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Mycorrhizae: Possible Explanation for Yield Decline with Continuous
Corn and Soybean

Nancy Collins Johnson,* Philip J. Copeland, R. Kent Crookston, and F. L. Pfleger

ABSTRACT

Earlier studies showed that mycorrhizal fungi selectively proliferate
in soils cropped in monoculture to corn (Zea mays L.) or soybean
|Glycine max (L.) Merr.). This study evaluated whether the dominant
mycorrhizal fungi, based on spore numbers present in soil, affected
growth and nutrient uptake of the following crop. Plots at two loca-
tions in Minnesota with a continuous corn or continuous soybean his-
tory were planted to both corn and soybean. The relationship between
spore numbers of proliferating species of mycorrhizal fungi and crop
yield and nutrient concentrations were assessed using simple corre-
lation analysis. Spore populations of mycorrhizal fungi which prolif-
erated in corn were generally negatively correlated with the yield and
tissue mineral concentrations of corn, but were positively correlated
with the yield and tissue mineral concentrations of soybean. Spore
populations of soybean proliferators exhibited the reciprocal relation-
ship, although less clearly. We suggest that, compared to other fungi,
proliferating VAM fungal species may be less beneficial {or perhaps
detrimental) to the crop in which they proliferate. We propose a mech-
anism to explain how vesicular-arbuscular mycorrhizal (VAM) fungi
could cause yield depressions associated with monoculture, and outline
research needed to test this hypothesis.

'YIELDS OF CROPS generally decline over time in
continuous monocuiture. Crop rotation is an es-
tablished practice to optimize yields, but the actual
mechanisms responsible for the positive effects of ro-
tation are not fully understood. Several workers have
suggested that the interaction of rotation and crop yield
is at a microbiological level (Shipton, 1977; Turco et
al., 1990).

Most crops form symbiotic associations with VAM
fungi. These fungi are obligate symbionts that produce
persistent soil-borne spores. Below-ground crop resi-
dues contain these spores along with fragments of hy-
phae and moribund VAM roots, all of which may
serve as infective propagules for VAM fungal colo-
nization of the following crop.

Hyphae of VAM fungi extend into the soil more
extensively than root hairs and can enhance the ab-
sorption of immobile nutrients (Rhodes and Gerde-
mann, 1975). Mycorrhizae are generally recognized
for their importance in P uptake, but they also may
improve uptake of immoble micronutrients such as Cu
and Zn (Lambert et al., 1979; Pacovsky, 1986). The
VAM fungi have been shown to improve crop yields,
even when P fertility of soils does not appear to limit
plant growth (Medina et al., 1988).

The fungi that form VAM associations are a diverse
group of over 144 species. Species, and even isolates
within species, vary greatly in their effects on plants
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ranging from mutualistic to neutral to pathogenic (e.g.
Carling and Brown, 1980; Modjo and Hendrix, 1986;
Bethlenfalvay et al., 1989). Furthermore, VAM fun-
gal species vary in their ability to proliferate in dif-
ferent crop species (Schenck and Kinloch, 1980); and,
although VAM fungi are typically considered to be
generalists, there is increasing evidence that some de-
gree of specificity exists between VAM fungi and plants
(Rosendahl et al., 1990).

We recently studied VAM fungal populations in a
crop rotation experiment at Waseca and Lamberton,
MN (Johnson et al., 1991). In that study, we observed
distinctly different VAM fungal communities in field
plots with continuous corn and continuous soybean
cropping histories. At Waseca, Glomus aggregatum
Schneck & Smith- emend. Koske, G. leptotichum
Schneck & Smith, and G. occultum Walker were sig-
nificantly (p = 0.05) more abundant in plots with a
corn history, whereas spores of G. microcarpum Tul.
& Tul. were significantly more abundant in plots with
a soybean history. Furthermore, densities of G. mos-
seae (Nicol. & Gerd.) Gerd. & Trappe tended (p =
0.07) to be higher in plots with a corn history and G.
claroideum Schenck & Smith tended (p = 0.09) to be
more abundant in plots with a soybean history. At
Lamberton, G. albidum Walker & Rhodes, G. mos-
seae, and G. occultum were significantly more abun-
dant in plots with a corn history than in plots with a
soybean history.

Since VAM fungi differ in their effects on plants,
the composition of communities of VAM fungi could
affect nutrient uptake and consequently crop yields
(Schenck et al., 1989). The present study examines
the relationship between spore abundances of individ-
ual VAM fungal species and the yields and tissue min-
eral concentrations of corn and soybean to evaluate
the possibility that- mycorrhizae may be involved in
the yield decline associated with continuous cropping.
We also propose a mechanism to explain how my-
corrhizae could cause such yield depressions and out-
line research needed to test this hypothesis.

MATERIALS AND METHODS

This study was conducted in 1988 as part of a long-term,
corn-soybean rotation experiment at the University of Min-
nesota’s Waseca and Lamberton Agricultural Experiment
Stations. Corn and soybean were each grown continuously,
and in rotation, in experimental plots arranged in a random-
ized complete block design and replicated four times. De-
tails of the experimental design can be found in Crookston
et al. (1991).

We examined four different cropping sequences: contin-
uous corn, continuous soybean, first-year corn (following
5 yr of soybean), and first-year soybean (following 5 yr of
corn). This design allowed us to examine corn grown in
soils with VAM fungal communities characteristic of a corn
history (continuous corn) and a soybean history (first-year
comn). Similarly, we could examine soybean grown in soils
with VAM fungi characteristic of a soybean history (con-
tinuous soybean) and a corn history (first-year soybean).
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