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ABSTRACT

Mathis, A., Forrer, H. R., and Gessler, C. 1986. Powdery mildew pustules supporting Fusarium
culmorum infection of wheat leaves. Plant Disease 70:53-54.

In greenhouse experiments, powdery mildew on wheat leaves was stopped 6 days after inoculation
by arootapplication of benomyl. Three days after benomyl application, the plants were inoculated
with a benomyl-tolerant mutant of Fusarium culmorum. Thus, the fungus was able to establish
itself on the leaves, whereas neither wild-type nor mutant strains could infect healthy (powdery
mildew-free) leaves. It is concluded that powdery mildew pustules allow F. culmorum to infect

wheat leaves.

Fusarium spp. cause serious wheat
diseases and can attack all parts of the
plant. The most important diseases are
foot rot and head blight, with reported
losses between 20 and 25% (6,8).
Depending on climatic conditions, the
dominant species are F. nivale Ces. ex
Sacc. (4,7,8), F. culmorum (W. G. Smith)
Sacc. (1,5,12), and F. graminearum
Schwabe (5,11).

In Western Europe, Schroeder and
Christensen (14) assumed that infections
of wheat leaves by Fusarium spp. do not
cause economic losses but are an
important source of inoculum for ear
infection. Observation of Fusarium
lesions collected in the field often
revealed dark spots in the center caused
by old pustules of Erysiphe graminis DC.
ex Meérat f. sp. tritici (7) or mechanical
damage (8,17).

Assistance of E. graminis to other
pathogens has been described (2,3,7,10).
Presence of the mildew pathogen was
necessary for Septoria tritici Rob. ex
Desm. to colonize wheat leaves. Necrotic
lesions produced artificially by applying
paraquat to simulate senescing mildew
lesions were not colonized by this fungus
(2). Broscious et al (3) found in field
experiments with wheat that applications
of triadimefon stopped powdery mildew
and resulted in higher yields but increased
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Septoria severity.

Powdery mildew can induce accessibility
to secondary parasites in the infected and
closely situated cells of wheat leaves (13).
Field experiments showed that powdery
mildew significantly influences the
susceptibility of wheat to F. graminearum
(11).

The objective of this study was to
determine if powdery mildew can assist in
the entry of F. culmorum into wheat
leaves.

MATERIALS AND METHODS

A wild-type strain of F. culmorum
(LDso 1.4 ppm a.i. of benomyl 50WP) and
a benomyl-tolerant mutant from it (LDso
70 ppm of benomyl) obtained by methods
described earlier (16) were employed.
Both strains were maintained on potato-
dextrose agar at 20 C and 12 hr of light
(Philips TL 20W/29 and TL 20W/08
NUYV alternately placed, distance 30 cm)
per day. Conidial suspensions were
obtained by washing the plates with
sterile tap water. Five wheat plants of the
mildew-susceptible cultivar Lita were
grown in plastic pots (10 cm in diameter)
in quartz sand by bottom-watering with
Knop nutrition solution. The pots were
placed in a greenhouse cabinet at 25 C for
15 hr with additional light (Osram L
36W/30) and at 20 C for 9 hr in darkness
with 70 = 10% RH. Each pot was treated
as a statistical unit. Twenty-four pots
were used for each treatment, and all tests
were repeated twice.

Plants carrying the powdery mildew
inoculum were tapped sharply to dislodge
old conidia, and 18 hr later, they were

gently shaken above the 7-day-old
experimental plants. Pots containing the
latter were inclined to expose the greater
leaf area to the falling conidia. Six days
after inoculation, powdery mildew, at
that time covering 41 £ 7% of the leaf
surface (assessment according to James
[9]), was stopped by pouring 5 ml of a
benomyl solution (200 ppm) into each
pot. Three days later, a 5-ml conidial
suspension of F. culmorum (2% 10°/ mlin
0.05% Etalfix, Maag AG Switzerland)
was sprayed onto the plants in each pot.
The pots were placed in a closed plastic
moist chamber with water-saturated
atmosphere for 2 or 4 days (temperature
and light period same as before).

The day after the humidity treatment,
leaf samples were cleared and stained for
microscopic observations following the
method of Shipton and Brown (15).
Macroscopic evaluation of the infection
was done 4 and 7 days after the Fusarium
inoculation by assessing the percentage of
leaves with Fusarium lesions.

RESULTS AND DISCUSSION
Glasshouse experiments showed that
the F. culmorum wild-type and the
benomyl-tolerant mutant infected less
than 2% of the leaves of untreated and
benomyl-drenched wheat seedlings. Five
of 240 plants (benomyl-treated) showed
small (less than S mm in diameter) lesions
caused by the F. culmorum mutant. This
mutant heavily infected wheat leaves on
which powdery mildew had been stopped
with a benomyl drench (Table 1). A long
moisture period after inoculation with
the benomyl-tolerant strain shortened the
latent period and increased the percentage
of infected leaves (Table 2). Symptoms
similar to those described by Wiese (18)
for F. nivale appeared first on the distal
halves of the primary leaves. (Only these
parts were infected with powdery
mildew.) Symptomatic leaves were
distorted and covered with white aerial
mycelium and yellowish sporodochia.
One to 2 days after the wetness period, the
mycelium disappeared and the Fusarium
advanced toward the stem and killed the

Plant Disease/January 1986 53



Table 1. Effect of powdery mildew pustules combined with a benomyl drench on Fusarium

culmorum infection of young wheat leaves

Percentage of leaves showing Fusarium lesions®

(treatment of the plants)

None Benomyl Mildew- Mildew-infected +
Fusarium strain (healthy) drench infected benomyl drench®
Wild-type 2 0 e 0
Benomyl-resistant
mutant 1 2 - 97

“Evaluation 7 days after inoculation, with a wetness period of 4 days after inoculation. Means of 24

replicates of five plants in two experiments.

® Erysiphe graminis was stopped with benomyl 6 days after inoculation of 7-day-old plants; 3 days
after benomyl drench, plants were inoculated with F. culmorum conidia.
“No Fusarium lesions present, but data not assured because the mildew overgrew and killed

the leaves.

Table 2. Effect of duration of wetness period
on appearance of Fusarium®' symptoms on
benomyl-treated wheat leaves with mildew
pustulesh

Percentage of leaves showing
Fusarium symptoms
(evaluation time in

Wet
p:,?:;s days after inoculation)
(days) 4 7
2 28 + 18° 63 + 30
4 93+ 12 97+ 10

“Benomyl-resistant strain.
® Erysiphe graminis was stopped with benomyl
6 days after inoculation of 7-day-old plants; 3
days after benomyl drench, plants were
inoculated with F. culmorum conidia.
“Means of 24 replicates of five plants in two
experiments. All treatments are significantly
different from controls (P = 0.01) according
to Student’s unpaired ¢ test. Standard
deviations are indicated.

whole leaf.

Microscopic observations revealed
that 58% of Fusarium conidia in or near
powdery mildew pustules had germinated.
The penetration mechanism of the
Fusarium could not be detected. On
leaves not inoculated with E. graminis,
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only a few (6%) Fusarium conidia formed
short germ tubes.

F. culmorum is well known as a fungus
with a high competitive saprophytic
ability (1). Therefore, we presume that
Fusarium can use powdery mildew
hyphae or injured or infected leaf cells to
establish itself as a saprophyte. Once
established, the Fusarium spreads
necrotrophically in the leaf.

Further work is needed to determine
the importance of this secondary
infection under more natural conditions
and to measure yield losses resulting from
this interaction. The subject is under
further investigation.

LITERATURE CITED

1. Booth, C. 1971. The Genus Fusarium.
Commonwealth Mycological Institute, Kew,
Surrey, England. 248 pp.

2. Brokenshire, T. 1974. Predisposition of wheat to
Septoria infection following attack by Erysiphe.
Trans. Br. Mycol. Soc. 63:393-397.

3. Broscious, S. C., Frank, J. A., and Cole, H., Jr.
1982. Control of powdery mildew on wheat and
its subsequent effect on Seproria severity and
yield. (Abstr.) Phytopathology 72:258.

4. Domsch, K. H., Gams, W., and Anderson, T. H.
1980. Compendium of Soil Fungi. Vols. 1 and 2.
Academic Press, London.

5. Duben, J.,and Fehrmann, H. 1979. Vorkommen

~

. Focke, I.

. Sozzi, D., and Gessler, C.

und Pathogenitdt von Fusarium-Arten an
Winterweizen in der Bundesrepublik Deutschland.
2. Vergleich der Pathogenitét als Erreger von
Keimlings-, Halmbasis- und Aehrenkrankheiten.
Z. Pflanzenkr. Pflanzenschutz 86:705-728.

1974. Zur Bedeutung der partiellen
Taubihrigkeit (Fusarium culmorum) und der
Spelzenbrdune (Septoria nodorum) an
Weizenédhren. Nachrichtenbl. Pflanzenschutz
D.D.R. 28:3-6.

. Forrer, H. R, Rijsdijk, F. H., and Zadoks, J. C.

1982. Can mildew assist in the entry of Fusarium
fungi into wheat leaves? Neth. J. Plant Pathol.
88:123-125.

. Hini, F. 1980. Ueber Getreidefusariosen in der

Schweiz: Saatgutbefall, Aehrenbefall und
Bodenkontamination. Z. Pflanzenkr. Pflanzen-
schutz 87:257-280.

. James, C. 1971. A manual of assessment'keys for

plant diseases. Can. Dep. Agric. Publ. 1458.

. Manners, J. G., and Gandy, D. G. 1954. A study

of the effect of mildew infection on the reaction of
wheat varieties to brown rust. Ann. Appl. Biol.
41:393-404.

. Mesterhazy, A., and Rowaished, A. K. 1977.

Analysis of symptoms caused by Fusarium
graminearum and its relation to powdery mildew
infection in wheat. Acta Phytopathol. Acad. Sci.
Hung. 12(3-4):289-302.

. Nyvall, R. F. 1969. Fusarium species in soil,

roots, and crowns of wheat plants from seedlings
to maturity. (Abstr.) Phytopathology
59:1042-1043.

. Ouchi, S., Hibino, C., and Oku, H. 1976. Effect

of earlier inoculation on the establishment of a
subsequent fungus as demonstrated in powdery
mildew of barley by a triple inoculation
procedure. Physiol. Plant Pathol. 9(1):25-32.

. Schroeder, H. W., and Christensen, J. J. 1963.

Factors affecting resistance of wheat to scab
caused by Gibberella zeae. Phytopathology
53:831-838.

. Shipton, W. A.,and Brown, J. F. 1962. A whole-

leaf clearing and staining technique to
demonstrate host-pathogen relationships of
wheat stem rust. Phytopathology 52:1313.

1980. Fungicide
(MBC) resistant mutants of Fusarium oxysporum
f.sp. lycopersici and Botrytis cinerea:
Pathogenicity and fitness. Phytopathol. Z.
97:19-24.

. Walther, H., and Focke, 1. 1981. Fusarium nivale

Ces. ex. Sacc. als Erreger von Blattflecken und
Blattdiirre an Winterweizen 1980. Nachrichtenbl.
Pflanzenschutz D.D.R. 35:127-128.

. Wiese, M. V. 1977. Compendium of Wheat

Diseases. American Phytopathological Society,
St. Paul, MN. 106 pp.



