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ABSTRACT

Hebard, F. V., and Shain, L. 1988. Effects of virulent and hypovirulent Endothia parasitica and their metabolites on ethylene production by bark of

American and Chinese chestnut and scarlet oak. Phytopathology 78:841-845.

Ethylene production was stimulated in bark of American chestnut and
scarlet oak up to 8 cm from wounds or expanding initial lesions caused by
virulent and hypovirulent strains of Endothia parasitica, before
lignification. Stimulation of ethylene production ceased when, or soon
after, a lignified zone formed and initial lesions stopped expanding. The
stimulation of ethylene production was repressed 0.5-2 c¢cm from the
expanding initial lesion in American chestnut inoculated with virulent E.
parasitica but not in the other host-treatment combinations. On American
chestnut, stimulation of ethylene production with repression close to the
canker also was observed for naturally occurring cankers that were
expanding because of growth of mycelial fans. Stimulation of ethylene
production was not observed for naturally occurring cankers on scarlet oak

or Chinese chestnut, possibly because the cankers were not expanding.
Mycelium-agar disks of virulent and hypovirulent E. parasitica stimulated
ethylene production in bark plugs of American and Chinese chestnut and
scarlet oak as compared with controls. American chestnut was stimulated
more than scarlet oak and Chinese chestnut. Oxalate, a known metabolite
of E. parasitica, inhibited ethylene production in bark plugs of chestnut
and oak. Sterile filtrates of virulent and hypovirulent E. parasitica cultures
stimulated ethylene production in American chestnut when the fungi were
grown on chestnut or oak bark-extract broth but not when the fungi were
grown on potato-dextrose broth. Thus both the stimulatory factor(s) and
the repressive factor(s) may be present in culture filtrates.

The mechanism for the extraordinary susceptibility of American
chestnut (Castanea dentata (Marsh.) Borkh.) to blight, caused by
Endothia parasitica(Murr.) P. J. & H. W. And., is unknown. This
is true also for the mechanism by which the agents of cytoplasmic
hypovirulence render E. parasitica hypovirulent. McCarroll and
Thor (12) found a pectinase inhibitor in blight-resistant Chinese
chestnut (C. mollissima Blume) that was more active than a similar
fraction from American chestnut. They also exposed inner bark of
Chinese and American chestnut to oxalate buffers and reported
that Chinese chestnut bark turned brown at a lower concentration
or a higher pH (11). Samman et al (15) found a lipid-phase growth
inhibitor of E. parasitica in Chinese chestnut bark that was more
active than a similar fraction in American chestnut bark. Finally,
Hebard and Kaufman (8), building on previous work, found a
strong correlation between hydrolysable tannin concentration and
blight resistance in callus cultures. The significance of the last
finding is obscured by the ability of E. parasitica to degrade
chestnut tannins (1,4). However, at physiological concentrations,
chestnut tannins do inhibit the growth of E. parasitica, and tannins
from Chinese chestnut are reported to be more inhibitory than
tannins from American chestnut (13).

Hebard et al (7) found that the rapidity of formation and growth
of mycelial fans, rather than the rapidity of formation and rate of
extension of wound periderm, distinguished blight-resistant from
blight-susceptible chestnut and virulent from hypovirulent E.
parasitica. This finding suggested to them that the ability of the
fungus to obtain nutrition from colonized chestnut bark, and to
not be inhibited by it, was crucial for canker development. It also
suggests that events that occur between artificial inoculation and
mycelial fan formation 20-40 days later can serve as a model
system for the critical aspects of pathogenesis.

Shain and Wheeler (17) found that oats resistant to victoria
blight produced much less ethylene than susceptible oats when
exposed to victorin. This probably reflects the greater damage that
victorin inflicts on susceptible oats. Ethylene production in plants
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generally is enhanced during stress and has been associated with
events leading to resistance to plant disease (3). The speed and ease
with which ethylene can be measured make it a useful assay of plant
damage. The objectives of the current study were to measure
ethylene production by hosts differing in resistance to E. parasitica
after artificial inoculation by virulent and hypovirulent strains and
to compare that to known events during canker development, to
explore the utility of ethylene measurements in determining the
blight-resistance of hosts of E. parasitica, and to develop an
ethylene-based assay for toxic metabolites of E. parasitica.
Preliminary reports have been published (9,10).

MATERIALS AND METHODS

Host. American chestnut served as the susceptible host while
Chinese chestnut and scarlet oak (Quercus coccinea Muenchh.)
served as resistant hosts. Trees were located in Powell and Harlan
counties, Kentucky. Naturally occurring, basal cankers associated
with E. parasitica are particularly prevalent on scarlet oak in
Powell County. In general, these species were growing on different
sites, so effects of environment and genetics were confounded.
Differences in innate blight-susceptibility between the resistant
and susceptible hosts, however, are sufficiently great to outweigh
this relatively minor environmental component.

Pathogen. A virulent strain of E. parasitica, Ep155, has been
infected separately with the hypovirulence agents Hy;, Hy,, Hua, or
Hrz to form hypovirulent strains designated Ep779, 780, 868, and
905, respectively. Hypovirulence agents I; and I, originated in
Italy, while M, and T, originated in Michigan and Tennessee,
respectively (5). Fungi were grown in the laboratory on Difco
potato-dextrose agar amended with 100 mg of methionine per liter
and 1 mg of biotin per liter at ambient temperature (23-27 C) and
light (16 hr/day, about 1.4 uE m™ s™' from cool-white fluorescent
tubes). Subcultures were checked to ensure they retained
appropriate morphology. At intervals of approximately 3 mo,
fresh cultures were started from stock cultures maintained on agar
slants at 4 C.
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