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Abstract

Infection ofPoa pratensisleaf blades and callus tissue byBipolaris sorokinianaincreases the production of ethylene
and ethane. The ethylene is responsible for most of the chlorosis that occurs during pathogenesis. The nonselective
toxin(s) produced byB. sorokinianais known to disrupt membranes and to damage chlorophyll, but it is not
known whether it can induce an increase in ethylene or ethane. Research was initiated to determine the effect of a
biologically-active extract ofB. sorokinianaon the endogenous ethylene and ethane of intactP. pratensisleaf blades
and on subsequent development of chlorosis. The extract did not increase endogenous ethylene of treated leaves,
but it was associated with an increase in endogenous ethane between 24 and 96 h after treatment. Chlorophyll loss
occurred 96 h after treatment and persisted for the duration of the study (168 h). The chlorophyll content of treated
leaf blades ranged from 72% to 80% of control leaf blades. The observations suggest that the extract ofB. sorokiniana
can induce chlorophyll loss from treated leaf blades independent of an increase in endogenous ethylene by directly
damaging chloroplasts with a concurrent release of ethane. The ethane is believed to be a by-product of pathogenesis.

Results and discussion

The increase in endogenous ethylene in leaves ofPoa
pratensisL. infected byBipolaris sorokiniana(Sacc.)
Shoemaker is the primary cause of chlorosis during
pathogenesis (Hodges, 1990; Hodges and Coleman,
1984). Inoculation ofP. pratensiscallus tissue with
B. sorokinianaalso induces ethylene evolution and a
substantial release of ethane (Hodges et al., 1999).
Ethane is associated with cell decompartmentaliza-
tion and membrane disruption (Dumelin and Tappel,
1977; John and Curtis, 1977; Elstner and Konze, 1976).
Altered cell permeability during pathogenesis has long
been recognized (Thatcher, 1939, 1942), but a concur-
rent release of ethane has not been reported.
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A biologically active extract ofB. sorokiniana
has been shown to induce chlorosis ofP. pratensis
leaf blades (Hodges and Campbell, 1996).Bipolaris
sorokinianaproduces a number of nonselective toxic
sesquiterpenes that damage membranes (Liljeroth
et al., 1994; Carlson et al., 1991; White and Taniguchi,
1972) and induce chlorosis (Pena-Rodriguez et al.,
1988; Harbone, 1983; Ludwig, 1957). Also, some fun-
gal and bacterial toxins are known to induce ethylene
synthesis during pathogenesis (Moussatos et al., 1994;
Kenyon and Turner, 1992; Ferguson and Mitchell,
1985), but it is not known if the extract ofB. sorokini-
ana can similarly induce ethylene evolution. In that
the toxic products ofB. sorokinianadamage mem-
branes, the potential also exists for ethane evolution
during pathogenesis. The research presented was ini-
tiated to determine the ability of a biologically-active
extract ofB. sorokinianato induce ethylene and ethane
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evolution, and chlorophyll loss from intact leaf blades
of P. pratensis.

Plants and intact leaf blades ofP. pratensiswere
grown and prepared for treatment, and the biologi-
cally active extract ofB. sorokinianawas produced
(Hodges and Campbell, 1996). Nondiluted, 10−1 and
10−2 dilutions of the extract were deposited on the sur-
face of water agar (3%) for treatment of leaf blades.
Four agar cylinders (4 mm) were placed about 1 cm
apart on each leaf blade; the surface of the cylinder with
the extract was placed against the surface of each leaf,
and 25µl of sterile distilled water was placed at the
base of the agar cylinder to form an aqueous continuum
between the agar cylinders and the leaf-blade surface.
Ten-centimeter lengths of the four treated leaf blades
of individual plants were collected and combined at
24, 48, 72, 96, 120, 144, and 168 h and analyzed for
endogenous ethylene and ethane, and for chlorophyll
content (Hodges et al., 1999; Hodges and Campbell,
1996). The study was conducted in a randomized com-
plete block design consisting of five replicate plants
for each extract dilution and their respective controls.
An ANOVA and LSD(P0.05) were calculated between
and among the various extract dilution treatments for
endogenous ethane and ethylene, and for chlorophyll
content at each 24 h sampling period through 168 h.

Endogenous ethylene production by control and
treated leaf blades did not differ within the 24, 48, and
72 h sampling periods in response to the extract, how-
ever, ethylene decreased in response to the 10−1 and
10−2 dilutions of the extract at 96, 120, 144 and 168 h
(Figure 1). Endogenous ethylene production by control
leaf blades and leaf blades treated with the nondiluted
extract did not differ between the 24 h sampling periods
for the 168 h duration of the study (Figure 1). Ethylene
concentrations in response to the 10−1 and 10−2 dilu-
tions did not differ between the 24, 48, and 72 h sam-
pling periods, but the concentrations associated with
each dilution at 96, 120, 144, and 168 h decreased rel-
ative to the 72 h values.

Endogenous ethane production by leaf blades treated
with the nondiluted extract was greater than that of
the controls within the 24, 48, 72, and 96 h sampling
periods, but did not differ from controls within the 120,
144, and 168 h sampling periods (Figure 2). The 10−1

and 10−2 dilutions of the extract had no effect on the
endogenous ethane production by the leaf blades within
the 24 h sampling periods. Ethane values increased in
response to the nondiluted extract between the 24, 48,
72, and 96 h sampling periods and then decreased at

Figure 1. Endogenous ethylene of intact leaf blades of
P. pratensisin response to the extract fromBipolaris sorokini-
ana. Ethylene concentrations were determined at 24 h intervals
for a period of 168 h. Within the 24 h sampling periods, values
followed by the same letter (a / ) were not significantly different
(P0.05). Between the 24 h sampling periods, values for the control
and individual dilutions followed by the same letter ( /a) were not
significantly different(P0.05).

120, 144, and 168 h. Ethane values between the 24 h
sampling periods did not differ between 24, 48, 72, 96,
and 120 h in response to the 10−1 dilution, but at 144 and
168 h ethane was less than that at 24 h. Ethane values
did not differ between the 24, 48, and 72 h sampling
periods in response to the 10−2 dilution, but the values
at 96, 120, 144, and 168 h were lower than that at 24 h.

Mean chlorophyll content of control leaf blades at
each 24 h sampling period (24–168 h) was 12.8, 13.4,
12.7, 12.9, 13.0, 13.0, and 14.4µg mg−1 dry tissue
weight, respectively. The chlorophyll content of leaf
blades treated with all dilutions of the extract did not
differ from controls within the 24, 48, and 72 h sam-
pling periods (Figure 3). Within the 96, 120, 144, and
168 h sampling periods, chlorophyll content of leaf
blades treated with the nondiluted extract decreased
relative to controls; leaf blades treated with the 10−1

and 10−2 dilutions did not differ from the controls.
The chlorophyll content of leaf blades treated with the
nondiluted extract did not differ between the 24, 48, 72,
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Figure 2. Endogenous ethane of intact leaf blades ofP. pratensis
in response to the extract fromB. sorokiniana. Ethane concen-
trations were determined at 24 h intervals for a period of 168 h.
Within the 24 h sampling periods, values followed by the same let-
ter (a / ) were not significantly different(P0.05). Between the 24 h
sampling periods, values for the control and individual dilutions
followed by the same letter ( /a) were not significantly different
(P0.05).

and 96 h; however, at 120, 144, and 168 h the chloro-
phyll content decreased (Figure 3). The 10−1 and 10−2

dilutions of the extract did not affect the leaf blade
chlorophyll between the 24 h sampling periods.

The results of this study support three general
conclusions: (1) the biologically active extract of
B. sorokinianadoes not increase endogenous ethylene
in leaf blades ofP. pratensis; (2) the extract is associ-
ated with an increase in endogenous ethane; and (3) the
loss of chlorophyll from leaf blades associated with
the extract is not due to ethylene. In the present study,
the nondiluted extract induced a 20–28% loss of chloro-
phyll between 120 and 168 h (Figure 3), but it did not
increase the endogenous ethylene. This response shows
that the nondiluted extract did not increase ethylene
and that it is capable of inducing chlorosis indepen-
dent of a surge in ethylene. The cause of the decrease
in ethylene level in response to the 10−1 and 10−2 dilu-
tions of the extract between 96 and 168 h is unknown.
The response is suggestive of an inhibition of ethylene

Figure 3. Chlorophyll content of intact leaf blades ofP. pratensis
in response to the extract fromB. sorokiniana. Chlorophyll con-
tent was determined at 24 h intervals for a period of 168 h. Within
the 24 h sampling periods, values followed by the same letter (a / )
were not significantly different(P0.05). Between the 24 h sampling
periods, values for the control and individual dilutions followed
by the same letter ( /a) were not significantly different(P0.05).

synthesis associated with dilution of the extract, but the
data presented and that of other research do not provide
an explanation for the response.

Ethane is the product ofα-linolenic acid oxida-
tion catalyzed by lipoxygenases (Bressan et al., 1979;
Konze and Elstner, 1978) resulting from membrane
disruption and cell death (Cassells and Tamma, 1986;
Dumelin and Tappel, 1977; Elstner and Konze, 1976).
The presence of lipoxygenase and lipid peroxidation
during pathogenesis has been reported in several host–
pathogen interactions (Croft et al., 1993; Gönner and
Schlösser, 1993; Lupu et al., 1980). The nonselective
phytotoxin produced byB. sorokinianais capable of
membrane disruption, inhibition of mitochondrial elec-
tron transport and oxidative phosphorylation, general
degeneration of nuclei and mitochondria, and interfer-
ence with electron transport (Åkesson et al., 1996; Olbe
et al., 1995; Liljeroth et al., 1994; Fadeev et al., 1987;
White and Taniguchi, 1972; Taniguchi and White,
1967); more important, it can induce chlorosis (Pena-
Rodriguez et al., 1988; Harbone, 1983; Ludwig, 1957).
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It is probable that theB. sorokinianaextract contains
components that directly damage chloroplasts with a
subsequent release of ethane.

The observations of this study suggest that chlorosis
of P. pratensisleaf blades infected byB. sorokinianais
the result of at least two different pathways. The greater
portion of the chlorosis is associated with a surge in
endogenous ethylene in response toB. sorokiniana
infection that can be controlled by blocking the biosyn-
thesis and/or mode of action of the ethylene (Hodges
and Campbell, 1993, 1994; Hodges, 1990; Hodges and
Coleman, 1984). A smaller portion of the chlorosis
seems associated with membrane attacking compo-
nents of the extract that directly damage chloroplasts
with a release of ethane. Although an increase in
endogenous ethylene does not seem necessary for
chlorosis induced by the extract, the increase in ethy-
lene resulting from natural infection byB. sorokiniana
might enhance membrane damage by the extract (Pegg,
1981). The evolution of ethane in response to the extract
is believed to be a byproduct of membrane damage as
opposed to being an active participant in pathogenesis
or subsequent chlorosis.
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