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lant association with arbuscular

mycorrhizal (AM) fungi is usually
regarded as mutualistic. However, this
positive effect could disappear if the
benefit of the fungal-plant association
changes with colonization density. In
order to test the conditionality of this
interaction, we evaluated plant perfor-
mance and tolerance to defoliation across
five levels of commercial AM fungal inoc-
ulum concentrations. Additionally, we
evaluated if plant performance and toler-
ance were similarly affected by a whole
soil community collected under a native
congener. Along the gradient of inocula-
tion, plant performance exhibited a peak
at intermediate inoculum concentration,
indicating the presence of an optimum
level of AM fungal concentration that
maximized AM fungal benefit. Root col-
onization by fungal hyphae increased lin-
early across the experimental inoculation
gradient. Paralleling root colonization,
plant tolerance to defoliation decreased
linearly along the inoculum gradient.
Plant performance was similar under the
whole soil and commercial treatments.
Our results show a negative correlation
between tolerance to defoliation and AM
fungal inoculum concentration, indicat-
ing that AM fungi colonization could
constrain the evolution of plant tolerance
to herbivory.

Arbuscular mycorrhizal (AM) fungi occur
in all ecosystems of the world and associ-
ate with the roots of about 70% of all vas-
cular plants.! This association is typically
regarded as mutualistic, because there is a
bidirectional transfer of nutrients between
the host plant and its fungal partners.
Carbon compounds are passed from the
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plant to the fungus and, in return, there
is a transfer of mineral nutrients, princi-
pally nitrate and phosphate.? However,
this association also entails costs. The
amount of carbon allocated to AM fungi
is estimated to range from 4% to 20% of a
plant’s total carbon budget.? Throughout
the literature, there are examples of the
conditionality of this relationship exem-
plified by a continuum of the effects of
AM fungal colonization on hosts from
positive, through null to negative.®®
Moreover, it has been suggested that the
benefit of a plant associating with fungal
symbionts depends not only on the iden-
tity of AM fungi* and plant genotypes®
but also on hyphal colonization density
in roots.” In a recent greenhouse study, we
examined components of the conditional-
ity of plant interactions with soil biota.?
We were interested in knowing how the
performance and tolerance to defoliation
of the annual plant Datura stramonium
varied along a concentration gradient of
commercial AM fungal inoculum con-
taining four Glomus species (Mycorrhizal
Applications, Grants Pass, OR USA).

We found a curvilinear relationship
between AM fungal inoculum concen-
tration and plant performance, as pre-
dicted by previous models.” The quadratic
decelerating function between inoculum
concentration and plant performance
indicates an optimum level of AM fun-
gal concentration (1/24" total pot vol-
ume) that maximizes AM fungal benefit
(Fig. 1A). This result suggests that, in D.
stramonium, positive associations between
AM fungi and plant fitness may not be
proportional and, that at high coloniza-
tion densities, mycorrhizae may have det-
rimental effects, perhaps by competing
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Figure 1. Effect of a gradient in AM fungi inoculum concentration on D. stramonium performance.
(A) Non-linear relation between seed production and inoculum concentration. In general, plants
achieved their maximal performance at an inoculum concentration of 1/24™ total pot volume.

(B) Tolerance to defoliation decreased linearly with inoculum concentration. Tolerance was calcu-
lated as the difference in standardized seed production between related damaged and undam-
aged genetically related plants corresponding to six genetic full-sib families.

with plants for nutrients, or by interfering
with other essential interactions.*> We
also found, from root examination, that
hyphal colonization of roots increased lin-
early with AM fungi inoculum concentra-
tion. Moreover, we found that tolerance to
herbivory decreased linearly with increas-
ing AM fungal inoculum concentration
(7 = -0.40; F,, = 5.89; p = 0.0222; Fig.
1B), suggesting that, in our system, at
high densities, mycorrhizae may become
parasitic and may compete for resources
(e.g., carbon) with the induced host plant
response to leaf damage.

In order to know whether the effects
we found in the greenhouse using com-
mercial inoculum could be expected in
the field, we addressed whether or not
D. stramonium performance and toler-
ance were similarly influenced by whole
soil field communities; including AM
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fungi, pathogens, root herbivores, etc.
Unfortunately, D.
native to the area where this research was

stramonium is not
undertaken, so we collected soil imme-
diately below plants of a native congener
Datura wrightii, a perennial herb that
grows at the Putah Creek Reserve (UC,
Davis). Pots were inoculated at a 1/12
total pot volume with this live soil and
plants were grown concurrently with
those in the previous experiment. We
compared plant performance and toler-
ance under the live soil treatment and
the last level of the commercial AMF
inoculum gradient (both inoculated at
a 1/12* total pot volume). Results indi-
cated no differences in foliar area (F1,94 =
1.18; p = 0.2782), root mass (F1,94 =0.99;
p = 0.3222), flowering day ()¢’ = 0.31; p =
0.5804) and fitness (%’= 0.03; p = 0.8691).

Moreover, root colonization levels were
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similar (F1,94 = 0.75; p = 0.3877) in both
1/12% volume vs. live soil, as well as in the
0 AMF and sterilized soil (F g, = 2.56;
p = 0.1130). Despite these similarities,
plant tolerance did differ significantly
between AMF and live soil treatments
(F,,, = 549; p = 0.0411), tolerance being
greater under the live soil treatment
(0.3755 = 0.0311 tolerance) relative to
the 1/12* AM fungal treatment (-0.5744
+ 0.2714 tolerance). This result suggests
that the expression of plant tolerance may
also depend on the identity of AMF colo-
nizing roots or the number and identities
of soil bacteria. We did not know which
microbial species were in the soils we
collected.

We show that, when inoculated over a
gradient of abundance, Glomus AM fun-
gal colonization consistently decreased
tolerance to herbivory. The presence of
mycorrhizae could therefore decrease the
adaptive value of traits increasing toler-
ance. We also show here that though
live soil inoculum had similar effects in
magnitude and direction to those of com-
mercial AMF incoculum on growth and
fitness, live soil biota collected under a
congener of D. stramonium increased tol-
erance to herbivory at the same levels of
root colonization. Overall, the results of
this study indicate that the interaction
between soil biotic components and the
response of D. stramonium to leaf damage
is highly conditional; and can depend on
amounts of root colonization, as well as
perhaps identities of AM fungi and bac-
teria. In both cases, soil biota affected the
impact of damage to leaves aboveground.
AM fungi may mediate the efficacy of
tolerance as a defense, and this effect may
be especially important in light of herbi-
vore adaptation, when tolerance may be
favored over resistance as a plant defense
strategy.'
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