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The benefit o f endotrophic, vesicular-arbuscular (VA)
mycorrhizae in the nutrition and development of host plants is well
known / 19,23,27,38). Many reports also indicate an interaction
between VA rnycorrhizal fungi and plant pathogenic organisms
(3 1,32,35,38). The interpretation of these results, however, is not as
easy as the interpretation of nutritional effects.
To evaluate the influence of VA mycerrhizal fungi on disease
incidence and development, the variable factors, plant pathogen,
symbiotic fungus, and environmental conditions. have to be
considered. Mostly, the interactions between pathogen and
symbiont are mediated by the host. The characterization of these
interactions should, therefore, include information o n t h e
mechanisms involved.
This review is a n attempt to evaluate and summarize most of the
research results obtained d u r i n g t h e last t w o decades.
Generalization will be unavoidable and therefore the risk of
oversimplification must be considered. For a better understanding
of the possible influence of VA mycorrhizae on plant pathogens.
disease incidence, and o n the symbiosis under practical conditions,
some recent results will be presented in more detail.

INFLUENCE OF VA MYCORRMIZAE ON PLANT DISEASES

Diseases caused by soilborne fungi. Because V A rnycorrhizae are
established in the roots of host plants, research on mycorrhizaedisease incidence interactions has been concencrared on diseases
caused by soilborne pathogens. Although most of the experiments
differ in approach and methods, a summary of the results is given in
Table 1. Diseases caused by soilborne fungi can be influenced by
the formation of VA mycorrhizae in the root system. In general,
mycorrhizal ptants suffer less damage and the incidence of disease
is decreased o r pathogen development is inhibited.
However, some reports indicate a n increase in disease severity
under the influence of VA mycorrhizal fungi. The improved
nutrition (19.23,27,38) of mycorrhizal plants in nutrient-deficient
soils may lead t o an increase in disease incidence according to the
rule: what i s good for the plant will also be good for the pat hogen.
From this point of view the betterdeveloped mycorrhizal plant
should be more susceptible t o pathogens than the poorly grown
nonmycorrhizal one. The above statement may be confirmed by
several reports (1, l1,13,29) that describe increased susceptibility of
mycorrhizal plants to disease. Several authors noted greater
damage of mycorrhizal plants by soilborne fungi (1 1,13,29). Davis
et a1 (12) showed that mycorrhizal cotton plants grew better, but
suffered more from Verticillium wilt, compared to nonrnycorrhizal
plants. High phosphorus fertifization equally increased the
vascular disease incidence o n both m ycorrhi7~1and nonm ycorrhizal
plants.
The nutritional requirements of the plant must be considered
along with those of the V A fungus in studies of plant nutrition and
disease. Theoretica!ly, better plant growth may increase the specific
potential of a plant to serve as a nutrient source for pathogenic
organisms. On the other hand, improved plant nutrition may
enhance plant development and, especially under field conditions,
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increased plant vigor may lead t o disease escape or to higher
tolerance towards soilborne pathogens. These: effects seem lo be
more a question of altered nutrition and its influence on plant
diseases than of interactions between rnycorrhizal fungi and plant
pathogens.
A specific influence of YA mycorrhizae o n diseases can
recognized if mycorrhizal and nonmycorrhir?al test plants are of
similar sizeand developmental stage. It isapparent in the summary
of interactions with soilborne fungal pathogens that most hostparasite relationships lead to less disease incidence on mycorrhizal
plants (32,35,38). This influence can be seen within a broad range of
host plants and rather different fungi. The effect proved no be
dependent on the virulence af the pathogen. Detrimental
pathogenic infections of the host roots o r high inoculum levels of
the parasite tend t o decrease the positive influence of the symbiosis.
This could be shown, for example, with the effect of VA
mycorrhizal fungi on Fusarium wilt of tomato (16). Mycorrhizal
ptants had less mycelium inside the stem tissue as a result of
vascular infection, Increased inocula of the pathogen altered this
effect.
A similar influence could be seen if the decrease of pathogen
reproduction (eg, the sporulation of Thielaviopsis hrrsicolo on
tobacco roots) is considered. Increasing inoculum levels led to
higher sporulation of the pathogen on the roots of the host plant
and decreased the inhibitory influence of VA mycorrhizae on the
pathogen (4). These observations indicate that the interactions
between mycorrhizal fungi and plant pathogens are only relative
and are based on a modification of disease development. This can
be considered to be a general characteristic of induced resistance.
Diseases caused by soilborne nematodes. Since mycorrhizae
affect a broad range of soilborne fungal pathogens, it may be
concluded that the beneficial influence is (to a certain extent)
independent of the pathogen. The parasitimtion of plants by
nematodes (mainly endoparasitic) can be influenced by the
establishment of a VA mycorrhiza (Table I). The penetration rate
of parasitic nematodes can be decreased, their development inside
thd root may be retarded, o r the degree of d a m a g caused by the
nematode may be lowered. In general, these biotrophic parasites
are not as aggressive as some of the fungal root pathogens.
Even though the symbiotic plant may grow better than the
nonmycorrhizal plant and, therefore, the absolute reproduction
rate of the nematode may be higher and the damage ta mycorrhizal plants can be lower than to control plants as shown by
Roncadori and Hussey (28). Thegrowth reductionof cotton plants
due t o the root knot nematode was about 30% in nonmycorrhizal
plants, but only 10% in the better-growing mycorrhizal ptants. I n
this case, the tolerance of plants to disease was higher under the
influence of the symbiosis, even though nematode development
was improved.
Other reports demonstrated a specific effect of mycorrhiza
formation o n the development of plant parasitic nematodes
(15,2 1,25,4 1-43). If the environmental conditions are nar only
favorable for the parasite, but also for the mycorrhizal fungi, there
can be a permanent influence o n the development of the pathogen.
Keltam and Schenck (21) found more root-knot galls on
nonmycorrhizal soybeans. On rnycorrhizal root systems the
nematode population stayed neatly unchanged. This influence on
gall formation is strictly limited to roots colonized by the
mycorrhizal fungus (15,25). Even in the root system of heavily
infected mycorrhizat plants, parts of the roots can be free of
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