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Herbivore-driven mycorrhizal
mutualism in insect-susceptible
pinyon pine
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THE mutualistic ectomycorrhizal fungi associated with the roots
of woody perennials can enhance nutrient uptake and provide
protection from pathogens in exchange for up to 40% of the
photosynthate produced by host plants', By removing photo-
synthetic tissue, herbivores could reduce the amount of photo-
synthate available for maintaining this mutualism’®'5°, Here we
examine how ectomycorrhizal levels vary between trees resistant
and susceptible to an insect herbivore, and demonstrate how
mycorrhizal levels respond to the experimental removal of a native
herbivore under natural conditions. We find that pinyon pine trees
susceptible to chronic insect attack have 33% fewer ectomycor-
rhizae than resistant trees, demonstrating that the herbivore—
mycorrhizae-host plant interaction differs between resistant and
susceptible trees. We removed insects from susceptible trees and
find that the mycorrhizal levels of these trees increased to a level
comparable to that of resistant trees. This demonstrates that
herbivores negatively affect the mutualism between ectomy-
corrhizal fungi and susceptible trees, and that mycorrhizal levels
can rebound after herbivore removal. The dynamics of these inter-
actions on resistant and susceptible plants could be important for
understanding plant—pest interactions in natural and managed
systems.

To determine whether the amount of herbivore attack was
associated with the amount of mycorrhizal colonization, we
examined the mycorrhizae of mature, 150-year-old pinyon pine
(Pinus edulis) that were resistant to herbivory (¥ +1 s.e. annual
shoot mortality from 1982 to 1990=8.6%+0.74, n=15), and
susceptible to herbivory (X+s.e.=25.6%+1.60, n=15) by a
stem- and cone-boring moth, Dioryctria albovitella'®. The larvae
of this moth feed in pinyon pine stems where their chronic
attack causes reduced tree growth, loss of female reproductive
function, and an abnormal shrub-like architecture!®. Resistant
and susceptible trees grow adjacent to one another in intermixed
stands and differ genetically'’.

The mycorrhizal levels of resistant and susceptible trees were
estimated by visually determining the percentage of short roots
that were actively mycorrhizal'® on a total of 80 cm of root
(representing 160-200 short roots) excavated from two locations
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and two sampling times for each tree. These estimates were
verified by examining 10% of the roots microscopically for the
presence of characteristic ectomycorrhizal structures, the Hartig
net and fungal mantle'®. Sampled trees grew 10-20 m apart and
the complete excavation of the root systems of 10 trees demon-
strated that pinyon roots from different trees rarely intermingled.

Resistant trees had significantly higher levels of mycorrhizal
colonization than susceptible trees in both samples (F, 5=
13.08, P =0.001) (Fig. 1). The lower mycorrhizal levels of sus-
ceptible trees could be explained in three ways. First, although

TABLE 1 Levels of soil nutrients, moisture, and pH for resistant and
susceptible trees

NO;*N  NH;*N PO, % H,0 pH
Resistant 6.74t 457 + 494+ 448+ 7.00+

2.43 0.98 0.93 0.30 0.05
Susceptible 573+ 461+ 554+ 431+ 7.00+

1.23 1.06 0.99 0.34 0.09
t-statistic 0.203 0220 —-0.443 -0394 -0.045
P value 0.841 0.983 0.663 0.697 0.964

Values are expressed as means +1 s.e. The units for soil nutrient data
are pg nutrient per g soil. All data were analysed using a Student's t-test
with 18 degrees of freedom®’. n=10 per group.

resistant and susceptible trees are intermixed in a site, microsite
differences in soil nutrients and/or moisture could affect mycor-
rhizae!®. But we found no differences between resistant and
susceptible trees in soil moisture, nitrate, ammonium, and phos-
phate, and soil pH (Table 1). Second, high herbivore loads could
drive the mutualism by suppressing mycorrhizae on susceptible
trees, or third, high mycorrhizal levels could directly or indirectly
enhance resistance'>?® such that higher mycorrhizal densities
result in greater resistance to herbivory.

To help distinguish between these two hypotheses, we
examined the mycorrhizal levels of susceptible trees from which
the moth had been removed for a minimum of 4 years using an
annual application of the systemic insecticide Cygon, and com-
pared them with the mycorrhizal levels of resistant and suscep-
tible control trees. Because of the difficulty of spraying large
trees, a second set of mature trees, 2-4 m tall and 60 years old,
were used for this experiment. Cygon reduced moth herbivory
on insecticide-treated trees (1990 x=1s.e. shoot mortality
for susceptible treated trees =1.3%+0.38; susceptible control
trees = 16.4% + 1.82; resistant trees =2.3%+0.69, F;,,4,=57.15,
P <0.0001, n =15 per group). Soil microarthropod (for example
mites, collembola) densities did not differ between resistant,
susceptible, and susceptible treated trees demonstrating that
Cygon had no effect on fungivores that might feed directly on
mycorrhizae®'"** (% £ s.e. soil arthropods per litre of soil for
susceptible-treated trees =87 +6.3; susceptible control trees=
78 +4.5; resistant trees = 87 = 15.4, Kruskal-Wallis test statistic =
0.909, P =0.635, n =10 trees per group).

Susceptible trees with herbivores removed had mycorrhizal
levels significantly higher than susceptible trees with herbivores,
but not significantly different from resistant trees in either April
or August samples (F,,,=25.31, P<0.0001) (Fig. 2). This
experiment demonstrates that herbivory suppresses mycorrhizae
in susceptible trees and that herbivores can negatively affect this
important mutualism. These data also show that the mycorrhizal
differences observed between older resistant and susceptible
trees also occur in the same groups of younger trees, indicating
a general pattern independent of age.

Because herbivores both consume plant tissue and negatively
affect an important plant-fungal mutualism, the cumulative
impact of herbivory on susceptible plants is far greater than just
their immediate feeding. As a result of herbivore feeding, for
example, 150-year-old susceptible trees lose an average of 26%
of their annual shoot production and 33% of their mycorrhizae
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relative to resistant trees. The cumulative loss of both leaf tissue
and mycorrhizae may make plants more susceptible to pathogens
and other pests.

Although we have shown that herbivores mediate the
mycorrhizal mutualism in susceptible trees, we do not know
what drives the herbivore-plant-fungal interaction in resistant
trees. The genetic differences between resistant and susceptible
trees may not only lead to differential responses to herbivory
through plant defenses, but also to entirely different mycorrhizal
dynamics. Resistant trees, for example, could provide sufficient
photosynthate to maintain mycorrhizae when they experience
moderate herbivory. The improved plant nutrition resulting from
mycorrhizae may then help prevent resistant plants from
experiencing further insect attack. Because host-plant genetics
are known to affect ectomycorrhizal formation in other pine
species®, the potential for mediation of plant resistance to insect
attack by mycorrhizal fungi should be considered.

Our research on the relationship between amount of herbivory

Mycorrhizal colonization (%)

APRIL 1990

AUGUST 1990

FIG. 2 Mycorrhizal levels of moth-resistant (solid bars), moth-susceptible
(hatched bars), and susceptible moth-removal 60-year-old trees {(cross-
hatched bars) in April and August 1990. Bars are means (n=15 per
group)+1 s.e. Bars with different letters (a, b) are significantly different
from one another at P < 0.05. Data were analysed using a one-way analysis
of variance with repeated measures followed by a priori comparisons to
determine significant differences between treatments?®.
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FIG.1 Mycorrhizal levels of moth-resistant (solid bars) and moth-susceptible
150-year-old trees (hatched bars) in August 1989 and April 1990. Bars are
means (n=15 per group) +1 s.e. Bars with different letters (& b) are
significantly different from one another at P <0.05. Data were analysed
using a one-way analysis of variance with repeated measures?®.

and degree of mycorrhizal colonization in pinyon pine has two
general implications. First, we have shown that herbivores
reduce the mycorrhizal levels of both young and old susceptible
plants by an average of 33% (range 27-42%) relative to resistant
trees. Because the benefits plants receive from mycorrhizae are
often proportional to mycorrhizal abundance®?*?, even small
herbivore-induced mycorrhizal reductions could have significant
impacts on plants, particularly those growing in stressful
environments. Second, we have demonstrated that the her-
bivore-mycorrhizae-host plant interaction differs between resis-
tant and susceptible trees. Because this interaction differs on
insect-resistant and insect-susceptible trees, and because mycor-
rhizae are essential for plant growth in stressful environments®,
future studies should integrate this mutualism into the body of
theory dealing with plant-herbivore interactions. O
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