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S T E L L I N G E N 
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Afwezigheid van directe nevenwerking van bestrijdingsmiddelen op nuttige 
organismen kan onder laboratoriumomstandigheden worden vastgesteld. 

II 

Gegevens over de inoculum-dichtheid van Rhizoctonia solani in de grond 
vóór de slateelt hebben ziektevoorspellende waarde. 

Dit proefschrift 

III 

De beschikbaarheid van effectieve bestrijdingsmiddelen betekent niet dat de 
behoefte aan resistente rassen zou verminderen. 

IV 

De anastomose-conceptie verdient meer aandacht bij het onderzoek naar de 
bestrijding van en de veredeling tegen Rhizoctonia solani. 

N.A. Anderson, 1982. Ann. Rev. Phytopathol. 20: 329 - 347. 
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In het kader van de optimalisering van het gebruik van bestrijdingsmiddelen 
dient bij de toelating de mate van resistentie van de gewassen betrokken te 
worden. 

VI 

Bateman's brede conceptie van de "dynamicnature of plant disease" en zijn 
"multiple-component" hypothese over Pathogenese en parasitisme kunnen 
zinvolle bijdragen vormen in de discussie over "gangbare" en "alternatieve" 
planteziektenkunde en gewasbescherming. 

D.F. Bateman, 1978. In: Plant Disease, vol. Ill, edited by 
J.G. Horsfall and E.B. Cowling, p. 53-83. Academie Press, New York. 
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VIII 
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teeltwijzen ook specifieke gewasbeschermingsproblemen met zich meebren
gen. 

IX 
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I. INTRODUCTION 

1 . 1 . THE CULTURE OF LETTUCE 

1 . 1 . a . Eaonomio8 

In The Netherlands, butterhead lettuce are together with 

tomato and cucumber one of the three most important glasshouse 

crops. The acreage under lettuce is the largest (2 700 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-Holland. 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

cessive 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 3 5 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 1.1. 

The main part of the direct production costs (i.e. exclud

ing labour costs) is plant material and, depending 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 and packing, ten per cent of 

these costs are for the remaining growing operations including 

crop protection. 

The data for this paragraph are taken from: Proefstation 

voor Groenten- en Fruitteelt onder glas (1979), Landbouw Eco-



Table I . I . : Price per 100 heads in Df l . in d i f f eren t 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 I n s t i t u u t (1981) and R i j k s i n s t i t uu t voor het Rassen-
onderzoek van cultuurgewassen (19 82). 

1 . 1 . b . Growing practices 

Lettuce i s grown on d i f f e r en t s o i l t ypes , in which the pH 
and, in s o i l s s en s i t i v e to drought, humus content should be 
not too low. Because l e t t u c e i s s en s i t i v e to s a l t s , the s o i l 
i s leached out by watering before cropping. Pr ior to p l an t ing 
the s o i l i s dug or ro tavated (to a depth of about 20 cm) and 
manured according to recommendations based on s o i l sampling 
a na ly s i s . 

In autumn before the l e t t u c e i s p lan ted , the s o i l i s u sua l 
ly t r e a t ed with methyl bromide to p ro t ec t the tomato crop t h a t 
follows l e t t u c e , aga ins t nematodes and Pyrenoehaeta lyaopersioi. 

This t reatment can not be done in spring before the tomato 
crop because the s o i l condi t ions a re too wet and cold as a r e 
s u l t of the heavy watering necessary for leaching out the b ro 
mide. 

Propagation of seedl ings takes place a t spec ia l i zed nurs 
e r i e s where p e l l e t ed seeds a re sown in b locks , u sua l ly meas
ur ing 4 x 4 x 4 cm. Soi l blocks of 5 x 5 x 5 cm with bigger 
p l an t s are used in order t o reduce the chance of drying out 
in warm per iods or to shorten the c u l t i v a t i on per iod . The du
r a t i on of propagation i s 15-60 days, depending on the season. 
The p l an t s in the s o i l blocks are p lanted in shallow ho le s ; 
only in very ea r ly and very l a t e crops blocks are then planted 
deeper t o avoid drying ou t . 



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. 
Autumn 25 Aug. - 15 Sept. 5 Sept.- 1 Oct. 20 Oct. - 1 Jan. 
Winter 15 Sept.- 25 Oct. 1 Oct. - 5 Dec. 1 Jan. - 1 Mar. 
Spring 25 Oct. - 25 Feb. 5 Dec. - 22 Mar. 1 Mar. - 1 May 
Late spring 
and summer 25 Feb. - 5 Aug. 22 Mar. - 20 Aug. 1 May - 15 Sept. 

Depending on the time of harvest, five cropping periods 

can be distinghished (Table 1.2.), each with specific growing 

requirements and cultivars. 

Planting density in warm cropping periods is 16-19 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 

II 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 choice of cultivars is mainly determined by cropping 

period and susceptibility to fungal diseases and physiologi

cal disorders. 

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 ratio of these to 

each other. Particularly in winter crops under restricted 



light and temperature conditions, it is difficult to combine 

satisfactory plant growth and adequate 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) is 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 control is given in Consulentschappen voor plante-

ziektenbestrijding (1981). The main problems are the follow

ing. In propagation nurseries downy mildew (Brerrtia laatuaae) 

and grey mould (Botrytis cinerea) may occur. B. laatuaae 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. cinerea. Besides the above mentioned diseases 

and pests, in planted lettuce bottom rot is a problem, espe

cially in maturing lettuce (see Chapter 1.2.). Tipburn and 

glassiness are the most important of the physiological 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, because the plant grows slowly and light is limited. Con

trol in most instances is restricted to one single application 

soon after planting. A later application is often not practi

cable because of safety intervals or the very 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). 

1.2. BOTTOM ROT 

1. 2 . a. Pathogens 

Bottom rot is characterized by a soil-borne decay (in Dutch 

"aanslag" 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 cutting 

more laborious and can reduce lettuce quality class and head 

weight significantly. 

Until 1963 in The Netherlands, Botrytis cinerea, Sclerotinia 

sclerotiorum and S. minor were considered to cause bottom rot. In 

1963 Verhoef f and Thijssen isolated Rhizoctonia 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 R. solani was rec

ognized as the causal fungus (Townsend, 1934) . 

Kooistra et al. (1974) observed that "black rot" is often 

nonspecific; in many instances in which the practical diagno

sis indicated R. solani as the causal fungus, heads appeared 

to be infested by B. cinerea and to lesser extend by R. solani 

and Sclerotinia spp. Pythium 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 B. cinerea. The pathogens 

Sclerotinia 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. 



The observed occurrence of Pythium spp. as a component in 

the bottom rot complex led to taxonomie investigations by Blok 

and Van de Plaats - Niterink (1978) . Besides to P. sylvatieum, 

a common species in Dutch soils, an unknown species was found, 

which the authors described as P. uncinulatum nov. sp. Some iso

lates were identified as P. traaheiphilum. From pathogenicity 

tests the authors concluded that P. unicinulatum and P. traahei

philum 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 Botrytis cinerea, Rhizoctonia solani and Sclerotinia 

spp. in most instances, consisted of one single pre-planting 

soil surface application of quintozene 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 quintozene. In this connection re

search into fungicides to replace quintozene 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 

spp. 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 19 78, iprodione (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 R. solani, 

Ronilan against Sclerotinia 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 Sclerotinia spp. only. 

Tolylfluanid, registrated in 1982 for the control of B. ci

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 quintozene. 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 soil thus often es

caping soil borne pathogens. The lower leaves of other culti

vars turn yellow less quickly, thus offering resistance to B. 

cinerea 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. cinerea attack. In this connection a 

correct temperature-light ratio and a relative humidity which 

is 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 to all other bottom rot 

fungi. Harvesting in good time can also reduce losses. In suc

cessive crops remnants of the previous crop should be care

fully removed. 



1.3. AIM AND OUTLINE OF THE PRESENT STUDY 

In the previous paragraph (Chapter l.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. solani. 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-parasite relationship in 

the specific situation of glasshouse lettuce growing in The 

Netherlands appeared to be underinvestigated with regard to 

the optimum control of R. solani. 

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 following 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 R. solani isolates from glasshouse 

soil and lettuce. In view of the soil-borne character of R. 

solani attack, methods for the isolation 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. solani, namely inoc

ulum density, temperature and relative humudity are investi

gated in Chapters VI and VII. Investigations end with experi

ments on the chemical control of the bottom rot fungi B. cine

rea, R. solani and Sclerotinia spp. (Chapter VIII) . A general dis

cussion of the results is given in Chapter IX. 



II. BOTTOM ROT PATHOGENS: OCCURRENCE AND CROP LOSSES 

11.1. INTRODUCTION 

According to data from literature mentioned in Chapter 1.2. 

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., Sclerotinia 

spp. or Rhizoctonia solani 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 and 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 questions. 

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

tif ication of bottom rot pathogens, 

c. occurrence of the pathogens and resulting disease incidence 

and severity, 

d. crop losses due to bottom rot fungi. 

11.2. SYMPTOMS 

In most instances bottom rot appears as a brownish-black 

discolouration of the lower leaves, followed by decay, some

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 following lines the symptomatology of the fungi in

volved are described, based on many observations of attacked 

plants and heads, and checked by microscopic identification 

after plating of diseased tissue on agar. 



Rhizoctonia solani ("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

tioles 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 

soil 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. 

Another 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 eye and dense mycelium on more decayed 

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 

quickly (within a week). 

Young plants in soil blocks may be attacked if the water

ing regime is incorrect resulting in drooping leaves to the 
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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 occurs 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. cinerea are spreading spores and, if the at

tack is heavier, the plants wilt as result of a disorganized 

stem base. 

Sclerotinia sclerotiorum and Sclerotinia minor ("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 a more 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 S. sclerotiorum and 1 mm in S. minor) can 

be found. The latter symptom is characteristic for "Scleroti

nia rot". 

Pythium s pp. 

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

colate coloured 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 Pythium 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 be able to identify the 

pathogens, diseased plant parts need to be plated out. It is 

also known that diseased tissues can harbour several pathogens. 

For this reason it is possible for fast-growing fungi such as 

B. cinerea and Pythium spp. to overgrow certain R. solani strains 

which develop much more slowly on agar. The incidence of R. 

solani 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 R. 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 Py-

thium spp., dicloran on Sclerotinia spp. R. solani is relative

ly insensitive to these compounds. In a previous experiment it 
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Table II.1.: ED values in ppm a.i. furalaxyl plus dicloran in cherry 
agar for mycelium growth inhibition of bottom rot pathogens. 

Pathogen ED5n ̂ n Ppm a>*- furalaxyl 
plus dicloran (1:1 mixture) 

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

was found that of the Pythium spp. which are found in lettuce 

(P. irreguläre, P. mamilatum, P. tracheiphilum, P. uncinulatum and P. ul

timum, see Blok and Van der Plaats - Niterink, 1978), P. irregu

läre 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 ED,-n values of the mixed compounds for R. 

solani was > 128 ppm. The other fungi tested were inhibited at 

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.2. 
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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. 

Pathogen(s) 
Number of heads 

selective agar cherry agar 

Rhizoctonia solani (R) 33 0 

Botrytis cinerea (B) 0 9 

Pythium spp. (P) 0 1 

B + R 0 30 

P + R 0 2 

B + P + R 0 1 

No pathogen 10 0 

Total R 33 33 

From the results obtained with cherry agar it appeared that 

R. solani could be isolated from 33 out of 43 heads; namely in 

combination with B. cinerea (30 x) , with Pythium spp. (2 x) and 

once with both these fungi. Sa Zero tinia 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 results indicate that the use of cherry agar for 

identification of fungi present in the same head will not lead 

to an underestimation of R. solani due to overgrowth by B. cine

rea or Pythium spp. But it has to be 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 severity of attack caused by these pathogens in 

plots without fungicides are reported in this section. Inves

tigations covered eleven crops from five holdings, indicated 

as A, B, C, D and E. 
o 

Per crop 3 0 - 7 2 heads from 2 - 6 untreated plots (4.5 m ) 

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. From 

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 B. cinerea. The disease index amounted to 2.8. 

All the heads on holding B (Table II.3.) were also diseased 

mostly by B. cinerea 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 somewhat higher than in 

case of the separate pathogens (i.e. 2.3). In this crop Sclero

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. cinerea (dis

ease index 1.1.). 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 Pythium spp. lowest (dis

ease index 2.1.). The combined attack took an intermediate 

position (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. cinerea and R. solani or a com-
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Table I I . 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) a t harvest . Disease index 0 = nc a t tack, 
5 = heads not marketable. 

Glasshouse 

Cropping period 

Number of heads examinated 

Pathogen(s) 

No pathogen 

Botrytis cinerea (B) 

Pythium spp. (P) 

Rhizoctonia solani (R) 

Sclerotinia spp. (S) 

B + P 

B + R 

B + S 

P + S 

B + P + R 

heads 

% 

0 

93 

7 

A 

winter 

30 

disease 

index (0-5) 

2.8 

1.5 

heads 

% 

0 

32 

17 

5 

7 

27 

10 

2 

2 

B 

late autumn 

60 

disease 

index (0-5) 

2.3 

2.3 

1.7 

1.8 

2.8 

2.8 

2.0 

2.0 

b i n a t i o n of bo th ( a lmost 90 p e r c e n t ) . D i s ea se s e v e r i t y was 

e q u a l l y h igh f o r bo th p a thogens ( d i s e a s e index 2 . 2 - 2 . 3 ) . Also 

i n t h e s e cond , l a t e s p r i n g c r o p , B. cinerea and R. solani. were 

t h e dominant p a t hogen s ; B. cinerea s c o r ed a d i s e a s e i ndex of 

2 . 3 and R. solani a l o n e or i n combina t ion w i t h B. cinerea 3 .2 and 

3 .3 r e s p e c t i v e l y . In t h i s c rop Pythium s p p . were r a r e . 

A comparison of t h e s e s u c c e s s i v e c rops on t h i s h o l d i ng 

shows i n bo th c r ops a hundred p e r c e n t a t t a c k by R. solani o r 

B. cinerea o r a c ombina t ion of b o t h . In t h e second c u l t u r e , 

c ropped i n a warmer p e r i o d , t h e d i s e a s e s e v e r i t y caused by R. 

solani was much h i g h e r t h an i n t h e f i r s t c r o p . 

On h o l d i ng E (Table I I . 5 . ) f i v e c r op s were a n a l y s ed d u r i ng 

two s u c c e s s i v e y e a r s . In t h e f i r s t c rop ( 7 9 - 1 ) , a l l heads were 

a t t a c k e d : 47 p e r c e n t by B. cinerea and 53 p e r c e n t by B. cine

rea p l u s Pythium s p p . o r by Pythium s p p . a l o n e . The d i s e a s e s e -

16 



•y 
o 
n 
g 
o 
JJ 
•p 
o 
XI 
en 
e 

•rH 
m 
a 
10 
o 

0> 
01 
•o 
a 
01 

-H 

•P 
•H 
M 
ai > 
01 
01 

•o 
C 

01 01 
c 
<D 10 
C Ol 
O U 

Xi 
c 
3 

•a m 
c <u 

c 
o 

01 
c 

•H 

E 

01 
-p 
01 
•a 

XI 
10 
•P 
01 
M 
ri 

s 
•P 
O 

c 
01 

T3 
10 
0) 
X 

0 o 
01 4-1 

-H 
oi e o 

10 

to JJ 

o 
IH o 
o c 

ai 
rH 
XI 

« E-i 

(U 
(1 
U 
3 
ai 

X 
0) 
T1 
C 
•H 

a 

u 

o> 
ta 
3 
0 

Xi 
01 
01 
10 
rH 
O 

Oi 
c 

•H 
IH 
a 
01 

01 
-P 
10 

•H 

0> 
G 
•H 
14 
0 . 
01 

Oi 
c 

•H 
u 
D, 
01 

01 
4J 
10 

rH 

0> 
c 

•H 
U 
a 
01 

• a 
0 

- t 
M 
01 
a 
o> 
G 

•H 
a 
0 . 
0 
u 
u 

01 
•4-1 
10 
c 

•a « 
ai 

3 
2 

01 
oi X 
10 0) m 
0) "O 
01 C 

I 

•H -^ 

•a 
m 
a 

Xi 

<i> 
01 
10 
m 
01 

dP 

X 
0) 

• 0 
c 

.r-» 
m 
i 

o 

01 
T> 
10 
0) 

j = 

a) 
01 
m 
(U 
01 

dp 

X 
01 
•w 
c 

*-» m 
i 

o 

T) 
m 
a> 

XI 

(1) 
01 
10 
01 
01 

•H 
•0 

01 
- 0 
10 
C) 

X I 

dP 

X 
01 

X I 
c •H 

dP 

^̂  i n 
i 

o 
*-* 

01 
c 
01 
o» 
o 
x; 
•P 
n) 
eu 

o m 

o rn o os 

CN in m 
CN rH CM 

VO rH 

IN (N 
o o 
CO m 

c 
0 
Ci 
0 

Xi 
•P 
10 
a 
0 
a 

10 
01 
ri 
0) 
C 

•H 
0 

01 
•H 
-U 
>1 
rJ 
•P 
0 
03 

«— a, 

• u. 
o« 
01 

B 
3 

•H 
XI 
4J 
>1 
P. 

G 
10 

rH 
O 
»1 

10 
•rH 
C 
o 
•P 
o 
o 
N 

•H 

Ü 

• a 
a 
01 

10 
•H 
C 

•H 
-P 
0 
U 
01 

•H 
u 

U] 

04 PS w « eu 

PQ CQ PQ Û4 CQ 

17 



«J m 
9 -9 

Ù 
| 8 

s, 
I 

a * 
a 

1 s 

3 W 

§ s 

! ! 

'I B 

H ° 

I 

f 

"8 

! 

5 

? o 
00 

A 
CO 

3 * * 

13, 
Ü 

if A 

3 
5 2 

flï 

^ -H O 

pi H' N' 

m O O CM 
V N <N CN 

c» ^ t-H m m *r 

o r- ^ 

o Ê -S -3 

•H 8 S e< os os 
Ü 3 rj H + + + 

2 f f l £ T f f i u a c Q o a c t 4 
a 

18 



verity for B. cinerea was highest (disease index 2.3),.for Py-

thiwn spp. and the combination with B. cinerea somewhat lower 

(disease index 1.3 and 1.1 respectively). In the following 

spring crop (79-2), beside B. cinerea (64 per cent), R. solani 

alone or in combination with B. cinerea was found. The disease 

index for the attack by R. solani was 1.5, the index for R. so

lani alone was much higher (disease index 4.5). In combination 

with B. cinerea 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. solani is striking. 

In 19 80, 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. cinerea 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 diseased, mainly due to Pythium spp. (40 per cent) 

and R. solani (33 per cent) and 8 per cent due to combination 

of the two. The disease severity caused by R. solani was much 

higher than by Pythium 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. solani were less prevalent. In 1981 

Pythium spp. and R. solani were the main pathogens. In both years 

the disease severity in R. solani was highest, especially in 

the crops cultivated during warm periods. 

The observations of eleven crops at five holdings give rise 

to the following conclusions. Eighty to a hundred per cent of 

the heads of most crops were attacked; in some instances 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 fungus. Two crops were attacked by 
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B. cinerea alone and one crop by Pythium spp. alone. 

B. cinerea was found on most holdings, followed by Pythium 

spp., R. solani and Sclerotinia spp. This conforms the reports 

of Kooistra et al. (1974) and Tichelaar (1976,1977). 

The severity of disease per crop showed a great variation. 

In most instances B. cinerea 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 periods. This 

is in agreement with the findings of Kooistra et al. (1974) 

and Tichelaar (1976, 1977). There is little correlation be

tween the successive crops and the attack. However, when R. 

solani is found in the preceding crop, incidence as well as 

severity will be greater in the following (warmer) cropping 

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 

yield data from 28 glasshouse trials were analysed. In a num

ber of holdings R. solani and Sclerotinia spp. were known to oc

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 components 
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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 variance. 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). Also 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 1.2.) . 

The average percentage of heads of export quality 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 class 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 
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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.l.b.). It appears 

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 quality 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 loss 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 considered (see Chapter 

I.l.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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II.6. SUMMARY 

From observations on diseased plants and heads from many 

commercial glasshouses, bottom rot symptoms were described, 

caused by B. cinerea, Pythium spp. , R. solani and Sclerotinia 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. cinerea was found in almost every 

crop. The incidence of Pythium spp., Sclerotinia spp. and R. 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 R. 

solani especially in warm cropping periods, least by Pythium 

spp. 

The incidence of Pythium spp. , Sclerotinia spp. and R. solani 

was higher in warm cropping periods, S. 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 be 

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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III. CHARACTERISTICS OF RHIZOCTONIA SOLANI 

III.l. INTRODUCTION 

In the previous chapter the parasitic occurrence of Rhizoc

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. solani (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. solani 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, 19 76; Kuninaga et al., 

1979) . According to Sherwood (1969) , each anastomosis group 

is characterized by distinctive morphologic, pathologic and 

physiologic 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 out that one crop, e.g. sugar beet can be 

attacked by strains belonging to at least two anastomosis 

groups (Herr and Roberts, 19 80) 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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III.2. MATERIALS AND METHODS 

Host range experiments 

The susceptibility to R. solani isolates from soil (R 200-00-

79 and R 201-04-79) of the glasshouse plants listed in Table 

III.l. was determined. From each crop 1-2 weeks old 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 

soil). Each container held 3-5 plants and there were three con

tainers per object. Containers filled with non infested soil 

served as a control. 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 were 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 für Land- und Forstwirtschaft, Berlin-Dah

lem, BRD. These groups correspond with the AG-groups 1, 2, 3 

and 4 respectively of Parmeter et al., (1969). 

Thirty five glasshouse isolates were tested, 11 isolates 

originated from soil 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 group as the tester strain, if hyphal contact with 

cytoplasmic fusion was observed (Parmeter et al., 1969). 

111.3. 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 crops tested 

(Consulentschappen voor planteziektenbestrijding, 1981). 

111.4. ANASTOMOSIS GROUPS 

From the results obtained (Table III.2.) it appears that 

all four European R. solani anastomosis groups were found in 

35 isolates obtained from soil or lettuce heads on 13 holdings. 

Two isolates from soil 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 Solana-

aeae, 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 Rhizoctonia eolani 

iisolates obtained from soil and lettuce of different glasshouses. 

Glasshouse 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

Isolate 

200-00-79 
-01-
-03-
-04-

408-02-79 

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 
-01-

411-00-79 

412-00-79 

413-00-79 

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

Source Anastomosis group 

soil 

lettuce 

soil 

lettuce 

lettuce 

lettuce 

lettuce 

lettuce 

lettuce 

lettuce 

lettuce 

lettuce 

lettuce 

lettuce 

lettuce 

AG-4 
AG-4 
j 

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-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 observed, e.g. AG-1 and AG-2. 

All three isolates from lettuce in glasshouse 2 belonged 

to AG-1, whereas in the soil 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 R. solani in glasshouse soil's 

(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 based on the 

fact that older plants have moved into 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 III.l. it also appears that, on some of the 

crops tested, R. 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 R. solani 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 VIII.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. solani 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. solani 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 isolates 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, root rot and 

foliage blight). This aspect has not been included in the ex

periments . 

But during the evaluation of disease attack in lettuce 

heads it 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 Anderson (1982) the principle of the anastomo

sis 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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