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Suppl. 1, 253-283 
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Ciferri, R. (1954). Atti 1st. bot. Univ. 
Lab. crittogam. Pavia 10, 245-246 
Ellis, M.B. (1976). In More Dematiaaeous 
Hyphomyoetes. Commonwealth Agricultural 
Bureaux, Slough. 
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Heath, M.C. (1980). Phytopathology 70, 
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Doke, N. & Tomiyama, K. (1980). Physiol. 
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Lewis, D.H. (1973). Biol. Rev. 48, 261-278 
Cooke, R.C. & Whipps, J.M. (1980). Biol. 
Rev. 55, 341-362 

Î./Ï 



VI 

Het is onwaarschijnlijk dat het systemisch fungicide efosiet-aluminium 
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Hai, V.T., Bompeix, G. & Ravisé, A. (1979). 
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Het model voor de organisatie en strekkingsgroei van de primaire celwand 
van dicotyle planten, opgesteld door Albersheim en medewerkers, is voor 
kritiek vatbaar. 

Keegstra, K., Talmadge, K.W., Bauer, W.D. 
& Albersheim, P. (1973). Plant Physiol. 51, 
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Monro, J.A., Penny, D. & Bailey, R.W. (1976). 
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VIII 

Vele plantaardige polyacetylenen ontlenen hun biologische werking mogelijk 
aan hun fotodynamische activiteit. 

Towers, G.H.N. (1980). Prog, in Phytoahem. 
6, 183-222 

IX 

De biotoetsen die tot nu toe gebruikt worden in onderzoek naar de moleculaire 
basis van cultivar-specifieke resistentie, zoals de inductie van necrose, 
accumulatie van fytoalexinen, lignificatie en vorming van callose, zijn 
waarschijnlijk ongeschikt voor het opsporen van "specificiteitsfactoren". 

Veranderingen in antigene eigenschappen van het celwand oppervlak zouden 
voor parasitaire schimmels een mechanisme kunnen zijn om aan de natuurlijke 
afweer van hun waardplant te ontsnappen. 

XI 

De verhouding tussen ontwikkelde en ontwikkelingslanden lijkt op die tussen 
de hoofdpersoon en zijn slachtoffer in het gedicht van L. Tolstoj: 
"Ik zit op iemands rug, doe hem naar adem snakken en laat mij door hem 
dragen. En toch blijf ik tegen mijzelf en anderen zeggen dat ik medelijden 
met hem heb en zijn last zou willen verlichten, door te doen wat ik kan, 
behalve door van zijn rug af te gaan". 

XII 

De uitvinder van het schaakspel is vrijwel zeker een voorstander van de 
emancipatie van de vrouw geweest, daar de koningin oppermachtig is en de 
koning schaakmat gezet dient te worden. 

P.J.G.M, de Wit. 
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INTRODUCTION 

General. 

Plants at all stages of their life cycle are exposed to many potentially para

sitic microorganisms. Under favourable conditions of moisture and temperature 

these microorganisms may attempt to infect plants. These attempts, however, often 

fail and most plants remain healthy. Resistance of plants to parasites appears 

to be the rule and susceptibility the exception. Usually, parasitic microorga

nisms have a highly limited host range. 

The term specificity in plant-parasite interactions is used to refer to 

the ability of an infectuous agent to cause disease in particular plants, but 

not in others. Many gradations of specificity exist: there are parasites 

attacking many plant species, only one species, or only a few cultivars of a 

given species. We shall mainly deal with the last mentioned kind of specificity, 

viz that between cultivars and races of a single parasitic species. 

Cultivar-speoifio resistance. 

Cultivar-specific resistance is observed with many biotrophic and obligate 

parasites. Flor [10, 11] who studied the inheritance of resistance and virulence 

in flax, Linum usitatissimum, and the flax rust fungus, Melampsora Uni, 

respectively, introduced the gene-for-gene hypothesis. This hypothesis is now 

thought to hold in many other host-parasite interactions \]\ . 

The gene-for-gene concept states that for each gene conditioning avirulence 

in the parasite there is a corresponding gene conditioning resistance in the 

host plant. The gene-for-gene concept implies that specificity is associated 

with the incompatible interaction. Hypersensitivity, callose deposition, 

lignification and phytoalexin accumulation are host responses which are always 

strongly associated with incompatibility [8, 16, 17]. 

Keen and coworkers |J2, 13, 14] and Bruegger & Keen [6] claim that in the 

interactions Phytophthora megasperma var. soj'ae-soybean and Pseudomonas glyoinea-

soybean, respectively, the accumulation of the phytoalexin glyceollin is the 

cause of resistance. Accumulation of glyceollin would be specifically induced 

by race-specific molecules (elicitors) produced by avirulent races. Ayers et 

al. [3, 4, S] and Albersheim & Valent |_2] , however, reported that elicitors 



isolated from culture filtrates and cell walls of Phytophthora megasperma var. 

sojae were neither race nor cultivar-specific with respect to the accumulation 

of the phytoalexin glyceollin. Similar results were obtained by Anderson QfJ 

in the interaction Colletotrichum lindemuthianum-bean. 

The question whether elicitors of phytoalexin accumulation and other 

possible host defence responses like hypersensitivity, callose deposition or 

lignification are race-specific or not, should be answered in order to judge 

whether these responses are the cause or merely the consequence of resistance. 

Aim and outline of the present study. 

At the time we started this physiological study of cultivar-specific resistance 

of tomato plants to Cladosporium fulvum, the theory about specific elicitors of 

phytoalexin accumulation had been introduced by Keen |14j. This theory gave a 

new impulse to research on (i) the possible role of phytoalexins in cultivar-

specific resistance, and (ii) the mechanism of induction of phytoalexins. 

The host-pathogen interaction Cladosporium fulvum-tamato was thought to be 

an suitable system for study. Moreover, Van Dijkman & Kaars Sijpesteijn Ql8, 19, 

2Ô\ had reported at that time most interesting data about a biochemical mecha

nism for the gene-for-gene resistance of tomato to Cladosporium fulvum. They 

claimed that high molecular weight components present in culture filtrates of 
32 

avirulent races of Cladosporium fulvum increased the rate of leakage of P 

from labelled leaf discs of resistant tomato varieties. 

However, we could not confirm their results neither with tomato leaf discs, 

nor with tomato leaf mesophyll protoplasts, it is true that Cladosporium fulvum 

indeed does produce toxins damaging the host plasma membrane, but these appeared 

neither race nor cultivar-specific. Similar results were obtained by Lazarovits 

& Higgins [15] and Dow & Callow [9] . 

These results prompted us to study this host-pathogen combination along 

another line. In the present work several aspects of cultivar-specific resis

tance of tomato plants to Cladosporium fulvum have been studied. 

Ultrastructural changes in both compatible and incompatible inter

actions were studied in order to obtain a greater understanding of the time 

course of the resistance response viz localization of the fungus and the killing 

of the host cells. Such a study might also be helpful in further research on the 

biochemical nature of the mechanism of cultivar-specific resistance. 

An initial approach of the molecular basis of cultivar-specific resistance 

was to look for differential de novo synthesis of polyadenylic acid (poly-A)-

containing messenger RNA (m-RNA) coding for de novo protein synthesis which 



would be required for phytoalexin-mediated disease resistance. Yoshikawa et al. 

(21, 22j had obtained evidence that in disease resistance of soybeans to 

Phytophthora megasperma var. sojae de novo poly (A)-containing m-RNA synthesis 

was associated with de novo synthesis of enzymes involved in glyceollin produc

tion, a phytoalexin thought to be the cause of resistance in this disease. 

It has been investigated whether differential changes in soluble leaf 

proteins occur in compatible and incompatible interactions. The possible role 

of phytoalexins with respect to fungal growth inhibition in incompatible inter

actions was studied. As differential accumulation of phytoalexins occurred in 

compatible and incompatible interactions it was investigated whether the phyto

alexins involved could be induced specifically by elicitors of avirulent races 

of Cladosporium fulvum. The chemical composition and structure of these elici

tors were also studied. 
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A LIGHT AND SCANNING-ELECTRON MICROSCOPIC 
STUDY OF INFECTION OF TOMATO PLANTS BY VIRULENT 

AND AVIRULENT RACES OF CLADOSPORIUM FULVUM 

by 

P.J.G.M. de Wit 

ABSTRACT 

Infection of tomato plants by Cladosporium fulvum Cooke was studied by using 

light and scanning-electron microscopy. Races 1.2.3 and 4 of Cladosporium 

fulvum were used, whereas tomato cultivars, carrying the Cf2 gene (susceptible 

to race 1.2.3 and immune to race 4) and the Cf4 gene (immune to race 1.2.3 and 

susceptible to race 4) served as differentials. No differences were observed 

in growth between compatible and incompatible combinations during germination, 

subsequent formation of runner hyphae and stomatal penetration. Runner hyphae 

did not show directional growth towards stomata. 

Penetration usually occurred on the third or fourth day after inoculation. 

In compatible combinations the fungus grew intercellularly, often in close 

contact with spongy mesophyll cells. Under optimal conditions it dit not cause 

visible damage to plant cells during early stages of infection. Under subopti

mal conditions in winter, the host cells often reacted with callose deposition, 

but growth of the fungus did not appear to be inhibited. Ten to twelve days 

after inoculation conidiophores emerged through the stomata and produced 

conidia. 

In incompatible combinations fungal growth was arrested one to two days 

after penetration and confined to stomata and surrounding cells. Very soon the 

host cells, in contact with the fungus, deposited extensive amounts of callose. 

Later these cells turned brown and collapsed. At the surface of the host cells, 

contacted by fungal hyphae, abundant extracellular material could be observed 

by scanning-electron microscopy. 

Removing the epidermis of leaves before inoculation delayed the resistant 
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response. On stripped leaves the rate of fungal growth was equal for both in

teractions up to ten days after inoculation, but the incompatible combination 

lacked sporulation. 

INTRODUCTION 

Cladosporium fulvwn Cooke causes leaf mould of tomato {Lyaopersiaon esaulentwn 

Mill.). Many physiological races of the fungus are known (Hubbeling, 1966). In 

the cultivated tomato there are several genes for resistance, originating from 

wild tomato species (Kooistra, 1964; Hubbeling, 1968, 1971). A gene-for-gene 

relationship has been proposed (Day, 1956; Kooistra, 1964). The genes for re

sistance condition different reactions. Plants carrying resistance genes Cf2 

and Cf4 react after infection by an avirulent race with very restricted lesions, 

not visible with the naked eye. This type of high resistance is called immunity 

(Hubbeling, 1971; Lazarovits & Higgins, 1976a, 1976b). In contrast, plants 

carrying resistance genes Cf1 and Cf3 permit some fungal growth and even some 

sporulation. Bond (1938) studied the combination tomato-Cladosporium fulvum by 

light microscopy. Since then, many new races have appeared and many genes for 

resistance were introduced by breeding. 

In view of this, it would be of interest to study ultrastructural charac

teristics of different host-pathogen combinations. While this study was under

way new histological and ultrastructural data on the interactions of Clado

sporium fulvum race 1 with susceptible (CfO gene), resistant (Cf3 gene for 

resistance) and immune (Cf2, Cf4 genes for resistance) tomato plants were 

published (Lazarovits & Higgins, 1976a, 1976b). The present study is meant as 

an introduction to a physiological study on resistance and susceptibility of 

tomato plants to various physiological races of the fungus. 

In this study, races 1.2.3 and 4 were used, whereas "Vetomold" (carrying 

the Cf2 gene for resistance, susceptible to races 1.2.3 and immune to race 4) 

and "Purdue 135" (carrying the Cf4 gene for resistance, immune to race 1.2.3 

and susceptible to race 4) served as differentials. Later on, also near-isogenic 

lines of "Moneymaker", carrying resistance genes Cf2 and Cf4, were used. 

Preliminary results of this study have been published elsewhere (De Wit and 

Hinwegen, 1976). 

MATERIALS AND METHODS 

Plants. 

13 



Seed of tomato "Purdue 135", "Vetomold" and the near-isogenic lines of "Money-

naker" carrying the resistance genes Cf2 and Cf4 (generously supplied by Mrs 

I. Boukema, IVT, Wageningen) were sown in trays with peat soil (Trio no. 17); 

seedlings were transplanted in pots (diameter 18 era) after two weeks. Plants 

were kept in a greenhouse between 20 C and 25 °C at 60% relative humidity. 

Light intensity was kept between 10000 and 15000 lux for 12 hours each day by 

shadowing the greenhouse in the summer with lime if necessary and supplementing 

with incandescent light from HPLR-400 Vv' lamps (Philips) during the winter. 

The fungus. 

Monospore cultures of Cladosporium fulvum race 1.2.3 and race 4 (kindly supplied 

by Mr N. Hubbeling, IPO, Wageningen) were subcultured on potato-dextrose agar 

at 22 C. Twice a year races were reisolated from susceptible tomato varieties, 

to ensure that they retained their virulence. Conidia from three-week-old 

cultures on potato-dextrose agar were used for inoculation. 

Inoculation, 

a) Intact plants. Tomato plants of six to seven weeks old were used for inocu

lation. The fourth or fifth leaf was inoculated at the lower side by spraying 

with a conidial suspension in water (10 conidia ml ) . After drying plants 

were incubated in plastic boxes. During the first day relative humidity was 

kept at 100% by keeping the boxes completely closed; afterwards, relative humi

dity was maintained between 35% and 100%, by slightly opening the boxes at day 

time and closing them at night. Temperature varied between 19 C and 24 C and 

light intensity between 10000 and 15000 lux. 

b) Excised stripped leaves. In a few experiments excised leaves, with the 

cut ends of the petioles covered with moistened cotton wool, were placed in 

Petri dishes (diameter 15 cm) containing moistened filter paper and incubated 

in a climate room at 20-24 C. Light intensity was 10000 lux for 16 hours a day, 

supplied by white fluorescent tubes (Philips 60 W ) . The lower epidermis of the 

leaves was removed prior to inoculation, so that conidia and germinating fungal 

hyphae were in direct contact with the mesophyll cells of the leaves. 

Light, fluorescence and scanning-electron microscopy. 

Samples were taken at different times after inoculation. To assess gemination 

and penetration of the fungus, epidermal strips of inoculated leaves were ex

amined under the light microscope after staining in a solution of cotton blue 

14 



in lactophenol. 

To study growth of the fungus inside the leaf, leaf discs were fixed in 

2.51 glutaraldehyde in 0.1 M phosphate buffer, pH 7, and dehydrated in an ethanol 

series. For ordinary light microscopy fixed leaves were stained in lactophenol-

cotton blue and for fluorescence in 0.1 % aniline blue in 1/15 II K,P0., pH 12.2, 

for at least three hours. Observations were made under a Wild microscope after 

the method of Shimomura & Dijkstra (1975). Starcli was stained with a solution 

of iodine and potassium iodide. 

For scanning-electron microscopy, leaf discs were fixed in the same way as 

described for light microscopy (a few samples were postfixed in 2% OsO.). After 

dehydration in ethanol leaf discs were gradually transferred to amyl acetate in 

a series of ethanol and amyl acetate mixtures. Discs were critical point dried 

(POLARON critical point apparatus) and coated with a thin layer of gold (Balzers 

coating unit with attachment for gold sputtering, type BAE 301). They were then 

examined in a scanning-electron microscope (type Jeol JSTI U, or Hitachi). In 

order to observe penetration and subsequent colonization of the leaf by the 

fungus the lower epidermis of inoculated leaves was removed before fixation. 

Penetration through the stomata was observed at the lower side of the stripped 

epidermis and colonization of the leaf in the stripped leaves themselves. 

RESULTS 

Conidial germination and stomatal penetration. 

In Table 1 percentages of conidial germination and subsequent stomatal penetration 

Table 1. Percentage of conidial germination (g) and stomatal penetration (p) by 
race 1.2.3 on "Vetomold" (susceptible) and "Purdue 135" (immune).Inoculations 
were carried out during winter (November-February) and summer (June-August). 

Days after 
inoculation 

2 
3 
4 
5 
6 

Inocul ated 

"Vetomold" 

g 

55 
77 
91 
91 
85 

P 

2 
2 
6 

1 1 
19 

during winter 

"Purdue 

g 

47 
52 
79 
82 
88 

135" 

P 

1 
3 
5 

13 
15 

Inoculated 

"Ve 

g 

43 
51 
76 
83 
90 

tomold" 

P 

7 
10 
33 
39 
74 

during summer 

"Purdue 

S 

47 
58 
67 
88 
87 

135" 

P 

4 
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In all figures, bar represent 10 ym. 
Fig. 1. "Vetomold" + race 1.2.3, five days after inoculation; runner hyphae 
passing by stomata. 
Fig. 2. "Purdue 135" + race 1.2.3, seven days after inoculation; hypha entering 
a stoma. 
Fig. 3. "Vetomold" + race 1.2.3, seven days after inoculation; hypha entering a 
stoma by a side branch. 
Fig. 4 "Purdue 135" + race 4, two days after inoculation; hypha passing over a 
stoma. 

by race 1.2.3 on both varieties are compared. With respect to germination and 

penetration there were no significant differences between compatible and in

compatible interactions. The percentage of penetration of germinated conidia 

was higher during summer than during winter. During winter plants were supplied 

with artificial light. For race 4 results were similar. Although penetration 
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occurred through stomata only, there was no directional growth of runner hyphae 

towards stomata (Fig. 1). Scanning-electron microscopy revealed that germinated 

hyphae grew over and along stomata already one day after inoculation but pene

tration was usually observed not earlier than two to three days after inoculation 

(Fig. 2 and 3). Very often hyphae were growing over stomata without entering 

them (Fig. 4). Possibly, during the first days of incubation, when relative 

humidity was near 10(H, conidial germination was favoured, but penetration pre

vented, because most stomata were closed under these circumstances. Variable 

relative humidity did stimulate stomatal opening, which was necessary for 

fungal penetration. The hyphae penetrated mostly without formation of an appres-

sorium, directly or by means of a side branch (Fig. 2 and 3). In incompatible 

interactions it was often seen that the fungus grew out of the stoma again, 

which it had entered (Fig. 5). In successful penetrations of incompatible 

combinations often extracellular material was deposited on the surface of the 

stoma (Fig. 5). This extracellular material may extend into the stomatal 

cavity as could be observed at the inner side of the stripped epidermis (Fig. 6). 

Fungal growth and plant response inside the leaf in compatible and incompatible 

interactions. 

On the leaf surface no differences in growth between virulent and avirulent races 

were observed, but as soon as the fungus had entered the stoma, histological 

differences between both combinations could be detected. 

Light microscopy. 

Epidermal and spongy mesophyll cells around stomata, which were penetrated 

stained more intensely with cotton blue in the incompatible combination. Very 

often, the penetrated stoma itself did not contain starch and was coloured 

brown in the incompatible interactions as a result of a hypersensitive response. 

This reaction was rarely seen in compatible interactions. 

In fixed leaves, fungal growth inside the leaf could be examined rather 

easily. Four to five days after inoculation, that means one to two days after 

penetration, fungal growth in incompatible interactions was arrested while in 

compatible interactions it was abundant. After penetration the fungal hyphae 

were distinctly thickened in compatible as well as in incompatible interactions. 

Fungal growth inside the leaf was exclusively intercellular. After fungal con

tact the spongy mesophyll cells reacted differently in the two types of inter

actions. In incompatible interactions spongy mesophyll cells turned brown after 

17 



Fig. 5. "Purdue 135" + race 1.2.3, seven days after inoculation; hypha entering 
and leaving a stoma again; extracellular material present at the stoma (arrow). 
Fig. 6. "Purdue 135" + race 1.2.3, fourteen days after inoculation; inner side 
of stripped epidermis; short penetrated hypha; note extracellular material 
(arrow). 
Fig. 7. "Purdue 135" + race 1.2.3, callose deposition (C) around penetrated 
stomata (S) observed under fluorescence microscope. 
Fig. 8. "Purdue 135" + race 4, seven days after inoculation; hypha (H) in close 
contact with spongy mesophyll cells. 

hypha1 contact, a phenomenon rarely seen in compatible interactions. 

Fluoresoen.ee microscopy. 

a) Intact leaves. Fluorescence microscopy was used to investigate whether com

patible and incompatible combinations reacted differently with regard to callose 

deposition. Callose deposition is often regarded as a reaction of plants to 

wounding (Currier, 1957; Nims et al., 1967). In fungal, bacterial and virus 
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diseases, callose formation has been suggested to be correlated with incom

patibility (Heath, 1971, 1972, 1974; Shimomura & Dijkstra, 1975). Usually 

it is deposited as a thick layer between cell membrane and cell wall and is 

often looked upon as a response occurring before hypersensitive cell death. 

In Table 2 callose deposition in leaves of "Vetomold" and "Purdue 135" 

after inoculation with race 1.2.3 and 4 are compared. The experiment was carried 

out during winter. From this table it can be concluded that callose deposition 

was not specific for the incompatible interaction. In both combinations callose 

was deposited profusely. In incompatible interactions fungal growth was 

limited to the fluorescent area. In compatible interactions the fungus outgrew 

the fluorescent areas; the growing mycelium did not give rise to further 

callose formation. Therefore, callose formation seemed to be an early reaction 

of the host after initial fungal contact, irrespective of the type of inter

action involved. This experiment was repeated during summer with the same 

cultivars and with two near-isogenic lines of "Moneymaker" carrying Cf2 and 

Cf4 genes for resistance. Results of the latter experiment are presented in 

Table 3. Here, callose formation was almost specific for the incompatible inter

action. In Fig. 7 a typical appearance of callose deposition in an incompatible 

interaction, as seen under the fluorescence microscope, is shown. 

b) Stripped leaves. Stripped leaves, inoculated with conidia of both races 

fluoresced already 12 hours after inoculation. Fluorescence had increased at 24 

hours and 48 hours after inoculation. The non-inoculated stripped leaves did 

not show appreciable fluorescence. 

Although results in Table 3 suggested that callose deposition might be 

causally related to resistance, the experiments with stripped leaves showed 

that callose deposition seemed to be a consequence rather than a cause of 

resistance. 

On stripped leaves of immune reacting combinations fungal growth was not 

inhibited. Hence, after removal of the epidermis a resistant leaf became more 

or less susceptible. 

Scanning-electron microscopy. 

a) Intact leaves. SETI studies provided some more details about fungal growth 

especially inside the leaf. Inside the leaf the fungus could be observed by 

removing the lower epidermis at different times after inoculation. The fungus 

grew exclusively intercellularly without formation of haustoria. In compatible 

interactions fungal growth was abundant, in many cases in close contact with 
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spongy mesophyll cells (Fig. 8 and 9), but in others not at all. As far as 

could be observed in SEM, host cells did not react after fungal contact. Nine 

to ten days after inoculation formation of stroma could be observed beneath 

the stomata. Later on, conidiophores emerged through stomata (Fig. 10) and 

produced conidia. 

In incompatible interactions mycelium was rarely observed between the 

spongy mesophyll cells. As could be seen at the inner side of stripped epi

dermis, the length of the penetrated hyphae varied to a certain extent, but 

never exceeded a length of four to five times the diameter of an epidermal cell 

(Fig. 6 and 11). The hyphae in incompatible interactions were often swollen and 

curled. Sometimes amorphous material was deposited around the penetrated hyphae 

(Fig. 11). Hyphae in contact with mesophyll cells appeared to be collapsed; the 

mesophyll cells were often also collapsed or showed abnormal extracellular 

material at the surface of the cell wall (Fig. 12). This extracellular material 

occurred as "bubbles" and was probably produced by the host cells after fungal 

contact. It was most frequently found on the spongy mesophyll cells, but also 

at the inner side of epidermis cells, which were contacted by a hypha. 

b) Stripped leaves. As could be concluded from these experiments, compati

bility or incompatibility became apparent after the fungus had entered the 

tomato leaves. In the next experiments the epidermis was removed very gently 

before leaves were inoculated with conidia. There was no difference in mycelial 

growth on stripped leaves of immune and susceptible reacting plants. The meso

phyll cells, which were contacted by hyphae of germinated conidia did not 

appear to be collapsed in both combinations. However, the so-called "bubbles" 

occurred very frequently, mainly in the incompatible interactions (Fig. 13). 

On stripped leaves two types of hyphae could clearly be distinguished: 

1) Thin runner hyphae, which are normally only produced at the leaf surface; 

2) Hyphae with two to three times the diameter of runner hyphae, normally only 

produced inside the leaf immediately after penetration of a stoma (Fig. 14). 

Although under natural circumstances thick hyphae were formed immediately 

after runner hyphae had penetrated a stoma, on stripped leaves where hyphae 

of germinated conidia were in direct contact with mesophyll cells, runner 

hyphae were formed first. The thickened hyphae were observed only a few days 

after inoculation of the stripped leaves. They were in close contact with the 

spongy mesophyll cells. Thus, it may be concluded that contact with mesophyll 

cells was not the only stimulus that triggered formation of thick hyphae. 
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Fig. 9. "Purdue 135" + race 4, ten days after inoculation; hypha in close 
contact with spongy mesophyll cells. 

Fig. 10. "Purdue 135" + race 4, twelve days after inoculation; young conidio-
phores emerging from a stoma. 
Fig. 11. "Purdue 135" + race 1.2.3, fourteen days after inoculation; inner 
side of stripped epidermis; penetrated hypha (H) in stoma (S) short and 
swollen; note amorphous material around hyphal tips (arrow). 
Fig. 12. "Purdue 135" + race 1.2.3, twelve days after inoculation; collapsed 
mycelium and extracellular material present at the cell wall of mesophyll 
cells (arrow). 
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Fig. 13. "Purdue 135" + race 1.2.3, nine days after inoculation; extracellular 
material present (arrow); abundant growth of mycelium on stripped leaf. 
Fig. 14. "Purdue 135" + race 1.2.3, nine days after inoculation; runner hyphae 
(R) and thickened hyphae (T) on stripped leaf. 

DISCUSSION 

On the leaf surface Cladosporium fulvvm behaved very similarly to Ceraospora 

betiaola (Rathaiah, 1976). There was no directional growth of the runner hyphae 

towards the stomata and penetration occurred three to four days after inocula

tion. Rathaiah found, that for successful penetration stomata need not te be 

open. Zoospores of fungi like Peeudoperonospora h'umuli and Plasmopara viticola 

show a positive Chemotaxis to stomata (Royle & Thomas, 1973) and rust hyphae 

show directional growth of germ tubes towards stomata (Heath, 1974). Light, 

fluorescence and scanning-electron microscopy revealed no differences between 

virulent and avirulent races of C. fulvum with respect to conidial germination 

and stomatal penetration. This is in agreement with observations described for 

other host-pathogen combinations (Skipp & Deverall, 1972; Skipp & Samborski, 

1974). 

Cell browning and cell collapse are suggested to be a consequence rather 

than a cause of the initial resistant reaction. Similar conclusions were drawn 
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by other workers for other host-pathogen interactions (Ogle & Brown, 1971; 

Kiräly et al., 1972; Mayama et al., 1975). 

In plants inoculated during summer, callose deposition was observed almost 

exclusively in incompatible interactions, as described also by Lazarovits & 

Higgins (1976a, 1976b). Inoculations carried out during winter showed callose 

deposition in nearly equal amounts in both interactions. Also when plants were 

inoculated with conidia of two to three-month-old cultures, callose deposition 

was the same for both interactions. Hubbeling (personal communication) observed, 

that susceptible plants produced many necrotic spots when inoculated with 

conidia of old cultures. Thus, callose deposition is influenced by external 

conditions. As soon as a runner hypha had penetrated a leaf its diameter in

creased two to three-fold. It is not known how the fungus is feeding itself 

inside the leaf. According to Van Dijkman (1972) the fungus does not produce 

polygalacturonases or cellulases in significant amounts in vitro. This oberva-

tion was confirmed by us, except for C -cellulase, which was produced by the 

fungus when grown on several media, including cell walls of tomato mesophyll 

cells. The fungus is probably living on substances leaching from the mesophyll 

cells into the intercellular space. It is known that sugars and other photo-

synthetic products synthesized in the mesophyll cells leach into the free space 

and are transported to the small veins by so-called transfer cells (Kursanov 

& Brovchenko, 1970). The extracellular material at the surface of mesophyll 

cells, found in incompatible interactions was also reported by Lazarovits & 

Higgins (1976a, 1976b). They observed this extracellular material more frequently 

in resistant plants carrying the Cf3 gene for resistance than in plants carrying 

the Cf2 and Cf4 genes for resistance. In our case this extracellular material 

was found in plants carrying the Cf2 and Cf4 genes for resistance. According 

to Lazarovits & Higgins (1976a) the main components of this material were 

polyphenols. 

There was a significant difference in mycelial growth in incompatible 

interactions between intact leaves and leaves from which the lower epidermis 

had been stripped off prior to inoculation. For stripped leaves expression of 

immunity appeared to be delayed in time. Fungal growth was rather abundant and 

the only difference between compatible and incompatible interactions was lack 

of sporulation in the incompatible combinations. It seems possible that the 

early resistant response is triggered in the penetrated stoma, after recognition 

of the fungus by the guard cells, because very often these guard cells were the 

first to react after fungal contact. 
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Hie question how fungal growth is inhibited in the incompatible inter

action remains still to be solved. These problems will be the subject of 

further studies. 
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DIFFERENTIAL CHANGES IN SOLUBLE TOMATO LEAF 
PROTEINS AFTER INOCULATION WITH VIRULENT AND 

AVIRULENT RACES OF CLADOSPORIUM FULVUM 
(SYN. FULVIA FULVA) 

by 

P.J.G.M. de Wit and J. Bakker 

ABSTRACT 

Changes in the soluble protein consitution of leaves of near-isogenic lines of 

tomato, carrying resistance gene Cf4 or Cf5 to Cladosporium fulvum (syn. Fulvia 

fulva), were investigated by Polyacrylamide gel electrophoresis after inoculation 

with race 4 or 5 of this fungus. A protein having Rp 29 on 1% Polyacrylamide 

gels appeared more rapidly in the two incompatible combinations (Cf4 + race 5; 

Cf5 + race 4) than in the compatible ones (Cf4 + race 4; Cf5 + race S). The 

protein which is presumably of host origin was synthesized de novo after ino

culation with Cladosporium fulvum, but appeared also in non-inoculated leaflets 

of a compound leaf opposite to the inoculated ones. However, in control leaves 

of healthy non-inoculated plants the protein was absent or present in very low 

concentrations. 

Although the appearance of the protein was strongly associated with the 

hypersensitive response in incompatible interactions, at the tested concentra

tions, it did not inhibit hyphal growth of Cladosporium fulvum in tomato leaf. 

The protein did show a faint positive reaction with Schiffs stain for carbo

hydrates . 

Besides the mentioned protein, a significant increase of peroxidase iso

enzymes occurred in the incompatible interactions compared with the compatible 

ones. 

INTRODUCTION 

Tomato plants carrying Cf2, Cf4 or Cf5 genes for resistance to Cladosporium 

fulvum (syn. Fulvia fulva) reacted with a hypersensitive response after 

28 



inoculation with avirulent races of this pathogen |_4, 11, 12]. In incompatible 

combinations hyphal growth in tomato leaves was inhibited three to five days 

after inoculation, shortly after stomatal penetration. At this time, accumula

tion of phytoalexins was observed Qu] . Penetrated hyphae were often enclosed by 

extracellular material, while the host plant reacted with extensive deposition 

of callose (4, 11]. After prolonged incubation some of these phenomena also 

occurred in compatible interactions |]4, 5]. These results indicate that resis

tance in the combination Cladosporium fulvum-tormto is an active process. 

Yoshikawa et al. |_25, 26] reported that de novo synthesis of polyadenylic 

acid (Poly-A) containing messenger RNA (m-RNA) and protein was required for 

phytoalexin-mediated disease resistance in soybeans against Phytophthora mega-

sperma var. sojae. Yamamoto et al. [24] showed that de novo protein synthesis 

was linked with resistance in oats against Puacinia aoronata. They also showed 

that treatment of oat leaves with blasticidin S (BcS), a protein synthesis in

hibitor, turned an incompatible interaction into a compatible one. 

In virus-host interactions the appearance of host-specific proteins has 

been reported in hypersensitively reacting plants [J8, 22]. 

The present study was undertaken to investigae whether new host-specific 

or fungal-specific proteins could be detected at the establishment of the in

compatible interaction of Cladosporium fulvwn and tomato. This paper reports 

the results of a study of soluble leaf proteins by electrophoretic techniques. 

MATERIALS AND METHODS 

Plants. 

Near-isogenic lines of Moneymaker carrying the Cf4 gene for resistance (suscepti

ble to race 4 and immune to race 5) and the Cf5 gene for resistance (immune to 

race 4 and susceptible to race 5) served as differentials. They were grown as 

described before Qj]. 

Fungi. 

Monospore cultures of races 4 and 5 of Cladosporium fulvwn were subcultured on 

potato dextrose agar (PDA) as described before \S]. 
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Fig. 1. Inoculation procedure for leaflets of a compound tomato leaf. Stipple 
inoculated; shaded, control. 

Inoculation. 

The fourth fully expanded compound leaf of six to seven-week-old tomato plants 

was used for inoculation. Two opposite leaflets of a compound leaf were shaded 

with aluminium foil and two other opposite leaflets were inoculated on the 

abaxial side by spraying with a conidial suspension of Cladosporium fulvum in 
7 -1 

water containing 10 conidia ml (Fig. T). After inoculation, the plants were 

allowed to dry and sprayed twice again to achieve a dense and homogeneous in

oculum. Inoculated plants were incubated as described before \s] . 

Microscopic observation. 

Samples of inoculated leaflets used for protein extraction and subsequent gel 

electrophoresis were examined by light microscopy to assess leaf colonization 

by Cladosporium fulvum in compatible and incompatible interactions. Illcroscopic 

observations were carried out as described before [4, 5j 

Extraction and gel electrophoresis of soluble leaf proteins. 

Leaf samples, taken at several times after inoculation, were homogenized at 

5 °C in 0.1 M Tris/HCl buffer, pH 8, containing 0.5 M saccharose, 0.1 % ascorbic 

acid and 0.11 L-cysteine (2.5 ml buffer/g leaf tissue) as described by Staples 

6 Stahmann [17]. The homogenate was centrifuged at 40000 g for 1 hour. The 

supernatant containing the soluble leaf proteins was subjected to several 
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