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Ethylene was produced by Cylindrocladium floridanum and C. scoparium

in culture. Production was methionine dependent and maximal during the

active growth phase of the fungus, beginning shortly after spore germ-

ination. More ethylene was produced sooner by C. floridanum than C.

scoparium.

Ethylene was produced by Cylindrocladium both from active mycelium

(direct) and non-enzymically from culture filtrates (indirect). Both

direct and indirect systems were light mediated, and appeared to involve

a fungal metabolite, a flavin-like compound (FLC), either contained in

the mycelium or secreted into the medium. The FLC in culture filtrates

exhibited light absorbing properties similar to flavin mononucleotide, a

known cofactor in at least one reported ethylene biosynthetic pathway.

Another possible system (either direct or indirect) of ethylene

production by Cylindrocladium cultures occurred in the dark, exhibited

a production lag, and produced less ethylene than the light-mediated

system.



Ethylene production by detached Cylindrocladium-infected azalea

leaves was first detectable 17-21 hours after inoculation and increased

sharply with the onset of lesion formation (22-26 hours). Ethylene

production ceased when leaves were completely colonized, possibly in-

dicating that ethylene originated from host tissue.

Lesion formation and ethylene production were enhanced by incubat-

ing inoculated leaves in the dark rather than the light. In addition,

the ethylene produced/unit lesion area was greater in the dark than in

the light. These results suggest that dark treatment may enhance host

susceptibility and/or pathogen virulence as well as make available a

stimulator for ethylene biosynthesis.

Lesion area seemed to be unrelated to ethylene production, both

in the light and dark, 48-72 hours after inoculation, suggesting that

ethylene may only be produced by the host tissue at or ahead of the

advancing margins of the lesion.

Additional evidence that ethylene production during disease develop-

ment originated from host tissue include the observation that light in-

cubation greatly enhanced ethylene production by Cylindrocladium cul-

tures, whereas dark incubation greatly enhanced ethylene production

by Cylindrocladium-infected azalea leaves. Furthermore, the ability

to produce ethylene in culture does not appear to relate to the viru-

lence of C. floridanum or C. scoparium.
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Ethylene Production from Cultures of
Cylindrocladium and from

Cylindrocladium-Infected Azalea Leaves

INTRODUCTION

Ethylene production is enhanced in diseased plant tissues and

plays a role in symptom induction. Most researchers investigating

ethylene production as a result of plant-pathogen interactions and

disease conclude that the ethylene evolved is from host metabolism.

This conclusion is based primarily on in vitro (pathogen in culture)

and in vivo (pathogen-infected host) comparisons of the rate and

concentration of ethylene produced. These comparisons are not ade-

quate to precisely determine whether the pathogen is contributing

to ethylene production during disease development. The identifica-

tion of an inhibitor or environmental factor which affects ethylene

biosynthesis by either the pathogen or host could provide a clue as

to the ethylene contribution by the pathogen and/or host during dis-

ease development. If an inhibitor or environmental factor influences

ethylene formation by the pathogen alone, or in combination with the

host, differences in ethylene production would be apparent.

The purpose of this research was to 1) investigate factors in-

fluencing ethylene production by Cylindrocladium cultures and Cylindro-

cladium-infected azalea leaves, 2) to determine if the ability of

Cylindrocladium to produce ethylene in culture relates to its patho-

genicity, and 3) to determine whether the ethylene evolved from

Cylindrocladium-infected azalea leaves is of host origin, fungus
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origin, or a combination of the two.

The research project was divided into two phases. The objective

of the first phase was to investigate the biosynthesis of ethylene by

Cylindrocladium floridanum and C. scoparium, as well as to identify

factors influencing ethylene production. The objective of the second

phase was to examine ethylene production by detached Cylindrocladium-

infected azalea leaves as influenced by the factors identified in the

first phase.
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CHAPTER I. LITERATURE REVIEW

Ethylene

The history of ethylene, an unsaturated hydrocarbon gas, dates

back to Germany in the 1860's where Girardin (1864, as cited by

Abeles, 1973) observed that leaking illuminating gas caused the de-

foliation of deciduous trees. Neljubov (1901, as cited by Abeles,

1973) identified ethylene as the active compound in illuminating gas

after finding it caused the horizontal growth of germinating pea

seedlings. By the 1930's it was established that ripening fruits

produce ethylene, and that the ethylene produced could induce addi-

tional ripening of other fruits (Gane, 1934).

The invention of gas chromotography in 1959 by Burg and Stolwick

(1959) and Huelin and Kennett (1959) enabled accurate detection and

quantitative measurements of minute concentrations of gases, and

dramatically increased ethylene-related research.

Effects of Ethylene on Plants

Ethylene, an endogenous plant growth regulator or plant hormone,

actively regulates plant growth and development at very low concentra-

tions. Ethylene causes many physiological effects on plants. The

triple response of etiolated pea seedlings; i.e., inhibition of cell

elongation, stem swelling, and horizontal growth, was an early diag-

nostic test used for the detection of ethylene (Knight et al., 1910).

Additional physiological effects caused by ethylene are shown in Table 1.



4

Table 1. Physiological effects caused by ethylene.

Effect Reference

Induces abscission of leaves,
fruits, flowers Burg, 1968

Induces epinastic responses in leaves Leather et al., 1972

Induces fruit ripening Freebairn and Buddenhagen, 1964

Induces positive geotropism in roots Chadwick and Burg, 1967

Induces initiation of root and root
hairs Zimmerman and Hitchcock, 1933

Stimulates seed germination Esashi and Leopold, 1969

Inhibits root elongation Radin and Loomis, 1969

Inhibits lateral auxin transport Burg et al., 1971

Enhances RNA and protein synthesis Abeles and Holm, 1966

Enhances anthocyanin production Cracker, 1971

Increases respiration Hansen, 1943

Increases enzyme synthesis Matto and Modi, 1969

Abscission of Cylindrocladium-infected azalea leaves and flowers

is ethylene induced (Linderman, 1974). Other compounds also have the

ability to effect abscission either by enhancing or inhibiting the

process (Cooper et al., 1968).

Abeles et al. (1967) have found that abscission, involving ethyl-

ene, is directly related to the increased sensitivity of the plant

tissue to ethylene, older tissue being more sensitive to ethylene than

younger. (Older azalea leaf tissue is also more susceptible to infec-

tion by Cylindrocladium than younger tissue (R. G. Linderman, personal

comm.). Webster (1968) mentions that cell division prior to abscission

does not occur with ethylene involvement, although cell division is
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present during normal abscission. Azalea leaves have a preformed ab-

scission zone and Donnan has reported that cell division in this zone

does not occur during ethylene induced abscission of Cylindrocladium-

infected azalea leaves ( Donnan, 1974).

Mode of Ethylene Action

The mode of ethylene action has not been determined. Matto and

Lieberman (1977) suggest a "cell wall-cell membrane complex" localiza-

tion of an enzyme system which utilizes methionine as a precursor and

yields ethylene. Burg and Burg (1967) proposed the requirement of an

oxidized attachment site for the plants receptiveness to ethylene.

Abeles (1973) concluded van der Walls type bonding is most likely

active at the ethylene attachment site. CO2 has also been identified

as a competitive inhibitor of ethylene although a few exceptions to

this exist (Burg and Burg, 1967).

The induction of enzyme synthesis (Matto and Modi, 1969), protein

synthesis, and RNA synthesis (Abeles and Holm, 1966) may also play a

role in ethylene action. The possibility exists for multiple modes of

ethylene action as well as multiple pathways for its biosynthesis.

Ethylene Biosynthesis

The exact biochemical pathway(s) for ethylene production by higher

plants has not been elucidated although several pathways have been pro-

posed. Three non-enzymic pathways have been identified but are not

necessarily operative in plant tissue. They include a Cu++ ascorbate

system; a methionine degrading reaction involving Cu++, H202, and
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ascorbate (Lieberman et al., 1965), a linolenate system; a pathway

catalyzed by copper (Lieberman and Mapson, 1964) and a flavin mono-

nucleotide (FMN)-methionine-light pathway (Yang et al., 1967).

Ethylene production by Cylindrocladium may involve a pathway

similar to the pathway described by Yang et al. (1967) and more detail

is therefore warranted. FMN and light drive the oxidation of methio-

nine to methional, ammonia, and carbon dioxide followed by methional

degradation yielding ethylene, formic acid, and methyl disulfide

(Figure 1).

FMN
CH3-S-CH2-CH-COON

Light
CH

3
-S-CH

2
-CH

2
-CHO + CO2 + NH3

111H

2

FMN 1

CH
3
-S-CH

2
CH

2
-CHO

Light
2CH

3
-S-S-CH

3
+ CH

2
=CH

2
+ HCOOH

Figure 1. Chemical pathway for ethylene production utilizing methio-
nine, FMN, and light (Yang et al., 1967).

Cu++ was found to be the most effective inhibitor of the reaction

and optimum pH for ethylene formation was 8.5. Riboflavin could re-

place FMN in the reaction, but flavin adenine dinucleotide (FAD) was

only 10 percent as active as FMN. Oxygen was inhibitory and no ethyl-

ene was produced in the dark. Shimokawa and Kasai (1976) found the

ethyl moiety of ethionine and S-ethylcysteine could also yield ethyl-

ene in the presence of FMN and light.

Methionine can act as an activator for the photochemical reduc-

tion of riboflavin in both the presence or absence of oxygen, and the

hydrogen donor for the photoreduction of riboflavin is water (Nicker-

son and Strauss, 1960).



7

In plant tissue or plant extracts methionine is generally the

accepted precursor for ethylene production (Lieberman et al., 1965)

and rhizobitoxine analogs have been identified as effective inhibitors

in some systems (Owens et al., 1971; A. Stemple, personal comm.,

Hoffman LaRoche Inc., Nutley, New Jersey).

Pegg (1976) has proposed two biochemical pathways for ethylene

production in healthy plant tissue, one of which requires FMN and

light (Figure 2). Several other precursors have been identified in-

cluding 1-aminocyclopropane-l-carboxylic acid (Boller et al., 1979),

selenomethionine and selenoethionine (Konz et al., 1978), and peptides

of methionine (Ku and Leopold, 1970).

Several different pathways for ethylene biosynthesis may operate

in healthy plants, diseased plants, and microorganisms. Abeles and

Abeles (1972) have suggested that the pathway for methionine-induced

ethylene formation is the same in response to bean and tobacco leaf

treatment with toxic chemicals (stress induction), auxin induction, and

ripening of climacteric fruit.

Ethylene Production by Microorganisms

It is difficult to make comparisons and draw conclusions concern-

ing ethylene production by microorganisms since the majority of all

research done involves different test systems and cultural conditions.

A discussion dealing with precursors and pathways and ethylene produc-

tion in relation to growth of microorganisms follows.

The first microorganism shown to produce ethylene was Penicillium

digitatum (Miller et al., 1940; Fergus, 1954). Jacobson and Wang
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Figure 2. Two proposed pathways for the biosynthesis of ethylene
in healthy plant tissues (Pegg, 1976).



9

(1968) suggested that ethylene production was associated with the Krebs

cycle acids after finding specific carbon atoms of methionine, propionic

acid, acrylic acid, and 6-alanine were incorporated into ethylene. Chou

and Yang (1973) identified glutamic acid and 2-ketoglutaric acid as the

most efficient precursors of ethylene production by P. digitatum via the

Krebs cycle. Ethylene was derived from carbon three and four of the

precursors. The most current report indicates shake cultures of P.

digitatum utilize methionine as a precursor whereas static cultures

utilize glutamate (Chalutz et al., 1977). The methionine inducing sys-

tem displays a lag before ethylene production begins and involves three

generating systems. An enzymic system(s) is present in viable fungal

cells, and two additional systems occur in the culture filtrate. Both

culture filtrate systems are dependent on a fungal metabolite of methio-

nine and one of the systems is non-enzymic. Effective inhibitors of

the methionine induced system include cycloheximide, actinomycin D

(Chalutz et al., 1977), rhizobitoxine, and the methoxy and ethoxy ana-

logues (Chalutz and Lieberman, 1978).

Lynch and Harper (1974) describe methionine as the transforming

substrate for ethylene production by Mucor hiemalis and glucose as the

energy yielding substrate. The fungal filtrate was also capable of

producing ethylene and Lynch proposed that a chemical intermediate, re-

leased into the medium, played a role in ethylene production by the

filtrate (Lynch, 1974). Ethylene production by the culture occurred

in the dark although light enhanced the process.

Lynch (1974) suggested a pathway involving the flavin adenine

dinucleotide (FAD) of an amino acid oxidase in M. heimalis, which
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reacts with light in the presence of methionine to form ethylene. Acid

pH stimulated ethylene formation. An additional, unidentified pathway

was also operative in ethylene production.

Primrose (1976) showed that light enhanced ethylene production by

culture filtrates of Esherechia coli, but dismissed the possibility of

an FAD light system operating in this bacterium. This was based on the

fact that ethylene production occurred in the dark and additions of

methionine to filtrates did not enhance ethylene formation upon illu-

mination. Primrose did propose that a light sensitive intermediate

was formed by E. coli, accumulated in the dark, and decomposed to ethyl-

ene both in the light and dark.

FMN was not identified as a possible compound involved in the

light-enhanced ethylene production by either M. heimalis (Lynch, 1974)

or E. coli (Primrose, 1976).

In contrast to light-enhancement ethylene production by Verti-

cillium albo-atrum was reduced 35 percent to 95 percent when illumin-

ated with ultraviolet light (Alcorn and Caldwell, 1974).

Thomas and Spencer (1978) identified an ethylene precursor pro-

duced by Saccharomyces cerevisiae which was secreted into the culture

medium under anaerobic conditions. The precursor was later degraded

to ethylene under aerobic conditions.

The majority of researchers do not discuss light when describing

cultural conditions and have possibly overlooked this variable as a

factor influencing ethylene production by cultures and culture filtrates

of microorganisms. The significance of light in ethylene production

is unclear when referring to soilborne organisms. Lynch (1974)
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suggested that an ethylene intermediate produced by M. hiemalis could

be secreted near the soil surface where light is present. At some

later date, the intermediate could be washed down through soil by rain

and decompose to yield ethylene.

Ilag and Curtis (1968) surveyed a wide variety of fungi for their

ability to produce ethylene and identified 22 species capable of doing

so. Since then methionine has been identified as a precursor of ethyl-

ene production by many microorganisms including Xanthamonas, Pseudo-

monas, Erwinia, and Agrobacterium species (Swanson, 1972), Mucor

hiemalis (Lynch and Harper,1974), Verticillium albo-atrum (Pegg and

Cronshaw, 1976), Penicillium digitatum (Chalutz et al., 1977), and

Agaricus bisporus (Ward et al., 1978). Other microorganisms may also

be capable of producing ethylene when grown under appropriate cultural

conditions.

It is questionable whether enough free methionine is available

for pathogen utilization at the host infection site or in the soil.

Lynch and Harper (1974) suggest that peptides containing methionine

may serve as a precursor for ethylene production by M. hiemalis in the

soil.

Ethylene Production in Relation
to Growth of Microorganisms

Maximum ethylene production appears to be associated with several

different growth stages depending upon the microorganisms under in-

vestigation. Spalding and Lieberman (1965) point out the great varia-

bility in ethylene production by different single-spore Penicillium

digitatum cultures grown in modified Pratt's medium, and identified
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maximum production of ethylene to be associated with the beginning of

the growth rate decline. An initial lag in production was observed.

Ethylene production by Aspergillus and Mucor species, in a mineral

salts glucose medium, also displayed an initial and long lag in produc-

tion, although a thorough gas sampling schedule over time was not

followed (Dasilva et al., 1974).

Maximum growth of Mucor hiemalis was present after 30 hours in a

mineral salts medium containing glucose and methionine (Lynch and

Harper, 1974). Ethylene production was characterized by a lag period

and low level production during the first 140 hours of growth followed

by a peak in production during the death phase at 165 hours.

Pseudomonas solanacearum exhibited maximum ethylene production at

the end of log phase and beginning of the stationary growth phase

(Bonn et al., 1975). Primrose (1976) found ethylene formation to be

independent of growth rate and not to occur during log growth of E.

coli.

In contrast to these findings maximum ethylene production is

associated with active growth of Colletotrichum musae and a negative

correlation existed between mycelium dry weight and the rate of pro-

duction (Peacock and Muirhead, 1974). Ethylene production by

Ceratocystis fimbriata also corresponded with active growth of the

fungus (Chalutz and DeVay, 1969).

Microorganisms grow quite differently in culture than they do in

plant tissue or soil. This is partly due to the presence of an optimum

nutritional and cultural environment, as well as the absence of other

competitive microorganisms or inhibitory compounds. The behavior of
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microorganisms in the two environments may be different. It is import-

ant to keep this in mind when assessing results obtained from cultural

studies compared to those of a plant-pathogen interaction.

Ethylene and Disease Development

Ethylene production is enhanced in diseased plant tissues in-

cluding fungal, bacterial, and viral infections, and plays a role in

symptom induction. Williamson (1950) was one of the first researchers

to report that ethylene was produced by diseased plant tissues. He

assayed a number of healthy and diseased species of plants for ethyl-

ene production using the triple response of etiolated pea seedlings.

He concluded the increase in ethylene production was of host origin,

due to the injury of the viable infected tissue.

Smith et al., (1964) also concluded that ethylene production from

Botrytis-infected carnation flowers was the result of the breakdown of

host tissue. Diseased flowers produced sufficient amounts of ethylene,

during shipment of flower packages to injure healthy flowers.

Enhanced ethylene production by Ceratocystis-infected sweet

potato tissue corresponded with the enhanced fungal growth rate in

host tissue, and it was suggested that this also corresponded with the

pathogenicity and virulence of several C. fimbriata isolates on sweet

potato (Chalutz and DeVay, 1969). They concluded that the continuous

ethylene produced from infected plant tissue was a result of the con-

tinuous physical injury caused by growing mycelium. No correlation was

found between ethylene production by C. fimbriata in culture and in in-

fected host tissue. In addition several high producers in culture were
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low producers in plant tissue and vice versa.

Kato and Uritani (1972) investigated ethylene biosynthesis in dis-

eased sweet potato tissue and concluded methionine was an effective

precursor which was activated in response to Certaocystis fimbriata in-

fection. An acetate system and an additional unidentified system were

also involved in the ethylene produced.

The pathway involved in ethylene biosynthesis by Sclerotinia

fructigena-infected apple peel appears to be different than that in-

volved in healthy apple peel (Hislop et al., 1973). This conclusion

was supported by results that rhizobitoxine effectively inhibited ethyl-

ene production in healthy peel, but not in infected peel. Other in-

hibitors unequally decreased ethylene formation in healthy and infected

peel.

Several researchers have found that a peak in ethylene corresponds

closely with symptom appearance at the inoculation site (Pegg and Cron-

shaw, 1976; Gentille and Matta, 1975) although few have closely followed

ethylene production after inoculation. Linderman (1974) detected ethyl-

ene formation by detached Cylindrocladium-infected azalea leaves six to

twelve hours after inoculation, which was prior to visible symptom

appearance. Maximum ethylene production occurred 24 to 48 hours after

inoculation and corresponded with lesion development.

Ethylene production by bean leaves susceptible and hypersensitive

to Uromyces phaseoli was followed closely after inoculation by Montal-

bini and Elstner (1977). All bean varities displayed a peak in produc-

tion, of varying amounts, corresponding with mycelium penetration and

substomatal vesicle formation (13 hours after inoculation). Ethylene
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production decreased in all but one hypersensitive variety during 20 to

125 hours. The one hypersensitive variety displayed a second strong

peak at 62 hours which corresponded with mycelium colonization of meso-

phyll tissue, but no macroscopic symptoms were visible. No ethylene

was produced in the susceptible variety corresponding with symptom

appearance.

The ability for ethylene production after point-freeze wounding

(stress induction) was similar in healthy leaves of all varieties.

Montalbini and Elstner (1977) concluded that different processes of

ethylene formation were involved in point-freeze wounded and fungus-

infected tissue.

Several host-bacterial pathogen interactions also result in en-

hanced ethylene during disease development. Freebairn and Buddenhagen

(1964) investigated the ethylene produced by banana fruit infected with

Pseudomonas solanacearum. Symptoms include yellowing of the banana peel

with little hydrolysis of starch or sweetening of the fruit. The patho-

gen alone was capable of producing ethylene in vitro in a peptone-glu-

cose broth. They concluded that the ethylene produced in the diseased

fruit played a role in the disease syndrome, but were unable to deter-

mine conclusively whether it was of host or bacterial origin.

Pegg and Cronshaw (1976) looked at several isolates of Pseudonomas

solanacearum and were unable to show any correlation between in vitro

ethylene production and in vivo production in relation to pathogenesis.

They compared the number of bacterial cells in diseased tomato tissue

to the amount of endogenous ethylene produced. They found that the

amount of ethylene produced in vitro was far less than that produced
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in vivo and concluded the ethylene was mostly of host origin. A peak

in ethylene production correlated closely with appearance of symptoms

at the inoculation site, namely chlorosis and loss of turgor in leaves.

They observed an avirulent mutant tobacco strain that was able to pro-

duce as much ethylene in vitro as a virulent strain from tobacco.

Lund and Mapson (1970) reported an interesting system which is

quite different from the two previously described. They found that

Erwinia carotovera stimulated evolution of ethylene in cauliflower

florets by the production of pectic enzymes. The pectic enzymes pro-

duced by E. corotovera released a glucose oxidase enzyme, of host

origin, which was previously attached to the plant cell wall, and also

increased hydrogen peroxide production, which was a substrate needed

in the biosynthetic pathway. The bacterial enzymes and the plant en-

zymes acted together to induce ethylene production from methionine,

the precursor. Since E. carotovera did not produce ethylene when grown

in a pectate medium, they concluded that ethylene production was due to

the effect of the bacterial enzymes on the cauliflower floret tissue.

Ethylene is also produced in response to some viral infections,

although ethylene has not been found to be associated with a systemic

infection. Nakagaki et al. (1970) found that detached tobacco leaves

displaying local lesions from Tobacco Mosaic Virus infection produced

ethylene, but systemic infections did not. The amount produced was

proportional to lesion development and correlated with necrosis caused

by the virus.

Ethylene is also produced by local lesions of Cucumber Mosaic

Virus (CMV) (Marco and Levy, 1976). Endogenous ethylene production
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by CMV-infected cucumber cotyledons occurred 24 hours before epinasty.

Epinasty could be prevented by removing ethylene, or induced in healthy

leaves by adding ethylene.

Ethylene plays a role in disease development and in most instances

the production correlates closely with symptom appearance at the inocu-

lation site. The majority of researchers conclude ethylene is primarily

of host origin after comparing the production rates by the pathogen in

culture and in infected host tissue. Often appropriate cultural condi-

tions may be absent (i.e., methionine) or excessive ethylene concentra-

tions used as plant treatment to induce symptoms. It would be highly

beneficial if more uniformity existed between the various test systems

used by researchers.

Ethylene Involvement in Disease Resistance
and Interactions with Inhibitory Compounds

Ethylene may play a role in disease development by its involvement

in disease resistence. Stahman et al. (1966) suggested ethylene played

a role in resistance of sweet potato tissue to Certaocystis fimbriata

infection. Ethylene increased peroxidase and polyphenol oxidase activ-

ity which also may play a role in the resistance mechanism. Susceptible

tissue inoculated with a pathogenic isolate of C. fimbriata or a non-

pathogenic isolate known to induce resistance produced greater amounts

of ethylene than other isolates. Thus these workers hypothesized that

the ethylene from infected tissue diffuses to healthy tissue, induces

enzyme activity, and leads to increased resistance. Chalutz and DeVay

(1969) were unable to confirm these results, however.

In a different system involving wheat rust, no relationship existed
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between peroxidase activity, ethylene production, and disease resistance

(Daly et al., 1970). Resistance of wheat to race 56 of Puccinia gram-

inis tritici is controlled by the Sr6 locus. Resistant varieties of

wheat showed an increase in peroxidase activity, and ethylene treatment

induced a similar increase. A correlation existed between ethylene

production and the infection process by the susceptible interaction

and lower production rates for the resistant interaction. The rates

of ethylene production by the susceptible and resistant interactions

were inversely related to peroxidase activity. They concluded that a

relationship between peroxidase activity and resistance did not exist,

and questioned the role of ethylene in both resistance and suscepti-

bility.

Gentile and Matta (1975) looked at susceptible and resistant

varieties of tomato plants infected with virulent and avirulent Fusar-

ium isolates. Ethylene production in response to infection only

occurred in susceptible tomato plants infected with a virulent isolate

of Fusarium. Initial ethylene production correlated with the onset

of leaf yellowing and epinasty, and was maximal when extreme leaf yel-

lowing, wilt, and abscission had occurred. They found no apparent role

of ethylene in resistance or susceptibility and concluded that the

ethylene produced was a result of Fusarium-infection of tomato. Al-

though Fusarium produced ethylene in vitro, Gentile and Matta believe

the ethylene produced in response to infection was mostly of host

origin.

A more conclusive interaction of ethylene and inhibitory compounds

produced by plant-pathogen interactions, exists in some test systems.
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Biejersbergen and Bergman (1973) reported that two ppm or greater ethyl-

ene concentration inhibited a rise in concentration of the fungitoxic

compound, Tulipalin A, produced by tulip bulbs. Fusarium oxosporum

attacks tulip bulbs and it was suggested that a rise in concentration

of Tulipalin A at the infection site may be inhibited by the ethylene

produced as a result of infection.

Pinus radiata trees, which produce greater amounts of ethylene

in response to Sirex-Amylostereum attack, also produce greater amounts

of inhibitory phenolic compounds (Shain and Hillis, 1972). They con-

cluded that this was a resistant response and a relationship between

disease resistance and ethylene production may exist.

Shain and Wheeler (1975) reported that increased ethylene pro-

duction occurred in response to victorin, a toxin produced by Helmin-

thosporium victoriae that inhibits root growth of oats.

Ethylene has also been implicated as a toxin synergist in Verti-

cillium wilt of tomato (Cronshaw and Pegg, 1976). A pectolytic-protein

enzyme fraction was produced by V. albo-atrum which caused wilting,

chlorosis, and necrosis of tomato plants. Pretreatment of tomato

leaves with ethylene induced the same symptoms as well as enhanced

sensitivity of plants to the enzyme fraction. The petolytic-protein

enzyme fraction stimulated evolution of endogenous ethylene in sus-

ceptible tissue, which produced more ethylene than resistant tissue.

Cronshaw and Pegg suggest that ethylene is involved both as a toxin-

synergist and as an inducer of symptoms. In a given plant-pathogen

interaction the involvement of ethylene in disease development may be de-

termined, but ethylene is only part of the total complex mechanism involved.
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Cylindrocladium has a world wide distribution, diverse host range,

and is able to infect all parts of many plants. Such infections may be

induced by germinating microsclerotia, conidia, or ascospores.

Cylindrocladium disease of azalea is comprised of a foliar blight

and/or a root rot-wilt phase (Timonin and Self, 1955). In the blight

phase infection occurs through leaf stomata and symptoms include leaf

lesions, blight and defoliation. Infection of the wilt phase is the

result of root infections and symptoms include root rot, stem canker,

and wilt.

Timonin and Self (1955) first identified Cylindrocladium scoparium

Morgan as the causal agent of a blight and wilt disease on azalea cut-

tings. Cylindrocladium can cause severe damage during propagation,

especially when plants are grown under conditions of high temperature

and moisture (Horst and Hortink, 1968) or high humidity (Timonin and

Self, 1955).

Cylindrocladium infection of azalea occurs mostly in the South-

eastern United States during propagation of plants from cuttings. Often

infected, but symptomless, propagated azaleas are shipped to other areas

in the United States where symptoms later appear (Linderman, 1973).

Linderman (1973) pointed out the role of abscised-infected leaves

in the epidemiology of Cylindrocladium disease of azalea, and the possi-

ble connection between the above-ground blight phase and the below-

ground wilt phase. After leaf abscission, Cyoindrocladium colonizes
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leaves and flowers, and soon after, conidia and microsclerotia are pro-

duced. Therefore these leaves and flowers become an effective source

of secondary inoculum present in azalea propagation beds.

Ethylene has been detected from Cylindrocladium-infected azalea

tissue (Linderman, 1974; Donnan, 1974). Linderman reported ethylene

enhanced abscission of leaves and the formation of red veins, on red

and pink azalea cultivars, in the light. It appears that ethylene

plays a role in this disease by inducing symptoms as well as contribut-

ing to the epidemiology.

The Pathogen

Alfieri and Sobers (personal comm. with R. G. Linderman, 1978)

identified the following morphological features as being important in

taxonomic identification of Cylindrocladium species: size and shape of

stipe, vesicle, and spores; number of conidial septations; branching

of conidiophores, and presence of absence of the Calonectria state.

Cylindrocladium scoparium Morgan was first identified by Morgan

(1892) as a saprophyte growing on honey locust pods. Sobers and Sey-

mour (1967) isolated a species of Cylindrocladium from diseased peach

tree roots and named it Cylindrocladium floridanum. Calonectria

floridana was later identified as its perfect stage (Sobers, 1969).

Tereshita (1968) just prior to that, however, had identified the same

species, growing on false acacia, and named it Calonectria kynotensis

(authority). Gerlach (1968) had also named it Calonectria uniseptata.

Calonectria kynotensis is the name now used to identify the species.

Cylindrocladium scoparium is more frequently isolated from
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infected azalea tissue than C. floridanum or C. thea (Alfieri et al.,

1972), and also appears to be most pathogenic (R. G. Linderman, per-

sonal comm.).
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CHAPTER II. ETHYLENE PRODUCTION
FROM CULTURES OF CYLINDROCLADIUM

Abstract

Ethylene was produced by Clindrocladium floridanum and C. Scopar-

ium in culture. Production was methionine dependent and maximal during

the active growth of the fungus, beginning shortly after spore germina-

tion. More ethylene was produced sooner by C. floridanum than C.

scoparium.

Ethylene was produced by Clindrocladium both from active mycelium

(direct) and non-enzymically from culture filtrates (indirect). Both

direct and indirect systems were light mediated, and appeared to in-

volve a fungal metabolite, a flavin-like compound (FLC), either con-

tained in the mycelium or secreted into the medium. The FLC in culture

filtrates exhibited light absorbing properties similar to flavin mono-

nucleotide, a known cofactor in at least one reported biosynthetic path-

way.

Another possible system (either direct or indirect) of ethylene

production by Cylindrocladium occurred in the dark, exhibited a produc-

tion lag, and produced less ethylene than the light mediated system.



30

Introduction

Ethylene, an endogenous plant growth regulator, is produced by

healthy and diseased higher plants (Williamson, 1950; Lieberman et al.,

1966; Hislop et al., 1973) as well as by many microorganisms (Fergus,

1954 and Ilag and Curtis, 1968). Methionine is the accepted precursor

for ethylene biosynthesis in plants (Lieberman et al., 1965). Methio-

nine also enhances ethylene production by microorganisms (Chalutz et

al., 1977; Lynch and Harper, 1974; Ward et al., 1978; Pegg and Cron-

shaw, 1976; and Swanson, 1972), but the exact biochemical pathway has

not been determined. However, the possibility exists for multiple

ethylene-generating pathways in microorganisms and also plants.

Ethylene is produced by cultures and culture filtrates of Peni-

cillium digitatum (Chalutz et al., 1977), Mucor hiemalis (Lynch and

Harper, 1974), and E. coli (Primrose, 1976). In the case of M.

hiemalis and E. coli, a metabolite produced by both microorganisms

plays a role in light-enhanced ethylene production. One pathway of

ethylene production by M. hiemalis may involve the flavin adenine

dinucleotide (FAD) of an amino acid oxidase which reacts with light in

the presence of methionine (Lynch, 1974).

Yang et al. (1967) described a nonenzymic pathway for ethylene

production which required flavin mononucleotide (FMN), methionine,

and light. This pathway, or one similar to it, may be operative in

M. hiemalis, E. coli, and possibly other microorganisms.

Cylindrocladium, being a plant pathogen, may participate in ethyl-

ene production during disease development. Linderman (1974) reported

that ethylene was a product of the interaction between Cylindrocladium
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and azalea tissue. An unanswered question was whether the ethylene

evolved was from the host, the pathogen, or both.

The objective of this study was to investigate the biosynthesis

of ethylene by Clindrocaldium as well as to identify factors influenc-

ing ethylene production. The results from this study will form the

basis for further investigations dealing with ethylene production by

detached Cylindrocladium-infected azalea leaves.

Materials and Methods

Cultural Conditions and
Inoculation Procedure

Cultures of Cylindrocladium floridanum Sobers and Seymour and C.

scoparium Morgan were grown on half strength malt extract, yeast ex-

tract, dextrose, and agar (MYDA) (Linderman, 1972) at 25±1°C. under a

12 hour photoperiod using fluorescent lights. Single-spore stock cul-

tures were renewed every three to four weeks. Conidial inoculum, in

sterile distilled water, was prepared from week-old-cultures mass

transferred from stock cultures. The spore concentration was adjusted

to 10,000-20,000 spores/ml with a hemacytometer and checked by dilution

plating. One ml of spore inoculum was asceptically pipetted into each

of a number of calibrated 125 ml Erlenmeyer flasks, containing 40 ml

sterile modified Pratt's medium (Spalding and Lieberman, 1965)

amended with 10 mM DL methionine. DL methionine was purchased from

Sigma Chemical Co. Flasks were covered with a foam plug and aluminum

foil, and incubated in a growth chamber at 25±1°C. under a 14 hour

photoperiod using fluorescent and incandescent lights (mean light
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intensity in the growth chamber was 8694 lux with a standard error of

the mean = 228 lux).

Spore inoculum was passed through a .22 11 millipore filter and one

ml of filtrate was used to inoculate control flasks. All treatments

were repeated with appropriate controls.

Ethylene Analysis

Prior to ethylene analysis flasks were flushed with 150-200 cc of

air and allowed to sit for 15 minutes under a laminar flor hood before

being sealed with ethanol-sterilized serum caps. Sealed flasks were

incubated in the growth chamber for one hour in the light prior to gas

analysis. A one cc gas sample was withdrawn from flasks with a hypo-

dermic syringe and injected into the gas chromatograph. A Perkin and

Elmer 3920 gas chromatograph equipped with a flame-ionization detector

and a 2.4 m poropak N (80-100 mesh) column was used to determine ethyl-

ene concentration in the head space of flasks. Ethylene was identified

by co-chromatography with an ethylene-in-air standard.

At the termination of ethylene analysis mycelium was collected on

Whatman #1 pre-dried and pre-weighed filter paper. The mycelium was

rinsed thoroughly with distilled water in a buchner funnel and oven-

dried for 24 hours at 70°C. before weighing.

Statistical Analysis

Treatments were replicated four to six times depending upon the

experiment. Experiments were repeated twice and replicated the same

each time. All experiments were unpaired and when applicable a
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completely randomized design or unpaired T-test was used to determine

significant differences. Experiments dealing with a percent decrease in

ethylene production or identification of a given treatment's responsi-

bility for ethylene contribution were analyzed with the following stat-

istical equation (Mood et al., 1963).

Estimate of fpx12 var (7) var (y) 2 coy m7911
Variance

57.J

(pyj px 2
14

2 pxpy

Sample estimates 7, y, sL, and sl were used for px, py, var and

vary, in the above formula, to obtain an estimate of the variance or

estimate of the standard deviation of the statistic (7c/7). The statis-

tic. (7/y) is the ratio of treated/untreated to determine the percent

decrease in ethylene or percent contribution to the total ethylene pro-

duced. Since x's and y's are from different flasks, x and y are inde-

pendent and therefore

2 cov (R.,79") =
pxpy

The application of this formula gives an estimate of the variance or

the standard deviation of the ratio taking into account the variance of

all sample flasks in both treatments.

Variations in Experi-
mental Procedure

In several experiments previously described, the standard cultural

conditions were varied to test specific treatments on ethylene produc-

tion. For example modified Pratt's medium was amended with 0, 2, 4, 6,

8, and 10 mM DL methionine to determine the effect of methionine
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concentration on ethylene production.

In another experiment, a more complete study was made on ethylene

production following germination of conidia. Experiments were con-

ducted in volume-calibrated 60 ml vials containing 20 ml modified Pratt's

medium. Two ml of spore inoculum was used, and ethylene was sampled 0,

3, 6, 9, 12, and 24 hours after inoculation of vials.

To determine the contribution of culture filtrates to the total

ethylene produced by the culture, filtrates were collected by passing

the culture first through cheesecloth and then through a .22 or .45 1.1

Millipore filter. Filtrate was pipetted into an empty sterile 125 ml

flask, incubated one hour, and ethylene analyzed.

In another experiment, mycelium was heat killed in a water bath at

75° C. for one hour to insure that viable mycelium was needed for con-

tinued ethylene production. The original culture medium was renewed

by centrifuging heat-killed mycellium at 10,000 rpm for 15 minutes, de-

canting off medium, adding 20 ml sterile distilled water, recentrifug-

ing, decanting off water, and resuspending mycelium in sterile medium.

The effects of light vs. dark culture conditions were determined

by incubating cultures in total light, total dark, specified light

period plus two hours dark, specified dark period plus two hours light.

The experiment was conducted under continuous light and flasks were

wrapped in aluminum foil for dark treatment. Flasks were sealed with

serum caps the last hour of all treatments.

Experiments relating to light absorbance of culture filtrates of

C. floridanum and C. scoparium and known FMN (suspended in modified

Pratt's medium) were done on a Shimadru Bausch and Lomb Spectrophotometer.
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Modified Pratt's medium was used as the reference. FMN was purchased

from Sigma Chemical Company. The pH measurements of cultures, culture

filtrates, and FMN (suspended in modified Pratt's medium) were done

on a Corning pH meter, model 7.

Potentially inhibitory compounds of ethylene production were added

to cultures after 24 hours of growth. Cultures were then incubated two

hours, the flasks being sealed the last hour prior to the ethylene

analysis. Inhibitory compounds tested were CuSO4 (purchased from Sigma

Chemical Company) and amino-ethoxyvinylglycine (AVG), obtained from

Hoffman LaRoche Company. AVG is structurally related to rhizobitoxine

and often referred to in the literature as the ethyoxy analogue of

rhizobitoxine. AVG inhibits ethylene production in apple tissue at

10
-5
M (A. Stemple, personal comm., Hoffman LaRoche Inc., Nutley, New

Jersey).

In all experiments appropriate controls were subtracted from the

ethylene produced by Clindrocladium.

Results

Effect of Methionine Concentration
on Ethylene Production

Studies on the effect of methionine concentration on ethylene pro-

duction by C. floridanum and C. scoparium (Figure 3) indicated that ethyl-

ene production was methionine dependent. Increasing concentrations of

methionine, within a range of 2-10 mM, generally increased ethylene pro-

duction. At most sampling times, however, there was no consistently

significant difference in ethylene production between 6, 8, and 10 mM
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Figure 3. The effect of methionine concentration on ethylene production by Cylindrocladium floridanum
and C. scoparium when expressed as (nl/hr) in 3A and (nl/mg dry wt mycelium/hr) in 3B.
Data represents the mean of four replications. LSD values are listed below.

LSD .05
nl/hr C. scoparium

1 hr 6.31

24 hr 8.94
48 hr 54.94
72 hr 93.41

C. floridanum
LSD .05

nl/mg/hr C. scoparium C. floridanum

12.11 1 hr
11.97 24 hr 21.57 12.00
12.00 48 hr 5.43 4.45
51.63 72 hr 1.08 2.47
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methionine. Similar results were obtained when the experiment was re-

peated. Methionine concentration only decreased .55 mM per day (amino

acid analysis done by the Biochemistry and Biophysics Department, Oregon

State University), and to insure that methionine was not a limiting

factor in ethylene biosynthesis, the medium was supplemented with 10 mM

methionine for all further experiments. That level only slightly de-

creased Cylindrocladium growth rate.

Ethylene Production Over Time

Ethylene production during the first 24 hours after flask inocula-

tion was determined (Figure 4). No peak in ethylene production corres-

ponded with germination of conidia. Germination had not begun to occur

by two hours, but by 4.5 hours 50-80 percent of all conidia had germin-

ated. After seven hours, maximum germination (80-87 percent) had

occurred.

C. floridanum produced ethylene several hours after germination,

and produced more ethylene within the first 20 hours of growth than C.

scoparium. The difference was significant by the nine hour reading

(LSD .01). This was not solely due to a greater growth rate, since a

significant difference existed when ethylene production was expressed

on a dry weight basis (nl ethylene/mg dry weight mycelium/hour). By

48 hours ethylene production by both species was similar.

A small burst of ethylene occurred one hour after inoculation in all

experiments, but this decreased after several hours and appeared to occur

in response to inoculation of culture media.

Maximum production of ethylene, expressed as nl/hr (Figure 3),
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occurred between 48 and 72 hours with C. scoparium and at 72 hours with

C. floridanum. Figure 4 expresses results as nl ethylene/mg dry weight

mycelium/hour, and maximum production occurred at 24 hours with both

species. Subsequent readings showed a continuous decrease in ethylene

evolution. These results illustrate that ethylene production by

Cylindrocladium spp. was maximal during active growth.

Cylindrocladium grows very quickly, colonizing 40 ml medium within

three or four days. A crust of mycelium formed by 72 hours, but not

uniformly in all flasks. The crust greatly increased mycelium dry

weight, and may have interferred with available oxygen, implicated as a

necessary component of ethylene biosynthesis (Burg and Burg, 1967). For

these reasons all further experiments were conducted within a 48 hour

period.

The pH of culture medium became more acidic with continuous growth

of Cylindrocladium. Initial pH was 4.35, but after three days of growth

it had dropped to 3.37-3.42, and by 11 days it was 2.77-2.79. This de-

crease in pH may have effected the rate of ethylene production by

Cylindrocladium.

Ethylene Production by Cultures
and Culture Filtrates

Ethylene was produced in culture both biologically from viable my-

celium, and nonenzymically from culture filtrates (Table 2). An in-

creasing amount of ethylene was produced by filtrates over time, and

by 48 hour production by the filtrate exceeded ethylene evolution by the

mycelium alone. The range in the culture filtrates contribution to

total ethylene produced (at 24 hours) was most likely due to variation
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in spore inoculum concentration, and therefore the amount of growth

present.

Table 2. Ethylene production by cultures and culture filtrates of
Cylindrocladium, was sampled after 24 and 48 hours of growth.
Each percent value represents an individual experiment with
five replications.

Sampling Time

Filtrate Percent Contribu-
tion to Total Ethylene Pro-
duced (values in percent)

Si

(in per-
cent)

Cylindrocladium floridanum

24 hours after inoculation 43.14 2.97

54.00 4.15

55.92 2.52

68.00 9.00

48 hours after inoculation 76.00 9.52

Cylindrocladium scoparium

24.84 2.3924 hours after inoculation

45.37 4.89

47.53 4.26

53.61 5.23

48 hours after inoculation 74.37 3.09

1S represents the standard deviation of the filtrates percent contribu-
tion.

These results suggested that a fungal metabolite was continuously

secreted into the medium, accumulated there over time, and was involved

in ethylene production. Boiling the culture filtrate for ten minutes

did not decrease ethylene production, therefore eliminating the possi-

bility of an enzymic pathway.

Heat killed mycelium, in the original medium, produced ethylene in
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similar quantities of that produced by the culture filtrate (Table 3).

Upon replacing the original culture medium with sterile medium, ethyl-

ene production was almost completely eliminated, demonstrating the

necessity of viable mycelium for continued ethylene evolution.

Table 3. Ethylene production from viable and heat killed mycelium of
Cylindrocladium, in both original and renewed medium. Each
experiment had six replications per treatment.

Treatment
Ethylene
nl/hr

Percent Decrease
in Ethylene
Production

SI

(in per-
cent)

Cylindrocladium floridanum

191.47Untreated
Heat killed original
medium 86.08 55.04 3.35

Heat killed renewed
medium 6.25 96.94 .73

Untreated 157.29
Heat killed original
medium 82.54 47.52 4.55

Heat killed renewed
medium 8.20 94.79 .40

Cylindrocladium scoparium

Untreated 53.47
Heat killed original
medium 32.13 39.91 6.00

Heat killed renewed
medium .43 99.20 .72

Untreated 87.02
Heat killed original
medium 45.57 47.63 4.12

Heat killed renewed
medium 3.88 95.54 .80

1S represents the standard deviation of the filtrates percent contribu-
tion.
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Effect of Light/Dark on
Ethylene Production

Light influences ethylene production in both cultures and culture

filtrates of C. floridanum (Figure 5). Cultures grown for a 24 hour

light period followed by two hours of dark, produced less ethylene than

cultures grown in total light. In contrast, cultures incubated for 24

hours in the dark, allowing the accumulation of a fungal metabolite in

the culture medium, and then illuminated for two hours produced more

ethylene than cultures grown in total light. No ethylene was produced

in total darkness after 24 hours, but by 48 hours production in the dark

had begun.

Similar results were obtained when the experiments were repeated

with C. scoparium, except no ethylene was produced at 48 hours in the

dark. However, an 11 day dark grown culture of C. scoparium did produce

a minimal amount of ethylene.

Ethylene production by culture filtrates of C. floridanum was simi-

larly regulated by light (Figure 5). The experiment was not repeated

with C. scoparium, although it is assumed that culture filtrates of C.

scoparium respond in the same manner.

Evidence from the absorbance spectra of culture filtrates (from

dark-grown 11-day-old cultures) indicated a fungal metabolite of

Cylindrocladium, hereafter identified as a flavin-like compound (FLC),

was produced in both light and dark, and may have acted as a precursor

or cofactor of light-induced ethylene production. C. floridanum pro-

duced a greater concentration of FLC than did C. scoparium.

Yang et al. (1967) described a nonenzymic pathway for ethylene
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production which required methionine, flavin mononucleotide (FMN), and

light. I therefore determined if the FLC produced by Cylindrocladium was

similar to FMN by comparing the absorbance spectrum of FMN, suspended in

modified Pratt's medium, to the absorbance spectra of culture filtrates

of C. floridanum and C. scoparium, collected after 11 days growth in the

dark. No attempt was made to isolate the FLC from culture filtrates.

Figure 6 illustrates the spectra compared at both initial illumination

(in the spectrophotometer) and after 24 hours illumination in the growth

chamber. FMN characteristically absorbed light at 370 and 450 nm at

initial illumination. The FLC produced by C. floridanum and C. scoparium

both peaked at 310 nm, although there was variation in both absorbance

as well as shape of the peak. FMN appeared to undergo a pigment shift

to a flavin derivative after 24 hours illumination, and produced an

absorbance spectrum similar to those produced by C. floridanum and C.

scoparium culture filtrates similarly treated. Ethylene was produced

both with FMN and with the flavin deritative produced after illumination.

The pH of C. floridanum and C. scoparium culture filtrates was

2.60-2.94, whereas the pH of FMN in modified Pratt's medium was 4.2-4.4.

Raising the pH of culture filtrates to 4.2, or lowering the pH of FMN

to 2.6 did not change the absorbance spectra.

I determined if methionine was playing a role in the pigment shift

of FMN (Figure 7). Without methionine, and after four hours illumina-

tion, FMN displayed a loss of the 450 nm peak, but retained a narrower

double peak between 345 and 410 nm. Over time the optical density

slightly decreased, most likely due to degradation caused by light. FMN

underwent a more dramatic pigment shift to a flavin derivative peaking at
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315 nm in the presence of both light and methionine after 24 hours.

The effect of methionine on light absorption by culture filtrates

of both C. floridanum and C. scoparium was investigated, but only C.

floridanum results are reported (Figure 7). An adequate concentration of

FLC did not accumulate in the C. scoparium culture filtrate, and there-

fore the effect of methionine on the FLC produced by C. scoparium is

unknown. The FLC produced by C. floridanum behaves differently in the

presence and absence of methionine (Figure 7). When methionine was pre-

sent, FLC initially peaked at 315 nm, and after illumination the peak

changed slightly and decreased in absorbance. In the absence of meth-

ionine at initial illumination, FLC had a broad absorbance peak from

360-390 nm. The peak decreased and narrowed to the 379-390 nm region

after illumination. FLC fell in the range of the narrower double peak

of FMN after four hours illumination in the absence of methionine. Al-

though FMN and the Cylindrocladium FLC were not identical, they

appeared to be quite similar.

In relation to ethylene production in the dark, C. floridanum FLC

in the presence of methionine decreased in concentration in the dark,

and underwent a spectral shift, compared to FLC in the absence of

methionine. This may have been associated with the ethylene that was

produced in the dark, but the determination of this as well as the

identification of FLC is dependent upon isolating the compound from

culture filtrates.
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Table 4. CuSO4 inhibition of ethylene production by FMN, Cylindroclad-
ium floridanum (CF) and Cylindrocladium scoparium (CS). Each
experiment had five replications per treatment.

Treatment

Ethylene nl/hr Percent Decrease
in Ethylene
Production

S1

(in per -

cent)0mM CuSO4 10mM CuSO4

.25 M FMN 77.84 13.09 83.18 1.26

CF

culture 57.19 30.42 46.81 6.86
#1

culture filtrate 39.03 17.40 55.42 5.65

culture 187.19 62.01 66.87 3.11
#2

culture filtrate 101.45 36.79 63.74 2.95

CS

culture 117.60 54.19 53.92 3.55
#1

culture filtrate 63.04 39.00 38.13 8.57

culture 229.84 95.98 58.24 4.35
#2

culture filtrate 104.28 62.76 39.82 4.77

IS represents the standard deviation of the percent decrease in
ethylene production.

Effect of Inhibitors on Ethylene
Production

The nonenzymic pathway for ethylene production described by Yang

et al. (1967) was inhibited by CuSO4. CuSO4 inhibition of ethylene pro-

duction from C. floridanum and C. scoparium cultures and cultures fil-

trates was tested. A preliminary test of a range of CuSO4 concentra-

tions with the FMN reaction showed that when methionine and CuS0
4

concen-

trations were equal (10 mM), maximal inhibition occurred. Thus, 10 mM

CuS0
4
was tested as an inhibitor of ethylene production by C. floridanum

and C. scoparium. Reduction of ethylene production by C. floridanum
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and C. scoparium cultures and culture filtrates did occur, but not to

the extent that it occurred with FMN. This was taken as evidence that

an additional pathway for ethylene production by Cylindrocladium, not

involving FLC, may also be operative. Growth of the fungus was also

greatly inhibited by 10 mM CuSO4.

A single experiment on the effect of amino ethoxyvinyl glycine

(AVG) on ethylene production was conducted. No inhibition at 10-4 M

AVG occurred with C. floridanum. AVG is an effective inhibitor of ethyl-

ene by apple tissue at 10
-5

M (A. Stemple, personal comm., Hoffman La

Roche Inc., Nutley, New Jersey). The ethoxy analog of rhizobitoxine

(structurally related to AVG) inhibits ethylene production by binding at

a methionine-specific site on an enzyme involved in the pathway. AVG

did not effectively inhibit ethylene production by Cylindrocladium,

possibly because that enzymic pathway was not operative.

Discussion

The basis for the present study was the question of whether or not

Cylindrocladium was capable of producing ethylene, since ethylene has

been reported (Linderman, 1974) to be a product of the interaction

between Cylindrocladium spp. and azalea tissue. The origin of the ethyl-

ene from this and other host-parasite combinations (Williamson, 1950;

Chalutz and DeVay, 1969; and Pegg and Cronshaw, 1976) has been an open

question even though most of the existing evidence suggests that the

host is the primary source. This is based mainly on more ethylene being

produced by the host-pathogen combination than the pathogen could pro-

duce alone.
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The present study has clearly shown that Cylindrocladium can pro-

duce ethylene, which is methionine dependent, and furthermore ethylene

is produced very soon after conidia germinate (C. floridanum produces

more ethylene, sooner than C. scoparium). It is produced in high enough

concentrations to be considered as a likely source in the host-pathogen

combination. Thus a developing germ tube or thallus could be produc-

ing ethylene just prior to penetrating the host tissue and clearly

prior to lesion formation and the cellular collapse leading to host

ethylene release. This is dependent upon available methionine for

Cylindrocladium utilization at the inoculation site.

Maximum ethylene production by Cylindrocladium, expressed on a

mycelium dry weight basis, occurred in culture flasks at 24 hours

followed by a decline. When expressed in nl ethylene/hour, however,

ethylene was still increasing after 24 hours. Possible explanations

for the apparent decline in production may be: 1) the fungus growth

rate exceeds or is independent from the rate of ethylene production,

2) the decrease in pH of the culture medium that occurs during the

growth phase may decrease the rate of ethylene production, 3) a neces-

sary stimulator for ethylene production may be limiting, 4) an inhibitor

of ethylene production may accumulate in the medium, and 5) ethylene

may only be produced directly by actively growing hyphal tips of myce-

lium, while the remainder of the fungal thallus is secreting FLC into

the culture medium thereby indirectly producing ethylene via the light-

methionine-FLC reaction. Thus, the rate of ethylene production appears

to be decreasing because most of the mycelium is not actively producing

it. Some researchers have reported maximum ethylene production during
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the active grwoth stage, i.e., Colletotrichum musae (Peacock and Muir-

head, 1974), and Ceratocystis fimbriata (Chalutz and DeVay, 1969); by

contrast, other workers report maximum production during the growth rate

decline phase, i.e., Penicillium digitatum (Spalding and Lieberman,

1965), Mucor hiemalis (Lynch and Harper, 1974), Aspergillus and Mucor

spp. (Dasilva et al., 1974) and Pseudomonas solanacearum (Bonn and

Sequira, 1975).

Results reported here suggest that Cylindrocladium may produce

ethylene by at least two biosynthetic pathways. One pathway is mediated

by light and appears to involve a flavin-like compound (FLC) produced by

Cylindrocladium. The other pathway occurs in the dark, displays a lag

in production, yields less ethylene, and may or may not be related to

the first pathway.

Chalutz et al., (1977) described three ethylene-generating systems

operative in cultures of Penicillium digitatum: an enzymic system in

viable cells, and two culture filtrate systems. Both of the culture

filtrate systems depended on a fungal metabolite of methionine, and one

was non-enzymic. The Cylindrocladium system appears to largely involve

FLC, either contained in fungal cells or released into the medium. The

FLC reacts with light and methionine to produce ethylene. This system

doesn't seem to parallel the P. digitatum system except in methionine

dependency. It does, however, parallel the Mucor hiemalis (Lynch, 1974)

system in that ethylene production was methionine dependent and light

enhanced the process (less ethylene was produced by M. hiemalis in the

dark). The M. hiemalis fungal filtrate also produced ethylene and it

was proposed that a chemical intermediate, released into the culture
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medium, played a role in the production.

Primrose (1976) also showed that light enhanced ethylene production

by cultures and culture filtrates of E. coli, and proposed that a light

sensitive intermediate formed by E. coli, accumulated in the dark and

decomposed to ethylene in both light and dark.

Yang et al., (1967) described a non-enzymic pathway for ethylene

production in which methionine is converted to ethylene by flavin mono-

nucleotide (FMN) and light. Lynch (1974) had also proposed a pathway

for M. hiemalis involving the flavin adenine dinucleotide (FAD) of an

amino acid oxidase which reacts with light in the presence of methionine

to form ethylene. The systems described by Yang et al. (1967), and

probably that of Lynch (1974) most closely parallel the Cylindrocladium

system as reported in this paper.

The similarities between the FMN-methionine-light system described

by Yang et al. (1967) and the Cylindrocladium system include 1) depen-

dency on light and methionine, 2) NH3 as a byproduct of the FMN system

and of the Cylindrocladium system (determined by an amino acid analysis

of culture filtrates done by the Biochemistry and Biophysics Department,

Oregon State University), 3) inhibition of both systems by CuSO4,

4) the similarities of the absorbance spectra of FMN and the Cylindro-

cladium FLC after 24 hours illumination, and 5) similarity of FMN and

the C. floridanum FLC spectral patterns in the presence and absence of

methionine, and the pigment shift to a flavin derivative in the presence

of methionine. Nickerson and Strauss (1960) showed that methionine can

act as an activator for the photochemical reduction of riboflavin.

The only dissimilarity between the two systems is the pH optima
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for the reactions. The FMN system functions best at 8.5 (Yang et al.,

1967), and the modified Pratt's medium used in this study was initially

pH 4.3 and decreased with growth. However, FMN in methionine-amended

modified Pratt's medium produced abundant ethylene, so this may not

really be a dissimilarity. Acid pH stimulated light enhanced ethylene

production by M. hiemalis (Lynch, 1974).

The difficulty of comparing ethylene production systems by micro-

organisms is that none of the test conditions used by various workers

were the same, so comparison is difficult, if not impossible. Perhaps

if M. hiemalis, E. coli, P. digitatum and Cylindrocladium spp. could all

be compared under identical conditions, a common pathway might be

elucidated, possibly that proposed by Yang et al. (1967) and/or Pegg

(1976). Nonetheless, this is the first report providing evidence of a

methionine-light-FMN pathway for a microorganism, and the first involv-

ing a primary plant pathogen. Furthermore the Cylindrocladium ethylene

system offers unusual opportunity for future biochemical analysis as

well as analysis of the role ethylene plays in the host-parasite inter-

action leading to pathogenesis.
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CHAPTER III. ETHYLENE PRODUCTION FROM
CYLINDROCLADIUM-INFECTED AZALEA LEAVES

Abstract

Ethylene production, by detached Cylindrocladium-infected azalea

leaves, was first detectable 17-21 hours after inoculation and in-

creased sharply with the onset of lesion formation (22-26 hours).

Ethylene production ceased when leaves were completely colonized, indi-

cating that ethylene originated largely from host tissue.

Lesion formation and ethylene production were enhanced by incubat-

ing inoculated leaves in the dark compared to the light. In addition,

the ethylene produced/unit lesion area was greater in the dark than in

the light. These results suggest that dark treatment may enhance host

susceptibility and/or pathogen virulence as well as make available a

stimulator for ethylene biosynthesis.

Lesion area appeared to be unrelated to ethylene production, both

in the light and dark, 48-72 hours after inoculation, suggesting that

ethylene may only be produced by host tissue at or ahead of the advanc-

ing margin of the lesions.
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Introduction

Ethylene production is enhanced in diseased plant tissues and

plays a role in symptom induction (Abeles, 1973). Most researchers in-

vestigating ethylene resulting from host-pathogen interactions concluded

that the ethylene evolved was from host metabolism (Williamson, 1950;

Smith et al., 1964; and Chalutz and DeVay, 1969), and correlated closely

with the onset of lesion development (Nakagaki et al., 1970; Linderman,

1974; Gentille and Matta, 1975; and Pegg and Cronshaw, 1976).

Linderman (1974) detected ethylene emanating from Cylindrocladium-

infected azalea leaves. The ethylene produced enhanced both abscission

of leaves and the formation of red veins, on red and pink cultivars, in

the light. Donnan (1974) also reported that ethylene was produced from

Cylindrocladium-infected azaleas as a result of the host-pathogen inter-

action.

Methionine is the accepted precursor for ethylene production in

plant tissues or plant extracts (Lieberman et al., 1965). Ethylene

evolution from plant tissues is regulated by the availability of pre-

cursors and cofactors as well as environmental factors including light

(Samimy, 1978), temperature (Burg and Thiman, 1959), carbon dioxide, and

oxygen (Burg and Burg, 1967).

The objective of this study was to examine ethylene production by

detached Cylindrocladium-infected azalea leaves over time, determine

the effects of light on ethylene formation, and examine the results in

relation to determining the source of ethylene produced during disease

development.
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Materials and Methods

Cultural Conditions and
Inoculation Procedure

Cultures of Cylindrocladium floridanum Sobers and Seymour and

C. scoparium Morgan were grown on half strength malt extract, yeast

extract, dextrose, and agar (MYDA) (Linderman, 1972) at 25±1°C. under

a 12 hour photoperiod using fluorescent lights. Single spore stock

cultures were renewed every three to four weeks. Conidial inoculum,

in sterile distilled water, was prepared from week old cultures mass

transferred from stock cultures. The spore concentration was adjusted

to 5,000-15,000 spores/ml with a hemacytometer and checked by dilution

plating.

Azalea (Rhododendron obtusum (Lindl.)) Planch. (cv. Dogwood)

leaves, that had been detached from mid-branch, were rinsed twice in

distilled water and blotted dry. Terminal leaves were avoided because

they were less susceptible to infection than mid-branch leaves (R. G.

Linderman, unpublished data). Leaves were dipped in conidial suspen-

sion for 10 seconds and two leaves were placed abaxial side up on the

"perlite" in each volume calibrated 125 ml Erlenmeyer flask, contain-

ing 40 cc of perlite moistened with 21 ml of distilled water. Position-

ing of the leaves was on the basis of Donnan's finding that stomatal

infection by Cylindrocladium was greater on the abaxial side than the

adaxial side of azalea leaves (Dorman, 1974). Inoculated flasks were

then covered with a foam plug and aluminum foil and incubated in a

growth chamber at 27±1°C. under a 14 hour photoperiod using fluorescent
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and incandescent lights, the mean light intensity being 8674 lux with a

standard error of the mean = 228 lux. Leaves in control flasks were

dipped in a spore filtrate collected from spore inoculum passed through

a .45dAmillipore filter. All treatments were repeated with appropriate

controls.

Light/dark experiments were conducted in separate continuously

lighted or dark growth chambers, and the dark treatment flasks were

additionally wrapped in aluminum foil.

An experiment was conducted to determine the effect of ethylene

treatment on susceptibility of azalea leaves to Cylindrocladium infec-

tion under a 24 hour photoperiod. Flasks were sealed with serum caps

17 hours after inoculation with C. floridanum and C. scoparium, and at

that time 100 nl ethylene was added to culture flasks (control flasks

were sealed, but left untreated). Leaves were measured for lesion

development 90 hours after inoculation.

Ethylene Analysis

Prior to ethylene analysis flasks were flushed with 150-200 cc of

air and allowed to sit for 15 minutes under a laminar flow hood before

being sealed with serum caps. Sealed flasks were incubated in the

growth chamber for four hours in the light (unless otherwise stated)

prior to gas analysis. A one cc gas sample was withdrawn from flasks

with a hypodermic syringe and injected into the gas chromatograph.

A Perkin and Elmer 3920 gas chromatograph equipped with a flame-

ionization detector and a 2.4 m porpak N (80-100 mesh) column was used

to determine ethylene concentration in the head space of flasks.



60

Ethylene was identified by co-chromatography with an ethylene-in-air

standard.

Determination of Cylindro-
cladium Infection

Azalea leaves were observed daily for lesion development from

Cylindrocladium infection after ethylene analysis. A one mm transpar-

ent grid, 4x magnifying lens, and underlighting were used to determine

the lesion areas. Twenty-four hours after inoculation individual

lesions were counted, and area calculated on the basis of ten lesions

equaling 1 mm
2

. Additional daily readings were made of the number of

grids filled 50 percent or more with lesions.

Statistical Analysis

Treatments were replicated four to six times depending upon the

experiment. Experiments were repeated twice and replicated the same

each time. Statistical analysis consisted of calculating the mean and

standard error of the mean for all experiments.

All controls have been subtracted out of the data presented.

Control leaves produced minimal amounts of ethylene (.2-.6 nl).

Results

Ethylene Production
Over Time

Ethylene production from C. floridanum and C. scoparium-infected

azalea leaves was first detectable 17-21 hours after inoculation, but

increased sharply at 22 -26 hours, correlating with the onset of lesion
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development (Figure 8). Ethylene production continued to increase

through 48 hours, and thereafter appeared to plateau. Azalea leaves

infected with C. scoparium produced both more ethylene and greater

lesion area than those infected with C. floridanum. Ethylene produc-

tion was not solely related to the amount of diseased plant tissue

since two to three times as much ethylene was produced by a .50 cm
2

lesion of C. scoparium than a .44 cm
2
lesion of C. floridanum. Similar

results were obtained when the experiment was repeated.

Effect of Light/Dark on Ethylene
Production and Lesion Development

When azalea leaves inoculated with Cylindrocladium were incubated

in the dark, both ethylene production and lesion development were en-

hanced when compared to leaves incubated in the light (Figures 9, 10,

and 11). Lesion development occurred at a greater rate in C. scoparium-

infected azalea leaves than those infected with C. floridanum both

light and dark, although there was no significant difference between

the amount of ethylene produced by a given size lesion of C. floridanum

and C. scoparium in the dark. Ethylene production decreased after

approximately 50-60 percent of azalea leaf area had lesions. When C.

scoparium colonization of the leaf reached 100 percent, as at 70-74 hours

in the dark, ethylene production ceased.

Low levels of ethylene were produced by C. floridanum and C.

scoparium-infected azalea leaves in the light as well as a much slower

rate of lesion development. Significantly more ethylene was produced by

a given size C. scoparium lesion in the dark (.34 cm
2

) than a similar

size C. scoparium lesion in the light (.61 cm
2
). This again indicates



62

Cylindrocladium floridanum - CF

Cylindrocladium scoparium - CS

40 -

........

10-

24 48

Time ( hr )

(1.20)

CS

( .44 )

CF

72

Figure 8. Ethylene production by Cylindrocladium floridanum and C.
scoparium-infected azalea leaves. Numbers i2 parentheses
represent corresponding unit lesion area (cm ). Data
represents the mean of six replications and bars represent
the standard error of the mean.
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Figure 9. Ethylene production by Cylindrocladium floridanum and C.
scoparium-infected leaves as influenced by light and dark
incubation. Numbers in parentheses represent correspond-
ing unit lesion area (cmZ). Data represents the mean of
four replications and bars represent the standard error of
the mean.
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Figure 10. C. scoparium lesion development 74 hours after inoculation
as influenced by light and dark incubation. (Culture flask
on left = uninoculated dark and light control, center flask
= dark incubation and flask on right = light incubation.)

Figure 11. C. floridanum lesion development 72 hours after inoculation
as influenced by light and dark incubation. (Culture flask
on left = uninoculated dark and light control, center flask
= dark incubation and flask on right = light incubation.)
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that ethylene production is not only related to lesion area, but is also

stimulated by additional factor(s) present during dark incubation.

To determine if enhanced ethylene evolution during dark incubation

was causing azalea leaves to be more susceptible to Cylindrocladium in-

fection, 100 nl ethylene was added to sealed, light-incubated treatment

flasks 17 hours after C. floridanum and C. scoparium inoculation.

There was no significant difference in the unit lesion area of ethylene

treated and untreated Cylindrocladium-infected azalea leaves 90 hours

after inoculation, therefore indicating that ethylene does not enhance

susceptibility of azalea leaves to Cylindrocladium infection.

Discussion

Ethylene has been reported to be a product of Cylindrocladium-

infection of azalea (Linderman, 1974) although the origin of ethylene,

i.e., host and/or pathogen, had not been determined. The objective of

this study was to examine ethylene production by Cylindrocladium-in-

fected azalea leaves, determine the effects of light and dark incuba-

tion on ethylene formation, and also to hypothesize on the source of

ethylene production during disease development.

Ethylene production, by detached Cylindrocladium-infected azalea

leaves, increased sharply with the onset of lesion development although

ethylene was detectable prior to that time (17-21 hours). Donnan (1974)

reported that germ tubes of Cylindrocladium spp. penetrated between

stomate guard cells eight hours after conidial inoculation of azalea

leaves, and pinpoint lesions were present by 12-18 hours.

Cylindrocaldium was able to produce ethylene soon after conidia
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germinate in culture (Chapter II) and therefore the developing germ

tube or thallus may produce ethylene during and after penetration

through azalea leaf stomata, but prior to lesion formation. This is

dependent upon available methionine at the inoculation site for Cylin-

drocladium utilization, assuming that the biosynthetic pathways for

ethylene are similar in culture and azalea leaf tissue (Chapter II).

Most probably the ethylene detectable 17-21 hours after inocula-

tion was of host origin and related to the few pinpoint lesions present

on leaves by 21 hours. Additional evidence for initial ethylene pro-

duction being of host origin included the ability of C. floridanum to

produce more ethylene sooner than C. scoparium in culture (Chapter II),

whereas C. scoparium was more pathogenic in that it always produced

more unit area lesion, sooner than C. floridanum. Therefore, the

ability to produce ethylene in culture does not appear to be directly

related to the virulence of C. floridanum or C. scoparium.

After lesion establishment a doubling or greater of unit lesion

area did not result in a doubling or greater of ethylene production.

This indicated that ethylene production was not directly related to

lesion area, but instead produced by the host in response to tissue

damage at or ahead of the advancing margins of lesions. Furthermore,

ethylene production ceased when leaves were completely covered with

lesions, supporting the idea that ethylene originated from viable but

infected host tissue.

Several other researchers have observed a peak in ethylene corres-

ponding closely with symptom appearance at the inoculation site (Nakagaki

et al., 1970; Gentille and Matta, 1975; and Pegg and Cronshaw, 1976)
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and have concluded that the ethylene evolved from diseased plants was

due to the injury of viable infected plant tissue (Williamson, 1950;

Chalutz and DeVay, 1969). In contrast Montalbini and Elster (1977) re-

ported that a peak in ethylene produced by bean leaves susceptible and

hypersensitive to Uromyces phaseoli corresponded with mycelial penetra-

tion and substomatal vesical formation (13 hours after inoculation).

Lesion formation and ethylene production were enhanced by incuba-

ting Cylindrocladium-inoculated azalea leaves in the dark rather than

in the light. In addition the ethylene produced/unit lesion area was

always greater in the dark than in the light. Dark treatment appeared

to enhance host susceptibility and/or pathogen virulence as well as

make available a stimulator for ethylene biosynthesis.

The greater amount of ethylene, produced in the dark, did not in-

crease susceptibility of azalea leaf tissue to Cylindrocladium dis-

ease, since additions of ethylene to light incubated Clyindrocladium-

infected leaves did not enhance lesion development. Dark treatment

therefore enhances host susceptibility and/or pathogen virulence in

some other way, possibly by involvement of a Cylindrocladium toxin

produced in the dark (R. G. Linderman, personal comm.).

In addition, the greater rate of ethylene produced in the dark

may be due to the presence of a stimulator, possibly more methionine

available for host utilization in the biosynthetic pathway. Methionine

is synthesized in isolated pea chloroplasts (Mills and Wilson, 1978)

and light stimulates chloroplast protein synthesis (Salsbury and Ross,

1969). During dark incubation less methionine may be incorporated into

protein and therefore be present in an available form for host
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utilization in an ethylene-generating pathway.

Tingey et al. (1976) found that dark incubation of a variety of

plants enhanced ozone-induced stress ethylene, although no reason for

this was given.

It was also observed that uninoculated barley leaves produced more

ethylene if they were either preincubated in the dark or kept continu-

ously in the dark (Hislop and Stahman, 1971). In addition Erysiphe

qraminis f. sp. hordei-inoculated barley leaves produced the most ethyl-

ene, 15.5 hours after inoculation, from total dark incubation of leaves

when compared to various other dark and light treatments. No differ-

ence was found, however, on the effect of light or dark on the level

of infection six days after inoculation.

Although the E. graminis-barley leaf study (Hislop and Stahman,

1971) and the Uromyces phaseoli-bean leaf study (Montalbini and Elster,

1971) followed ethylene production closely after inoculation and

through host colonization, they involved obligate parasites and there-

fore the systems offer no direct way of differentiating the source of

ethylene evolution during disease development.

The majority of ethylene produced by Cylindrocladium cultures

(Chapter II) was light induced. Minimal amounts were produced in the

dark and only by 48 hours after inoculation (C. floridanum) and there-

after (C. scoparium). In contrast, dark incubation of Cylindrocladium-

infected azalea leaves enhanced ethylene evolution, and maximum pro-

duction occurred by 48 hours after inoculation. Assuming that the

biosynthetic pathways for ethylene by Cylindrocladium are similar in

culture and host tissue, this is the first study to offer a way of
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differentiating the source of ethylene evolution during disease develop-

ment, i.e., the effect of light and dark treatment on ethylene production

by pathogen alone and the host-pathogen interaction.

Evidence indicates that the ethylene produced from dark incubated

Cylindrocladium-infected azalea leaves is of host origin. With further

experimentation (possibly with ethylene inhibitors) this system may

offer more conclusive evidence on the source of ethylene as well as the

role it plays in pathogenesis.
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GENERAL DISCUSSION

This study dealt with ethylene production from cultures of Cylindro-

cladium and from Cylindrocladium-infected azalea leaves. Cylindrocladium

grows quite differently in culture than in azalea leaf tissue and may

also behave differently in the two environments. The assessment of

results obtained from cultural studies compared to those of the host-

pathogen interaction are therefore not absolute, but are nonetheless used

as a guideline for this study.

Ethylene production, from cultures of Cylindrocladium, was methio-

nine dependent and maximal during active growth of the fungus. A mini-

mum of two ethylene generating pathways were operative in culture. The

major pathway was light induced, involved a flavin-like compound pro-

duced by Cylindrocladium, and appeared to be similar to the FMN-methio-

nine-light, ethylene generating pathway described by Yang et al. (1967).

This pathway also shares similarities with a pathway operative in Mucor

hiemalis (Lynch, 1974) and E. coli (Primrose, 1976).

Another system of ethylene production by Cylindrocladium occurred

in the dark, exhibited a production lag, and produced less ethylene than

the light mediated system.

The identification of light as a factor greatly influencing ethyl-

ene production by cultures of Cylindrocladium opened up the possibility

of differentiating ethylene production by the host and the pathogen in

Cylindrocladium-infected azalea leaves.

Ethylene production, by detached Cylindrocladium-infected azalea

leaves, increased sharply with the onset of lesion formation, but
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ceased when leaves were completely colonized, indicating that ethylene

originated from host tissue. Lesion area seemed unrealted to ethylene

production suggesting that ethylene may only be produced by host tissue

at or ahead of the advancing margins of the lesion.

Dark incubation of Cylindrocladium-infected azalea leaves en-

hanced ethylene evolution, which was maximal by 48 hours after inocula-

tion. In contrast, the majority of ethylene produced by Cylindrocladium

cultures was light induced. Minimal amounts were produced in the dark

and only by 48 hours after inoculation (C. floridanum) and thereafter

(C. scoparium). Assuming that the biosynthetic pathways for ethylene

by Cylindrocladium are similar in culture and host tissue, evidence

indicates that the ethylene produced from dark incubated Cylindro-

cladium-infected azalea leaves is of host origin.

This study and others (Linderman, 1974; Donnan, 1974) have estab-

lished that ethylene is a product of the Cylindrocladium-azalea disease

interaction, but what role does ethylene play in pathogenesis? Patho-

genesis is defined as the sequence of events occurring during disease

development and pathogenicity as the ability to cause disease (Wheeler,

1975).

Ethylene treatment did not enhance lesion development in the light,

and therefore does not play a role by inducing necrotic lesion forma-

tion. Furthermore, ethylene treatment did not cause leaf tissue to be

more susceptible to Cylindrocladium disease, and the ability of

Cylindrocladium to produce ethylene in culture does not appear to

relate to the virulence of C. floridanum or C. scoparium. Ethylene

production during disease development does enhance abscission of



74

Cylindrocladium-infected azalea leaves (Linderman, 1974).

The role of ethylene in pathogenesis would therefore be the en-

hancement of production during disease which eventually results in leaf

abscission and dissemination of Cylindrocladium infective propagules.
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