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CAN FERTILIZATION OF SOIL SELECT LESS
MUTUALISTIC MYCORRHIZAE?
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Abstract. Tt has been noted previously that nutrient-stressed plants generally release
more soluble carbohydrate in root exudates and consequently support more mycorrhizae
than plants supplied with ample nutrients. Fertilization may select strains of vesicular—
arbuscular mycorrhizal (VAM) fungi that are inferior mutualists if the same characteristics
that make a VAM fungus successful in roots with a lowered carbohydrate content also
reduce the benefits that the fungus provides a host plant. This two-phase study experi-
mentally tests the hypothesis that fertilizing low-nutrient soil selects VAM fungi that are
inferior mutualists. The first phase examines the effects of chemical fertilizers on the species
composition of VAM fungal communities in long-term field plots. The second phase mea-
sures the effects of VAM fungal assemblages from fertilized and unfertilized plots on big
bluestem grass grown in a greenhouse. The field results indicate that 8 yr of fertilization
altered the species composition of VAM fungal communities. Relative abundance of Gi-
gaspora gigantea, Gigaspora margarita, Scutellispora calospora, and Glomus occultum
decreased while Glomus intraradix increased in response to fertilization. Results from the
greenhouse experiment show that big bluestem colonized with VAM fungi from fertilized
soil were smaller after 1 mo and produced fewer inflorescences at 3 mo than big bluestem
colonized with VAM fungi from unfertilized soil. Fungal structures within big bluestem
roots suggest that VAM fungi from fertilized soil exerted a higher net carbon cost on their
host than VAM fungi from unfertilized soil. VAM fungi from fertilized soil produced fewer
hyphae and arbuscules (and consequently provided their host with less inorganic nutrients
from the soil) and produced as many vesicles (and thus provisioned their own storage
structures at the same level) as fungi from unfertilized soil. These results support the

hypothesis that fertilization selects VAM fungi that are inferior mutualists.
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INTRODUCTION

Mycorrhizae are symbiotic associations believed to
be as ancient as land plants (Pirozynski and Malloch
1975, Wagner and Taylor 1981, Stubblefield et al. 1987).
Vesicular-arbuscular mycorrhizal (VAM) fungi can be
found within the roots of most plant species and are
obligate plant symbionts. Mycorrhizae are often as-
sumed to be solely beneficial; however, the effects that
VAM fungi have on their host plants, or “effectivity,”
differs greatly between fungal strains, and may range
from mutualistic to parasitic (O'Bannon et al. 1980,
Miller et al. 1985, Bethlenfalvay et al. 1989, Modjo
and Hendrix 1986). For the past decade there has been
an interest in inoculating crops with VAM fungi to
improve yields and decrease reliance on chemical fer-
tilizers. But before this goal can be realized the effec-
tivities of indigenous and inoculant VAM fungi must
" be assessed and the factors controlling whether my-
corrhizal associations are mutualistic or parasitic must
be understood.
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There are theoretical reasons to speculate that fer-
tilizing soil may select for VAM fungal strains that are
inferior mutualists or even parasites. It has been noted
that mildly nutrient-stressed plants tend to release more
soluble carbohydrate in root exudates, and make better -
VAM hosts, than unstressed plants (Sylvia and Neal
1990, Schwab et al. 1991). A strong selective pressure
will be exerted on VAM fungal populations when fer--
tilization causes host plants 1o allocate less carbohy-
drate 1o root exudates. In response to fertilization, the’
abundance of VAM fungal strains that most aggres-
sively acquire host carbohydrate will increase at the
expense of less aggressive strains. It is likely that the
same characteristics that make a VAM fungus suc-
cessful in a low carbohydrate environment also reduce
its mutualistic effects. Namely, a successful fungus could
acquire carbohydrates that the host plant has not al-
located to it, and thus, parasitically provision its own
growth without contributing to the fitness of the plant.
In this way, less beneficial, or even detrimental, VAM
fungi could be selected in fertilized soils where plants
gain little from VAM associations.

The virulence of many parasites lessens with time,
and over a long enough period of time, many parasitic






