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Abstract

Fusarium moniliforme Sheldon is an economically important pathogen of corn (Zea mays L.) which
causes stalk, root and ear rot. Several mycotoxins have also been isolated, identified and implicated in
both animal and human toxicoses. The fungus can be disseminated in symptomless corn seed and can
also survive in crop residues in the soil. Asymptomatic infection may be related to different corn
cultivars, fungal strains, and environmental factors. Symptomatic expression of pathogenicity may vary,
but usually the result of such infections is death of the plant. The greatest concern is the asymptomatic
infection, since it is in this form that fungal toxins may surreptitiously enter animal and human food
chains. F. moniliforme produces both fusaric acid, which is phytotoxic to corn and interferes with seed
germination, and plant growth regulators that may affect pathogenicity of the fungus or be associated
with the production of mycotoxins. Other metabolites, including fusarin C, moniliformin, and the
fumonisins, may or may not be phytotoxic, but are associated with animal and human toxicoses. The
control of F. moniliforme in corn is therefore quite important. One potential means to accomplish this
reduction is biocontrol by the application of antagonistic rhizobacteria to corn kernels at planting. To
be effective the bacteria must be able to colonize the corn root system and be able to prevent root
infection by successful competing with F. moniliforme which may be accomplished by siderophore and
or antibiotic activity.

Introduction

Fusarium moniliforme Sheldon, the anamorphic
state of Gibberella fujikuroi (Sawada) Wr., is a
biotrophic pathogen that can also grow sapro-
phytically [1]. The fungus has a wide geographic
distribution, but is restricted to the warm temper-
ate, the humid tropical and subtropical regions of
the world. Nevertheless, the fungus is cosmopoli-

tan enough to cause stalk, root and ear rot of
corn [2], resulting in severe economic losses to
corn and other cereals and food crops throughout
the world [3].

In addition to causing losses in corn, F. monili-
forme is implicated in animal and human tox-
icoses [4]. Although several mycotoxins have
been isolated and identified from F. moniliforme,
the total number of mycotoxins produced is un-
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known. The toxicological reports on F. monili-
forme indicate that a wide range of animal species
is affected and that there is a world-wide occur-
rence of toxic isolates.

This paper is a review of the physiology of F.
moniliforme pertaining to its host-parasite associ-
ations and the interactions of fungal metabolites
produced in corn, which must be considered rela-
tive to animal toxicity and eventual control of the
fungus. Because the fungus may be seed-borne
or survives in crop residues in the soil, its control
should be designed to prevent fungus growth and
inoculum buildup within the soil. One possible
control strategy is biocontrol, utilizing soil bac-
teria and their metabolites to suppress F. monili-
forme. Thus, biocontrol will be reviewed to sti-
mulate interests in using bacteria to control this
fungus since the effects of bacteria and their met-
abolites on F. moniliforme have not been studied
in detail.

Host-fungus relationships
Corn-fungus associations

Fusarium moniliforme can be a seed-borne patho-
gen. Numerous surveys indicate that the occur-
rence of the fungus on corn kernels ranges from
1 to 100% {2, 3]. This range in infection probably
reflects differences in corn cultivars, fungal strains
and environmental conditions. Studies indicate
that several high-lysine and supersweet hybrids
which contain the opaque-2 and shrunken-2 endo-
sperm mutations, respectively, are more sus-
ceptible to kernel infection by F. moniliforme
[5, 6]. However, the open pollinated field and
sweet corn cultivars are also susceptible but show
extreme variation [2]. Lines of corn with the
brown midrib are also susceptible {2]. Both in-
breds and hybrids show variation in susceptibility
from location to location, suggesting an environ-
mental influence. The mechanism for corn resis-
tance to F. moniliforme has not been identified,
although progress in breeding for resistance has
met with some success.

The fungus is distributed over the pericarp of
kernels and since it is cultured from surfaced dis-
infected kernels, it is also located within the ker-
nel. Studies utilizing scanning electron micro-
scopy have determined that the fungus is located
in sound-appearing kernels at the pedicel or tip
cap end of a kernel well beyond the vascular
bundles (Figs. 1-5). Fungal hyphae were not
found within the embryo or endosperm of sound-
appearing kernels, although in kernels associated
with toxicity the embryo and endosperm are in-
vaded. The finding of this fungus within the pedi-
cel of sound-appearing corn indicates that the
seed serve as an effective dispersal unit from
which plant infection may take place. Further, it
implies that external seed treatments using fungi-
cides might not be an effective control.

F. moniliforme is also considered an endophyte
since hyphae occur systemically in leaves, stems,
roots, and cobs [7]. Isolates of F. moniliforme
can be divided into symptom-inducing and non-
symptom-inducing endophytes. These terms are
intended to define specific fungal strains, al-
though similar terminology was used earlier to
describe cultivars of infected corn [5]. Symptom-
inducing strains of F. moniliforme produce dis-
ease signs on kernels and plant parts while
symptomless strains do not. Kernels from
symptom-inducing strains should never be used
for food. Current information indicates that F.
moniliforme is not confined to the initial infection
site; it is instead uniformly distributed but the
plant shows little or no response [8].

The symptomless expression on corn produces
the greatest concern, since it is possible that my-
cotoxins can enter the food chain undetected
when symptomless but infected corn is consumed.
Symptomless infection of corn by F. moniliforme
may be viewed as a latent infection, although this
type of infection is probably not metabolically
inactive. For example, this symptomless infection
might be similar to infection caused by endo-
phytic fungi of grasses, where a variety of toxins
are produced by the endophytic fungus without
host symptoms occurring [9]. Because F. monili-
forme is endophytic, plant residues also play an
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Plate. Scanning electron micrographs showing location of Fusarium moniliforme (arrows) within a lopgitudinal section of a corn
kernel, Figs. 1-3. Fig. 4 shows the remaining half of the same kernel after two days incubation on potato dextrose agar media;
note the production of long chains of conidia (arrow) indicative of F. moniliforme. Fig. 5 shows similar conidia from a known
isolate of F. moniliforme cultured on potato dextrose agar.
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important part in over wintering and inoculum
dissemination. Growth and sporulation of the
fungus in soil on dead plant parts suggest that F.
moniliforme is also saprophytic [1, 7].

Since most kernels are infected, the potential
for animal toxicity is enhanced under improper
storage conditions. Both high kernel moisture
and cool temperatures have been reported impor-
tant for the production of one class of mycotox-
ins, the fusarins [10], produced by F. monili-
forme. No information is available that would
indicate that mycotoxins are produced by this
fungus during the postharvest stage of corn devel-
opment.

The significance of plant growth regulators

Plant hormones are important to the regulation
of plant growth. Much is known about the occur-
rence, interactions and biosynthesis of plant
growth substances. Although plant growth regu-
lators were isolated from parasitic fungi long be-
fore they were found in higher plants, little is
known about the involvement of plant growth
regulators in host-parasite relationships and dis-
ease development.

Fusarium moniliforme produces gibberellins
and auxins [11, 12]. On rice the fungus causes an
overgrowth of stems which can also be achieved
by topical application of gibberellins. However,
other plants infected with the same fungus do
not show symptoms of overgrowth. Oats infected
with a gibberellin-producing or a nonproducing
strain of F. moniliforme indicated that the gibb-
erellin-producing strain produced more hyphae
within the host tissue than the nonproducing
strain [12, 21]. These data suggest that gibberellin
can increase the growth of F. moniliforme which
might indirectly affect pathogenicity. Therefore,
this growth regulator may be associated with pro-
duction of animal toxin, if by no other reason
than an increase in fungal biomass.

Table 1. Effects of fusaric acid on corn seed germination.

Corn Fusaric acid, M

s o1
cultivar™ 02" 105 1074 100 1076

% germination decrease’

1 9a 94a 70b 15¢ id
2 93a 95a 30b 10c 3d
3 90a 91a 40b 20b 1c
4 95a 96a 85b 20c 2d
5 99a 90a 50b 30c 2d
6 98a 91a 45b 10c 1d
7 99a 89a 65b 40b 3c
8 99a 89a 75b 30c 4d
9 99a 90a 80b 10¢ 2d

! These cultivars include both field and sweet corn cultivars,
% Each percentage decrease is the mean of three experiments;
means within each cultivar (row) followed by the same letter
are not significantly different (p < 0.05).

Phytotoxicity of F. moniliforme metabolites
to corn

Fusaric acid. Fusaric acid (5-n-butylpyridine-2-
carboxylic acid) is produced by F. moniliforme
and by other Fusaria, especially those in the sec-
tion Elegans [13]. Fusaric acid and its derivative,
dehydrofusaric acid, are produced in large quanti-
ties and have been isolated from tissues of Fusari-
um-infected plants [13]. The application of fusaric
acid to plants results in increased water loss and
leakage of other compounds from plant tissue
because of damage to cell membranes [13]. This
toxin has also been shown to chelate heavy met-
als, particularly iron [14], resulting in an inhi-
bition of enzymes such as iron porphyrin oxidase
[15]. The final result is reduction in plant respir-
ation, In addition to iron, fusaric acid chelates
with copper, cobalt, nickel, zinc and manganese
[16].

If the mode of action of fusaric acid is to affect
the plant respiratory system, then it should infly-
ence germination of seed which is characterized
by a high rate of respiration. To test this hypo-
thesis, nine cultivars of corn were germinated on
filter paper saturated with 10 ml of a solution of
fusaric acid in 10 mM phosphate buffer, pH 6.5.
Germination of all nine cultivars were completely
inhibited by the two high concentrations,



5.6x 107>M and 5.6 X 107> M (Table 1). The
effects of fusaric acid at 5.6 X 107* M differed
according to the cultivar of corn. At this concen-
tration some corn cultivars developed only
coleoptiles, while others developed coleoptiles
and aborted roots. Concentrations of fusaric acid
less than 10™> M had no effect on the germination
of all cultivars. The effects of fusaric acid on corn
seedlings followed a similar concentration. Its ef-
fects on leaves of corn seedlings showed dis-
ruption of the cellular membrane at the concen-
trations between 107> M ‘and 10™* M, but at the
low concentration, 10~°> M and 107 M, only the
membranes of the mitochondria and chloroplast
were damaged.

Fusarin C. The mutagenic substance, fusarin C,
is also produced by several isolates of F. monili-
forme [10]. The production of fusarin C by F.
moniliforme has only been documented in inocu-
lated shelled corn, but it has been detected in
other cereals, as well as soybean [17]. Fusarin C
is very unstable and attempts at demonstrating
its activity on corn might reflect this property.
Nevertheless, a study was designed to determine
its phytotoxicity, with and without dimethyl sul-
foxide, on corn seedlings leaves and seed germi-
nation. Fusarin C did not produce any detectable
phytopathological symptoms (Bacon and Hinton,
unpublished).

Mouiliformin. Moniliformin (1-hydroxycyclobut-
1-ene-3,4 dione) has been shown to be phytotoxic
on corn and tobacco, with corn being more sensi-
tive [18]. The minimum concentration, adminis-
tered topically, required to produce phytotoxicity
in corn was high, 0.02 mg per plant. Infusion stud-
ies might have yielded similar information but at
reduced concentrations. However, since only a
few isolates of F. moniliforme produce monilifor-
min, it is probably of no consequence in corn
infected with F. moniliforme.

The fumonisins. The final group of mycotoxins,
the fumonisins, consists of long-chain alkylamines
with 2 tricarboxylic acid moieties attached. Fu-
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monisin By is considered the most biologically
active. Fumonisin B; is structurally similar to the
tomato host specific toxins (AL) produced by Al-
ternaria alternata f. sp. lycopersici [19]. The AL
toxins have been isolated from tomato tissue in-
fected with A. alternata, and it has been shown
that the primary amine of the AL molecule is
required for activity [20].

Two cultivars of corn, T1 and FLS, were used
to determine the phytotoxicity of fumonisin B;.
Fumonisin B; was administered to corn either in
a 10 mM phosphate buffer solution, pH 6.5, into
which seedlings were suspended or infused
through leaf tissue of seedlings grown in sterile
sand. Fumonisin test solutions were infused or
replaced with fresh fumonisin solutions every two
days. Control treated seedlings received phos-
phate buffer solution only.

After one week, one half of the seedlings was
harvested. Both treated seedlings and controls
had similar weights, leaf width and root-to-shoot
ratios. The remaining seedlings were placed in
phosphate buffer without fumonisin for another
week. There were no detectable effects of fumon-
isin B; on corn seedlings in the concentration
range of 107> M to 107° M. Therefore either fu-
monisin B; was not absorbed into the plant, the
concentration was too low, or the two corn cultiv-
ars used in the study were resistant.

Biocontrol potential with rhizobacteria

According to Toussoun [11], the concept of bio-
logical control of soil-borne fungi by microorgan-
isms was studied some 70 years ago by Hartley
who proposed to control damping off in pine
seedlings by using other microorganisms. At
about the same time, investigations into the nat-
ure of Fusarium-suppressive soils were initiated
by Knudson but the results were not published.
To date, Fusarium moniliforme has not been in-
cluded as a species controlled by suppressive
soils.

There are numerous bacterial species used to
control pathogenic soil-borne fungi [22]. The pre-
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cise mechanism by which bacteria control disease
producing organisms includes antibiosis, growth-
promoting substances and nutrient competition.
To successfully use a biocontrol agent against F.
moniliforme, all interactions between the micro-
bial antagonist, the fungus, the corn plant, and
the environment must be considered. Although
some bacteria possess the ability to control a
pathogen, they may also be deleterious [23]. A
potential biocontrol agent should always be
screened for this characteristic as well as others.

The biocontrol agent should be suitable for ap-
plications to the corn kernel before planting, pref-
erably as a spore. The biocontrol agent and the
corn seedling will become established together.
Since the level of biocontrol will operate at the
indigenous population of soil organisms, the two
most common strategies for the establishment of
the microbial antagonist in the rhizosphere are:
(1) to inundate the indigenous microflora with
large numbers of antagonists, or (2) to reduce the
quantity or alter the composition of indigenous
microflora to favor the establishment of the an-
tagonist. Further, the biocontrol agent must be
capable of colonizing the corn root system and
inhibiting or reducing growth of F. moniliforme.
To be a successful biocontrol agent, the antagon-
istic bacterium must be able to: (1) attach or
agglutinate to the root system, and rapidly grow,
spread, and survive on the root system, (2) oc-
cupy areas on roots which will not interfere with
the uptake of nutrients by the plant, and (3) com-
pete with F. moniliforme and indigenous micro-
flora for nutrients. The antagonist should also be
polyphagous and saprophytic, as nutrient versatil-
ity can allow for rapid growth and long-term sur-
vival of the antagonist.

Once the bacterium has colonized a favorable
niche, it must be able to maintain its position
on the root system, either by the production of
siderophores [24] that have a higher iron-binding
affinity than those of the pathogen, or by the
production of antibiotics that suppress growth of
competing microorganisms. Of the fungal antag-
onists used, most are bacteria in the genera
Pseudomonas and Bacillus [23]. Other microor-

ganisms with a potential for biocontrol by anti-
biotic production include the actinomycetes, such
as Streptomyces. Actinomycetes are also better
able to tolerate desiccation than most bacteria
[22].

An additional desirable characteristic of a bio-
control agent, although not mandatory, is its
ability to stimulate plant growth. Colonization of
plant roots by plant growth-promoting rhizobac-
terium, such as Azospirillum, increases biomass
and yield because of the production of indole
acetic acid or cytokinins by the bacterium. In the
rhizosphere there are also populations of patho-
gens, or deleterious rhizobacteria, which tend to
increase with continual corn cropping practices.
These bacteria may reduce the crop yields be-
cause of the production of phytotoxic substances
such as cyanide, volatile sulfur-containing com-
pounds [16], or excessive amounts of phyto-hor-
mones [22] in the rhizosphere. The plant growth-
promoting rhizobacteria may be important con-
trols against these minor pathogens [24].

Conclusion

F. moniliforme is one of the earliest known causes
of animal toxicosis and plant diseases. In agricul-
ture, the dilemma we are faced with is that of
control. Control is exceedingly important since
this fungus can produce several mycotoxins on
one of the world’s largest classes of food, the
cereals, particularly corn. Although, as is the case
with all plant pathogenic organisms, the best con-
trol is the development of resistant varieties. Fus-
arium moniliforme and the corn plant are no ex-
ception. However, before we can produce
resistance we must first understand how and
where this organism establishes itself within the
plant.
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