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ABSTRACT

WEIDENSAUL, T. C., and S. L. DARLING. 1979. Effects of ozone and sulfur dioxide on the host-pathogen relationship of Scotch pine and Scirrhia

acicola. Phytopathology 69:939-941.

Scotch pine seedlings from five seed sources were inoculated with Seir-
rhia acicola 5 days before or 30 min after fumigation for 6 hr with 533
pg/m? (0.20 ppm) of sulfur dioxide, 399 ug/m®* (0.20 ppm) of ozone, or the
same levels of ozone and sulfur dioxide combined. After 8 wk, seedlings
inoculated 5 days before fumigation had more lesions incited by S. acicola

than those inoculated 30 min after fumigation. Ozone caused more needle
injury than sulfur dioxide did. The amount of injury caused by the com-
bined gases was a greater-than-additive effect. The degree of infection
varied significantly among the seed sources.

Pollutants in ambient air exist as a mixture of potentially phyto-
toxic compounds (13,22). Direct effects of ozone and sulfur dioxide
singly (1,2,7,10,16,17,27,29,32) or combined (13,20,28-30,32) on
trees and lesser vegetation have been studied extensively, and sev-
eral fumigation studies have been done on the effects of the gases on
pine foliage (5,6,9). Both decreased (31) and increased (3,13) fun-
gal parasitism of plants exposed to sulfur dioxide have been
reported. Similarly, ozone has been reported to increase (23,24,26),
decrease (12,13,15,21), or have no effect on (25) the incidence of
fungal infection.

Ham studied the effects of sulfur dioxide on brown spot needle
blight of loblolly pine (11). He found that Scirrhia acicola
(Dearn.) Siggers grew normally and produced viable conidia on
agar after exposure to | ppm of sulfur dioxide for 4 hr. Scotch pine
is not seriously jeopardized by this pathogen, but because of its ease
of production, growth rate, moderate susceptibility to S. acicola,
and sensitivity to air pollutants, it was used to test the role of air
pollutants in pathogenesis of brown spot needle blight and to deter-
mine how S. acicola influences symptom expression to ozone and
sulfur dioxide.

MATERIALS AND METHODS

Scotch pine seeds from five sources were planted in flats in sterile
quartz sand and covered with sterile peat and vermiculite (50%
each, v/v). Seed sources and planting dates are described in Table

This article is in the public domain and not copyrightable. It may be freely
reprinted with customary crediting of the source. The American Association of
Cereal Chemists, Inc., 1979.

1. Seeds were provided by Dr. James H. Brown, Department of
Forestry, Ohio Agricultural Research and Development Center,
Wooster, and conidial isolates of S. acicola were contributed by
A.G. Kais, U.S. Forest Service, Gulfport, MS.

Seedlings were grown in single-cell containers by the method of
Weidensaul and McClenahen (33). Seedlings were grown in the
greenhouse and subirrigated every second day with Ingestadt’s
solution (18). A photoperiod was maintained for 18 hr until plants
were 6 mo old, then increased to 24 hr, to insure young, pollutant-
and fungus-susceptible tissue before inoculation and fumigation.
Natural sunlight was supplemented with fluorescent (Vitalite)
lighting (Durotest Corp., North Bergen, NJ) at an intensity of
8,600 lux. To increase humidity, seedling trays (30.5 X 61 cm)
were covered with clear polyethylene film (0.1 mm thick) 7 days
before and for 10 days after fumigation. Kais observed increased
infection with high humidity (19).

Conidial isolates of S. acicola were maintained on malt agar in
petri dishes. Spore suspensions were prepared by rinsing the cul-
tures with 10 ml of sterile distilled water. Spores were counted wn'.h
a hemacytometer and adjusted to a concentration of 2.5 X 10°
conidia per milliliter. Approximately 3 ml of the spore suspension
was atomized on 200 7- to 8-mo-old seedlings with fully expanded
but not hardened needles. Inoculation was done either 5 days before
or 30 min after fumigation,

Seedlings, except those used for controls, were fumigated at the
same time for 6 hr with 399 ,ug/m (0.20p 3prn) of ozone, 533 ,ug/m]
(0.20 ppm) of sulfur dioxide, or 399 ug/m" of ozone plus 533 ug/m’
of sulfur dioxide. Five seedlings were used for each of the 60
possible treatment combinations. Ozone was produced by an Orec

Vol. 69, No. 9, 1979 939



Model 03V5-0 ozone generator (Ozone Research and Equipment
Corp., Phoenix, AR). Sulfur dioxide was metered from a gas cylin-
der containing an analyzed mixture of 1.5% SO,, 19.8% O,, and
78.7% N,. Pollutant levels were monitored serially from six cham-
bers through constantly conditioned Teflon sample lines and electri-
cally operated solenoid valves that directed samples to a UV ozone
meter (Model 1003-AH, Dasibi Environmental Corp., Glendale,
CA) and a conductometric-type sulfur dioxide analyzer (Cali-
brated Instruments, Inc., New York, NY). Temperature (25.5 C)
and relative humidity (73%) were constant throughout fumigation.
Wet- and dry-bulb temperatures were monitored with copper-con-
stantan thermocouples in each Teflon chamber (101.6-cm cube).
Relative humidity was calculated from wet-bulb depression mea-
surements. Twelve 60-W Vitalite fluorescent tubes with a sunlight
spectrum were used above each chamber to provide 7,700 lux at
plant height. Ambient air contaminants were removed with bromi-
nated charcoal filters, and *“clean air” was exchanged five times per
minute. Ozone and sulfur dioxide were introduced into the clean-
air line with electrically operated micrometer needle valves (Hoke
Inc., Cresskill, NJ). Because no environmental differences except
pollutant levels existed among chambers, duplication of a given gas
treatment in more than one chamber was unnecessary.

Seedlings were fumigated when 28-34 wk old and were examined
for symptoms of fungal infection 8 wk after fumigation. Although
there were total age differences (ie, different planting dates) among
provenances, the age of sensitive foliage was the same for all. The
number of fungal lesions was totaled, and the extent of pollutant-
induced needle injury on the top 12.7 cm of each seedling leader
was measured.

Data were subjected to an analysis of variance, and treatment
means were compared by Duncan’s new multiple range test. Square
root and arc sine transformations of numbers of lesions and per-
centage needle injury by pollutants, respectively, were used.

RESULTS

Typical brown spot lesions developed during the 8-wk incubation
period. They appeared as yellow spots, approximately 1 mm in
diameter, that later changed to light brown. Some lesions coa-
lesced, forming irregular oblong areas. Individual lesions also
developed into yellow bands (bar spots). The number of lesions was
affected significantly by the time of inoculation relative to fumiga-

tion. Genetic differences among seed sources apparently accounted
for the observed variability in S. acicola infection. There was little
difference in numbers of infections among nonfumigated inocu-
lated plants, but seedlings grown from Pennsylvania or England
seeds were more severely infected than those grown from Greece or
Norway seeds (Table 1). For nonfumigated seedlings, the severity
of brown spot was the same within any seed source at each inocula-
tion time.

Except for the controls, seedlings inoculated 5 days before fumi-
gation were more heavily infected than those inoculated 30 min
after (Table 2). Nonfumigated seedlings from Norway and Greece
seeds showed more resistance to infection than the others regardless
of inoculation time, but there was no seed source X time-of-inocu-
lation interaction. The amount of brown spot disease did not differ
significantly among seedlings from Czechoslovakia, England, and
Pennsylvania seeds (Table 1). There were significantly more brown
spot lesions on seedlings fumigated with sulfur dioxide alone or
combined with ozone than on controls when inoculation was done 5
days before fumigation. When inoculation was done 30 min after
fumigation, seedlings exposed to sulfur dioxide alone had more
lesions than those exposed to ozone alone or combined with sulfur
dioxide, but no significant differences were noted between treated
seedlings and controls (Table 2).

Needle injury caused by the gases was significant, and symptoms
of injury by ozone or sulfur dioxide were similar and appeared
primarily as tip burn. Ozone caused more injury than sulfur dioxide
(Table 3). A significant synergistic effect resulting from combined
ozone and sulfur dioxide was consistent among all seed sources,
whether seedlings were inoculated or not. S. acicola did not alter
the response of plants to the gases, and there was no significant
differential sensitivity among seed sources to the gases alone or
combined.

DISCUSSION

S. acicola conidia require 14-52 hr for germ tube development,
and germ tubes may meander for some time on the needle surface
before entering the host via stomata. Sulfur dioxide at 0.20 ppm
would not be expected to stimulate stomatal closure, particularly at
a relative humidity above 50-60%. Ozone, on the other hand, can
induce stomatal closure at low concentrations and rather high
humidity. S. acicola hyphae probably were well established in host

TABLE 1. Scotch pine seed sources and susceptibility of nonfumigated seedlings to infection by Scirrhia acicola

Lesions

Latitude Longitude Elevation Planting per tree
Seed origin (°) () (m) date (no.)

Czechosolvakia 489 N 162 E 396457 4/11/77 2.00 ab
Greece 41.2 N 235E 1,372 4/11/77 1.14 b
England (East Anglia) 51.2 N 0.8 E 213 3/23/77 2.72a
Norway 593 N 88 E 100 2/23/77 1.34 b
Pennsylvania (Nye Branch) 40.6 N 79.1 W 366 2/23/77 280 a

“Data are averages of 10 trees. Values followed by the same letter are not different at P = 0.01 according to Duncan’s new multiple range test.

TABLE 2. Effects of inoculation time relative to fumigation on severity of
infection of Scotch pine by Scirrhia acicola

Total lesions, all seed sources”

TABLE 3. Extent of needle injury caused by ozone and /or sulfur dioxide on
noninoculated Scotch pine seedlings

Fumigation Inoculation 5 days Inoculation 30 min Needle injury®
treatment® before fumigation after fumigation Fumigation treatment® (% length)
Sulfur dioxide 193 ¢ 152 cd Sulfur dioxide 440 a
Ozone 163 de 100 ab Ozone 982 b
Sulfur dioxide + ozone 195 ¢ 99 a Sulfur dioxide + ozone 20.61 ¢
Control 147 cd 125 abe Control 0.85a

S0, at 533 pg/m? (0.20 ppm); O; at 399 ug/m? (0.20 ppm); all fumiga-
tions, 6 hr.

Data are averages of 25 trees. Values followed by the same letter are not
different at P = 0.05 and are compared within and between columns
according to Duncan’s new multiple range test.
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1S0O; at 533 ;zgfm3 (0.20 ppm); Oj at 399 wg/m? (0.20 ppm); all fumiga-
tions, 6 hr.

Data are averages of 25 trees combined from five seed sources. Values
followed by the same letter are not different at P = 0.01 according to
Duncan’s new multiple range test.



tissue inoculated 5 days before fumigation and were not seriously
affected by the gases. Once established in host tissue, fungal
hyphae are resistant to gaseous toxicants (13). This could explain
why much more infection was observed in seedlings inoculated 5
days before fumigation than in those inoculated 30 min after. The
experimental conditions in this study maximized the potential for
fungal infection.

There was a greater likelihood that conditions were more
favorable to S. acicola infection after sulfur dioxide treatment than
after treatment with ozone alone or combined with sulfur dioxide.
The greater number of lesions found on seedlings fumigated with
sulfur dioxide could be related to stomata being open after fumiga-
tion, since, at low levels, sulfur dioxide has less influence on stoma-
tal behavior than ozone has.

How the time of inoculation relative to pollutant exposure affects
the extent of parasitism of pine species by fungi is not known.
Susceptibility of eastern white pine to fungal parasites and to air
pollutants is genetically controlled (1,4,8). Since there were no
differences in infection severity within a given seed source at any
inoculation time for nonfumigated tissue, the primary reason for
infection differences is assumed to be related to gas treatments and
not to changes in host resistance. One study reported that S. acicola
grew normally and produced viable conidia on agar after exposure
to 2,265 ug/m’ (1 ppm) of sulfur dioxide for 4 hr (11), which
supports the suggestion that infection is influenced by host
responses 1o sulfur dioxide. Other studies have shown that ozone
can increase or decrease fungus sporulation and growth (14,15).
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