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Abstraci

Mycoherbicldes have galned much attentlon In recent years, These indigencus fungl cause discases on weeds
afler inundative application; evaluation procedures combine techniques used by plant pathologlsts and weed
sehentists, Plant patholegists have studled the processes by which fungal propagules (usually spores) interact
with plants and evendually cause disease. There is a paucity of research with these principles as they relate to
mycoherblcides. Lahoratory and field testing, combined with light and scanning elcctron microscopy, suggest
that many factors need to be considered and optimized in mycoherbiclde evalualions. Varlability tn spore size
and internal nutrients, spore hydration vate, spore adheslon to plant parts, the number of germ lubes/spore,
germn tube lengths, infection structures produced by germ tubes, penetration of plant parts, texin production,
[noculum adjuvants such as surfactants, Interaction with other phylloplane mlcrobes, ete, can effect the
success of a parttawlar fungsl Iselate. This Is a critical time in the development of mycoherbicides for additlon
to the arsenal of weed control methods. Potential candidate fungl cannot be fully evaluated before the basle
factors fuvelved In the fungal-weed, disease process have been studled and the resultant knowledge used in
optimization of mycaherbiclide use strategy. .

Introduoction

The mechanisms and processes by which fungi interact with plant surfaces and subseqoently
gain entrance into the plant have been of much interest. Several authors have reported on the
survival, germination, and adhesion of fungi 10 leaf surfaces (Lapp and Skoropad 1987, Hyde
et al. 1986, Murray and Maxwell 1974, Parberry and Eminitt 1977, Park 1982, Potter ¢f al,
1980, Wheeler and Gantz 1979). It has been especially difficult to distinguish what part the
microenvironment, the genetics of each organism, chemical and physical interaclive
processes and other factors play in this drama. Most of the investigations in this area are
concernad with undersianding why a particular fungus does or does not gain entrance 10 the
host for the purpose of understanding fungal virulence or host resistance. Phytopathologists
usually focus on preventing fungal entrance or understanding why the fungus does not enter.
In recent years there has been increased interest in the use of fungal pathogens for biological
control of weeds, Fungal propagules, particularly conidia of imperfect fungi, are applied 0
wegds, usuaily leaves and stems, with the expectation (hat the fungus will cause disease. The
obvious goal is to provide every opportunity for the fungus to incite sufficient disease and
weed damage 10 reduce or eliminate weeds or their competitive advantage over some
¢Conomic plant.

Fungal-host interaction studies usually provide a betler understanding of the disease process
and subsequent methods for conwolling disease. In biological control procedures it is
important 10 understand the fungal-host interactions, but in this case for purpose of enhancing
the disease process.

In recent years, improved light microscope techniques and the addition of electron
microscopy for better resolving of structural detail has provided 1ools to answer host-parasite
questions (Van Dyke er al. 1982). It is particularly important that we understand these
dizease processes, as we atlemplt o formulate and maximize the efficacy of mycoherbicides,




560 - Van Dyke

Spore Characteristics

Fungal spores are of many shapes and sizes. Some are single celled, whereas others are
multicelled. Apparently spores differ in their ability to adhere to plant surfaces, depending on
physical and chemical characteristics and the concomitant interaction with the plant surface
and its physical and chemical characteristics (Hyde er al. 1986). Some spores have
endogenous mutrients sources and need only free water or high humidity t0 germinate, others
require an external nuirient source. Moisture and temperature are often critical factors in the
armination process. Bacleria are rather tenacious in their adherence to plant surfaces
Huang and Van Dyke 1978, Spurr and Van Dyke 1980), whereas fungal spore tenacity
begins primarily with germ tube attachment (Van Dyke, unpublished data). Since each
fungal species has its unigue spore characteristics, those characteristics must be given careful
consideration when mycoherbicide research is being conducied. It may be necessary to apply
sticking material(s) to ensure that fungal spores adhere 1o plant surfaces, supply nutrients for
spore germination, or apply spores in solutions that will provide adeguate water for
germination,

Germ Tubes and Appressoria

Fungal spore germination and appressorial formation has been the subject of many studies
and has been reviewed (Nicholson 1983). Nicholson (1983) suggests that attachment of
fungal spores to plant surfaces should be considered 1o include all mechanisms, both
mechanical and chemical. He then defines adhesion as "a more suitable term to describe
phenomena of attachment requiring either the presence of adhesive materials or at least a
modification of the cuticle by the fungus”. Various kinds of adhesion materials (AM) have
been described (Nicholson 1983).

Considerable research has been done on the germination and appressorial formation of
Colletotrichum graminicola (Coelomycetes) (Lapp and Skoropad 1978). Conidia are produce
in an AM and appressoria are attached to surfaces by this same material. The AM protects
conidia from desiccation. It is an antidesiccant and in its presence conidia may be dried to
45% retative humidity and stored for months with only nominal loss of viability. "In
contrast, conidia die within hours, regardless of the refative humidity in the absence of matrix
and liguid water” (Nicholson 1983).

The AM also contains at least two enzymes which may aid in the formation of appressoria by
the fungus. One of the enzymes of the AM appears (o alter the surface texture of corn leaf
cuticle and change its weltability, suggesting that the enzyme acis on the cuticle or
epicuticular area. Rate of disease development may be increased by 3 d when AM is
included with spore inoculum, The AM protects spores from desiccation, but when spores
are teleased by liquid water, AM enzymes may speed the infection process by providing
nutrients, hasténing appressorial formation, and perhaps altering the host cuticle (Nicholson
and Moraes 1980, Nicholson 1983).

Wynn (1981) has reviewed the occurrence of AM associated with germ tubes and
appressoria. He reports that AM is found only along certain parts of the germ tbe, other
times the entire length of the germ tube has’ AM. In still other cases AM is primarily
associated with the appressorium. In all of these examples, indirect evidence has suggested
that the AM is the result of a host stimulus or a host response as a result of interaction with
the fungus.

Twa primary spore types used for biological control of weed are urediniospores of rust fungi
and conidia of imperfect deuteromycete fungt. Urediniospores germiniation has been done on
leaves as well as on artificial surfaces, Their response to stomaia is well known, Wynn
(1981) has shown that some germ tubes respond to tactile stimuli in the appressorial
formation and subsequent penetration through a stoma. In contrast, appressoria of
basidiospores of the same fungus do not form over stomata but penstrate the cuticle direcily.

Pethaps most intriguing in the germ tube-appressorial formation sequence 1s the question:
What triggers the change from one to the other? Tt has been soggested that nonspecific
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environmental factors may initiate the appressorial response (Parberry 1981), Other studies
support the idea that germ tube-plant surface interactions chemically initiate the appressorial
response (Blakeman 1981). In the case of rust fungi it has been well documented that tropic
and taxic response of the fungus to the plant are responsible for appressorial formation
{(Wynn 1981). In all these examples it is clear that not all fungi respond by the same
mechanisms and perhaps several factors are responsible for these responses, It has also been
shown that some fungi respond to the age ol plant tissue; younger tissue is often more
resistant o infection, whereas older tissue is often more susceptible (Muirhead 1981). We
have found that specific fungi respond very differently through time on leaf surfaces as seen
with scanning electron microscopy (Spurr and Van Dyke 1980, Van Dyke and Trigiano
1987). In cur preliminary smdy of Bipolaris species (Hyphomycetes), as potential
mycoherbicides on johnsongrass, germ tube growth, and appressorial formation was highly
variable (Van Dyke and Winder, unpublished data).

All of these findings strongly suggest that a betier understanding of germ tube growth and
subsequent appressorial development could provide clues about methods for enhancing
infection processes,

Fungal Toxing

Dunkle (1984) suggesied that if microbial "toxins" includes enzymes, plant growth
regulators, and low molecular weight metabolites, then "toxing” are important 1n the disease
process. The host cuticle, composed of cotin and waxes, can probably be degraded or aliered
by the fungus. The role of cutinase in the penetration of plants by fungi has been reviewed
(Kolattukudy 1981). Virulence of different fungal isolates is probably related to their ability
to produce cutinase. = Specific stndi¢s have shown that cuoticle-degrading enzymes are
synthesized and released at specific stages in the development of the fungus on the host
surface {(Nicholson et al. 1972). We have shown that the necrotrophic fungus Alternaria
cassiae Jurair & Khan (Hyphomycetes), which is being developed as a mycoherbicide
(Bannon and Walker 1987), causes host mesophyll tissue to become nectrolic prior to
penetration, suggesting necrosis was due 1o a diffesable toxin (Van Dyke and Trigiano 1987).

Fungal "toxins" are quite diverse and apparently significant in the infection process, therefore
the selection of fungal biotypes that accentuate these beneficial "toxin" effects should be
considered in mycoherbicide research. '

Leaf Surface Microbe Enteractions

There have been four international symposia on the Microbiology of the Phyllosphere. Other
reviews have also considered the importance of microbe-microbe interactions on the surfaces
of plant parts. Cullen and Andrews (1984) have staied that there are major gaps in our basic
knowledge of the leaf surface and its relationship to pathogenesis, They further indicate that
much research needs to be done relative to host-aniagonist interactions, including
mechanisms of microbial adhesion, spatial patierns of colonization, and the nature of resource
utilization on leaf surfaces. These need to be compared for native organisms and for those
cultured and reapplied. Others have cmphasized the importance of understanding the
interaction between bacterial, fungal, and applied chemical components of the phylloplane
{Fokkema and Schippers, 1986). Fokkema (1981) also states that "there are numercus reports
that common fungal icaf saprophytes antagonize plant pathogens. Further research, therefore,
is urgently needed to quantify the role of phylloplane fungi in field sitvations (Fokkema
1981)," Reinecke (1981} also stressed the importance of the "buffering capacity of natural
microflora” on plant surfaces.

Our knowledge of microbe-microbe interactions is sparse; however it appears 1o be a factor

which has great potential for augmenting disease processes. These interactions should be
considered in future mycoherbicide rescarch,
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Conclusions

It is clear from previous investigations of microorganism-plant interactions that much
information has been gained, but that many of the interactions ave, at best, poorly understood.
It is also clear that although in-depth study has been done for certsin fungal-plant
interactions, that this information is not necessarily transferable io other fungal-plant
gituations (e.g. weed pathosystems),

There are many questions which must yet be answered. What is normal for a particular
fungal-host interface? For some there is° considerable variation and thiz makes investigation
of manipulated sequences difficult. How does virulence of the pathogen being used as a
mycoherbicide influence various other factors in the infection process or the application
procedures? If we attempt to control younger tissucs of weeds, are these tssues more
resistant to the fungus? Many mycoherbicides are being applied w seedling weeds in high
dosage to initiate demise or stunting of the weed. If these tissues are more resistant, perhaps
pathogenesis can be enhanced by manipulation of the fungus and/or environmental factors.

The use of microorganisms to stimulate fungal virulence or to alier the microenvironment is
only recently being considered as another approach to mycoherbicide sirategies.

Two areas of mycoherbicide application that warrant consideration for detailed evaluation are
first the use of adjuvants to aid inoculation and to enhance disease, and secondly the mixing
of mycoherbicides with chemical herbicides or other mycoherbicides. . Several studies have
already shown that choice of adjuvanis is an imporiaot consideration in mycoherbicide
application (Bannon and Walker 1987, Winder and Van Dyke 1990). Wyinore and Watson
(1988) have demonstrated the positive effect of mycoherbicide and chemical herbicide
combinations for the control of velvetleal, Collego® (a commercial mycoherbicide for
controd of northern jointveich) has been successfully combined with herbicides for several
vears (Templeton 1987). As we better understand how disease progresses vnder "natural”
circumstances, then perhaps we can better determine more use straegies, and also possibly
explain efficacy failures.

Presently there is much interest in the development of mycoherbicides; however, there is also

a tendency 1o look for the "silver bullet”, that ideal control agent comparable 10 chemical

demise. Future weed control strategies may bave to settle for something less than demise if

regulations and restrictions on chemical herbicides continue to proliferate. Therefore, it is -
imperative that the mode of action of mycoherbicides be studied as intensively as possible

and manipulated in every way possible 1o achieve the best understanding of their behavior.

This should provide a basis for future decisions in determining the biological control

polential of particular fungi. If we abandon certain fungi at present because they do not

"perform” according to presently prescribed standards, we may lose valuable potential

additions to our weed control arsenal,
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