estimated
regression line the ED50 value in ppm active ingredient was
determined.

Field trials were carried out in commercial glasshouses
under usual cultural practices. The experiments were arranged
in randomized blocks of 4-6 plots each. Plots measured 1.5 x
3 m, helding 20-25 plants per m2. One glasshouse (Table III.Z2)
2 R. golani in-
fected grains of wheat. In analysing yields, 40-90 plants per

was artificially inoculated with 1 kg per 100 m

plot were used; for the analysis of pathogens 15-90 plants per
Plot were examined. Assessment was carried ocut macroscopically
or microscopically, as described in Chapter II.2. and II.4.

In most trials the percentage of lettuce heads of export
quality class was determined. The maximum price is paid for
these lettuce.

Experimental results were tested by analysis of variance..

Fungicides containing qguintozene were applied over the soil
just before planting; thiram was dusted and the other com-
pounds were sprayed over the young crop.

Horizontal and vertical soil sampling before and after the
application of methyl bromide was carried ocut as described in
Chapter IV.2.a. and Chapter V.2.a. respectively. To avoid re-
colonization of the grower's soil no untreated plots were in-

cluded in these disinfestaticon experiments.

VIII.3. SENSITIVITY OF BOTTOM ROCT PATHOGENS TO DICARBOXIMIDES
IN VITRO

From ED50 values given in Table VIII.1l. it appears that di-
carboximides are active against the R, solani isolates tested.
Iprodione was most effective; vinclozolin least. The differ-

ence in activity between both these compounds is in agreement
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Table VIII.l.: Effects on radial growth of Rhizoetonia solani, Botrytis ci-
rerea, Sclerotinia eeclerotiorum and Sclerstinia minor isolates on cherry a-
- gar by ipreodione ({(ipr.)}, vinclozolin (vincl.) and procymidone (preoc.) at
two temperatures. EDSD in ppm a.i.

ED50 (ppm a.di.)

15°%¢ 25°

Fungus/isolate ipr. vincl. proc. ipr. vingl. prec.
R. solani

401=-02-76 0.6 1.5 0.8 0.5 1.0

402-01-76 0.7 1.5 0.9 1.1 1.4

403-00-76 0.6 1.5 0.8 2.3 1.1

404-00-76 0.4 0.6 0.6 1.0 3.0 1.4

(average 0.6 1.3 0.8 0.9 1.9 1.3)
B. cinerea - - - 0.4 0.3 0.4
5. sclerotiorum - - - 0.3 0.2 0.3
5. minor - - - 0.2 0.1 0.2

with results by Fisher (1979} obtained in in vitro experi=-

ments with a single R, solani isolate. Some small differences
in sensitivity between isolates were found, particularly at
25° and especially with respect to vincleozolin,

On an average, in all compounds the ED50 value at 25°C was
1.5 x greater than at 15°¢. Hans et al. (1981) found that also
the systemic compound carbendazim and Kataria and Grover (1976)
the systemic compounds benomyl, thiophanate~-methyl and chloro-
neb, inhibited R. solani more at the lower than at the higher
temperatures, when compared to the non-systemic fungicide quin-
tozene which was more active at the higher temperature.

The sensitivity of B, e¢inerea was practically the same for
all three compounds. The resulting ED50 values correspond with
data by Leroux et al. (1977), Pappas and Fischer (1979), Grin-
dle (1981} and Davis and Dennis (1981).
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5. selerotiorum and S. minor were more sgensitive than B. aine~
reaq, Vinclozolin seems to be slightly more active than both
other compounds. Reilly and Lamoureax (1981) in their experi-
ments on the effect of iprodione against 5. sclerotiorum also
found similar EDSO values for the inhibition of mycelium
growth.

Out four fungi tested, R. solani was least sensitive for di-
carboximides. This is in agreement with Fischer's results
{(1979).

VIII.4. FIELD EXPERIMENTS

VIII.4.a. FRhizoctonia solant

Table VIII.2. shows the results of a field experiment in
which the effectivity of dicarboximides against R. solani was
tested under extremely favourable conditions for the pahogen:
high (artificial) inoculum density and high temperature (sum-
mer crop). One high dose of Ronilan and Sumisclex was applied
and 3 doses of Rovral. The dosage of the reference products
‘Asepta PCNB 20 % and AApirol Stuif was as recommended.

Only 5 per cent of the lettuce on the untreated plots were
marketable due to heavy attack, especially by R. solani. The
yield in plots treated with the products of reference was low:
39 per cent marketable heads. Ronilan scored even lower. Ro-
vral and Sumisclex were much more effective, with a signifi-
cant dosage effect in Rovral. The effect of the fungicides is
also expressed in the disease index value. In the analysis of
'pathogens R, solani proved to be the most important fungus.
Many heads were attacked by more than one pathogen.

Tables VIII.3. and 4., show the results of treatments in a
glasshouse with natural R. solani infestation. In the untreated
plots the percentage of heads of export quality class was
fairly high: 81 per cent. This percentage was somewhat higher
in the treated plots, but differences were not significant.
There was a distinct effect of the compounds on the disease
index value. Leaves in the Ronilan treated plots were signi-
ficantly less attacked than in "untreated"”, but the control

110



3o1d au0 woij spesy pasATeuR G = U (g
aTqelayIew J0U = § ‘301 Woloq ou = 0 {1
870 8761 T0°0 dasi
970 [ A %0°0 as1
- - - - 67C Tl S 0 XSTOSTWNS
- - - - L £E gT1°0 "
- - - - [ A [A sz 0 M
T g z g Lz 69 S0 TeIAOY
€ 1 £ 1 S 1¥4 S0 aeTTucy
01 ITn3s Toatdyy
s 9 9 @ ‘ 0¥ 6€ ST + % 02 9NDg eaidesy
14 £ £ £1 6°F S pajeaxiun
(s - 0) speay
o] d g H (1 Xaput sTqeIaIew NE\m
Yy Tm Aﬂmﬁmwn 3o asqumpy aseassT(] abejuaoasg abesoq JUSWIEDI]

*susboyied ausialiTp JO UOTIRUTQ
-wod = D ‘esmwads umpyifiys = a4 ‘valeure sr1fdiog = § ‘wios DIuoooRIYY = ¥ 1 ET-L-1 UO sspyorbuny asyulo ayu3 ‘2LE1
-9-91 uo payidde JTnis Toxtdwv puE § 0Z GNDd ®3deSY "LL6E-L-LZ IS38XPY ‘LL6T1-9-,1 BuUTaueTd ‘3008 Dlucgoowiyy
Y3Th pajeTnoout ATTRTOTITiaR ‘{yos Apueg - ,R3iRuilso, AD °sjue(d ¢p yoes ’‘soieoridsz p Jo suesal susboyied 3oz
wo33oq JO ICUBAINDIO PYR XOPUT SSESSTP ‘Speoay oTgelsyIew Jo abejusozad uo saprothuny Jo 300333 $-z°'IIIA 9Iqel

111



2[qelaIeu jou = § ‘30X wojjoqg OU = o (T

Woo .m-z - M0.0 QW-H

| 970 SN - S0T0 451

L0 3706 001 £°0 xarostung

870 1°88 0ot £°0 1eIacy

St 0706 oot £°0 ueTrTucy

1) Ftnis roxtdyy

670 526 001 ST + 1adng ToOoTSSeBIg

9°2 0°19 8°86 - pajeazjun

Aﬂam - 0) sse(2 spesy

Xapurt A37tenh jaodxa 3o STqe3aRIR! NE\m

aEEas T speay abejuasiag abejuaoiag abesog Juswlesall

*8LET--T1T uo saprotbuny Is5Yylo oY} ‘gLeT-p-p uo patrdde JInag

Toxtdyy + 1adng [00TSSRId *gl6T1-G-L1 3IS8AIRY ‘gL6T1-b-F DBuTIUeTd ‘4upjo8 DruoooRtyy U3 TM pojeiseiul Arrean
-3eu ‘TTOoS KApueg *,.e3vUllsS0, AD -s3ueTd O yoeva ‘553eoT1dol § JO SURSW "XIPUT SSEISTpP 2yl pue ‘sseTo L3rTenb
yxodxe Jo speay abejuaniad syl ‘speay afgeiodIew Jjo abejusorad oy3z uo seprorTbuny Jo sS30933F :TEITIA oTdel

112




obtained with this compound was somewhat less than that with
the other products. From the analysis of pathogens in the un-
treated plot (Table VIII.4.,} it appeared that over 40 per cent
of the heads were attacked by R. gclant (alone or in combina-
tion with other pathogens).

From both experiments it can be concluded that Rovral and
Sumisclex are at least as effective against R. solani as the
products of reference at the dosage used. Ronilan is less ef-
fective when conditions for development of R. solani are very

favourable.

VIII.4.b. Botryiis cinerea

In Chapter I.2. it was stated that B. cinerea usually oc-
curs in maturing heads. Also starting from more or less weak-
ened young plants there is a great chance for fall ocut due to
B. cinerea attack. Fungicides should protect the crop suffi-
ciently in all stages of development.

Two field trials are described in which the effect 0f Ro-
nilan and Eupareen M against B. cinerea are compared. In the
first experiment no attack was observed at the beginning of
the cropping period; at harvest time it appeared that about
4 leaves of the heads from the untreated plots were diseased
(disease index 2.2, Table VIII.5.), a rather moderate attack
by B. cinerea. In the treated objedts the percentage of heads

Table VIII.4.: Pathogen analysis of 15 heads from the untreated object
of the fungicide trial of Table VIII.3,.

Pathogens present Percentage heads
Botrytis cinerea (B) 37.8
Pythium spp. (P) - 8.9
Rhizoctonia solani (R) 26.7
B + R 15.6
B +P 2.2
R+ P 2.2
No pathogen . 6.7
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Table VIII.S5.: Effect of fungicides on percentage of marketakle heads,
on percentage of heads of export quality class and on disease index.
Means of 6 replicates, each 40 plants. Cv "Miranda". Sandy soil. Plant-
ing 2=-2-1980, harvest 9-4-1980. The fungicides applied on 8-2-1980.

Treatment Dosage Percentage Percentage heads Disease
g/rl'l2 marketable of export gquality index

heads class (0-5)1)
Untreated - 97.1 68 2.2
Eupareen M 0.3 96.0 89 0.5
Ronilan 0.2 100 78 1.0
LSD 0.05 - N.5. 0.7
LSD 0.01 - N.S. 0.9

1) 0 = no bottom rot, 5 = not marketable

of export quality class was higher than in "untreated", but
the difference was not significant. The disease index in both
treated objects was significantly lower than in "untreated”.
_Based on these results it can be concluded that in this trial
Eupareen M controls B. e¢fnerea 1in maturing lettuce.

The picture changes if young weakened plants must also be
protected by the fungicides, as it appears from the experiment
of which the results are given in Table IX.6. and Figure VIII.
1, Due to unexpected circumstances the plants used in this
trial had to be stored for three weeks before planting. They
hecame elongated and the pot soil dried out, so that the
plants weakened. It is generally known that under these con-
ditions B. efnerea will easily attack, which causes the young
plants to die eoff.

The latter appears from Figure VIII.l.; 14 days after plant-
ing about 5 per cent of plants in "untreated" had disappeared;
a week later this percentage had increased to 40. Two months
after planting only 25 per cent of all plants had remained.
Although Eupareen M had given some protection, the effect was
far behind that of Ronilan., At harvest time 55 per cent of all
the plants in Eupareen M plots had disappeared whereas only 2
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Table VIII.6.: Effects of fungicides on the percentage of marketable
heads, on the percentage of heads without disease and on the digease
index. Means of 6 replicates, each 90 plants. Cv. "Miranda®. Sandy

s0il. Planting 14-12-1979, harvest 12-3-1980. The fungicides applied

on 21-12-1979.

Treatmant Dosage Percentage Percentage Disease
g/m2 marketable heads without index
heads disease (0-5) 1)
Untreated - 24,7 16.4 3.9
- Eupareen M 0.3 54.3 32.9 3.0
Renilan 0.2 98.1 86.7 0.2
LSD 0.05 - 0
LSD 0.01 - 1.
1) 0 = no bottom rot, 5 = not marketable
9/o dead plants
tog F
= — = —— —#  Unireated
70 |- .
,.
-
60 |- S
/,' a1 Eupareen M
60 |- ,. L
7 ,o-"o
- 0’ _,_n”
! .o
[
L T 4
/
I 7
i/
20 L 17
I’/’
10 b Planting l‘,’ harvesting
lm-tmem y;
a { e e XX X X PONIIAN
December [ January February March |

Figure VIII.l.: Percentage lettuce plants killed due to Botrytis cinerea
infection during the growth season in relation to treatment with Roni-
lan {0.2 g/mz} and Eupareen M [0.3/m2) . Pata points are based on 6 re-
plicates (plots), each 90 plants. For data on cultural practices see

Ta.blel VIII.6.
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per cent in plots treated with Ronilan. The difference in ef-
fectiveness also appears from the disease index values  (Table
VIII.6.). These data show that the B. cinerea infection was at
the beginning of the cropping period. Plants present at har-
vest time in all plots were predominantly free from attack.

It can be concluded that Eupareen M has failed under these
conditions and that Ronilan was very effective.

VIII.4d.c. The bottom rot complex

The effect of fungicide treatments was investigated in a
culture of lettuce which lasted as long as three months. The
results are shown in Table VIII.7. Attack was rather heavy on
the untreated plots (disease index 2.8). All treatments had a
positive effect on the number of harvested heads. Products of
reference Brassicol Super and AApirol Stuif had somewhat less
effect than the dicarboximides, but differences were not sig-
nificant. The percentage of heads of export quality class from

Table VIII.7.; Effects of fungicide treatments on the percentage of
marketable heads, the percentage of heads of export quality class, and
on the disease index. Means of 4 replicates, each 40 plants. Cv "Par-
mante". Planting 7-10-1977, harvest 10-1-1978, Brassiccl Super and AA-
pirol Stulf applied on 7-10~1%77, the other fungicides on 14-10-1%77.

Treatment Dosage Percentage Percentage heads Disease
g/m2 marketable of expert quality index
heads class {0-5) 1
Untreated - 84.8 51.5 2.8
Brassicol Super + 15 92.0 83.0 1.6
AApirol Stuif 10
Ronilan 0.3 . 98,1 85.4 1.1
Rovral 0.3 95.0 78.3 1.6
Sumisclex 0.3 99.0 87.3 0.9
LSD 0.05 7.8 16.9 0.6
LSD 0.0.1 10.8 23.7 0.9

1) 0 = no bottom rot, 5 = not marketable
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Table VIII.B.: Pathogen analysis of heads from the untreated plots of
the fungicide trial of Table IX.7. The figures are based on 4 replicated
plots, each 15 heads.

Pathogen(s) present in Percentage heads
the untreated plots

Botrytis cinerea (B) 31.7
Pythium spp. (P} b}
Rhizoctonia solani (R) 16,7
Sclerotinia spp. (8) 5
B+ P 6.7
B + R 26.7
B+ 5 10
P+ 8 1.7
B+ P+ R 1.7
No pathogen 0

all the treated plots was much higher than from the "untreat-
ed". This was alsc expressed by the disease index values.
Plants treated with Sumisclex were significantly less attacked
than when treated with Rovral and the products of reference.
The results with Ronilan were intermediate. It can be conclud-
ed that the effectiveness of dicarboximides at least egualled
that of the products of reference. From the analysis of path-
ogens from lettuce heads in the untreated plots (Table VIII.
8.) it appeared that attack was mostly caused by 5. cinerea a-
lone and to a lesser extent by B. cinerea and Sclerctinia spp. Re-
sults from this trial show a distinct effect of dicarboximides
against three important bottom rot pathogens in a longlasting crop.
Table VIII.9. shows the results of a trial in which, ac-
cording to macroscopical observation, Seclerctinia spp. were the
most common pathogens, followed by B. cinerea and R. solani. Data
from "untreated" show a rather heavy attack (disease index
3.0). All treatments had a posgitive effect on the number of
marketable heads, on the percentage of heads of export guali-
ty class and on the disease index. Differences between treat-

ments were not significant. This experiment alsoc proves the
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Table VIII.9.: Effects of fungicides on percentage of marketable heads,
on the percentage of heads of export guality class, and on the disease
index. Means of 6 replicates, each 40 plants. Cv "Miranda". Sandy soil.
Planting 7-3~1980, harvest 17-4-1980. Brassicol Super and AApirol Stuif
applied on 7-3-1980, the other fungicides on 14-3-1980.

Treatment Dosage Pexrcentage Percentage heads Disease
glmz marketable of export quality index
heads class {0-5) 2
Untreated - 85.5 74.6 3.0
Brassiceol Super + 15 98.3 94.5 1.5
AApireol Stuif 10
Ronilan 0.4 " 98.3 94.5 1.4
Rovral 0.4 94.6 g91.2 1.6
Sumisclex 0.4 94.2 21.6 1.6
LsD 0.05 10.3 5.3 0.6
LSD 0.01 N.S. 7.2 0.8

1) 0 = no bottom rot, 5 = not marketable

4controlling effect of dicarboximides on the bottom rot com-
plex.

VIII.4.d. Dicarboximides and the ineidence of Pythium spp.

In Table VIII.10. the results are given of a field trial
with regard to the analysis of pathogens from lettuce heads
taken from untreated, quintozene (Brassicol Super) treated
and dicarboximides treated plots respectively. B, einerea
proved to be the pre-dominant fungus, followed by Pythium spp.,
'whether or not in combination with B. etnereq. In this trial
R. solani scarcely occurred.

Pythium spp. were the least found in the untreated plots (14
per cent). In the treated plots 20-34 per cent of the lettuce
heads were attacked by Pythium. These figures are an indication
that thé application of specific fungicides such as gquintozene
and dicarboximides may give rise to an increased incidence of
insengitive FPythium spp.. Lockwood (1970) demonstrated a simi~
lar phenomenon for quintozene. An increase in the occurrence
of Pythium spp. in lettuce after treatment with dicarboximides
was also observed by Tichelaar (1978).
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Table VI1I.10.: Effect of fungicides on the incidence of bottom rot
pathogens at harvest. Means of 2 replicates, each 15 heads. Cv "Ravel”.
Sandy scil. Planting 6-10-31977, harvest 12-~12-1977. Brassicol Super and
AApirol Stuif applied on 6-10-1977, the other fungicides on 14-10-1%77.
No path. = no pathogen{(s), B = Botrytig cinerga, P = Pythium epecice, R =
Rhizoetonia solant.

Treatment Dosage Percentages of heads infected with
2
g/m no path, B P R B+P : P+ (B+P)
1
Untreated - 0 87 7 0o . 14
Bassicol Super + 15 7 70 10 0 13 ] 23
AApirel Stuif 10 !
Ronilan 0.3 20 50 10 3 17 ! 27
Rovral 0.3 3 59 3 3 a1, 34
Sumisclex 0.3 17 63 13 0 7 ) 20
]

VIII.4d.e. Effect of methyl bromide dieinfestation on Rhizoctoniq sola-
rt in sotl

The effect of soil disinfestation with methyl bromide on
the population of R. sclani in plots with lettuce and subse-
quently tomato are presented in Table VIII.1l. Just before
disinfestation, soil sampling results show a light to moder-
ate R. solani infestation. Up till four months after the treat-
ment no R. solani was found in any of the samples. Thig is an
indication of the controlling effect of methyl bromide against
R. solani (as indicated in Chapter VIII.2., no untreated plots
were included}.

Nine months after disinfestation the so0il in one plot
proved to be lightly infested. Twomonths later R&. sclani was
found in three plots. These plots were all situated along the
central path in the glasshouse. After the second diginfesta-
tion, one year after the first, again no R. solani was found
in the soil samples, therefore this treatment had also been
effective.

Before plots in a second glasshouse (Table VIII.1l2.) were
treated, a heavy infestation was found in some plets and a
lighter infestation in others. Immediately after disinfesta-
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tion with methyl bromide, no R&. sclani could be found in any
soil sample. One and a half month after treatment a light in-
festation was found in one plot. In this plot the population
density rapidly increased also at greater depths. At the end
of the observation pericd, five months after disinfestation,
no E. solani was detected in the remaining plots.

From the results in both experiments it can be cencluded
that R, golani in soil can be controlled well by methyl bromi-
de but that local re-infestation may occur rather rapidly.

VIII.5. DISCUSSION

The sensitivity of in vitro tested bottom rot pathogens to
dicarboximides indicated a promising fungicidal activity of
the compounds under practical conditions. It was found that
the inhibition of mycelium growth of the R. solani isolates
tested was stronger at 15° than 25°C. The question arise,
whether this phenomenon, observed in vitro, might have prac-
tical consequences for the control of this fungus in warm
crops inwhich chandes for attack by this fungus are greatest
(Chapter VII). In this connection the high efficacy of Rovral
against R. solan? in the field trial under warm conditions
(Chapter VIII.4.a.) must be mentioned. This may be explained
as follows. Since the duration of the culture is shorter at
higher temperatures, a greater amount of fungicide might be
present during the most critical last period of the crop, at
least if we assume that these temperatures do not cause a
faster breakdown of the residue,

In field experiments, carried out on different types of
crops with different bottom rot pathogens, the dicarboximides
Ronilan and Rovral proved to be good substitutes for the com-
pounds of reference quintozene and thiram. The somewhat lower
activity of Ronilan against R. solan? in these and in in vitro-
experiments, will in most instances not lead to economically
lower yields (Tables VIII.3. and 7.).

In the trial with weakened young plants, Ronilan proved to
give excellent protection against B. einerea (Table VIII.6.).
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Although growers do their utmost to start from healthy young
material, late planting of weakened seedlings cannot always
be avoided.

In some countries dicarboximides resistant strains were
igsolated from crops, where these fungicides had been used fre-
quently (Beever and Byrde, 1982). However, in most cases the
disease was controlled. In recent experiments (not published)
B. oinerea isolates from a lettuce glasshouse the author found
a moderate level of iprodione resistance. The ED50 value for
© mycelium growth on agar was about 5 ppm, which is about ten
times as high as that for sensitive isclates. In this case the
disease was also controlled. There is still no evidence that
disease control in lettuce by dicarboximides is reduced, but
this should be watched carefully. The topic will be discussed
further in a broader context in the next Chapter IX "General

Discussion”.

The increased incidence of Pythium spp. after application
of specific fungicides, observed in other crops (Lockwood,
1970, guintozene; Williams and Ayanaba, 1975, benomyl and re-
lated products} also occurred after application of dicarboxi-
mides and quintozene in lettuce (Table VIII.10.). The results
obtained do not permit the conclusicn that this increase of
Pythium incidence caused so many more damaged leaves in the
heads, that econcmic loss occurred. This also depends on the
pathogenicity of the Pythium spp. in the different glasshouses.

Apart from sporadic cases when nematode attack is antici-
pated, no soil disinfestation is specifically practised for
the culture of lettuce. Soil fumigaticn with methyl bromide
is commonly carried out for the benefit of tomato cropping,
but because of cultural reascons applied just before the pre-
ceding crop, i.e. lettuce. See also Chapter I.l.b. The ef-
fects of methyl bromide on fungl are well-known. R. solani is
one of the fungi which are moderately sensitive to this com-
pound (Vanachter, 1979; Munnecke et al., 1978).
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So far, the disinfecting effect on this fungus in glass-
house soil in The Netherlands had not been investigated. In
the experiments, presented in Tables VIII.1l. and 12,, methyl
bromide caused a strong reduction of the RA. soleni population
in soil. Thereafter, local re-colonization may in some in-
stances very soon occur, but the soil may also remain free
from R. solant for a year. Therefore, the yearly nematicide
application of methyl bromide in the glasshouse district of
Zuid-Holland must be considered an important sanitary measure
against R, selani. The rare cccurrence of this fungus in let-
tuce from the mentioned district (Tichelaar, 1976, 1977) is
probably connected with this practice.

From the results in Chapter V.4.e. it also appeared that
the inoculum density of £R. sslan? in glasshouse soils treated
with methyl bromide within one year before lettuce planting
was only half to that in glasshouses that had been treated
more than a year agc or had not been treated regularly.

Fraom the results of Chapter V.4.c. it also appeared that ¢t
can be concluded that re-colonization occurs in foci, i.e. lo-
cal high inoculum densities may occur. It is possible there-
fore, that the observed clustered distribution of R. golani
propagules in soil (Chapter v.2.b. and 4.b.) is connected to
regular scil disinfestation.

VIII.6. SUMMARY

In vitro, bottom rot pathogens B. cinerea, R. golani, S. minor
and &, selerotiorum are sensitive to low dosages of the dicar-
boximides iprodione, procymidone and wvinclozolin. The "latter
compound appeared less active againgt R&. sclantz.

The activity of dicarboximides against R. sclani in vitro
was at 25°C less than at 15°C.

In field trials, carried out in different cropping periods
during which different bottom rot pathogens were present in
the crops, the effect of dicarboximides proved to be at least
egqual to that of the products of reference gquintozene and thi-
ram. Ronilan (vinclozolin) and Rovral (iprodione) have been
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therefore officially registered as substitutes for quintoczene
and thiram for the contreol of bottom rot in lettuce. Sumis=-
clex (procymidone) was somewhat phytotoxic when used for this
purpose.

It was observed that after the application of both guin-
tozene and dicarboximides  Pythfum spp. attacks increased.

Soil disinfestation with methyl bromide for control of nem-
atodes proved to be a good sanitary measure in reducing the
population level of A. sclani in soil. The significance of
this nematicide used in the culture of tomatoes, is discussed
in ccnnecticn with the lower incidence of R&. solani in the
glasshouse district of Zuid-Holland and the clustered distri-
bution of propagules of this fungus in scil.
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IX. GENERAL DISCUSSION

Econcmically, the most important harvesting periods for
lettuce are winter and early spring. In Chapter I, Introduc-
tion, the difficulties are mentioned, of complying with the
strict regulations with regard to pesticide residues, and on
the other hand growing a lettuce head that is sufficiently
heavy and compact to be graded export quality. This means
that high priority is given to a minimum use of pesticides.

' The above gives rise to two questions firstly, whether the
Pythium spp. damage as described in Chapter II and VIII require
chemical control. Secondly, which of the present fungicides
controlling gamycetes are acceptable. There was little informa-
tion available with regard to the economic importance of these
fungi in théa bottom rot complex (see also Blok and Van der
Plaats - Niterink, 1978).

Purther investigation is also required into the reasons for
the increase of Pythium spp. on plots treated with dicarboximides
or quintozene when compared with untreated plots (Chapter
VIII.4.d.). It is not known whether this increase of Pythium
gpp. is a general phencmencn or only occurs in special soils
under certain conditions. Pythiaceocus fungi are known to be
tolerant to the fungicides mentioned. The increase of Pythium
spp. could be due to differential fungicide sensitivity be-
tween these pathogens and their antagonists (Bellen, 1979).

It is possible that, because of the general use of quinto-
zene in. the recent past, as well as the use of benzimidazoles
and dicarboximides in the tomato crop that precedes the let-
tuce, the pathogenic significance of Pythium spp. has increased,
as has been demonstrated in other crops by Papavizas and Lew-
is (1979 b).

In Chapter VIII.4.e. the effectiveness of controlling &.
golani with methyl bromide has been demonstrated. According
to Van Assche et al. (1968, 1969) the population density of
Selerotinia spp. is also reduced by this chemical especially in
the upper soil layer.
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In a literature review, Vanachter ({1979} reports favourable
results in controlling Pythium spp. with methyl bromide in dif-
ferent crops. Sclerotia of Botrytis einerecare also killed

. (Van Assche et al., 1968), therefore methyl bromide can ke
expected to have a controlling effect on the initial soil-~
borne incculum which contributes tco the infection by these
fungi, It can be assumed that the annual treatment with meth-
vl bromide applied shortly before planting lettuce, but in-
dended for the succeeding tomato crop (see Chapter I.l.b.)
has a favourable side effect by preventing bottom rot in let-
tuce. When evaluating compounds to replace methyl bromide,
this aspect should alsc be considered.

The need for compounds to replace quintozene, the direct
occasion for the present study, was supplied by the introduc-
tion of dicarboximide fungicides which were active against
pathogens causing bottom rot with the exception of Pythium spp.
Because bottom rot usually starts in leaves that are in con-
tact with infested soil, the total so0il surface has to be
.treated shortly after planting. If the fungicide is applied
later, expanding lettuce leaves may cover part of the soil
surface, thus preventing complete protection. The efficacy of
this method, which has been for many years common practice in
The Netherlands, was recently demonstrated in England to con-
trol k. solan?t with iprodione (Clark and McPherson, 1981).

Frequent applications of dicarboximides may increase the
risk of developing resistance to fungicides as has been par-
ticularly demonstrated for B. eimerea in strawpberry and vine-
yards (Beever and Byrde, 1982). In Swiss vineyards, serious
attack of B. cinerea, associated with vinclozonlin resistance,
lead to the advice that this product should be used for the
first sprays only and other fungicides for the further appli-
cations (Pezet, 1982). The resistance level however, is usual-
ly not so high that the control with dicarboximides fails
(Beever and Byrde, 1982; Lorentz and Eichhorn, 1982; Leroux
et al., 1982). Evidence was obtained that moderately resist-
ant strains, which appeared to have normal fitness, still can
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be controlled by the usual doses of the fungicide, Highly re-
sistant strains appear to have a reduced fitness, and  ap-
‘parently do not readily build up a resistant pathogen popu-
lation. Losses due to disease control failure are therefore
not expected. This reduction is probably related to the ab-
normal sensitivity to high osmotic pressure of the highly
resistant strains (Beever and Byrde, 19%82).

In 1982 the author also obtained a low-resistant B. cinerea
isolate from glasshouse lettuce (unpublished), but no failure
of control was observed, In this connection it should be men-
tioned that dicarboximides in lettuce are applied only once.
In the preceding tomatc crop dicarboximides are used fre-
quently. To date in The Netherlands, breakdown of control of
B. cinerea has never been reported. Besides, resistant B. cine-
rea strains quickly disappear with infrequent treatments fLo-
rentz and Eichhorn, 1982).

Leroux et al. (1977) reported cross-resistance to dicar-
boximides, quintozene and dicloran of B. cinerea laboratory
strains. In The Netherlands, the latter compound is still
used in lettuce against B. einerea and Sclerotinia spp. In the
past, when quintozene and dicloran were generally applied,
no resistance was reported.

The author has no information on resistance of R, golant or
Salerotinia spp. to dicarboximides, The change that resistance
builds up till disease control breaks down, is considered to
be small because of low selection pressure as a result of
infrequent applications, the survival of sensitive forms in
the so0il, fhe slow spread of these fungi and the very restrict-
ed sporulation (Dekker, 1982), Should B. etnersea not be con-
trolled by dicarboximides, these compounds will remain use=
ful in controlling the other pathogens.

The risk of resistance can be reduced by the alternate use
of fungicides with a different mechanism of action (Dekker,
1982), especially against B. einerza in the preceding tomato

Crop.
Cultural measures can be very effective in controlling bot-
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tom rot, e.g. keeping the relative humidity in the glasshouse
as low as possible checks all pathogens. Bottom rot is also
reduced by choosing less sensitive or, even better, "upright”
cultivars. R, solani is sensitive to a temperature regime below
lOOC, therefore winter crops are less risky. B. cinerea is a
weak parasite, healthy plant material and regular plant de-
velopment are important, especially immediately after plant-
ing in a correct glasshouse climate.

Further investigations should prove whether the application
of fungicides can be optimized by cultural practices. A pos-
sibility is to reduce the dose in less sensitive "upright"
cultivars, In winter crops and on disinfected soil where the
chance the attack by R. solan? and Selerctinia spp., is small, it
may be possible to restrict chemical control to the use of
compounds that control Boirytlis only.

The possibilities of the biclogical control of bottom rot
were investigated by Newhook (1951)., He tried to control the
attack of the basal leaves by B. cinerea in outdoor lettuce
with antagonists (mainly bacteria). Although some positive
results were cbtained, the investigations were not continued,
prebably because effective fungicides became available. Koll-
morgen (1971) ceontreolled S. sclerottorwm in lettuce by the use
of small gquantities of stable manure. It is believed that here
the attack is limited by the stimulation of the antagonism in
the soil. Efficient natural biclogical control of Selerotinia
minor is assumed by Imolehin and Grogan (1980) in many fields
of an important lettuce growing area in the USA, )

Although there has been a great deal of research into bio-
logical contrel of soil-borne pathogens in the last ten years
in other crops, no biological agents have become commercially
available. Recently, some progress has been reported in the
biocontrol of the pathogens Pythiumspp., and R, solani in seedlings
{Harman et al., 1980). Papavizags and Lewis {1979, b) have alsoc
experimented with integrated control of B, solani in beans,
using a combination of ploughing, antagonistic microorganisms
and fungicides.
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Developments in the near future are likely to effect the
treatment of bottom rot. Firstly the use of methyl bromide
as a soil disinfectant is likely to be restricted or even
prohibited. Unless equally effective compounds should beccme
available, the inoculum density of R, solani and Selerctinia spp.,
possibly also of Pythi{um spp., will increase. It is questiona-
ble if the single soil treatment with dicarboximides will un-
der these circumstances be sufficient. Increased doses, as
well as more frequent applications will increase the risk of
exceeding the residu tolerance., The use of nutrient film as

"a growing medium for lettuce, by which typical soil-borne
pathogens are practically eliminated, does not fit into the
Dutch cropping plan (tomato-lettuce).

Secondly the use of plastic screens to limit the energy
costs will encourage pathogens growth. Because of this screens

the relative humidity is higher and the light intensity is
less, which results in an unbalanced plant growth and condi-
tions that are favourable for the increase of B. e¢fnerea,

A positive development is the increasing interest in the
~more tolerant "upright" cultivars. However, the assortiment
is yet too limited and the market value too low to enable
commercial cropping on a large scale.

Finally, investigations on the integrated control of soil-
borne pathogens are expected to continue and eventually may
result in future perspectives for the cultivation of lettuce.
At short notice, breeding of more "upright" cultivars togeth-
er with the application of lower doses of fungicides and ap-
propriate cultural measures are the best solution for the
optimization of bottom rot control.

130



SUMMARY

The basal parts of maturing glasshouse lettuce can be at-
tacked by several soil fungi, which cause bottom rot. Until
recently quintozene was generally applied against this dis-
ease complex., The study of the causal fungi -~ especially Rhi-
zoctonia solant — and thelr control was undertaken in view of
the need for quintozene replacing fungicides.

A survey revealed that Beirytis cinerea was the most frequent-
ly observed pathogen, especially in winter crops. The inci-
dence of Seclerctinia minor, Sclerotinia sclerctiorum, Pythium spp.and
Rhigoctonia solant was much lower. These fungi were more preva-
lent in autumn and late spring crops than in winter crops.
Many of the attacked heads were infected by more than one
pathogen. On an average disease severity caused by R. solant
was the highest and by Pythifum spp. the lowest. Trials showed
that on untreated areas the average leoss of lettuce heads of
export quality class caused by bottom rot was 17 per cent,
whereas on plots treated with appropriate fungicides this loss
was 5 per cent.

For the detection of RAR. solani in the so0il a relatively sim-
ple and fast paper disk bait method was improved and standard-
ized. In addition a time saving quantitative technique was de-
veloped by plating cut sieved soil clumps on a selective me-
dium.

The paper disk method proved that the horizontal dispersion
of R. golanit propadules in the soil of lettuce glasshouses is
not random, but clustered, This pattern could be characterized
by the negative binocmial distribution. Propagules were found
throughout the whole ploughlayer but the inoculum density de-
creased remarkly as the depth of sampling increased.

The average inoculum density on 62 holdings was low: 0.6
propaqule of R, solani per 100 g of soil. The individual glass-
house values were related to the period of sampling, soil dis-
infestation and the use of guintozene.

During winter crops the inoculum density remained low, in
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spring time the values were higher, especially at the end of
the cropping period. An attack of B. solan? in most lettuce
crops can be characterized as a "simple interest disease"
sensu Vanderplank. This implies that the reduction of the
initial inoculum in the soil is the most important factor in
the control strategy.

On a log-log scale there appeared to exist a linear rela-
tionship between the initial inoculum density of R. solani de-
termined with the paper disk method and the infections of let-
tuce heads. This indicates that this method of detection has
a disease forecasting value, A tentative threshold value of
initial inoculum density of 0.2-0.5 propagules per 100 g of
s0il was established, if the value is less than this no eco-
nomic loss need be expected.

Most of the R. goloni isolates from lettuce leaves that were
examined showed that the minimum temperature required for in-
fection was at least 9°C.

The incubation period at this temperature was from 11 - 15
days, whereas at 20°C less then 3 days. The linear extension
of the lesions on infected leaves was at 20°C about 8 mm per
24 hour. These data confirm the observations that on lettuce,
cropped during winter months with a low temperature regime,
the attack is minimal, and that in late spring crops with pe-
riods of high temperature the attack can progress very quick-
ly. Isclates were obtained with specific low temperature re-
quirements from a glasshouse with a winter crop which had
been severely attacked.

Rhigoctonia solani in lettuce appeared to be hygrophylic, but
free water is not necessary for the initiating of the infec-
tion process.

All seventeen glasshouse crops tested, in a host range ex-
periment, were attacked by R. solani.

In isclates obtained from diseased heads, three out of four
known European anastomis groups of R. solani occurred. The oth-
er, anastomis group 3 ("potato group”) was only found once a-
‘mong isolates from soil.

The dicarboximides, iprodione and vinclozolin, have proved
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in field and in vitro experiments, to be good replacements
for quintozene to contrel attacks of B. cinereq, R, solani and
Selerotinia spp. The infection by Pythium spp. appears to in-
crease when quintozene and dicarboximides are used. Further
research is necessary in order to establish whether the che-
mical control of Pythium spp. will be required economically.

Soil disinfestation with methyl bromide caused a large re-
duction of the inoculum density of R. solant.

Finally it has been discussed that the control of bottom
rot should be optimized by integration of the culture of the
more tolerant “"upright" cultivars, the management of appropri-
ate cultural measures and a reduced dose of fungicides.
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SAMENVATTING

Aanslag of smet van de onderste bladeren van rijpende kas-
sla kan veroorzaakt worden door verschillende bodemschimmels,
Tot voor kort was quintozeen het belangrijkste fungicide voor
de bestrijding van dit schimmelcomplex. De noodzaak tot het
vervangen van quintozeen was de aanleiding tot het onderzoek
van smet veroorzakende schimmels, in het bijzonder wvan Rhizoc-
tonia solani.

Botrytis cinerea werd het meest geisoleerd, vooral uit win-
terteelten. Selerotinia minor en 5. scleroticrum, Pythium spp. en
R. solani kwamen veel minder voor. Deze pathogenen werden meer
in de herfst- en late voorjaarsteelten aangetroffen dan in
winterteelten. De kroppen waren vaak door meer dan &&n patho-
geen aangetast. Gemiddeld tastte R. solant de kroppen het
zwaarst aan, Pythium spp. het minst.

Het verlies aan kroppen in de export-kwaliteitsklasse als
gevolg van smet bedroceg op proefveldjes die niet met fungici-
den waren behandeld gemiddeld 17 procent, op behandelde veld-
jes 5 procent.

Een betrekkelijk eenvoudige en snelle methode voor isola-
tie van R, solant uit grond (met papierschijfjes) werd verbe-
terd en gestandaardiseerd. Aansluitend werd een kwantitatie-
ve bepalingsmethode ontwikkeld door gezeefde grond op een se-
lectief medium uit te leggen.

Met de papierschijfjes-methode werd aangetoond dat propa-
gula van R, solani in de bovenste grondlaag niet volgens het
toeval zijn verdeeld, maar in "clusters", Dit patroon kan door
de negatief binominale verdeling worden beschreven. Door de
hele bouwvoor werden propagula gevonden, maar de inoculum-
dichtheid nam sterk af naarmate dieper bemonsterd werd.

De gemiddelde inoculum-dichtheid op 62 bedrijven was
slechts 0,6 propagula per 100 g grond. De waarden op de af-
zonderlijke bedrijven varieerden met het bemonsteringstijd-
stip, de uitgevoerde grondontsmetting en de toepassing van

quintozeen.
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Tijdens de winterteelten bleef de inoculum-dichtheid laag,
in het voorjaar werden hogere dichtheden gevonden, vooral te-
gen het einde van de teelt. In de meeste teelten kan de aan-
tasting door R. solan? als een “"simple interest disease®™ sensu
Vanderplank worden gekarakteriseerd. Dit houdt in dat verla-
ging van het aanvangsinoculum in de grond de belangrijkste
factor voor de bestrijding is.

Het aantal infecties van slakroppen bleek lineair gecorre-
leerd met de inoculum-dichtheid van R, golani in het begin van
de teelt, bepaald volgens de papierschijfjesmethode (beide pa-
" rameters na log-transformatie). Deze detectiemethode heeft
derhalve ziektevoorspellende waarde. Als voorlopige drempel-
waarde werd 0,2-0,5 propagula per 100 g grond berekend; bene-
den deze waarde hoeft geen economisch verlies verwacht te wor-
den.

Van de meeste R, solant isolaten, afkomgtig van sla, was de
minimum infectie-temperatuur boven 9%%. De incubatietijd be-
. droeg dan 11-15 dagen, bij 20°C minder dan 3 dageh. De line-
aire uitbreiding van de lesies op geinfecteerde bladeren was
bij 20°% gemiddeld & mm per 24 uur. Deze gegevens bevestigen
de waarneming dat de aantasting minimaal is in sla, geteeld
in de wintermaanden bij een laag temperatuursregime, maar dat
in perioden met hoge temperaturen de aantasting zeer snel kan
verlopen.

Rhigoetonia solani van sla bleek weliswaar hygrofiel te zijn,
maar vrij water is geen voorwaarde voor infectie.

_ In een be.smettingspfoef werden alle 17 onderzochte kas-
teeltplanten door R, solani aangetast.

Drie van de vier Europese anastomose-groepen werden in iso-
laten uit aangetaste kroppen aangetroffen. De andere, ("de
aardappel-groep™) werd slechts eenmaal uit de grond geisoleerd.

In laboratorium- en veldproeven bleken de dicarboximiden
iprodion en vinchlozolin het fungicide quintozeen voor de be-
strijding van B, cinerea, R. solani en Sclerotinia spp. goed te kun-
nen vervangen., Bij toepassing van quintozeen en dicarboximiden
bleek de infectie door Pythium spp. toe te nemen., Verder onder-
zoek ;al moeten uitwijzen of chemische bestrijding wvan Pythium
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spp. economisch noodzakelijk is.

De inoculum~-dichtheid van A. solani werd aanmerkeliik ver=-
laagd door grondontsmetting met methylbromide.

Tenslotte wordt geargumenteerd dat de bestrijding van smet
geoptimaliseerd zou kunnen worden dcor integratie van de teelt
van de minder gevoelige, rechtopstaande cultivars, adequate
cultuurmaatregelen en de vermindering van de hoeveelheid fun-
gicide.
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