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ABSTRACT

Bowen, K. L., and Pedersen, W. L. 1988. Effects of propiconazole on Exserohilum turcicum in
laboratory and field studies. Plant Disease 72: 847-850.

Propiconazole inhibited mycelial growth of Exserohilum turcicum, the causal organism of
northern leaf blight, but did not inhibit conidial germination. Conversely, mancozeb inhibited only
conidial germination. In greenhouse experiments, lesion numbers on plants and rates of lesion
expansion were inversely proportional to the rate of propiconazole application. Propiconazole
slowed lesion expansion for 17 days, and reduced the rate of disease development in the field when
applied at 3-wk intervals, relative to weekly applications of mancozeb.

Systemic fungicides are absorbed into
and translocated short distances through
a plant (7). These fungicides can eradi-
cate pathogens shortly after infection, are
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less subject to weathering, and may need
to be reapplied less frequently than some
protectant fungicides (7). The systemic
fungicide propiconazole (Tilt 3.6 EC,
Ciba-Geigy, Greensboro, NC) inhibits
sterol-biosynthesis and is effective
against pathogens causing diseases such
as rusts of wheat, scab of pecan, and
powdery mildew on apple (3,4,11,17).
Excellent control of southern and
northern leaf blights of corn (Zea mays
L.) also has been reported with pro-
piconazole used in a protectant applica-
tion schedule (18).

Northern leaf blight (NLB), caused by
Exserohilum turcicum (Pass.) Leonard &
Suggs, is an important disease of corn,

causing as much as 40% loss in suscep-
tible hybrids (13). Although sweet corn
and dent corn inbreds are regularly
sprayed with protectant fungicides (6),
NLB is usually not controlled with
fungicides in hybrid corn crops because
of low crop value relative to high
application costs. Most effective control
of NLB with protectant fungicides such
as maneb and mancozeb is achieved
when the fungicide is applied as soon as
disease is observed and reapplied every
4-7 days. A systemic fungicide that is
effective against NLB for a longer period
of time than maneb or mancozeb, and is
not phytotoxic to corn, could reduce
application costs and provide corn
producers with a more economical
option for controlling NLB.

The objective of this study was to
define the activity and period of effective-
ness of propiconazole against E. turcicum
on.corn. Preliminary results have been
published (2).

MATERIALS AND METHODS
Fungicidal activity in vitro. The
fungicidal activity of propiconazole
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Fig. 1. Effects of propiconazole on numbers of
northern leaf blight lesions when the fungicide
was applied at 24 hr prior to inoculation with
Exserohilum turcicum (lesion counts made at
20 days postinoculation).
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Fig. 2. Effects of propiconazole on rates of
northern leaf blight lesion expansion when the
fungicide was applied at 24 hr after
inoculation with Exserohilum turcicum.
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Fig. 3. Effects of timing of propiconazole
application (60 g a.i./ha), relative to
inoculation with Exserohilum turcicum, on
development of northern leaf blight lesions on
corn inbreds (A) A632, and (B) B73. Plants
were grown in the greenhouse. Mancozeb (1.3
kg a.i./ha) treatment was made 24 hr after
inoculation.
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against E. turcicum, relative to the
activity of mancozeb, was determined by
incorporating each of the fungicides into
lactose casein hydrosylate agar (LCA)
and observing conidial germination and
colony growth. All treatments consisted
of five replicated plates, and the
experiment was repeated twice. Fungi-
cides were added to tempered LCA and
approximately 25 ml of amended agar
were poured into 100 X 15 mm petri
plates. Fungicide amendments were:
mancozeb (Dithane M-45, Rohm &
Haas, Philadelphia, PA) at 30 uga.i./ml
agar and propiconazole at 0.001, 0.01,
0.1, 1.0, and 10 wg a.i./ml. Conidial
germination was determined by trans-
ferring five conidia from sporulating leaf
tissue to petri plates containing amended
LCA. Conidia were visually studied daily
for 10 days. Colony growth was assessed
by removing agar plugs (5 mm diameter)
from the margins of 10-day-old E.
turcicum colonies growing on unamended
LCA, and inverting plugs onto amended
agar plates. Colony diameter was
measured daily for 10 days.

Effect of propiconazole on lesion
establishment. The corn inbred, A632,
was grown in the greenhouse in 5-cm
plastic cones for 2 wk, then fungicides
were applied in 234 L/ha water, using a
motor-driven spray boom. Fungicide
treatments were: mancozeb at 1.3 kg
a.i./ha and propiconazole at 0 (water
control), 64, 192, and 320 g a../ha
(manufacturer’s suggested rate is 64 g
a.i./ha). Treatments were applied to
three replicate plants. Twenty-four hr
after fungicide treatment, plants were
inoculated by atomizing them with 75 ml
of a conidial suspension containing
approximately 10,000 conidia/ml to
which 0.05 ml of a spreader-binder
(Triton CS-7, Rohm & Haas) was added
per 20 ml suspension. Plants were
allowed to dry and then placed in a mist
chamber at 100% humidity for 16 hr.
Numbers of lesions were determined
every 2 days from 10 to 20 days after
inoculation (DAI) and averaged over
replications.

Effect of propiconazole on lesion
expansion. Plants of two corn inbreds,
A632 and B73, were grown as described
above and then inoculated with micro-
drops of conidial suspensions (12)
containing 200 conidia/20 ul drop
(10,000 conidia/ml). Two replicate
plants were sprayed with 0, 15, 30, 50, 60,
75, 100, 125, or 150 g a.i./ha propicona-
zole 24 hr after inoculation. In a second
experiment, plants were inoculated as
previously described and treated with 0,
30, 60, 120, or 240 ga.i./ha propiconazole
after 24 hr. In both experiments, two or
three lesions per plant were marked and
measured at 2-day intervals, starting 8
DAI and continuing through 20 DAL
Lesion growth rates per day were
calculated and averaged over replications.
Regression models were developed with

lesion growth rate dependent on the rate
of propiconazole application.

Duration of propiconazole effective-
ness. B73 and A632 plants were grown
and inoculated with micro-drops of
conidial suspensions, as described above,
and treated with water as a control,;
mancozeb (1.3 kg a.i./ha) 24 hr after
inoculation; or propiconazole (60 g
a.i./ha) 24 hr before, 24 hr after, and 11
days after inoculation. Each treatment
consisted of four replicate plants. Lesion
numbers and growth rates were evaluated
as previously described.

Propiconazole effects on sporulation.
Twenty days after treatment with
mancozeb (1.3kga.i./ha), propiconazole
(60 g a.i./ha), or water (control), leaf
pieces with NLB lesions were removed
from A632 plants. Leaves were pressed
and dried for 7 days. Leaf tissue was cut
to a uniform size (1 X 1 cm®), each with
half necrotic/lesion area and half green
leaf tissue, and incubated in a petri plate
on moistened filter paper. E. turcicum
conidial production was assessed by
vortexing each piece in 5 ml of sterile
water with 0.05 ml of spreader-binder.
Five 20-ul samples were taken from each
of three replicates and conidia were
counted from different leaf pieces after 36
and 48 hr of incubation.

Field studies. Field experiments were
conducted at the Agronomy and Plant
Pathology South Farm in Urbana and at
the Northwestern Research Center near
Monmouth, IL, in 1985 and 1986. The
experimental design was a randomized
complete block with fungicidal treat-
ments on each of two inbreds, A632 and
B73. A632 was very susceptible to NLB
and had an early maturity relative to B73.
Treatments were replicated four times in
each year. Plots were 4.6 m long at
Urbana and 13.7 m long at Monmouth,
and were four rows (76 cm apart) in
width. Plots were planted between 29
April and 4 May at 74,000 plants/ha in
Urbana and 52,000 plants/ha in Mon-
mouth, and thinned to 52,000 plants/ha
1 mo after emergence at Urbana.

The two center rows of plots were
inoculated with leaf tissue collected from
NLB-diseased plants grown in the
preceeding year. Approximately 1.1 g (50
cc) of dried, ground leaf tissue was placed
into whorls of plants when eight to twelve
leaves were visible. Fungicides were
applied at regular intervals starting 2 wk
after inoculation (WAI). In Urbana,
fungicides were applied using a tractor-
driven boom applying 420 L/ ha water. In
Monmouth, fungicides were applied with
a commercial high-boy sprayer in 280
L/ha water.

Fungicide treatments were: mancozeb
at 1.3 kg a.i./ha applied weekly, and
propiconazole at 125 g a.i./ha in 1985
and 60 g a.i./ha in 1986, applied at 3-wk
intervals. The early mancozeb treatment
was initiated 2 WAIin 1985and 4 WAl in
1986, before 1% NLB severity was



observed in either year. An early
propiconazole treatment was initiated 2
WAI in 1985 and 6 WAI in 1986. Two
additional treatments included plots that
were inoculated, but never treated, with a
fungicide and plots that were neither
inoculated nor treated with fungicide.
Average disease severities (the propor-
tion of necrotic leaf tissue) of all plants in
each plot were assessed weekly. After
flowering, leaf areas were measured from
10 plants in each treatment plot in 1985.
Sample yields were taken by harvesting
10 competitive plants (evenly spaced with
neighbors) from every plot (1).

RESULTS

Activity of propiconazole in vitro.
Germination of E. turcicum conidia on
LCA amended with propiconazole was
not affected but germ mycelia from these
conidia were shortened, thickened, and
excessively branched compared with those
of conidia germinated on unamended
LCA. No conidia germinated on LCA
amended with mancozeb, so colony
growth on mancozeb-amended media
was not evaluated. Colony growth from
plugs of E. turcicum was increasingly
inhibited with higher rates of propicona-
zole. The ECso for E. turcicum growth
was 0.01 ug a.i./ml propiconazole.

Lesion establishment and growth.
Numbers of NLB lesions were significantly
reduced by propicanozole at 192 and 320
ga.i./ha, but not at 64 g a.i./ha (Fig. 1).
The effect of propiconazole at 320 g
a.i./ha was similar to that of mancozeb at

1,300 g a.i./ha.

Rates of NLB lesion expansion were
reduced proportionally to the rate of
propiconazole used on greenhouse-
grown plants (Fig. 2). Regression models
indicated that 65 and 719% of the
variation in the lesion expansion rate on
A632and B73, respectively, was explained
by g a.i./ha propiconazole in the first
experiment. The second experiment was
conducted under different environmental
conditions, but also showed a decrease in
the rate of lesion expansion with
increasing rates of propiconazole.
Regression models developed from data
from the second experiment had coeffi-
cients of —0.006 and —0.014 and »* values
of 34 and 46% for A632 and B73, respec-
tively.

Duration of propiconazole activity.
Lesion expansion rates were affected by
timing of fungicide applications relative
to inoculation. No lesions developed on
A632 treated with propiconazole 24 hr
before inoculation with E. turcicum.
Propiconazole applied to A632 24 hr
after inoculation significantly reduced
(P=0.05) the rate of lesion expansion for
17 days after fungicide application (18
DALI) (Fig. 3A). No significant effects on
lesion expansion were observed on B73
when propiconazole was applied within
24 hr of inoculation (Fig. 3B). However,
lesions on plants treated with propicona-

zole remained smaller than those on
control plants. Mancozeb reduced lesion
expansion on A632 plants (Fig. 3A), but
had no effect on lesions produced on B73
plants (Fig. 3B). Propiconazole applied
to established and expanding NLB
lesions (11 days) on either inbred had no
effect on rate of lesion expansion for 3
days after fungicide treatment (11-14
DAI), but significantly reduced (P =
0.05) subsequent expansion of the
lesions.

Effects on sporulation. Numbers of
conidia produced in NLB lesions on pro-
piconazole-treated plants were 93-97%
lower than those produced in lesions
from untreated plants (Table 1). Numbers
of conidia from lesions from mancozeb-
treated plants were 50-72% lower than
those from untreated plants.

Field studies. Northern leaf blight
development was lower (P = 0.05) on
plants treated with propiconazole than
on plants that had not been treated with a
fungicide or that were treated with
mancozeb. Disease progress curves on
A632 at Urbana in 1985 were typical of
treatment differences in both inbreds in
any environment (Fig. 4). Northern leaf
blight developed in all plots after anthesis
(10 July), even in plots that were neither
inoculated nor treated with fungicide.
Inoculated plots that had been treated
with fungicides had lower disease
severities by the end of the season than
plots that were neither inoculated nor
treated with fungicide. Fungicide treated
plots also had average yields of 5,113
kg/ha compared with 4,666 kg/ha from
untreated plots.

In 1985 at Urbana, propiconazole was
phytotoxic to the inbred B73. Ear height,
total height, and total leaf area were
lower (P = 0.05) in plots of B73 treated
with propiconazole than in plots left
untreated (Table 2). No plant stunting
was observed in A632in 1985, orin either
inbred in 1986.

DISCUSSION

Propiconazole failed to inhibit
E. turcicum conidial germination in our
in vitro tests, which is characteristic of
sterol biosynthesis inhibiting fungicidal
compounds (15). However, these com-
pounds do inhibit fungal growth at low
concentrations, as observed in this and
other studies (5,9,19). The ECso of 0.01 ug
a.i./ml for propiconazole against E.
turcicum falls within the range reported
for this fungicide against other fungal
pathogens (9,19).

Propiconazole has been reported to
have after-infection activity in pecan
against Cladosporium caryigenum (Ell.
& Lang.) Gottwald (11), and curative
activity in barley against Puccinia
graminis Pers. (17) and in pecan against
Cristulariella moricola (Hino) Redhead
(10). Fungicidal activity has also been
reported for more than 50 days against
Puccinia striiformis Westend. (3) and C.

moricola (10). Our investigations showed
that propiconazole had no curative
effects when applied 24 hr after inocula-
tion of corn with E. turcicum, nor did
fungitoxicity persist beyond 17 days after
the fungicide was applied. This interval
of activity, however, is similar to the
interval activity observed for pecan scab
and net blotch of barley (11,16).

Fungistatic effects of propiconazole
against E. turcicum were inversely
proportional to the rate of application;
fewer and smaller lesions resulted from
progressively higher dosages. E. turcicum
infections were not prevented by
propiconazole, except when the com-
pound was applied at three or more times
the manufacturer’s suggested application
rate. Infection of pecan by C. moricola
also was not prevented by propiconazole
(10). The application rate of propicona-
zole that provided the same level of
control as mancozeb against new
infections by E. turcicum was higher than
rates at which phytotoxicity occurred, as
has been noted in other studies (5,19).
However, at the suggested application
rate, propiconazole affected two compo-
nents of the monocycle: lesion expansion
and conidia production.

Corn treated with propiconazole at 3-
wk intervals had less severe epidemics
than corn treated with mancozeb at 1-wk
intervals. This was similar to the results -
reported by White (18), who obtained
better control of southern and northern
leaf blight with propiconazole than with
mancozeb formulations.

Table 1. Production of conidia by Exserohilum
turcicum in leaf lesions from corn plants
treated with mancozeb (1.3 kg a.i./ha) or
propiconazole (60 g a.i./ha)

No. conidia/ No. conidia/

em? (36-hr  cm? (48-hr
Treatment incubation) incubation)
Control 22.3 57.8
Mancozeb 10.9 20.6
Propiconazole 0.6 4.4
LSD 13.5 32.0
100
904 * Uninoc
+ Propiconazole
%‘80— * Mancozeb
8 70| . NoFung
& 607
& 507
8 401
S 301
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Fig. 4. Effects of propiconazole (125ga.i./ha)
and mancozeb (1.3 kg a.i./ha) applications on
development of northern leaf blight on corn
inbred A632, grown at Urbana in 1985.
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Table 2. Effects of propiconazole (125 g a.i./ha) on growth and development of two corn inbreds

grown at Urbana, IL in 1985

Ear Total Leaf
Fungicide height height No. area
Inbred treatment (cm)* (cm)* leaves (cmz)z
A632 None 11.15 24.05 13.25 568.79
Propiconazole 10.60 22.60 13.88 555.39
B73 None 1497 a 2594 a 13.81 867.75 a
Propiconazole 11.75b 21.79 b 13.44 804.12 b

“Data are means for 10 randomly selected plants measured at completion of pollen shed. Means
followed by different letters are significantly different (P = 0.05) according to Student’s  test.

Management of plant diseases by
regular applications of protectant
fungicides is not economically feasible in
many crops because of high application
costs ($3-5/acre) and the need for
frequent applications. Numbers of
applications could be reduced if a
fungicide had eradicative effects and/or
provided protection from pathogens over
a longer period of time. Propiconazole is
effective against NLB, and has a longer
interval of effectiveness than some
protectant fungicides. Therefore, the use
of this fungicide at 3-wk intervals appears
to be economically feasible. Propicona-
zole also appears to be a broad spectrum
fungicide that could provide protection
against several diseases of corn (18).

Reduction of components of the
monocycle by ergosterol-inhibiting
fungicides is similar to the effects of rate
reducing host resistance (14). Some
researchers have suggested that fungicides
be used in combination with resistance to
enhance disease control (8,14). Differ-
ential results with the two inbreds used in
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our studies indicated that propiconazole
could be effectively used with resistance
to control NLB, and also to quantify
polygenic resistance levels in corn in
terms of fungicide equivalents.
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