
&p.1:Abstract We conducted an experimental study of the
effects of nutrient addition on the susceptibility of two
species of willows (Salix eriocephalaand S. sericea) and
their hybrid to a pathogen and several herbivores. We hy-
pothesized that the relative susceptibility of parental and
hybrid willows would depend upon soil nutrient avail-
ability and vary among plant enemies. Using potted
plants in a common garden, we found that S. eriocephala
was significantly more susceptible to attack by a fungal
rust (Melampsorasp.), a leaf-chewing beetle (Popillia
japonica), and a leaf-folding sawfly (Phyllocolpa nigri-
ta) than was S. sericea. Conversely, S. sericeawas sig-
nificantly more susceptible to attack by a spider mite
(Tetranychussp.) and a leaf-mining caterpillar (Phyll-
ocnistissp.) than was S. eriocephala. Hybrid susceptibil-
ity to Melampsorasp. and to Phyllocnistissp. resembled
S. eriocephala’s, while hybrid susceptibility to Phyllo-
colpa nigrita, Tetranychussp., and Popillia japonica re-
sembled S. sericea’s. Susceptibility to a sixth enemy, an-
other leaf-mining caterpillar, Phyllonorycter salicifoliel-
la, did not differ among the parents and hybrid. Suscepti-
bility to herbivores and pathogens increased along a gra-
dient of increasing fertilizer application, and this effect
was independent of plant taxon or enemy. The results of
our study point to the contrasting influences of a taxo-
nomically and functionally diverse enemy community,
reinforce the hybrid dominance model of enemy suscep-
tibility, and demonstrate that physiological stress and en-
emy susceptibility can be inversely related.

&kwd:Key words Host plant susceptibility · Hybrid
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Introduction

Susceptibility to pathogens and herbivores can vary sig-
nificantly between hybrid and parental plant species.
Breeders often have generated hybrids in hopes of in-
creasing resistance to enemies and/or increasing yields
(Heilman and Stettler 1990; Kennedy and Barbour 1992).
In natural systems, hybridization among plant species is
considerably more common than was previously recog-
nized. Recent efforts have called attention to variation in
susceptibility between naturally occurring hybrids and
their parental species (Boecklen and Spellenberg 1990;
Fritz et al. 1994; Strauss 1994; Messina et al. 1996), and
to the apparent role of hybridization in the genesis of
plant (Rieseberg and Ellstrand 1993) and herbivore
(Whitham 1989) diversity. In an attempt to understand
mechanistically the origin, maintenance, and consequenc-
es of plant hybridization, researchers recently have quan-
tified hybrid fitness, introgression, and the importance of
environmental quality on hybrid performance (Keim et al.
1989; Smith and Sytsma 1990; Whitmore and Schaal
1991; Arnold 1992; Arnold and Hodges 1995).

Many researchers studying hybridization in woody
plants have investigated species within the family Sali-
caceae. For example, breeders have generated poplar
(Populusspp.) hybrids, to maximize growth and resis-
tance to fungal rusts (Ostry 1985; Heilman and Stettler
1990; Riemenschneider 1990). Even under natural condi-
tions, hybridization is common within the Salicaceae,
and many species and their hybrids can differ in growth
rates and susceptibility to herbivores and pathogens
(Whitham 1989; Campbell et al. 1993; Floate et al. 1993;
Paige and Capman 1993; Fritz et al. 1994; Christensen et
al. 1995).

Two common willows of eastern North America, Salix
eriocephalaand S. sericea, frequently hybridize (Fritz et
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al. 1994). S. eriocephalaproduces high concentrations of
condensed tannins and no phenolic glycosides in its
leaves, and S. sericea produces low concentrations of
condensed tannins and high concentrations of phenolic
glycosides, especially salicortin. Hybrids contain inter-
mediate concentrations of both classes of chemicals (Ori-
ans and Fritz 1995). Taxonomically-expressed variation
in secondary chemistry, in turn, can lead to differential
susceptibility to herbivores and pathogens, in the Salix
system (Rowell-Rahier 1984; Tahvanainen et al. 1985).

In addition to taxonomic effects, variation in resource
availability within and among habitats is widely known
to influence plant growth and susceptibility (Coley et al.
1985; Bryant et al. 1987; Orians and Fritz 1996). Since
environmental conditions often differ between hybrid
zones and pure parental stands (Arnold 1992), we hy-
pothesized that susceptibility to enemies could depend
upon experimentally-created variation in environmental
quality. In the Populusand Salix systems, in particular,
variation in mineral nutrient availability and other envi-
ronmental factors can influence secondary chemistry
(Larsson et al. 1986; Lindroth et al. 1993). Variation in
secondary chemistry, in turn, can affect the performance
of herbivores in these systems (Larsson et al. 1986;
Hemming and Lindroth 1995).

Here we report on a common garden nutrient-addition
experiment designed to answer the following questions
about environmentally mediated susceptibility to ene-
mies in S. eriocephala, S. sericea, and their hybrid. What
are the differential and cumulative influences of a taxo-
nomically and functionally diverse suite of pathogens
and herbivores? How does susceptibility to enemies dif-
fer among plant taxa? Can variation in susceptibility
among plant taxa be explained by an experimentally-cre-
ated gradient of habitat quality?

Materials and methods

Study organisms

Salix eriocephala(Michx.) is a 0.5–6 m high shrub that frequently
occurs along streams in northeastern Canada and eastern United
States (Argus 1986). S. sericea(Marsh.) is a 0.5–4 m high shrub
that occurs predominantly in swamps in northeastern Canada and
eastern United States (Argus 1986). The species often co-occur,
and hybridization between the two is common (Argus 1974, 1986;
Mosseler and Papadopol 1989).

The parental species and hybrids were attacked by the follow-
ing herbivores and pathogens: a fungal rust, Melampsorasp.; a
spider mite, Tetranychussp. (Acari: Tetranychidae); a leaf-chew-
ing beetle, Popillia japonica(Coleoptera: Scarabaeidae); two leaf-
mining caterpillars, Phyllonorycter salicifoliellaand Phyllocnistis
sp. (Lepidoptera: Gracillariidae); and a leaf-folding sawfly Phyllo-
colpa nigrita (Hymenoptera: Tenthredinidae). Other herbivores
and pathogens were rare and ephemeral.

Plant material

On 29 March 1993 we collected leafless shoots from S. sericea, S.
eriocephala, and hybrids at our field site near Milford, New York.
This area is dominated by S. sericeabut also contains S. erioceph-
ala and hybrids. We collected nine shoots from each of five differ-

ent plants of each of the three taxa. We removed from the experi-
ment one plant that we identified initially as S. eriocephalabut
which we later discovered to be S. sericea.

We transported the shoots to Williams College, sectioned
them into 20-cm cuttings, applied rootone to each cutting to
stimulate root growth, and potted them into a potting soil mix
(Agway). Cuttings were watered daily and fertilized once on 26
April with a full strength (3.2 g/l) 20:20:20 complete fertilizer
solution (Agway). On 10 May the cuttings were potted into 8-l
pots containing loam, peat moss, and vermiculite (3:1:1). We
placed the potted plants out-of-doors in a 9×15 randomized
block, and we watered them daily. We placed saucers beneath
each pot to prevent roots from escaping into the soil below. The
plants remained in the pots throughout the duration of the experi-
ment. Our experimental site was located in Williamstown, Mas-
sachusetts near a wetland habitat where willows grow naturally.
From 17 May to 8 June the plants were fertilized weekly with
140 ml of fertilizer.

Nutrient addition experiments

Beginning on 15 June, each of the nine cuttings from each plant
was assigned to one of the following three fertilizer treatments:
full strength (3.2 g/l), half strength, or quarter strength 20:20:20
weekly fertilizer applications. The fertilizer treatments result in
plants whose internode length variability falls within the range of
natural variation in this trait (R.S. Fritz, unpublished work). Inter-
node length is a morphological trait that is a good predictor of
growth (Orians and Fritz 1996; R.S. Fritz, unpublished work). The
three fertilizer treatments were divided evenly among cuttings
within each plant (n = 3 cuttings per treatment from each plant).
Otherwise, assignment to treatments was random. Weekly fertili-
zation continued until 5 October. Plants were harvested for growth
measurements in early November after all the leaves had dropped.

Plant growth

To assess the impact, if any, of pre-experiment among nutrient-
treatment biases, we counted the total number of leaves, the total
number of shoots, the total number of shoots longer than 10 cm,
and the mean leaf length, for each plant. To quantify differences in
growth among the plant taxa, we measured shoot length on each of
three shoots per plant on 23 July and 16 August. On 16 August we
also measured the internode length and the leaf length of the first
fully expanded leaf on these shoots. In November, we counted the
total number of shoots, the number of shoots longer than 20 cm,
and determined the total shoot mass for each plant.

Measurements of pathogen and herbivore attack

We censused herbivores in the first and second weeks of Septem-
ber. This precedes leaf senescence but follows the period of maxi-
mum herbivore activity (July and August). We quantified damage
by herbivores and pathogens in the following manner. To assess
herbivory by Phyllonorycter salicifoliellaand Phyllocnistis sp.,
we counted the total number of their distinctive and species-spe-
cific leaf mines per plant. To assess herbivory by Phyllocolpa nig-
rita we counted the total number of galls per plant. We assessed
infection with Melampsorasp. by calculating the number of leaves
with uridea. We assessed damage by Popillia japonicaand Tetra-
nychussp. by calculating the number of damaged leaves per plant.
Damage by both of these herbivores is distinctive from other types
of damage.

Statistical analysis

We used the analysis of variance (ANOVA) procedure (Abacus
Concepts 1989) to test the effects of plant taxon and fertilization
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Table 1 ANOVAs of the
effects of plant taxon and fer-
tilizer application on plant
growth characteristics. All
claims of statistical signifi-
cance are based on an experi-
mentwise Bonferroni sequen-
tial adjustment of critical α.
If the effect was significant, the
results of an after-treatment
comparison of means are
shown (E S. eriocephala, S S.
sericea, Hyb hybrid, L low
fertilizer, M medium fertilizer,
H high fertilizer)&/tbl.c:&tbl.b:

Table 2 Post-treatment plant
growth characteristics (means
and standard errors) of Salix
eriocephala, S. sericea, and
their hybrid grown under three
nutrient levels (low, medium,
and high)&/tbl.c:&tbl.b:

Treatment Comparison

Taxon Fertilizer Fertilizer×taxon

F (2,116) P F (2,116) P F (4,116) P

Pre-treatment
Total no. of leaves 10.11 *** 0.59 NS 0.25 NS (S=Hyb>E)
Total no. of shoots 10.33 *** 0.35 NS 0.63 NS (S=Hyb>E)
Total no. 2.39 NS 0.20 NS 0.48 NS
of shoots >10 cm
Average leaf length 1.18 NS 0.16 NS 0.34 NS

Post-treatment
Total no. of shoots 6.09 * 7.19 * 0.06 NS (S>E; H>L)
Total shoot mass (g) 1.15 NS 143.00 *** 1.40 NS (H>M>L)
Total no. 3.00 NS 26.43 *** 0.80 NS (H>M>L)
of shoots >20 cm
Internode length 76.81 *** 15.44 *** 0.49 NS (E>Hyb=S; H>M>L)
Average leaf length 8.69 ** 29.43 *** 0.95 NS (E>Hyb=S; M>M>L)
Shoot growth 15.86 *** 20.62 *** 1.79 NS (E>Hyb=S; H>M>L)

* P≤0.01; ** P≤0.001; *** P≤0.0001, NS not significant&/tbl.b:

S. eriocephala Hybrid S. sericea

Low Med High Low Med High Low Med High

Total shoot mass (g) 28.9 40.9 60.6 21.9 39.9 65.4 23.9 40.3 61.0
(2.4) (1.6) (4.0) (1.1) (3.1) (3.7) (1.9) (3.8) (2.7)

Total no. of shoots 12.5 14.3 17.0 14.8 17.9 20.4 16.0 20.0 25.1
(2.2) (1.9) (2.0) (1.7) (2.5) (2.0) (1.6) (2.0) (2.3)

Total no. of shoots >20 cm 6.4 9.4 10.5 5.9 9.2 12.4 7.2 9.4 16.1
(1.3) (1.1) (1.4) (0.7) (1.0) (1.2) (0.9) (0.8) (1.3)

Internode length (cm) 1.34 1.37 1.50 0.91 1.00 1.10 0.97 1.08 1.14
(0.05) (0.05) (0.05) (0.02) (0.03) (0.03) (0.04) (0.05) (0.04)

Leaf length (cm) 7.8 8.1 9.6 6.4 7.6 8.7 6.9 7.3 8.4
(0.4) (0.3) (0.3) (0.2) (0.3) (0.2) (0.3) (0.3) (0.3)

Shoot growth (cm) 12.8 11.2 16.6 3.7 6.2 9.9 3.9 7.3 11.0
(3.1) (2.6) (1.6) (0.6) (1.1) (1.7) (0.7) (0.9) (1.5)

&/tbl.b:

treatment on plant growth parameters at the start and at the con-
clusion of the experiment. We did not use a repeated measures
ANOVA, because we relied on different metrics to characterize
pre- and post-experiment differences. We logarithmically trans-
formed the data, to create homogeneous variances. Our analyses
of plant growth required multiple tests, so we used the Bonferroni
sequential adjustment of critical α to control for experimentwise
error rate (Rice 1989). After-treatment pairwise comparisons of
means were analyzed using Tukey’s test.

We used logit modeling (Agresti 1990; Christensen 1990;
DeMaris 1992) to explore the relationships among plant taxa, ene-
my taxa, fertilizer treatments, and susceptibility. We viewed plant
taxon (n = 3 levels: S. eriocephala; S. sericea; hybrid), enemy tax-
on (n = 6 levels: Melampsorasp., Tetranychussp., Popillia japon-
ica, Phyllonorycter salicifoliella, Phyllocnistis sp., Phyllocolpa
nigrita), and fertilizer treatment (n = 3 levels: low, medium, and
high) as categorical predictor variables.

We viewed susceptibility as a dichotomous categorical re-
sponse variable (n = 2 levels: low incidence of attack; high inci-
dence of attack). Construction of a categorical response factor
was necessary for several reasons. First, attack by four of the six
plant enemies was best viewed as dichotomous, with a plant ei-
ther being attacked or not attacked (51 plants were not attacked
by Melampsorasp. and 74 were attacked; 89 plants were not at-

tacked by Popillia japonicaand 36 were attacked; 90 plants were
not attacked by Phyllocnistissp. and 35 were attacked; and 63
plants were not attacked by Phyllocolpa nigritaand 62 were at-
tacked). Attacks by the remaining two species, Tetranychus, sp.
and Phyllonorycter salicifoliella, were more properly viewed as
interval data (number of individuals per plant), but the attack dis-
tributions nonetheless exhibited significant aggregation (σ/µ »1).
Therefore it was appropriate to create ordinal rankings (higher
than median attack rate or lower than median attack rate) of the
data (see Agresti 1990). Serious errors in statistical inference can
arise from linear probability modeling of response factors that are
not continuously distributed (Aldrich and Nelson 1984), and we
therefore felt that the logit transformation offered the most pow-
erful and interpretable analysis of our data. Because we have
characterized the response factor as dichotomous, we view the re-
sults obtained as indicative of qualitative differences among par-
ents and hybrids.

We used the categorical modeling (CATMOD) procedure (ver-
sion 6.07) in SAS (SAS 1992) for all analyses of enemy suscepti-
bility. Model selection and parsimony criteria were based on the
discussion in Agresti (1990) and Christensen (1990). Effects of in-
dividual levels of each treatment were based on asymptotic stan-
dard error ratios (see DeMaris 1992). Cells that contained “sam-
pling zeros” (see Agresti 1990; Christensen 1990; SAS 1992)
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Table 3 Maximum-likelihood analysis-of-variance of the effects
of plant enemy, plant taxon, and fertilizer treatment on susceptibil-
ity. This is the most parsimonious model that fits the data&/tbl.c:&tbl.b:

Effect df X2 P

Intercept 1 11.51 0.0007
Enemy 5 31.59 0.0000
Taxon 2 12.55 0.0019
Enemy×taxon 10 166.19 0.0000
Fertilizer 2 19.54 0.0001

Likelihood ratio 34 28.46 0.7357

&/tbl.b:

Table 4 Analysis of maximum-likelihood parameter estimates for
the effects of fertilizer, plant enemy, and plant taxon on suscepti-
bility &/tbl.c:&tbl.b:

Effect Parameter EstimateX2 P

Intercept –0.3612 11.51 0.0007
Fertilizer Low –0.4871 13.41 0.0003

Medium –0.0466 0.13 0.7204
High 0.5337 16.16 0.0001

Enemy Melampsora 0.8564 3.61 0.0002
Tetranychus –0.1173 0.26 0.6113
Popillia –0.6247 4.25 0.0392
Phyllonorycter 0.2106 1.31 0.2533
Phyllocnistis –0.8798 13.19 0.0003
Phyllocolpa 0.5549 6.36 0.0117

Taxon Salix eriocephala 0.5471 11.03 0.0009
S. sericea –0.4114 8.40 0.0037
Salixhybrid –0.1357 0.89 0.3465

Interaction Melampsora×eriocephala 0.6446 3.62 0.0572
Melampsora×sericea –2.0197 38.11 0.0000
Melampsora×hybrid 1.3751 18.50 0.0000
Tetranychus×eriocephala –2.6274 45.52 0.0000
Tetranychus×sericea 1.3137 20.58 0.0000
Tetranychus×hybrid 1.3137 19.97 0.0000
Popillia×eriocephala 2.9794 46.68 0.0000
Popillia×sericea –1.3872 10.66 0.0011
Popillia×hybrid –1.5922 13.96 0.0002
Phyllonorycter×eriocephala 0.6284 5.20 0.0225
Phyllonorcyter×sericea 0.4236 2.83 0.0927
Phyllonorycter×hybrid 0.2048 0.65 0.4202
Phyllocnistis×eriocephala –1.8214 21.23 0.0000
Phyllocnistis×sericea 2.1735 52.41 0.0000
Phyllocnistis×hybrid –0.3520 1.16 0.2809
Phyllocolpa×eriocephala 1.4532 16.55 0.0000
Phyllocolpa×sericea –0.5039 3.16 0.0755
Phyllocolpa×hybrid –0.9494 10.83 0.0010

&/tbl.b:

were assigned values of 1. This adjustment results in a slightly in-
creased type II error rate (i.e., it is conservative), but it is neces-
sary because the asymptotic approximations of the general loglin-
ear model are invalidated by the presence of sampling zeros
(Christensen 1990).

Results

Plant growth

There was a significant effect of taxon at the start of the
experiment. S. sericea and hybrids had significantly
more leaves and shoots than did S. eriocephala(Table 1).

However, there were no initial effects of fertilization on
any of the plant growth traits (Table 1). Both plant taxon
and fertilization independently affected multiple plant
traits at the end of the experiment (Table 1). S. erioceph-
ala had longer internodes, longer leaves, and faster shoot
growth than the other two taxa (Table 1). Increased lev-
els of fertilization caused an increase in all of the traits
that we measured (Table 1). Post-experiment growth
characteristics are summarized in Table 2.

Fertilizer experiments and enemy susceptibility

The most parsimonious model that fit the data (Table 3)
contained significant effects of fertilizer, enemy, plant
taxon, and an enemy-by-taxon interaction. There was a
strong positive correlation between susceptibility to at-
tack and amount of fertilizer applied (Table 4; Fig. 1),
and this relationship was independent of plant or enemy
taxon. Overall, S. eriocephalawas most susceptible, S.
sericeawas least susceptible, and the hybrids showed an
intermediate level of susceptibility (Table 4). However,
the relationship between plant taxon and susceptibility
was strongly dependent on enemy taxon (Fig. 2), as fol-
lows. S. eriocephalaand the hybrids were susceptible to
Melampsora, sp., but S. sericeawas not. S. sericeaand
the hybrids were susceptible to Tetranychus, sp., but S.
eriocephalawas not. S. sericeawas susceptible to Phyll-
ocnistis, sp., but S. eriocephalaand the hybrids were not.
S. eriocephalawas susceptible to Popillia japonica and
Phyllocolpa nigrita, but S. sericeaand the hybrids were
not. Lastly, susceptibility to Phyllonorycter salicifoliella
did not differ among the three plant taxa.

Discussion

The results of our study produce unambiguous evidence
for the direct effects of fertilizer, plant taxon, enemy tax-
on, and a plant-by-enemy interaction on susceptibility to
disease and herbivory. The model that contained only
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Fig. 1 Impact of fertilizer application (L low, M medium, H high)
on susceptibility of plants to herbivores and pathogens. Data
shown are summed across all plant and enemy taxa&/fig.c:



these effects produced a very good fit to the data
(P = 0.74), and each effect was highly significant
(P<0.002 for each effect). Removal on any effect, or per-
mutation of effects, resulted in models with very poor
fits to the data.

Plant enemy communities on hybrid
and parental willows

We found that the community of enemies associated with
any particular taxon was distinctive and consistent, even
across a gradient of soil nutrient quality. For five of the
six enemies that we studied, susceptibility patterns dif-
fered markedly between the two parental species. Enemy
load on hybrids always resembled enemy load on one or
the other parental species, in a manner consistent with
the hybrid dominance model of Fritz et al. (1994). The
plant growth data also suggest a hybrid dominance mod-
el in our system, with hybrids having resembled S. seri-
cea more closely than they did S. eriocephala(Tables
1,2).

In an earlier study Fritz et al. (1996) reported on field
observations of abundances of three of the plant enemies
(Phyllocnistissp., Phyllocolpa nigritaand Phyllonoryc-

ter salicifoliella) in our system. They found, as we did,
that Phyllocnistissp. was more abundant on S. sericea
than on S. eriocephalaor hybrids, and that Phyllocolpa
nigrita was more abundant on S. eriocephalathan on S.
sericeaor hybrids. For Phyllonorycter salicifoliellathey
found either no differences among parents and hybrids
(as we did), or higher incidence of attack on hybrids than
on either parental species. Differences between our re-
sults and those reported by Fritz et al. (1996) may be due
to: (a) unknown sources of environmental variation in
their field study and (b) the larger and potentially pheno-
logically more advanced plants in their study. In any
event, our experimental approach produced results that
are largely consistent with, and build on, those reported
by Fritz et al. (1996). Overall, our results corroborate the
growing body of evidence that unique communities of
herbivores can accumulate on hybrids (Whitham 1989),
and they reinforce the value of detailed species-by-spe-
cies analyses in general (Robinson et al. 1992) and for
plant enemy communities in particular (Futuyma and
Gould 1979).

The pattern of hybrid dominance that we see in this
system could be due to two factors. On the one hand,
traits for susceptibility may be dominantly inherited. On
the other hand, enemy host choice may depend on the
presence or absence of deterrent and/or stimulant plant
secondary chemicals. In our system the production of
phenolic glycosides is intermediate in hybrids (Orians
and Fritz 1995), but hybrid susceptibility was “domi-
nant” (sensu Fritz et al. 1994). This apparent paradox
may be explained by the fact that the presence or ab-
sence of several Salix herbivores is known to depend
more on threshold concentrations than on continuous
gradients of phenolic glycosides (Rowell-Rahier 1984;
Rank 1992). It is likely that both phytocentric and en-
tomocentric points of view (about plant susceptibility
and herbivore choice, respectively) on plant-herbivore
interactions are helpful to understanding hybrid domi-
nance in this and other systems.

Factoring in soil nutrient availability

Can the presence of distinctive enemy communities on S.
eriocephala, S. sericea, and their hybrid be explained
mechanistically in terms of environmental quality and/or
autecological differences among the plant taxa? More
specifically, is it possible that variation in nutrient avail-
ability can influence host plant traits and, in turn, deter
or stimulate feeding by herbivores. In our system, we im-
proved soil quality with addition of fertilizer, which re-
sulted in increased susceptibility to herbivores and
pathogens. This result was consistent among all three
taxa, and it was not conditional on plant enemies.

Fertilization also caused strong increases in most
measurements of plant growth. These increases were
consistent across the three plant taxa that we studied, and
they were strongly correlated with elevated herbivore
and pathogen loads. Similar results were obtained by
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Fig. 2 Relationships between damage level and plant taxon (E Salix
eriocephala, S S. sericea, H hybrid), for each plant enemy&/fig.c:



Lightfoot and Whitford (1989), who found a positive
correlation between herbivore load and fertilizer applica-
tion for a desert shrub. In particular, the results of our
study provide strong support for the plant vigor hypothe-
sis (sensuPrice 1991). In the Salix system, for example,
performance and oviposition behavior of Phyllonorycter
sp. are positively correlated with plant vigor (Preszler
and Price 1995).

More generally, our results can be understood in the
light of mechanism-based plant defense theory (Bryant
et al. 1987). Although our study was not designed to test
mechanistically how increased fertilization caused ele-
vated attack rates, our results are consistent with the pre-
dictions of these theories. Enemy susceptibility and plant
growth were strongly correlated, regardless of plant or
enemy taxon, in our study. Increased fertilization in our
study probably caused higher leaf nitrogen concentra-
tions, lower carbon-based defense concentrations, and
greater availability of young growing tissue, all of which
could have promoted herbivore and pathogen attack. In
other studies in the Salix and Populussystems, fertiliza-
tion has been shown to cause increases in growth and fo-
liar nutrients and decreases in phenolic glycosides and
condensed tannins (Waring et al. 1985; Bryant et al.
1987).

To understand variation in enemy susceptibility in our
system, it is profitable to approach the problem simulta-
neously from the perspective of the plant and enemy
communities. For the plants, mechanisms of hybrid in-
heritance and soil nutrient relations are of particular im-
portance to the expression of susceptibility (Simms and
Fritz 1990). In the herbivore community, species-specific
responses to the diverse secondary chemistry of host
plants is a major determinant of herbivore performance
and community structure (Schultz 1988). At either level
of analysis, variation in environmental quality seems
likely to play a major role in determining hybrid suscep-
tibility.
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