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Effects of herbivory simulated by clipping and jasmonic acid
on Solidago canadensis
Mark van Kleunen, Graziella Ramponi. Bernhard Schmid "
Institute of Environmental Sciences, Universitat Zurich, Zurich, Switzerland

Abstract
Herbivory is likely to be an important factor in the evolutionary ecology of plants and especially of
aggressive invasive species. Because in the introduced range experimental treatment with non-native
herbivores is laborious and may be risky for native plants, simulated herbivory by removal of plant
tissue and treatment with jasmonic acid, which is a natural elicitor of defences against herbivores,
may be a suitable alternative in experimental studies. We studied the effects of removal of 50% of
the leaf area by clipping and of spraying withjasmonic acid on growth, morphology, leaf physiology
and reproduction of the invasive Solidago canadensis in Europe. The relative height growth rate
was reduced (-11.9%) by clipping in the period of day 0- 20 but increased (+13 .5%) in the period
of day 42- 138 after start of the treatments. As a consequence, final heights did not differ between
treatment and control plants. Clipped plants, however, had thinner stems (-12.2%) than unclipped
ones. Plants that had been sprayed with jasmonic acid tended to have shorter stem internodes
(-14 .7%), a lower specific leaf area (-4.6%), and to delay flowering (+4.4 days) than plants that
had not been sprayed with jasmonic acid. The biomass of inflorescences was reduced by both clipping (-43.2%) and spraying with jasmonic acid (- 32.2%). Because each, clipping and jasmonic
acid, alone only induced some but partly different responses observed in previous studies with natural herbivores, the combined application of both covers the full response spectrum better and
should therefore be used as the most realistic simulation of herbivory.
Fehlende oder geringe Herbivorie ist ein wahrscheinlicher Erklarungsfaktor fUr den Erfolg invasiver
Pflanzenarten. Da das EinfUhren von Herbivoren aus dem Ursprungsgebiet zu Versuchszwecken
oder zur biologischen Kontrolle mit Gefahren verbunden ist, kann del' Einfluss von Herbivoren
durch mechanische Entfernung von Pflanzenteilen odeI' durch die Behandlung mit Jasmonsaure
nachgeahmt werden. Jasmonsaure ist ein natUrlicher Ausloser von Abwehrreaktionen gegen Herbivoren bei Pflanzen. Wir untersuchten den Einfluss des Entfernens von 50% del' Blattflache, des Bespruhens mit Jasmonsaure oder einer kombinierten Behandlung auf das Wachstum und die physiologischen Eigenschaften der Blatter der invasiven Art Solidago canadensis in Europa. Blattentfernung reduzierte die relative Hohenwachstumsrate der Sprosse urn 11 .9% in der Periode von 0- 20
Tagen nach der Behandlung abel' fUhrte zu einer anschlieBenden Steigerung urn 13.5% in del' Periode von 42- 138 Tagen, so dass die Endhohe del' Pflanzen durch diese simulierte Herbivorie nicht
beeinflusst war. Behandlung mit Jasmonsaure fuhrte zu verkurzten Stengelinternodien (- 14.7%),
verkleinerter Blattflache (- 4.6%) und verzogerter Blutezeit (+4.4 Tage). Die lnfloreszenzbiomasse
wurde durch die Blattentfernung urn 43.2% und die Jasmonatbehandlung urn 32.2% reduziert. Da
die beiden Behandlungsfaktoren das Pflanzenwachstum unabhangig voneinander und in unterschiedlicher Weise beeinflussten und die beobachteten Pflanzenreaktionen in der Summe den in del'
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Literatur beschriebenen Reaktionen auf natiirliche Herbivorie entsprachen, kann die Kombination
von mechanischer und chemischer Behandlung als optimale Simulation von Herbivorie bei S.
canadensis und mbglicherweise anderen invasiven Arten betrachtet werden.
Key words: defoliation - invasive species - jasmonate - morphology - physiology - Solidago altissima

Introduction
Herbivory may affect the morphology, physiology,
growth and reproduction of plants, and as a consequence it is likely to be an important factor in the evolutionary ecology of plants (Crawley 1983, Hilker and
Dicke 2003). The absence of natural herbivores may
give introduced plants a competitive advantage over
native plants (Blossey & Nbtzold 1995). This suggests
that the expansion of agressive invasive species may be
reduced by introducing their natural herbivores in the
new range (McEvoy et al. 1991, Kirby et al. 2000).
However, because these herbivores may also have
detrimental effects on native plants, introducing them
may be risky (Louda et al. 1997, Fowler et al. 2000).
Therefore, an initial low-risk step in studying potential
effects of herbivores on invasive plants would be to
simulate herbivory by clipping of leaves or by other
mechanical damage of plant tissue. However, factors
in the salivary and oviposition fluids of the herbivores
may induce or suppress physiological defence responses against herbivores in addition to the ones induced
by the loss of plant tissue (Felton & Eichenseer 1999,
Musser et al. 2002) . Therefore, clipping alone may not
fully mimic natural herbivory (Baldwin 1990, 1996,
Meyer 1993, Agrawal 1999, Agrawal et al. 1999, Felton & Eichenseer 1999).
j asmonic acid is a natural elicitor of chemical defences against herbivores, and treatment of plants with
jasmonic acid or with the volatile methyl jasmonate
appears to be a good method to induce responses similar to the ones induced by natural herbivores (Baldwin
1996) . Therefore, treatment with jasmonic acid allows
for separation of the effects of leaf-area loss due to
herbivory from the indirect effect of induced defences
on plant performance (Baldwin 1996, Agrawal et al.
1999, Thaler 1999). So far, effects of jasmonic acid on
plants have mainly been studied with regard to the defence chemistry while its effects on growth and reproduction got less attention (Baldwin 1996, Agrawal et
al. 1999, Thaler 1999). Moreover, there is only limited
information on whether leaf-area removal and treatment withjasmonic acid have synergistic or antagonistic effects on plant characteristics.
In a factorial design, we tested whether jasmonic
acid in addition to leaf-area removal affects the height
growth, and sexual and vegetative reproduction of

Solidago canadensis, which is invasive in Europe. In its
native range in North America, eruptions of densities
of herbivorous insects may resu lt in severe defoliation
of plants of this species (McBrien et al. 1983, Root &
Cappuccino 1992). Moreover, its abundance in natural habitats increases when herbivorous insects are excluded by using an insecticide (Cain et al. 1991 , Carson & Root 2000). This suggests that herbivory is an
important factor in the evolutionary ecology of this
species. Because growth of plants is determined by
their architecture/morphology and ecophysiology, we
additionally studied effects of simulated herbivory on
stem diameter, internode length, leaf size, specific leaf
area, stomatal conductance and leaf nitrogen content.

Materials and methods
Study species
Taxa of the Solidago canadensis L. species complex are
rhizomatous perennials that occur over a large range in
North America from Arizona, Texas and Florida in the
south to Nova Scotia in the north (Scoggan 1979, Semple 1992) . The rank of these taxa is difficult to define,
two important groups having been referred to as S.
canadensis L. s.str. (predominantly 2x = 2n = 18) and
as S. canadensis var. scabra Torr. & Gray = S. aitissima
L. (Croat 1972, Melville & Morton 1982, Schmid et
al. 1988a: predominantly 6x = 2n = 54). Plants with
the morphology of vac scabra (Schmid et al. 1988a,
Weber 1994), but with diploid cytotypes, found more
commonly in S. canadensis s.str., have been introduced
into Europe in the 17'" century (Wagenitz 1964,
Schmid & Weiner 1993, Weber & Schmid 1993) . This
taxon presently ranges from northern Italy in the south
to southern Scandinavia in the north and from Ireland
in the west to Russia in the east (Weber 2000) and is
considered to be one of the most aggressive invading
species in Europe (Zwblfer 1976, Weber & Schmid
1993). Moreover, the species has also been introduced
to Asia and Australia (Weber 2000). In view of the
complicated unresolved taxonomy and the multiple
ploidy levels within the taxa, we collectively refer to
the species complex with the binary name S. canadensis
s.l. , omitting the" s.l." for simplicity.
Solidago canadensis grows mainly in disturbed sites
such as in abandoned fields and along roads and rail -
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roads. Aboveground shoots of plants of S. canadensis
are produced annually from a perennial branched rhizome system. In central Europe. shoots can rise to 2 m
in height. produce up to 20 em long lanceolate leaves.
and end up in a branched inflorescence (Weber 2000).
The species is self-incompatible (Schmid & Dolt 1994)
and flowers in the period from mid-july to end of October. Inflorescences consist of numerous flower heads
along up to 60 short. recurved branches that are produced from the axils of leaves along the upper part of
the main stem (Weber 2000). Flower heads consist of
5- 15 female ray florets and 3-9 hermaphroditic disc
florets. and are visited by several insect species (Weber
2000). One single inflorescence may produce more
than 10 000 mainly wind-dispersed seeds (VoserHuber 1983. Meyer & Schmid 1991) .

(Sigma Chemical Co .. St Louis. Missouri. USA) solution until they were dripping. This concentration is
within the range of concentrations used by Thaler
et al. (1996) to induce chemical defences in Lycopersicon esculentum without being toxic to the plant. jasmonic acid was first dissolved in methanol and subsequently diluted with distilled water to the required
concentration. Plants that were not in the jasmonic
acid treatments (treatments 1 and 3) were sprayed
with the solvent until dripping. Treatments were repeated after fo~r weeks. One plant was removed from
the fina l data set because it was another Solidago
species. and two plants were excluded from part of the
data set because they had been damaged during the experiment.
Measurements

Plant material and precultivation

On 10 April 2001. we took cuttings (3- 10 em long
shoots connected to 1- 3 cm of rhizome) of randomly
chosen plants (Le .. clones) in a l -y old artificial population founded from plants representing 20 seed families of each of 9 European and 10 North American
populations of S. canadensis. Therefore. the plant material in this study represents a comprehensive sample
of genetic material from both the native and introduced range of this species complex. Because in this
study we only wanted to focus on the responses to
leaf-area removal and jasmonic acid. we did not study
differences between plants from the different populations and continents. The cuttings were planted in
4 cm x 4 cm x 5 cm holes of multipot trays filled with
commercial potting compost. The trays were placed in
a garden bench covered with transparent plastic plates
to raise the temperature and humidity which promote
root development of the cuttings.
Experimental set-up

On 31 May 2001. we randomly assigned 64 rooted
cuttings to positions within two rows along the two
long sides of a 14.2 m x 16.2 m experimental field in
the garden of the Institute at the University of Zurich.
Switzerland. Each row was partitioned into eight
0.9-m long subplots with 1 m distance between them.
On 12 june 2001. the four plants within each subplot
were randomly assigned to the four treatments: (1)
control. (2) jasmonic acid. (3) clipping. and (4) clipping and jasmonic acid. At the start of the experiment.
when plants were about 15 cm in height. we removed
with scissors the distal half of each leaf of the plants in
the clipping treatments (treatments 3 and 4), a nd
sprayed the plants in the jasmonic acid treatments
(treatments 2 and 4) with a 1 mM jasmonic acid

For determination of relative height growth rates. we
measured the height of each plant one day before (referred to as day 0), and 20. 42 and 138 days after the
start of the experiment. Relative height growth rates
were calculated as the difference between two consecutive In-transformed height measurements divided by
the number of days between the two measurements
(Meyer 1998a). As measures of shoot architecture or
morphology. we measured 41 days after the start of the
experiment on each plant the basal stem width and the
combined length of the three internodes between the
fifth and eight unfolded leaf counted from the shoot tip
(Schmid & Bazzaz 1994). Moreover. we harvested the
fifth leaf. determined its area with a CI-202 Area Meter
(CID Inc .. Camas. Wa. USA). and weighed it after drying to constant mass at 70°C. As physiological leaf
characteristics. we calculated the specific leaf area of
the fifth leaf by dividing its area by its mass. and determined its nitrogen content with a CHNS-analyser
(CHNS-932. LECO corporation. St. joseph. Mi. USA).
On 24 july 2001 (42 days after the start of the experiment). we measured the stomatal conductance of each
plant on the sixth leaf counted from the shoot tip with
a porometer (AP4. Delta-T Devices Ltd .. Cambridge.
UK). All measurements of stomatal conductance were
done within one hour in the early afternoon. The sky
was slightly overcast and the temperature was ca.
23°C. To study effects of simulated herbivory on flowering phenology. we noted every second day which
plants started to flower. As estimate of sexual reproductive effort. we harvested the inflorescences (Le .. the
branches bearing the flower heads) at the end of the
growing season before they started to shed their seeds.
and weighed them after drying to constant mass at
70 °C. As estimate of vegetative reproductive effort. we
counted the number of vegetative offspring (number of
shoots) of each plant on 3 April 2002 .
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Analyses
All variables were analysed with analyses of variance
using the statistical software SPSS (SPSS Inc, Chicago,
Illinois, USA). Clipping treatment and jasmonic acid
treatment were considered as fixed factors, and rows
and subplots within rows as random factors . The inflorescence biomass and leaf area were log 1O-transformed prior to analyses to achieve normality and homoscedasticity. Changes over time in relative height
growth rates of plants were analysed with repeatedmeasures analysis of variance. To have two independent estimates of the relative height growth rate over
time (Poorter 1989, see also Egli & Schmid 2001), we
only included the growth rates during the period of
day 0- 20 and the ones during the period of day
42- 138 in this analysis. The between-subjects effects
refer to plants, and the within-subject effects refer to
the two census periods.

Results
Growth and morphology of shoots
The relative height growth rate of plants was on average 0 .031 cm cm-1day-l in the period of days 0- 20 and
decreased to 0.009 cm cm-1day-l by the period of days
42- 138 (Fig. 1). Plants that had been clipped had a
lower relative height growth rate (- 11.9%) in the first
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Plants that had been sprayed withjasmonic acid had a
marginally lower specific leaf area (- 4.6%; F1. 43 =
3.0 I, P = 0 .090) than plants that had not been sprayed
with jasmonic acid (Fig. 2e). The nitrogen content of
the leaves did not significantly differ between plants in
the different treatments (clipping: Fl.42 = 0.14, P =
0.71O;jasmonic acid: Fl.42 = 0 .58, P = 0.452; Fig. 20.
The same was true for the stomatal conductance (clipping: F1.42 = 1.44, P = 0.237; jasmonic acid: F1.42 =
0 .38 , P = 0.541; Fig. 2g). although plants that had
been clipped tended to have a slightly higher stomatal
conductance than plants that had not been clipped.

Flowering phenology and sexual and vegetative
reproduction

0.01

Most plants started flowering in September, and plants
that had been sprayed with jasmonic acid tended to
flower later than plants that had not been sprayed
withjasmonic acid, although this effect was statistically not significant (Fl.41 = 1.82 , P = 0.185; Fig. 2h) .
Plants that had been clipped had smaller inflorescences
(- 43.2%; F1. 40 = 8.30, P = 0.006) than plants that had
not been clipped (Fig. 2i) . In addition, plants that had
been sprayed with jasmonic acid had smaller inflorescences (- 32 .2%; Fl.4o = 5 .03, P = 0.031) than plants
that had not been sprayed with it (Fig. 2i).
Unclipped plants that had been sprayed with jasmonic acid produced 28 .9% fewer vegetative off-
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period and a higher one (+ 13.5 %) in the second period
than plants that had not been clipped (Fig. 1). This
was reflected in a marginally significant period-byclipping interaction (Fl.42 = 3.98, P= 0.053). As a consequence, there were no Significant differences in shoot
height between plants in the different simulat ed herbivory treatments at the end of the growing season
(clipping: Fl.42 = 0 .66, P = 0.422;jasmonic acid: Fl.42 =
0.15, P= 0 .697; Fig. 2a) .
Plants that had been clipped had a smaller basal
stem diameter (- 12.2%; Fl.43 = 18.72, P < 0.001) than
plants that had not been clipped (Fig 2b). The leaf area
was smallest for plants which were both clipped and
sprayed with jasmonic acid (- 23.8% when compared
to control; t28 = 1.96, P = 0.060) although none of the
treatment effects or their interaction was statistically
Significant (clipping: F1.43 = 1.66, P = 0.205; jasmonic
acid: FI,43 = 1.47, P= 0.232; clipping-by-jasmonic acid
interaction: F1. 43 = 1.67, P = 0.203; Fig. 2c). Plants that
had been sprayed with jasmonic acid had marginally
shorter stem internode lengths (- 14.7% ; Fl.43 = 3.18,
P = 0.082) than plants that had not been sprayed with
jasmonic acid (Fig. 2d).
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Fig. 1. The effects of clipping, spraying with j asmonic acid. and census period on the mean relative height growth rate in the experiment with plants of
the Solidago canadensis complex. Census periods were day 1-20 (open bars)
anc! day 42-'138 (hatcheci tJilrs) after treatment application. Parameter estimales are \l iven ± 1 SE.
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Fig. 2. The effects of clipping
and spraying with jasmonic acid
on the mean (a) final stem height
(b) basal stem width. (c) area of a
leaf. (d) internode length. (e) spe·
cific leaf area. (0 nitrogen content
per unit leaf area. (g) stomatal
conductance. (h) flowering phe·
nology. (i) inflorescence biomass.
and OJ the number of vegetative
offspring in the experi ment with
plants of the Solidago canadensis
complex. Parameter estimates are
given ± 1 SE for non-transformed
data, and ± upper and lower SE
for log-transformed data after
back transformation.
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spring than the unclipped control plants, while clipped
plants that had been sprayed with jasmonic acid produced 8.2% more vegetative offspring than the clipped
control plants (Fig. 2j) . Neither the effect of spraying
with jasmonic acid (F1.42 = 0.24, P = 0.628) nor the
clipping-by-jamonic acid interaction (F1. 42 = 1.46, P =
0.233), however, was significant.

Discussion
Effects of clipping and jasmonic acid on growth and
morphology of shoots
Relative height growth rate was reduced by leaf-area
removal during the first weeks of the experiment but
thereafter it was increased. As a consequence, the
height of plants at the end of the growing season was
not different between the simulated herbivory treatments. Stem diameters, however, were reduced in
plants that· had been clipped which indicates that the
higher relative height growth rate after leaf-area removal at the end of the growing season was at a cost
of mechanical strength. In two experiments with
plants from a North American population of S. altissima (Le., S. canadensis var. scabra) , Meyer (1998a,b)
also found first a lower and later a higher relative
height growth rate in plants that had been defoliated
by clipping or by a leaf chewing beetle. Moreover, in
one of these studies (Meyer 1998a), the compensated
height growth in plants defoliated by a beetle was also
at a cost of stem diameter. Because the plants in our
experiment were not grown in dense stands, and the
plants in the studies of Meyer (1998a,b) were grown
singly in pots, it is not likely that the shoots of clipped
plants had elongated in response to shading by neighbouring unclipped plants. This is also suggested by the
results of a previous study with S. altissima, in which
height growth was overcompensated after clipping
(Schmid et al. 1988b) .
Height growth of plants was not affected by spraying them with jasmonic acid. Plants which had been
sprayed with jasmonic acid, however, had shorter internodes, and plants that had been both clipped and
sprayed with jasmonic acid tended to have smaller
leaves. Two other studies, however, found that newly
grown leaves of S. altissima were larger after plants
had been defoliated by clipping (Schmid et al. 1988b)
or by a leaf chewing beetle (Meyer 1998a), although in
the second study this effect was not Significant. For S.
canadensis sensu stricto, however, Schmid et al.
(1988b) found that leaf sizes decreased after defoliation by clipping. This suggests that jasmonic acid may
affect the morphology of S. canadensis in addition to
the effects of leaf-area removal. Moreover, it may sug-

gest that these effects are not necessarily the same as
the ones of defoliation by natural herbivores. On the
other hand, it may also suggest that there is variation
among genotypes and among taxa of the S. canadensis
complex in responses to herbivory, and thus that results based on fewer genotypes or populations than
used in the present study may not be representative for
this variable species complex.

Effects of clipping and jasmonic acid on physiological leaf
characteristics
Plants that had been defoliated by clipping tended to
have a slightly but non-significantly higher stomatal
conductance than the unclipped ones. This may suggest that in response to leaf-area removal, plants increase gas exchange and as a consequence have a higher rate of photosynthesis. The nitrogen content of the
leaves was neither affected by leaf-area removal nor by
spraying withjasmonic acid. Because the nitrogen content of leaves is generally highly correlated with the
light-saturated rate of photosynthesis (Bjorkman
1981, Hirose & Werger 1994), the results indicate that
the maximum photosynthetic capacity was not affected by simulated herbivory. Meyer (1998b) found that
both stomatal conductance and light saturated rates of
photosynthesis of S. altissima had increased in newly
produced leaves 16 days after defoliation. However, in
another study, Meyer (1998a) found that light-saturated rates of photosynthesis of S. altissima had only increased in the leaves that had remained after defoliation by a leaf-chewing beetle but not in the newly
grown ones.
We did not find significant effects of spraying with
jasmonic acid on the stomatal conductance and nitrogen content of leaves. The specific leaf area, however,
tended to be lower for plants that had been sprayed
with jasmonic acid than for plants without it. A similar response was found in S. aitissima when they had
been attacked by xylem-sap feeding or leaf-chewing
insects (Meyer 1993). This suggests thatjasmonic acid
induced the formation of tougher, less palatable leaves,
and may thus be an adaptive response to herbivory
(Choong 1996). In another study, however, Meyer
(1998a) found an increase in the specific leaf area of S.
aitissima after defoliation by a leaf-chewing beetle and
additional clipping. Also Meyer (1998b) found an increased specific leaf area after clipping in S. altissima.

Effects of clipping and jasmonic acid on flowering
phenology and sexual and vegetative reproduction
Both leaf-area removal and jasmonic acid had negative
effects on plant performance, suggesting that herbivores may be used to reduce the expansion of this in-
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vasive species in Europe. Although leaf-area removal
did not affect the start of flowering, it reduced the size
of inflorescences. A similar response of inflorescence
biomass to clipping was found in plants of a North
American population of S. altissima (Meyer 1998b).
Spraying with jasmonic acid also resulted in smaller
inflorescences. In plants of a North American population of S. altissima, natural herbivory by a leaf-chewing beetle and a xylem-sap feeding spittlebug also resulted in smaller inflorescences (Meyer & Root 1993,
Meyer 1998a). Moreover, Meyer & Root (1993) did
not find an effect of natural herbivory on the rhizome
biomass of S. altissima, which is in line with our result
that there is no consistent effect of leaf-area removal
or jasmonic acid on vegetative reproduction. This suggests that clipping alone may only mimic part of the
effects of natural herbivory, and additional spraying
with jasmonic acid does better mimic natural herbivory.
Although negative effects of jasmonic acid or its
volatile methyl jasmonate on fitness are not always
found or not for all fitness components to the same degree (Agrawal et al. 1999, Thaler 1999, Cipollini &
Sipe 2001). they have also been reported for some
other species. Treatment with methyl jasmonate reduced seed production in Nicotiana attenuata (Baldwin 1998), and treatment with jasmonic acid reduced
pollen production and delayed flowering in Raphanus
raphanistrum (Agrawal et al. 1999) and seed production in Arabidopsis thaliana (Cipollini 2002) . Effects
of jasmonic acid may also depend on its concentration
as found in Lycopersicon esculentum in which the
same concentration as used in our study delayed fruit
set while a 10-fold concentration additionally reduced
fruit and seed set (Redman et al. 2001). This result,
however, may also have been a consequence of phytotoxic effects of the high jasmonic acid concentration
used in that study (Thaler et al. 1996, Oka et al.
1999) . The effects of jasmonic acid may also become
more apparent when induced plants are grown in
competition with non-induced ones, as found in Nico tiana attenuata (van Dam & Baldwin 1998,2001) . In
these studies, negative effects of jasmonic acid on fitness components were interpreted as evidence for costs
of induced defence chemistry. In Solidago species, the
most important defence compounds against herbivores are likely to be diterpenoids (Cooper-Driver &
LeQuesne 1987) or phenolics (Abrahamson et al.
1991) . Rahm (2003) found evidence for increased levels of the polyphenolic chlorogenic acid in S. canadensis after herbivory by slugs, indicating induced defence
mechanisms in this species. Moreover, when we assume that there were no phytotoxic effects of jasmonic
acid, its negative effect on sexual reproduction in our
experiment also suggests that S. canadensis has in-

duced defence chemistry and its associated costs
(Cipollini et al. 2003).
Interactions between clipping andjasmonic acid

Relative height growth rate and basal stem diameter
were affected by leaf-area removal only, while internode length and the specific leaf area were affected by
jasmonic acid only. The inflorescence biomass, however, was affected by both leaf-area removal andjasmonic acid, indicating that responses to leaf-area removal
and jasmonic acid can act additively in the same direction rather than antagonistically. In Raphanus
raphanistrum, the separate effects of clipping and jasmonic acid on induced chemical defences and fitness
components summed to the effect of natural herbivory
by caterpillars (Agrawal et al. 1999). In Nicotiana attenuata, the combination of methyl jasmonate and
clipping had an even stronger effect than the sum of
each treatment separately (van Dam & Baldwin
2001). Although in our study, the effect of jasmonic
acid on leaf size and the production of vegetative offspring seemed to depend on leaf-area removal, interactions between clipping andjasmonic acid were statistically not significant.

Conclusions
Some traits were affected by clipping only, others were
affected by jasmonic acid only and some were affected
by both. This indicates that simulation of herbivory by
both clipping and spraying with jasmonic acid results
in a broader response pattern to simulated herbivory
than clipping only. It has, however, recently been suggested that exogenously applied jasmonic acid may
have different effects than natural endogenous jasmonic acid (Heil & Baldwin 2002). Therefore, to
more fully test the suitability of jasmonic acid as a
treatment to mimic herbivory, experiments are required that directly compare controlled natural herbivory with a treatment of both clipping and spraying
with jasmonic acid. However, because each, clipping
andjasmonic acid, alone only induced some but partly
different fitness responses observed in previous studies
with natural herbivores, the combined application of
both covers the full response spectrum better and
should therefore be used as the most realistic simulation of herbivory.
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