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affected by plant-plant interactions.
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Background: Plants grow in multi-species communities rather than monocultures. Yet most studies on the
emission of volatile organic compounds (VOCs) from plants in response to insect herbivore feeding focus on one
plant species. Whether the presence and identity of neighboring plants or plant community attributes, such as
plant species richness and plant species composition, affect the herbivore-induced VOC emission of a focal plant is

Methods: We established experimental plant communities in pots in the greenhouse where the focal plant species,
red clover (Trifolium pratense), was grown in monoculture, in a two species mixture together with Geranium
pratense or Dactylis glomerata, or in a mixture of all three species. We measured VOC emission of the focal plant
and the entire plant community, with and without herbivory of Spodoptera littoralis caterpillars caged on one red

Results: Herbivory increased VOC emission from red clover, and increasing plant species richness changed emissions
of red clover and also from the entire plant community. Neighbor identity strongly affected red clover emission, with
highest emission rates for plants growing together with D. glomerata.

Conclusion: The results from this study indicate that the blend of VOCs perceived by host searching insects can be

Keywords: Biodiversity effects, Experimental grassland, Fabaceae, Geraniaceae, Herbivore-induced plant volatiles (HIPV),

Background

Plants constitutively emit volatile organic compounds
(VOCs) from flowers, leaves, and roots. Emission gener-
ally increases when plants are attacked by antagonists
such as insect herbivores or pathogens [26, 58]. The
function of these VOCs is diverse and not fully under-
stood. VOCs play a role in protection against abiotic
stresses such as ozone, light and temperature (recently
reviewed by [40]), act as attractant in biotic interactions
such as pollination [6, 10, 28], or seed dispersal [50], or
serve as direct or indirect defense against natural en-
emies [5, 6, 44] including defense priming [15, 16, 18].
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There are also further functions of VOCs in intra- and
interspecific plant communication [29, 30, 36].

So far, single plant individuals have been the main
focus of studies investigating the role of plant VOCs in
biotic interactions. Because plants most often interact
with conspecific and heterospecific plants in the field,
several recent reviews have suggested that studies should
be expanded to more natural situations in order to
understand the evolutionary roles of herbivore induced
plant volatiles (HIPVs) under natural conditions [22, 47].
In particular, it seems essential to challenge plants by
growing them with conspecific and/or heterospecific
neighbors of different plant community complexities,
such as with increasing plant diversity [31].

Recent studies have demonstrated that neighbor iden-
tity can drastically affect the defense chemistry of a focal
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plant species. In a study by Broz et al. [3], Centaurea
maculosa plants growing next to conspecific neighbors
contained higher levels of phenolic compounds after
elicitation with methyl jasmonate than plants growing
with a heterospecific grass species. Neighbor identity
also significantly affected the VOC emission from the
legume red clover (Trifolium pratense) [35]. In competi-
tion with conspecific neighbors, red clover plants emit-
ted lower amounts of constitutive and herbivore induced
VOCs as compared to those growing in inter-specific
competition with the orchard grass Dactylis glomerata
[35]. Neighbor-induced changes in plant allocation to
defense compounds likely affect the resistance against
biotic stresses and can thus ultimately affect the persist-
ence of plants in a community.

Increasing plant species richness in a plant commu-
nity has been shown to result in increased insect her-
bivory [39], increased visits of pollinators [12] and
changes in more complex plant-insect interactions
[13, 57]. These ecosystem-level effects of plant diver-
sity are often the consequence of plastic responses of
plants to the community in which they grow [56] and
may thus also affect plant defence. While there are
studies on how plant diversity affects nutrient alloca-
tion to growth and reproduction across different plant
diversity levels (e.g. [21]), the effects of plant species
richness on the investment of plants into defense
have rarely been investigated. Mraja et al. [43] showed
that iridoid glycoside defenses in ribwort plantain
(Plantago lanceolata) were significantly affected by
plant species richness in experimental grasslands. For
VOC emissions, effects of plant diversity have been
postulated [49], but empirical evidence is scarce (recently
reviewed by [42]).

The odor released from plant communities is com-
posed of VOCs emitted from individual plants within
these communities. Host searching insect herbivores or
parasitoids and predators foraging in complex plant
communities are thus always confronted with a diverse
mixture of plant derived VOCs. As insects have been
shown to perceive even minute amounts of such VOCs
[6], it seems likely that quantitative and/or qualitative
changes in the VOC emission of plant communities can
negatively or positively affect the host- or prey searching
behavior of insects. Conversely, if a target plant under
attack by an insect herbivore ‘cries for help’ with an
amplified release of herbivore-induced VOC:s, it’s attract-
iveness to a host seeking parasitoid or an insect predator
may be diminished due to neighbor-inflicted masking of
the plants’ VOC signals. These complexities of plant
community VOC emissions and the resulting responses
of searching insects are only starting to be addressed.
An understanding of the role of VOCs in plant-insect in-
teractions in the field thus requires analyzing VOC
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emission not only at the level of a focal plant, but also at
the level of the plant community.

In this study we investigated the effects of plant spe-
cies composition and plant species richness on constitu-
tive and herbivore-induced VOC emission of the focal
plant species, red clover (Trifolium pratense), and from
the entire plant community including red clover. In an
experimental greenhouse study we created grassland
communities with a plant species richness gradient ran-
ging from one to three species, by combining red clover
with the forb Geranium pratense and the grass Dactylis
glomerata. To analyze the effect of herbivory on VOC
emission, we compared red clover fed upon by larvae of
the generalist lepidopteran Spodoptera littoralis versus
untreated control plants. Although this species is not re-
corded as an herbivore on red clover so far, we chose it,
as it is a broad generalist that reliably consumes signifi-
cant quantities of leaf material. Previous studies have
successfully employed S. littoralis for unravelling plant
responses to herbivory [33, 37] including our own stud-
ies [17, 34].

We addressed the following specific questions:

(1) Is the VOC emission of red clover and of the entire
plant community influenced by the composition
and diversity of the surrounding plant community?

(2) Are there effects of plant identity, i.e. does it matter
for VOC emission if red clover grows together with
D. glomerata or G. pratense?

(3) Are VOC emissions from a single herbivore
induced plant detectable at the community level?

Results

Trifolium pratense biomass and herbivory

The biomass of the focal T. pratense plants was affected
by plant species richness, species composition and the
identity of the neighbouring plants (Additional file 1:
Figure S1A and Table S1). T. pratense plants growing
with D. glomerata (TD and TDG mixtures) had lower
biomass compared to plants in mixtures without the
species, while plants growing with G. pratense were not
different from those growing in T. pratense monoculture
(Additional file 1: Table S1, Model 3). Additional file 1:
Figure S1 illustrates that T. pratense individuals growing
in plant species mixtures had a lower biomass than indi-
viduals growing in monocultures. The model with the
lowest AIC (best fit) for T. pratense biomass was the one
with species composition (Model 2, Additional file 1:
Table S1A).

For entire plant communities, species richness, species
composition and the identity of the neighbouring plants
affected total biomass (Additional file 1: Figure S1B and
Table S1B). Biomass was highest in the most diverse
community and communities with D. glomerata were
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found to have higher biomass than other communities.
The model with the lowest AIC for community biomass
was the one with neighbor identity (Model 3, Additional
file 1: Table S1B).

The percent leaf area loss due to Spodoptera littoralis
caterpillar feeding was on average 18.4+2.0%
(calculated across treatments). Herbivory tended to
increase with species richness, but this was not
significant (Additional file 1: Figure S2 and Table S2
Model 1). Plant species composition and neighbor
identity (presence of D. glomerata or G. pratense) did not
affect caterpillar herbivory (Additional file 1: Table S2,
Models 2 and 3).

VOC emission from Trifolium pratense

T. pratense emitted very low amounts of VOCs when
there was no herbivory. Upon caterpillar damage, total
VOC emission from 7. pratense was found to be
three-fold higher than the emission of control plants
(emissions: Table 1, statistical results on the effect of
herbivory: Additional file 1: Table S3). S. littoralis
feeding resulted in an increased emission of five com-
pounds, 1l-octen-3-ol, the monoterpenes (E)-B-ocimene
and (Z)-p-ocimene), the sesquiterpene (E)-B-caryophyl-
lene and 4,8-dimethyl-1,3,7-nonatriene (DMNT) (Tables 1
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and 2, statistical results of the herbivory effect: Additional
file 1: Table S3).

Plant species richness did not affect VOC emission
from the focal plant species T. pratense, (Fig. la-e,
Tables 1 and 2A, Model 1, for full results see
Additional file 2: Table S4A). Species composition had
no effect on the emission of major groups of VOCs,
when considered separately, but significantly affected the
total amount of VOC emission (Fig. la-e, Tables 1 and
2A, Model 2, Additional file 2: Table S4). Neighbor
identity did significantly affect VOC emission of various
groups and Model 3 had the lowest AIC for all major
groups of VOCs (Table 2 Additional file 2: Table S4A).
The strong effect of the identity of the neighboring
plants on T. pratense VOC emission was mainly due to
the presence of D. glomerata. T. pratense plants growing
in communities containing the grass species D. glomerata
emitted higher amounts of monoterpenes and green leaf
volatiles, and as a consequence of this, the overall VOC
emissions from T. pratense in these communities was
higher (Fig. 1a, d, Tables 1 and 2A, Model 3, Additional
file 2: Table S4A). T. pratense growing together with G.
pratense showed a significantly lower emission of the
homoterpene DMNT (Fig. 2c, Tables 1 and 2A, Model 3,
Additional file 2: Table S4A).

Table 1 Constitutive and herbivore-induced VOCs released from single individuals of the focal plant species Trifolium pratense
growing in pot communities of differing species compositions. T. pratense plants were either grown in monoculture (1 sp), in two
species mixtures with Geranium pratense (TG) or Dactylis glomerata (TD), or in three species mixtures with D. glomerata and G.
pratense (3 spp). T. pratense individuals in half of the experimental pot communities were infested with Spodoptera littoralis
caterpillars (herbivory treatment). Values represent mean VOC emissions (ng g~ ' h™ ') = SEM from single T. pratense individuals

Compounds Control Herbivory
1 sp. 2 spp. 3 spp. TG ™D 1 sp. 2 spp. 3 spp. TG D
I\Aonoterpenes*GI
(B)-B-ocimene* 05+05 09+06 17+£10 - 16+ 1.1 267 +54 541+£54  598+196 415+110 692+ 11.1
(2)-B-ocimene* - - - - - 28+ 13 105+ 23 94 + 39 57+19 163 +27
Sesquiterepenes*d
(E)-B- - - - - - 23+15 53+22 65+ 42 16+ 1.1 9.7 £ 4.1
caryophyllene*
Homoterpene*
DMNT* - - - - - 143+60 131+£50 151+£80 46+22 23290
GLVs?
(2)-3-hexenyl 42+28 45+24 57+57 - 82+37 59+£59 448+197 210+101 163+ 148 789+ 356
acetate
Others
1-Octene-3-of* - - - - - - 32117 24 £24 24+24 41+28
Benzyl alcohol 12+£12 74+£31 42419 87+60 64+33 21+£13 18+ 1.1 36+23 14+09 22+22
Unknown 23+£15 41+21 48+£31 61%38 24 £ 24 39+26 3618 52+32 36 £24 36 £30
Nonanal 55+£20 132+61 114+£46 11.7+79 144+£96 133+64 132+46 156 + 7.1 1M1+47 157 +89
Total* 13.7+42 301+£79 278+26 265+133 332+£104 713 £152 1495+ 303 1384 +418 884+ 175 2230+ 462

All data was analyzed using analysis of variance (ANOVA) following transformation of data to meet statistical assumptions. An asterisk (*) designates compounds
which increased in their emission with S littoralis herbivory (p < 005) and the superscript letter () designates compounds that increased in the presence of the

grass species D. glomerata, n = 5
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Table 2 Statistical results for the analysis of VOC emissions from individuals of the focal plant species Trifolium pratense growing
in experimental plant communities (Fig. 1). The table shows effects of species richness (1 to 3 plant species), species composition
(four levels, Trifolium pratense monoculture (1sp), two species mixture of T. pratense and Geranium pratense, two species mixture
of T. pratense and Dactylis glomerata and the three species mixture containing T. pratense, G. pratense and D. glomerata) and species
identity (with the effect of D. glomerata or G. pratense presence shown in separate columns) on the VOC emission from single
individuals of T. pratense. Statistical analyses were performed with absolute amounts (ng g~ ' h™ ') and relative amounts (% of the total
VOC emission) of VOCs emitted. The first column in both panels (A and B) denotes the statistical results for the effect of caterpillar
herbivory. As the effect of herbivory was the same in these models (where it was always fitted first), the statistical result is only presented once.
Interactions between species richness, species composition and herbivory (Spodoptera littoralis caterpillar herbivory) are reported in the column
“interactions”. Species richness, species composition and species identity (presence or absence of a species) were tested in separate analysis of
variance models following transformation of data to meet assumptions of normality and homogeneity of variances (see main text for details).
Statistically significant results are depicted in bold with asterisks indicating level of significance (**P < 0.001, **P <001 and *P < 005) and
degrees of freedom are provided at the top of the table as F (df1, df2), n = 5. See Additional file 2: Table S4 for full models

(A) Absolute amounts emitted
Model 1 Model 2 Model 3
Herbivo Species Species Geranium Dactylis
(0,1) "Y' richness composition pratense glomerata Interactions
Compound Groups F (1,36) F (3,34) F (1,35) F (1,35)
Monoterpenes ek 3.1ns 2.8 ns Excl. ns 8.1* ns
Sesquiterpenes ek 0.3ns 1.0 ns Excl. ns 2.5ns ns
Homoterpenes el 0.6 ns 2.4 ns 6.5* Excl. ns *
Green leaf volatiles ns 1.7 ns 3.0ns Excl. ns 79* ns
Other volatiles ns 0.3 ns 0.1 ns Excl. ns 0.2 ns ns
Total el 4.4 ns 4.7 * Excl. ns 13.0 ** ns
(B) Relative proportions emitted
Model 1 Model 2 Model 3
Herbivo Species Species Geranium  Dactylis
(0,1) "Y' richness composition pratense glomerata Interactions
’ F (1,36, F (3,34 F (1,35 F (1,35

Compound Groups (1,36) (3.34) (1,39 (1,39
Monoterpenes bl 0.2 ns 0.1 ns Excl. ns 0.3 ns ns
Sesquiterpenes ek 0.1 ns 0.4 ns Excl. ns 1.0ns ns
Homoterpenes e 4.7* 3.6* 9.6 * Excl. ns *
Green leaf volatiles ns 0.6 ns 1.5 ns Excl. ns 3.7 ns ns
Other volatiles bl 0.1 ns 0.5 ns 1.0 ns Excl. ns ns
Total

When the relative amounts (proportions) of major
groups of VOCs in the full blend of T. pratense were
considered, there were significant changes in the
relative amounts of the different compound groups
(Fig. 1f-h, Table 2B, for full results see Additional
file 2: Table S4B). In the herbivory treatment, mono-
terpenes increased to 48% of the full VOC blend
compared to only 3% in non-infested control plants
(Fig. 1f-h, Table 2B).

Species richness, species composition and species
identity did not affect the relative amounts of monoter-
penes, sesquiterpenes, green leaf volatiles and other
VOC released from T. pratense (Table 2B, Additional file

2: Table S4B). Only the relative amount of the homoter-
pene DMNT was affected by species richness, compos-
ition and identity (Table 2B) as 7. pratense plants
growing in two- and three-species mixtures emitted
lower relative amounts of DMNT than plants growing in
monocultures (Fig. 1f-h, Table 2B, Model 1). Similarly, T.
pratense plants growing together with G. pratense emit-
ted significantly lower relative amounts of homoterpenes
(DMNT) as compared to other mixtures (Table 2B,
Model 3, Additional file 2: Table S4B). There was a sig-
nificant interaction between herbivory and the presence
of G. pratense for homoterpene (DMNT) emission
(Table 2B, Model 3, Additional file 2: Table S4B).
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Fig. 1 Constitutive and herbivore-induced emission of major groups of volatile organic compounds (VOCs) by single individuals of the focal plant
species Trifolium pratense growing in pot communities of differing species compositions. T. pratense plants were either grown in monoculture

(1 sp), in two species mixtures with Geranium pratense (TG) or Dactylis glomerata (TD), or in three species mixtures with D. glomerata and G.
pratense (3 spp). The focal T. pratense individuals in the experimental communities were either exposed to feeding by three S. littoralis caterpillars
(Herbivory, grey bars) or had no caterpillars feeding on them (Control, white bars). Values in panels (a, b, ¢, d and e) represent absolute amounts
of VOCs from single T. pratense individuals in ng g”' h™" and values in the pie charts in panels (f, g and h) represent relative amounts of the major
groups of VOCs with respect to the full T. pratense odour blend. Homoterpenes were only emitted by plants in the Herbivory treatment. Bars
represent means + SEM, n = 6. The results of the statistical analyses are depicted in Table 2

Community VOC emission

On average twelve different VOCs were emitted from the
entire plant communities and this did not change with
caterpillar herbivory (glm with Poisson errors, Table 4A,
Additional file 3: Table S5A). However, the number of
VOCs produced significantly increased with plant species
richness, from six compounds in 7. pratense monocul-
tures to 17 compounds in three-plant-species mixtures
(Additional file 3: Table S5A). Similarly, both plant species
composition and the identity of the neighboring plant spe-
cies had a significant effect on the number of VOCs emit-
ted (T. pratense monocultures released significantly fewer
VOCs than the two-species mixtures and the
three-species-mixture (Additional file 3: Table S5A).

The total amount of VOCs (ngh™'h~ 1Y emitted from
communities was significantly affected by plant species
richness, community composition and the identity of the
neighboring plant species (Table 3, statistical results:
Table 4A, Models 1-3, for full statistical results see
Additional file 3: Table S5A). The total amount of VOCs
increased significantly with plant species richness
(Tables 3 and 4, Model 1, Additional file 3: Table S5A).
For plant species composition (Model 2), the two species
mixture of T. pratense with D. glomerata had higher
VOC emissions compared to the two species mixture
with G. pratense and the three-species mixture (Tables 3
and 4A, Additional file 3: Table S5A). The presence of
D. glomerata in the two species mixture resulted in an
increase in total VOC emission while the presence of G.
pratense had no effect (Tables 3 and 4A, Model 3, Add-
itional file 3: Table S5A). There were no significant inter-
actions between herbivory and species richness, species
composition or species identity.

With increasing plant species richness in the plant com-
munities, the emission of all major groups of VOCs except
the homoterpenes (DMNT) increased significantly
(Table 4A, Fig. 2a-e). Similarly, species composition and
neighbor identity altered the emission of all major groups
of VOCs except homoterpenes (Table 4A, Fig. 2a-e,
Model 2 and 3). The emission of monoterpenes, green
leaf volatiles and “other” VOCs was affected by species
composition and was highest in the three species mixture
and in the two species mixture of 7. pratense and D.
glomerata (TD) (Fig. 2a, d, e, and Additional file 3:

Table S5A), while sesquiterpene emission was highest in
the three species mixtures and the two species mixture
with G. pratense (Fig. 2b, Table 4A). Only the homoter-
pene emission (DMNT) increased upon caterpillar herbiv-
ory and this was true in all different species combinations
(Fig. 2c, Table 4A, Additional file 3: Table S5A).

The relative amounts of monoterpenes and homoter-
penes in the total VOC blend decreased with increasing
plant species richness while the relative amount of sesqui-
terpenes increased with plant species richness (Fig. 2f-h,
Table 4B, Model 1, Additional file 3: Table S5B). The rela-
tive amounts of VOCs emitted from the mixtures were
also strongly dependent on the composition of the plant
mixtures and the identity of the plants (Table 4B, Models
2 and 3, Additional file 3: Table S5B). The presence of G.
pratense increased the relative amount of sesquiterpenes,
and decreased the relative amounts of homoterpenes
(DMNT) (Table 4B, Model 3). The presence of D. glomer-
ata increased the relative amount of monoterpenes and
green leaf volatiles in mixtures (Table 4B, Model 3).

Discussion

In this study we investigated how the identity of neighbor-
ing plant species and plant species richness in the commu-
nity affect the constitutive and herbivore-induced volatile
emission from both the focal plant Trifolium pratense (red
clover) and entire plant communities containing red clover
plants. In an experimental greenhouse study we found that
the VOC emission from 7. pratense was higher in plant
species mixtures and was strongly influenced by plant spe-
cies composition of the surrounding plant community.
When growing in communities with the orchard grass Dac-
tylis glomerata, T. pratense plants emitted significantly
higher amounts of constitutive and herbivore induced vola-
tiles as compared to plants growing together with Gera-
nium pratense, indicating that neighbor species identity
strongly impacts the VOC phenotype of T. pratense.

Herbivore induced VOC emission from red clover and the
experimental plant communities

As numerous other studies before, we found a strong ef-
fect of insect herbivory of the VOC emission of the plant
attacked. S. littoralis feeding resulted in an increased
emission of five compounds, 1-octen-3-ol, (E)-pB-ocimene,
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Fig. 2 Constitutive and herbivore-induced emission of major groups of volatile organic compounds (VOCs) from experimental plant communities
grown in pots in the greenhouse. T. pratense plants were either grown in monoculture (1 sp), in two species mixtures with Geranium pratense (TG) or
Dactylis glomerata (TD), or in three species mixtures with D. glomerata and G. pratense (3 spp). Single individuals of the focal plant species T. pratense in
the communities were either exposed to feeding by three S. littoralis caterpillars (Herbivory, grey bars) or had no caterpillars feeding on them (Control,
white bars). Values in panels (a, b, ¢, d and e) represent absolute amounts of VOC emission from experimental plant communities in ng g’1 h~'and
values in the pie charts in panels (f, g and h) represent relative amounts of the major groups of VOCs with respect to the full T. pratense odour blend.
Bars represent means + SEM n = 6. The results of the statistical analyses are depicted in Table 4

Table 3 Constitutive and herbivore-induced VOCs released from entire experimental plant communities grown in pots in the
greenhouse. 1 sp = Trifolium pratense monoculture, TG = two species mixture of T. pratense and Geranium pratense, TD = two
species mixture of T. pratense and Dactylis glomerata (TD), 3 spp (TGD) = three species mixture with T. pratense, D. glomerata and G.
pratense. In half of the experimental plant communities, one single T. pratense individual was infested with Spodoptera littoralis
caterpillars (Herbviory). Values represent mean VOC emissions (ng g~ h™') = SEM from the experimental plant communities

Compounds Control Herbivory
Tsp.(T) 2 spp. 3 spp. (TDG) TG iID) T(1sp.) 2 spp. 3 spp. (TDG) TG D
Monoterpenes
(2)-B-ocimene 15+£06 39+13 4415 65+22 13+£02 22+10 3406 61+14 39£09 27+08
(E)-B-ocimene 68+23 188+48 236+47 76+22 301+69 134+60 173+£34 334+82 110+14 249+59
Tricyclene - 22+09 16+07 44+13 - - 11+£05 23+£05 2+07 -
a-Pinene 02+02 12+04 14+03 20+£06 03+£02 01+01 07+£02 13+02 12+£02 0101
Camphene - 02 £01 03+£02 05+£02 - - 01 £01 03 £0.1 0.1 £01 -
B-pinene - 03 +01 05+02 0702 - - 0.1 £01 05+02 02 £0.1 -
Myrcene - 14+05 35+14 10+£03 19+08 - 08+04 1906 02+02 16+08
Limonene 0101 20+x06 4314 04+£02 37+08 0303 07£03 22+£05 01 £01 1.3£06
Linalool - 05+03 14+04 02+02 09+£06 1110 06+04 07+04 - 14 +£07
Sesquitepene
(E)-B-Caryophyllene*  0.1+01 35+18 38+10 59+£33 11+04 1608 30£06 97+21 35£09 25+£09
(E)-B-Farnesene - 22+14  18+12 43+£26 - - 04+03 37+20 08+05 -
cucurmene - 1714 05%02 3427 - - 1310 1.1=x05 2417 -
Germacrene D - 28+ 16 42+29 57+£28 - - 12+£04 59+14 21£04 01+£01
(EB)-o-Farnesene 077 2712  61+£22 01+01 52+£18 - 19+ 1.1 6.1 +24 - 42+19
Homoterpenes
DMNT* 08+03 04+02 06+02 03+£03 0502 2113 15£03 22+£07 12£03 1.7+£06
GLVs
(2)-3-Hexenyl acetate 17 +13 109+ 50 153 +381 28 £ 21 190+£90 17+15 34 +17 120 + 43 4+ 2 70 + 31
Other volatiles
1-Octen-3-ol - 1+£03 26 £07 - 20£03 - 09+04 22+06 - 19+ 04
Octly-acetate - 02+01 05+02 - 04+02 05+04 07+02 0302 07+04 06+02
Nonanal 1807 14+£04 1607 09£05 1906 19%11 13£03 16+£06 16 £05 1.0£03
Benzyl alcohol 19+£10 25+1.1 81+28 11+£07 40+19 10+07 18+£08 122+77 04+03 35+15
Unknown 05+02 03+01 0702 03+01 0301 09+05 0502 06+02 04+02 06+03
MESA - 04+£03 03+£03 - 0806 - 03+£02 08+£05 - 06 £03
Total 31+14 159+£55 225+90 73+£35 244+£9 42+20 73+ 22 215+ 50 35+6 118 £ 40

All data was analyzed using analysis of variance (ANOVA) following transformation of data to meet assumptions of normality and homogeneity of variances. An
asterisk (*) designates compounds which increased in their emission from the plant community when one individual of the focal plant T pratense within the
community was infested with § littoralis caterpillars (p < 0.05), n =5
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Table 4 Statistical results for the analysis of VOC compound group emissions from experimental plant communities grown in pots
in the greenhouse (Fig. 2). The table shows effects of species richness (1 to 3 plant species), species composition (four levels, Trifolium pratense
monoculture (1sp), two species mixture of T. pratense and Geranium pratense, two species mixture of T. pratense and Dactylis glomerata and the
three species mixture containing T. pratense, G. pratense and D. glomerata) and species identity (with the effect of D. glomerata or G. pratense
presence shown in separate columns) on the VOC emission from experimental plant communities. Statistical analyses were performed with
absolute amounts (ng g~ " h™") and relative amounts (% of the total VOC emission) of VOCs emitted. The first column in both panels (A and B)
denotes the statistical results for the effect of caterpillar herbivory. As the effect of herbivory was the same in these models (where it was always
fitted first), the statistical result is only presented once. Interactions between species richness, species composition and herbivory (Spodoptera
littoralis caterpillar herbivory in one individual of the focal plant species T. pratense in each community) are reported in the column
“interactions”. Species richness, species composition and species identity (presence or absence of a species) were tested in separate analysis of
variance models following transformation of data to meet assumption of normality (see text for details). Statistically significant results are
depicted in bold with asterisks indicating level of significance (***P <0001, **P < 001 and *P < 0.05) and degrees of freedom are provided at
the top of the table as F (df1, df2), n=5. See Additional file 3: Table S5 for full models

(A) Absolute amounts emitted
Model 1 Model 2 Model 3
Herbi Species Species Geranium Dactylis
erbivory . e .
(0,1) richness composition pratense glomerata Interactions
Compound Groups F (1,37) F (3,35) F (1,36) F (1,36)
Monoterpenes ns 21.8 *** 8.8 *** 5.6 * 19.1 *** ns
Sesquiterpenes ns 38.9 *** 16.6 *** 37.9 *** 9.2 ** ns
Homoterpenes il 0.0 ns 0.7 ns 0.3 ns Excl. ns ns
Green leaf volatiles ns 11.4* 8.4 *** Excl. ns 25.7 *** ns
Other volatiles ns 15.3 ** 15.7 *** Excl. ns 41.7 *** ns
Total ns 20.4 *** 9.8 *** Excl. ns 27.4 *** ns
(B) Relative proportions emitted
Model 1 Model 2 Model 3
Herbi Species Species Geranium Dactylis
erbivory . e .
(0,1) r;_f:h1n§§s cor:pgzglon p’gaf’egge g::)n;e:;rgta Interactions

Compound Groups (1,37) (3,39 (1,36) (1.36)
Monoterpenes ns 6.1* 46* Excl. ns 13.5 ** ns
Sesquiterpenes ns 8.1* 18.5 *** 34.6 *** Excl. ns ns
Homoterpenes ** 14.4 ** 5.7 ** 48 * 10.0 ** ns
Green leaf volatiles ns 4.1 ns 5.9 ** Excl. ns 17.14 *** ns
Other volatiles ns 4.0 ns 2.6 ns 3.9ns Excl. ns ns
Number of Volatiles ns 7.0 ** 4.0 ** 52* 4.7 *

(Z)-B-ocimene, (E)-p-caryophyllene and 4,8-dimethyl-1,3,7-
nonatriene (DMNT) of T. pratense plants. These VOCs
are emitted by a wide range of plant species and
some of them have been shown to attract herbivore
natural enemies [5, 44]. 1l-octen-3-ol was so far
mostly found to be released by pathogenic or endo-
phytic fungi (e.g. [14, 55, 61]) however, recent studies
have sho