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Fusarium ear rot of corn

R.Michael Davis 0 Franz R. Kegel

Yearly screenings of field corn cul-
tivars by UC Cooperative Exten-
sion help plant breeders and grow-
ers in hybrid selection for tolerance
to Fusarium ear rot. Researchers
have found that thrips feeding car-
ries the fungus into the corn ear.

Fusarium ear rot is the most damaging dis-
ease of corn in the Sacramento Valley. In-
fected kernels are characterized by a white
to pinkish decay and may be completely
consumed by the fungus. In addition to
decreasing yields, ear rot affects grain qual-
ity, limits the use of certain cultivars, and
causes concern about toxins in corn used for
feed. The disease occurs in varying degrees
of severity throughout the United States.
Losses to ear rot, which is caused by the
fungus Fusarium moniliforme, are kept to a
minimum through the use of tolerant corn
hybrids. Since mechanisms of resistance are
not known and no corn line is immune, the
selection of suitable hybrids is largely a
matter of screening for resistance in the
presence of the disease. Toaid seed compa-
nies in this process and to help growers se-
lect hybrids with acceptable tolerance, the
University of California Cooperative Exten-
sion annually screens experimental and
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commercial hybrids at two northern Cali-
fornia locations. The program was begunin
1970 by UC Davis Extension specialists with
the cooperation of several farm advisors.

To further help corn breeders incorporate
resistant traits into new hybrids, aresearch
program has been established to identify
plant factors that contribute to tolerance to
ear rot. Although the ability of F. monili-
formeto cause disease in cornis well known,
many fundamental aspects of the disease
are not clearly understood. Investigations
are being conducted to explain the mode of
entry of the fungus into corn ears, deter-
mine when infection occurs, and identify
differences between susceptible and resis-
tant corn lines . Descriptions of the infection
process and the identification of traits that
confer resistance may result in the develop-
ment of superior hybrids and more efficient
and rapid screening techniques for disease
resistance.

Ear rot resistance screening

Each year, corn breeders are invited to
submit seed of commercial and experimen-
tal field corn cultivars. (To date, we have
not studied sweet corn or popcorn, al-
though both are susceptible to the disease.)
Eachentry is planted in four replications in
arandomized complete block design attwo
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Severe ear rot of corn on lower ear at left was
caused by Fusarium moniliforme, a fungus
transmitted by western flower thrips (below).
Thrips, which enter the ear and wound kernels
as they feed, were excluded from the healthy
ear at left.

locations. Each replication consists of 20
feet of two single-row beds. All the earsin
one bed per replication, except for thoseon
a few plants on each end of the plots, ears
with corn earworm (Heliothis zea) damage,
and ears with visible smut are rated for
severity of Fusarium kernel infection at the
end of the season.

One trial is on peat soils in the Delta region
of San Joaquin County and the other is on
loam soils on the UC Davis campus. Be-
cause disease pressure is high at both loca-
tions, our program allows rigorous field
screening for ear rot tolerance without arti-
ficial inoculations. Toourknowledge, these
ideal conditions do not occur consistently
anywhere else in the United States.

Severity of ear rot is rated as follows: 0=
none of the kernels consumed, broken, or
cracked by F. moniliforme infection; 1=1% to
10% of the kernels affected, a light infection
generally confined to the tip of the cob; 2 =
10% to 40% of the kernels affected, a moder-
ateinfection; and 3 = over 40% of the kernels
affected, a severeinfection. Allearsarealso
evaluated for light-colored streaks in ker-
nels, asymptom of late or arrested Fusarium
infection.

Based on the percentage of ears in these
categories and the relative performance of
two susceptible and two tolerant controls,
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each entry receives a final rating that de-
scribes its susceptibility to ear rot. The fol-
lowing scale is used to summarize the dis-
ease rating: highly tolerant = more than
80% of the ears in category 0 and 100% in
categories 0and 1; tolerant = more than 60%
in category 0 and not more than 5% in cate-
gories 2 and 3; intermediate = ratings be-
tween tolerant and susceptible; susceptible
= more than 20% in categories 2 and 3; and
highly susceptible = more than 30% in cate-
gory 3. Ears with earworm damage are not
included in the evaluation because such
damage is almost always accompanied by
Fusarium infection. Ears with smut infec-
tionarealso apparently more susceptible to
ear rot and are excluded.

The program evaluates an average of 90
entries for ear rot tolerance each year. From
1970 to 1988, average ratings of the entries
were: highly tolerant, 7%; tolerant, 29%;
intermediate, 39%; susceptible, 22%; and
highly susceptible, 3%. Entries are often
submitted more than once to confirm re-
sults. The relatively low number of highly
tolerant hybrids emphasizes the impor-
tance of field screening to avoid serious
losses with susceptible hybrids.

Ear rotresearch

Ourinitial experiments were designed to
discover the mode of entry of Fusarium into
corn ears and the growth stage of peak sus-
ceptibility. These objectives were accom-
plished by intensive sampling (at least
weekly) from various parts of the corn stalk,
ear shank and cob, husk, silk, and kernels.
The fungus was apparently present
throughout the cornfields soon after plant-
ing and was recovered from leaf-blade sur-
faces, leaf axes, and the air.

Although the fungus was recovered from
leaf nodes, it did not infect the corn plant
systemically and enter the kernels through
the cob. Instead, the kernels were attacked
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Fig. 1. Insecticide test treatment (acephate 0.8
ga.i/L, applied to ears at green silk stage) that
excluded thrips from a highly susceptible field
corn hybrid nearly eliminated ear rot, confirming
that the insect transmits the disease.

primarily though the silk channel opening
of the ear. We based this conclusion on iso-
lations of the fungus from distal parts of the
ear before it could be found at the stem end.
Before pollination, the silk is apparently an
effective plug, blocking entry to spores or
insects into the tip of the ear. Once the silk
is pollinated and begins to dry, however,
the tip of the ear is vulnerable.

Inthe first year of the study, we found that
inoculating the silk with a suspension of
spores did notresultin ear rot, but injecting
the spores through the silk channel opening
did. Atthe same time, we learned that the
kernels are most susceptible at about the
blister stage of development, the period
when they are filling rapidly but are still
tender. We assumed that an insect might
carry the spores of the fungus through the
silk channel opening while the kernels were
still very young,.

In the first experiment testing the vector
hypothesis, we reared two-spotted spider
mites (Tetranychus urticae) on cotton seed-
lings in a greenhouse, sprayed silks with
spores of F. moniliforme, and released the
mites on the silks while the kernels were
very susceptible. No increase in ear rot
occurred in the treatments with the mites.
In that same experiment, however, we ob-
served heavy infestations of western flower
thrips (Frankliniella occidentalis) inside very
young ears and readily recovered the fun-
gus from the bodies of the thrips. Wemade
many more similar observations of thripsin
developing ears and set up a second experi-
ment designed to exclude thrips during the
period of peak disease susceptibility.

In experiments in the Delta and at UC
Davis, two sprays of acephate (Orthene 755)
were applied to the silks a week apart, be-
ginning at early silking (the silks were about
1 to 2 inches long). The experiments had a
randomized complete block design with six
replicated 25-foot plots.
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Fig. 2. Treatment significantly increased the
yield of highly susceptible corn hybrid A, but not
of the more tolerant hybrid B. (Within each hy-
brid, means of treatments with different letters
are significantly different, p=.05.)

The results were dramatic. Ear rot was
significantly reduced when acephate was
used. Although very susceptible corn hy-
brids were used in these experiments, ear
rot was almost completely eliminated (fig.
1). In 1 year, yields were increased about
25% in a susceptible hybrid (fig. 2). Such
yield losses are not to be expected from
commercial hybrids that have tolerance to
ear rot. The use of acephate on corn is not
registered and may not be economically
justifiable, but these results provide insight
into the mode of entry of Fusarium into ears
and the importance of wounds in disease
development.

Future research

Research is now directed towards com-
paring ear and kernel characteristics in a
number of corn hybrids with different toler-
ances to Fusarium to determine specific
mechanisms involved in ear rot resistance.
The relationship between resistance and
traits that consistently appear in tolerant
corn lines will then be studied in more de-
tail.

Resistance may lie in the silk channel
opening, which may prevent entrance of the
fungus into the ear, or in physical or nutri-
tional factors that restrict establishment and
spread of the fungus within the ear. The
following hypotheses, based on informa-
tion currently available, are under study:
(1) the silk channel opening prevents en-
trance of the fungus and/or insects in toler-
ant hybrids at least during some critical
period; (2) the seed coat or other areas of the
kernels in tolerant hybrids are more resis-
tant to infection during peak susceptibility;
(3) kernels mature faster in resistant hy-
brids, and so the period of optimum suscep-
tibility is shorter; and (4) some growth fac-
tor, perhaps leakage of nutrients from
young kernels, supports greater growth of
the fungus in susceptible hybrids.

Our research so far indicates a trend to-
wards a longer period of kernel susceptibil-
ity in susceptible than in tolerant hybrids,
based on increased kernel-to-kernel spread
of F. moniliforme. We have also demon-
strated the importance of wounds in disease
development. These hypotheses will con-
tinue to be revised as we learn more about
the infection process and disease develop-
ment. With this new information, we will
be able to focus on more specific mecha-
nisms of resistance to ear rot.
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