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13 Abstract

14 Iris species can adopt different pollination strategies to attract their pollinators, generalized shelter-

15 mimicking, specialized deceptive sexual-mimicking or food-rewarding. As attractive stimuli, Iris 

16 flowers may use their colours, large-size, symmetry, and volatile organic compounds (VOCs). 

17 However, relatively few studies investigated Iris floral olfactory cues in the context of plant-

18 visitor/pollinator interactions. In the present study we combined the identification of the floral 

19 volatiles of the nectariferous I. planifolia with insects visiting its flowers to gather data on its biology. 

20 Floral volatiles were collected in the natural environment by dynamic headspace and analysed by gas 

21 chromatography-mass spectrometry (GC-MS). Insect visitors/pollinators were also recorded. The 

22 volatile bouquet was aromatic-dominated with 1,4 dimethoxybenzene as major compound. Among 

23 the insects visiting its flowers, bumble and honey bees were the most abundant followed by hover 

24 flies. Overall, our results suggest that I. planifolia advertises its food reward by an aromatic 

25 dominated volatile composition. 

26 Keywords: Iris planifolia; Iridaceae; Aromatic compounds; Dynamic headspace; GC-MS; Bumble 

27 bees; Honey bees; Hover flies; Pollination
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28 1. Introduction

29 Iris L., with about 250-300 species distributed in Eurasia, North America and North Africa, is the 

30 largest genus in the family Iridaceae (Goldblatt and Manning, 2008; Mavrodiev et al., 2014). 

31 Although some species are found in mesic or wet environments, most occur in desert, semi-desert, or 

32 dry, rocky and montane habitats (Wilson et al., 2016). Iris spp. were well known and cultivated, for 

33 their use as a perfume, throughout ancient Greece and Roman Empire (Crişan and Cantor, 2016). 

34 Cherokee Indians or other Native Americans used Iris plants for medicinal purposes (e.g. gastric 

35 problems, kidney and bladder disorders, among others) (Crişan and Cantor, 2016). Indeed, Iris plants 

36 have been extensively studied because the species are a rich source of specialised metabolites, such 

37 as flavonoids, isoflavonoids, benzoquinones, terpenoids and glycosides which have a wide range of 

38 biological activities, including anti-inflammatory, antioxidant, antimicrobial and anticancer with 

39 chemo-preventive properties (Al-Jaber, 2016; Crişan and Cantor, 2016). To date, Iris plants have a 

40 large economic value as flavoring in food products and soft drinks, ornamental purposes and uses in 

41 the cosmetic industry (Crişan and Cantor, 2016).

42  Iris flower is considered an inflorescence with three functionally separate pollination units 

43 (meranthia), acting as a single bilabiate gullet/tunnel flower (Goldblatt and Bernhardt, 1999). In each 

44 unit (meranthium), the petaloid-style branch and its associated stamen form the upper lip (roof), while 

45 the closely opposed large tepal, that works like a landing platform for insect visitors, forms the lower 

46 lip (perigon lobe/floor) (Goldblatt and Bernhardt, 1999; Westerkamp and Claßen-Bockhoff, 2007). 

47 Interestingly, in Iris spp. the lower lips are often embellished with various colour patches, lines, 

48 hairs/beards and ridges, among others, that may play an attractive role for the insects visiting the 

49 flowers (Guo, 2015; Morinaga and Sakai, 2006). Studies on Iris pollination showed that most species 

50 are pollinated by social and/or solitary bees belonging to Apidaea, Andrenidae, Halictidae and 

51 Colletidae (e.g., I. atropurpurea Baker, Sapir et al., 2005; Vereecken et al., 2013; Watts et al., 2013; 

52 I. bulleyana Dykes, Ye et al., 2017; I. lutescens Lam., Imbert et al., 2014a, Radović et al., 2017; I. 

53 paradoxa Steven, Vereecken et al., 2012; I. pumila L., Radović et al., 2017; I. tuberosa L., Pellegrino 



3

54 et al., 2016). In Iris species the rewards may consist of pollen, nectar or oils (Pellegrino et al., 2015); 

55 although, such as in the nectarless Oncocyclus (Siems.) Baker section (I. atrofusca Baker, I. 

56 atropurpurea, I. bismarckiana Damman & Sprenger, among others) the flowers can provide 

57 protective shelters (non-nutritive form of reward) that are used by visitors/pollinators (Sapir et al., 

58 2005; Vereecken et al., 2012, 2013; Watts et al., 2013). 

59 As attractive stimuli, Iris flowers may use their colours (Imbert et al., 2014a, 2014b; Vereecken et 

60 al., 2012, 2013; Wang et al., 2013; Wang et al., 2016), large-sized flowers (Lavi and Sapir, 2015; 

61 Radović et al., 2017), floral symmetry (Radović et al., 2017), and a range of volatile organic 

62 compounds (VOCs) (Ohler et al., 2016; Pellegrino et al., 2015, 2016; Vereecken et al., 2012, 2013; 

63 Wang et al., 2013). However, while floral visual cues i.e. floral size, symmetry, colour and/or its 

64 polymorphism have been extensively studied in Iris spp. (Imbert et al., 2014a, 2014b; Lavi and Sapir, 

65 2015; Pellegrino et al., 2015, 2016; Radović et al., 2017; Souto-Vilarós, 2018; Vereecken et al., 2012, 

66 2013; Wang et al., 2013, 2016), relatively few studies (additionally or exclusively) investigated Iris 

67 floral olfactory cues i.e. floral VOCs in the context of plant-visitor/pollinator interactions (I. 

68 atropurpurea and I. paradoxa, Vereecken et al., 2012, 2013; I. lutescens, Wang et al., 2013, I. pallida 

69 Lam., Ohler et al., 2016; I. tuberosa, Pellegrino et al., 2016). 

70 Iris planifolia (Mill.) T. Durand & Schinz (Iridaceae), occurring mainly in the western Mediterranean 

71 and North Africa, is the only member of the subgenus Scorpiris Spach (section Juno Dykes) native 

72 to Europe (Boltenkov and Govaerts, 2017). Since this nectariferous species occurs at low/middle 

73 altitude in the Mediterranean region, where the winters are not severe, it may bloom at any time from 

74 November to February (Mathew, 1986). This species has been studied from a taxonomical (Boltenkov 

75 and Govaerts, 2017), molecular (Ikinci et al., 2011) and morphological (Guo, 2015; Ikinci et al., 2011) 

76 points of view.  The single chemical study on I. planifolia was performed by Chikhi et al., (2012). 

77 The authors used the essential oil to study some biological roles (i.e. antimicrobial and antioxidant 

78 activity) of whole I. planifolia plant volatiles, but there are no studies investigating the inflorescence-

79 specific volatile emissions of I. planifolia by using more biologically appropriate and non-invasive 
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80 methods, such as headspace. In the present study we combined the identification of the floral volatiles 

81 of the blue-violet I. planifolia with insects visiting its flowers to gather data on its biology. In detail, 

82 we (i) collected the inflorescences scent by dynamic headspace, (ii) analysed the samples by gas 

83 chromatography and mass spectrometry (GC-MS) and (iii) recorded first data on its insect 

84 visitors/pollinators. 

85

86 2. Results

87 2.1. Floral scent 

88 Twelve VOCs were identified in I. planifolia inflorescences: eleven aromatic compounds and one 

89 monoterpene (Table 1). The total absolute amount of VOCs emitted by I. planifolia, estimated by 

90 using anisole as internal standard (see section 5.2 for details), was about 2.0 µg/inflorescence/hour. 

91 The relative amount was reported as mean percentage of the integrated chromatogram peak areas. 

92 The aromatic-dominated volatile bouquet was composed of four aromatic aldehydes (12 %), three 

93 aromatic alcohols (10 %), two aromatic esters (5 %) and two aromatic ethers (72 %). The single 

94 exception was represented by the monoterpene alcohol linalool, which contributed to less than 0.5 %. 

95 Overall, the floral scent of I. planifolia was strongly dominated by 1,4-dimethoxybenzene (also 

96 known as hydroquinone dimethyl ether) with about 71 %. Two compounds: 2-phenylethanol and 2-

97 methoxybenzaldeyde were respectively found in relative amounts of 8 % and 6 %. Finally, five 

98 compounds ranged between 4 and 1% whereas four contributed with less than 1% (Table 1). 

99 2.2. Flower-visiting insects

100 Overall, in 8 hours of observation (8:00 - 16:00) we recorded 42 insects on I. planifolia inflorescences, 

101 with bees and flies landing on all the observed plants. Insect visitation mostly occurred between 11:00 

102 - 14:00. Bumble bees and honey bees (Apidae) were the most abundant visitors (32 registered visits) 

103 followed by hover flies (10 registered visits). Bombus ruderatus (Fabricius) (Apidae) (Fig. 1A, B) 

104 with 18 visits was the main insect visitor followed by Apis mellifera Linnaeus (Apidae) (Fig. 1C) 
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105 with 14 visits and by Episyrphus balteatus (De Geer) (Syrphidae) (Fig. 1D) with 10 visits. Since only 

106 bumble bees and honey bees entered inside the flower tunnels and carried the pollen on their body 

107 (mainly on their head and torax), they can be considered as potential pollinators. On the contrary, the 

108 syrphid fly E. balteatus never entered inside the flowers and thus was considered as visitor. 

109 Interestingly, E. balteatus spent most of its time eating the pollen grains left on the flowers by 

110 pollinators when they crawled out of the flower tunnels. 

111

112 3. Discussion

113 The floral scent of I. planifolia is characterized by VOCs that are reported (1) as floral volatiles of 

114 different angiosperm families (Knudsen et al., 2006) and (2) as semiochemicals mediating several 

115 plant-animal interactions (El Sayed, 2018). 

116 With the single exception represented by the monoterpene alcohol linalool (less than 0.5 %), the floral 

117 scent bouquet of I. planifolia has a strong aromatic chemical composition (Tab. 1) dominated with 

118 more than 70 % by the aromatic ether 1,4-dimethoxybenzene (hereafter 1,4‐DMB). This VOC was 

119 also found as major compound in the floral scents of Salix L. spp. (Salicaceae) pollinated during the 

120 daytime by mining bees and honey bees (Dötterl et al., 2005, 2014; Jürgens et al., 2014), and of 

121 Anacamptis coriophora (L.) R.M. Bateman, Pridgeon & M.W. Chase (Orchidaceae) pollinated by 

122 bumble and honey bees (Salzmann et al., 2007). 

123 Despite the similarity with the floral scents of plant species belonging to different families (Knudsen 

124 et al., 2006), the floral scent composition of I. planifolia differs from those found within the genus by 

125 other authors. For example, while 1,4‐DMB was the main VOC found in our dynamic headspace 

126 samples, it was detected in minor amounts in the essential oil of I. planifolia (0.5 %, Chikhi et al., 

127 2012) and in the static headspace samples of I. lutescens (less than 3.0 %, Wang et al., 2013). 

128 Furthermore, it was not found in solvent extracts of I. pallida (toluene samples by Ohler et al., 2016), 

129 I. atropurpurea, I. paradoxa and I. tuberosa (hexane samples by Pellegrino et al., 2016 and Vereecken 

130 et al., 2012, 2013).  In contrast, I. planifolia by Chikhi et al. (2012) was dominated by aliphatic 
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131 hydrocarbnons and fatty acids (e.g. n-alkanes and hexadecanoic acid); I. lutescens by monoterpenes 

132 (myrcene, (E)-ß-ocimene and limonene) (Wang et al., 2013); I. pallida by methyl anthranilate (Ohler 

133 et al., 2016) and I. atropurpurea, I. paradoxa and I. tuberosa by aliphatic hydrocarbons (n-alkanes 

134 and n-alkenes) (Pellegrino et al., 2016; Vereecken et al., 2012, 2013). As reported by other authors 

135 (e.g. El-Sajed et al., 2018; Jürgens et al., 2009; Knudsen and Gershenzon, 2006; Tholl et al., 2006), 

136 it is not surprising that the limited overlap in floral VOCs between Iris species could be due to the 

137 different volatile sampling methods (e.g., headspace vs hydrodistillation or solvent extractions), to 

138 the polarity and affinities of VOCs to the adsorbent fibers used (headspace methods), to the 

139 interspecific variation, and/or to the insect pollinators/pollination strategies of the investigated Iris, 

140 among others. Indeed, excluding 1,4‐DMB, we found only a few co-occurrences between our floral 

141 volatiles and those of other Iris species. Among these, benzyl tiglate also was detected also in I. 

142 planifolia by Chikhi et al. (2012); benzaldehyde, 2-(4-methoxyphenyl)ethanol and 4-

143 methoxybenzaldehyde in I. lutescens (Wang et al., 2013); linalool in I. planifolia (Chikhi et al., 2012) 

144 and in I. lutescens (Wang et al., 2013). 

145 Autonomous self-pollination has been described in some Iris species (e.g. Iris versicolor L.) (Kron 

146 et al., 1993) but not in others (e.g. Oncocyclus irises) (Watts et al., 2013; Sapir et al., 2005). To date, 

147 information on pollination biology of I. planifolia has been lacking; however, irises pollination data 

148 from the literature show that insects play an important role for the reproductive success in both self-

149 incompatible and self-compatible Iris species (Watts et al., 2013; Kron et al., 1993). Among I. 

150 planifolia visitors, Bombus ruderatus and Apis mellifera (Fig. 1A, B, C) were found as candidates 

151 that, forcing the tepal (lower lip) and the opposite style branch of the meranthium, entered inside the 

152 tunnel and passively collected pollen. We did not find any insects inside the flowers (sheltering) as 

153 in Iris atropurpurea and Iris paradoxa (Vereecken et al., 2012, 2013; Watts et al., 2013). Although 

154 more extensive field observations (e.g. data collection and night-sheltering) and experiments (e.g. 

155 seed- fruit-set) are needed to confirm the exclusive role of B. ruderatus and A. mellifera as pollinators 

156 of I. planifolia, our findings are consistent with previous studies of other Iris species pollinated by 
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157 bumble bees and/or honey bees, among others (Goldblatt and Manning, 2006; Imbert et al., 2014a, 

158 2014b; Segal et al. 2006; Souto-Vilarós et al., 2018; Watts et al., 2013; Ye et al., 2017). In addition 

159 to the legitimate bee pollinators, the syrphid fly E. balteatus was observed eating the pollen grains 

160 lost by B. ruderatus and A. mellifera on the lower lip of the I. planifolia flowers. Since E. balteatus 

161 was not observed as pollen robber from the anthers of I. planifolia (it never entered into the 

162 gullet/tunnel flower) it is not likely to have has not detrimental effects for I. planifolia. Conversely, 

163 we speculate that its “cleaning service” could have a beneficial effect by restoring the original visual 

164 displays.

165 Generalist bees, such as Bombus spp. and Apis mellifera, have a broad pollen/nectar diet and collect 

166 pollen from different species with variable floral cues (Dobson, 2006; Dötterl and Vereecken, 2010). 

167 Consequently, generalist bees might benefit by relying on floral VOCs related to a broad spectrum of 

168 potential host flowers (Dötterl and Vereecken, 2010). In food-rewarding plants, the aromatic 

169 compounds as alcohols, aldehydes, esters, and ethers alone or in combination with some monoterpene 

170 alcohols (e.g. linalool) are often reported as floral VOCs that attract nectar/pollen feeders, such as 

171 bees, butterflies, months and flies (Dobson 2006; Dötterl and Vereecken 2010; Jürgens et al., 2009; 

172 Primante and Dötterl, 2010). Although in our study we did not perform electroantennographic or 

173 behavioral experiments, data form from the literature provide evidence that 1,4-DMB (Jürgens et al., 

174 2014; Salzman et al., 2007), benzaldehyde (Theis, 2006), 4-methoxybenzaldehyde (= p-

175 anisaldehyde), phenylacetaldehyde (Dötterl and Vereecken 2010; Knauer and Schiestl, 2015; Theis, 

176 2006), 2-phenylethanol, benzyl alcohol and linalool (Dötterl and Vereecken 2010; Theis, 2006) are 

177 VOCs perceived and attractive for Bombus spp. and/or Apis mellifera. In addition, 2-phenylethanol 

178 is known as attractant for syrphid flies (Zhu and Park, 2005) and potentially also for E. balteatus 

179 (Primante and Dötterl, 2010); whereas linalool was recently reported as electrophysiologically-active 

180 for Syrphidae (Braunschmid et al., 2017).

181 Iris spp. use floral visual and olfactory cues for attracting their pollinators (e.g. Pellegrino et al., 2016; 

182 Vereecken et al., 2012, 2013; Wang et al., 2013).  It is interesting to note that bumble bees’ UV-blue 
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183 photoreceptors can perceive the predominant blue-violet I. planifolia floral colour (human 

184 perception) (Arnold et al., 2010) as attractive and innate signals of rewarding flowers (Knauer and 

185 Schiestl, 2015; Kunze and Gumbert, 2001; Raine and Chittka, 2007). Furthermore, since syrphid flies 

186 prefer yellow over other colours, the yellow or orange pubescent median ridge in the lower lips of I. 

187 planifolia meranthia can be attractive for E. balteatus, despite it mainly uses olfactory cues to find a 

188 pollen/nectar host-plants (Primante and Dötterl, 2010).

189

190 4. Conclusions

191 In agreement with Vereecken et al. (2015), in this study we adopted an accepted and modern 

192 methodology (dynamic headspace) that allows the collection and analysis of floral scents from the 

193 prospective of plant-visitor/pollinator interactions (El-Sajed et al., 2018; Zito et al., 2015). To our 

194 surprise, this is the first study that investigated the floral volatiles in the genus Iris by using a dynamic 

195 headspace method. Furthermore, it is the first report on visitor/pollinators of I. planifolia. Our results 

196 suggest that the floral volatiles of the nectariferous I. planifolia may play a synergistic role when also 

197 visual cues occur. This hypothesis is supported by other studies that reported how social bees (e.g. 

198 bumble bees and honey bees) elicited the strongest behavioural responses when floral visual and 

199 olfactory cues co-occur (Chittka and Raine, 2006; Dötterl et al., 2014; Junker and Parachnowitsch, 

200 2015).

201 Interestingly, sexual mimicry has evolved from generalized food deception, shelter pollination, or 

202 food reward systems (Johnson and Schiestl, 2016). By floral visual and olfactory cuesIris spp. can 

203 adopt different pollination strategies to attract their pollinators i.e. from generalized shelter-

204 mimicking species or specialized sexual-mimicking deceptive species (Pellegrino et al., 2015, 2016; 

205 Vereecken et al., 2012, 2013) to food-rewarding species (present study). Although more Despite 

206 further data are needed to confirm the pollination strategies adopted in other un-investigated Iris 

207 species among the sections, our results suggest that I. planifolia advertises the food reward by its 

208 aromatic dominated volatile composition probably in synergy with its visual cues. Further studies are 
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209 needed to better understand the interplay between floral olfactory and visual cues for attracting I. 

210 planifolia visitors and pollinators.

211

212 5. Experimental

213 5.1. Study species

214 Iris planifolia (Mill.) T. Durand & Schinz (Iridaceae) [subg. Scorpiris Spach; section Juno Dykes], 

215 described as Xiphium planifolium in 1768 by Philip Miller, is a perennial bulbous herb about 10-25 

216 cm high (Mathew, 1986). It is naturally occurring in Spain, Portugal, Sardinia, Sicily, Crete, Greece, 

217 Libya, Tunisia, Algeria and Morocco (Barker and Govaerts, 2018). As described by Mathew (1986), 

218 the stems are very short, more or less subterranean and hidden by the leaf bases. The lanceolate and 

219 often undulate-falcate leaves (4-7) are bright shiny green above and glaucous beneath. Each plant, 

220 blooming from November to February, has 1-3 inflorescences (6-12 cm across) pale to deep blue or 

221 violet-blue and rarely white. The lower lips of the three meranthia of its inflorescence are widely 

222 reflexed, blue, veined and dotted in dark violet with a yellow or orange pubescent median ridge. The 

223 anthers are whitish or purplish whereas style branches flattened and petaloid are bilobed at the apex. 

224 To date, no information is available on the pollination ecology of I. planifolia; the plant produces 

225 nectar (supplementary material in Herrera et al., 2012) as pollinators reward. The seeds, ovoid and 

226 rugose are dark reddish-brown. In its natural habitat, the species usually grows on sloping rocky 

227 ground on limestone formations where the soil is the typical Mediterranean reddish clay (Mathew, 

228 1986). 

229 In the present study, all the field activities were performed in November 2017, wet season in Sicily, 

230 in a natural site located in San Martino delle Scale - Sicily (38°5'18.29"N, 13°15'23.48"E).

231 5.2. Floral scent sampling

232 Floral scent was collected, on a sunny day in November 2017, from plants growing in their natural 

233 habitat (38°5'18.29"N, 13°15'23.48"E - San Martino delle Scale - Sicily). All samples from 
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234 inflorescences (N= 7) were collected using a dynamic headspace method (pull system) (Tholl et al., 

235 2006). For each sampling, one inflorescence per plant was enclosed in an oven bag (size: 15 × 12 cm, 

236 CUKI® Cofresco S.p.A.) and the emitted volatiles were collected for 6 hours (9:00 - 15:00) by an 

237 adsorbent tube using a vacuum pump (G12/01 EB, Rietschle Thomas, Puchheim, Germany), with a 

238 flow rate of 200 ml/min. The adsorbent tube (shortened glass Pasteur pipette) was filled with 20 mg 

239 Tenax-TA (mesh 60-80) and 20 mg Carbotrap B (mesh 20-40) both Supelco (Bellefonte, PA, USA). 

240 The adsorbent materials were fixed in the tubes using glass wool (Sigma Aldrich). At the same time, 

241 by using the same approach described before, headspace samples from leaf (N= 3) and an empty oven 

242 bag (N= 1), were used as negative controls. Volatiles trapped in the tubes were eluted within a few 

243 minutes after collection with 200 μl of acetone (Sigma Aldrich, > 99 %). All samples were stored in 

244 screw cap vials at -20 °C until chemical analyses. The peak areas on the chromatograms were 

245 integrated to obtain the total ion current, which was used to determine the relative amount (%) of each 

246 peak.  To quantify the absolute amount of scent emitted from an inflorescence, one μg of anisole 

247 (Sigma-Aldrich, Anisole ReagentPlus®, 99 %) was added to each sample as internal standard. 

248 Subsequently to calculate the absolute amounts of the VOCs in each sample, peak areas on the 

249 chromatograms were integrated to obtain the total ion current signal and compared to that of the 

250 internal standard.

251 5.3. Chemical analysis

252 All samples were analyzed by GC-MS on a single quadrupole Shimadzu GC-MS-QP2010 Plus 

253 equipped with an AOC-20i autoinjector (Shimadzu, Kyoto, Japan) and a Supelcowax 10 capillary 

254 column (30 m long, 0.25 mm i.d., 0.25 μm film thickness). One μl of each sample was injected at 250 

255 °C in the splitless mode, and the column flow (carrier gas: helium) was set at 1 ml/min. The GC oven 

256 temperature was held for 5 min at 40 °C, then increased by 2°C/min to 250 °C, held for 15 min and 

257 finally raised to 270 °C at 10 °C/min. The MS interface worked at 280 °C, and the ion source at 250 
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258 °C. Mass spectra were taken at 70 eV (in EI mode) from m/z 30 to 500. The GC/MS data were 

259 analyzed using the GCMSolution package, Version 2.72. 

260 Identification of compounds was carried out using the mass spectral libraries FFNSC 2, W9N11, 

261 ESSENTIAL OILS (available in MassFinder 3), and Adams (2007). These identifications were also 

262 compared by mass spectra and Kovats retention indices found in NIST11, SciFinder and Pherobase 

263 (El-Sayed, 2018) database. Many of the compounds were confirmed by comparison of mass spectra 

264 and retention times with authentic standard components (Sigma Aldrich) provided by Prof. Dr. Stefan 

265 Dötterl (Plant Ecology Lab - University of Salzburg). Kovats retention indices were calculated using 

266 a series of n-alkanes (C8 - C30). Compounds found in the flowers were compared with those found in 

267 the negative controls (empty oven bag and green leaves) to discriminate contaminations from air 

268 ambient and to identify those exclusively emitted by flowers.

269 5.4. Flower-visiting insects

270 Insects visiting I. planifolia inflorescences were recorded during the day and in the same site of the 

271 headspace collections. The sampling of flower-visiting insects was limited to ten inflorescences in 

272 order to minimize the potential negative impact on the local entomofauna and on pollination 

273 processes. Observations were performed simultaneously by two researchers staying near the plants 

274 for 8 hours (08:00 - 16:00). The limited number of hours of observation was linked to good weather 

275 condition (sunny day) occurring in the flowering period of I. planifolia in Sicily (rainy season). 

276 Insects visiting I. planifolia were recorded when they landed on a meranthium. Only a few insect 

277 visitors belonging to different morphospecies were captured by entomological hand nets or plastic 

278 bags (10 x 7 cm), otherwise they were annotated and photographed with a digital camera (NIKON 

279 D3100). Since not all insect individuals were captured, we cannot exclude that the same specimen 

280 after leaving, came back to revisit the inflorescence again. The data of insects visiting the ten different 

281 I. planifolia inflorescences were polled together. The flower visitors that landed, entered inside the 

282 meranthium and came out it with pollen on their body were recorded as potential pollinators. On the 
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283 contrary, the insects that after their landing on the inflorescences never entered inside the meranthium 

284 were recorded as visitors. Insect specimens, identified at specific taxonomic level, are stored in an 

285 entomological box and kept in the Entomological collection of the Department of Biological, 

286 Chemical and Pharmaceutical Sciences and Technologies of the University of Palermo. 
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443 Table 1. Relative and total absolute amounts of floral scent detected in Iris planifolia. Compounds 
444 belonging to the same chemical class and functional group (Knudsen et al., 2006) are arranged 
445 according to Kovats retention indices (KRI) of the Supelcowax 10 column. Odour characteristic: 
446 olfactory descriptions according to Acree and Arn (2004) and El-Sayed (2018). * = identification 
447 verified by authentic standard.

Compound KRI Relative amount (%)
Mean ± SE (N= 7)

Occurrence of 
samples (%) Odour characteristic

Aromatic alcohols

Benzyl alcohol* 1856 0.3 ± 0.1 100 Sweet, floral, fruity

2-Phenylethanol* 1886 8.4 ± 3.6 100 Honey, spicy, rose, lilac, 
sweet, yeast, floral, 
herbal

2-(4-Methoxyphenyl)ethanol 2303 1.4 ± 0.2 100 -

Aromatic aldehydes

Benzaldehyde* 1503 3.7 ± 1.3 100 Almond, burnt sugar, 
woody

Phenylacetaldehyde* 1620 2.0 ± 1.6 57 Honey, sweet, rose, 
green, grassy, floral

2-Methoxybenzaldehyde 1936 6.2 ± 1.4 100 -

4-Methoxybenzaldehyde* 2004 0.4 ± 0.2 71 Mint, sweet

Aromatic esters

Methyl benzoate* 1599 1.9 ± 0.5 86 Prune, lettuce, herbal, 
sweet, floral, 
watermelon

Benzyl tiglate* 2080 3.1 ± 1.0 86 Earthy, mushroom

Aromatic ethers

1,4-Dimethoxybenzene* 1716 71.5 ± 4.9 100 Sweet, floral, herbal

1,2,4-Trimethoxybenzene* 2068 0.8 ± 0.3 86 -

Monoterpene alcohols

Linalool* 1536 0.4 ± 0.1 100 Muscat, sweet, green, 
floral, lemon, parsley, 
lavender, fruity

Total absolute amount: 2.0 ± 0.6 µg/inflorescence/hour
Total number of compounds: 12

448
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449 Figure 1

450

451
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452 Figure legend.

453 Fig. 1. Bombus ruderatus inside (A) and on (B) the meranthium of Iris planifolia (photos by 
454 Francesca Tavella). Apis mellifera outgoing from the tunnel of the meranthium (C) and Episyrphus 
455 balteatus eating the pollen grains left by pollinators (D) (photos by Pietro Zito).

456

457 Graphical abstract Legend.

458 Iris planifolia (Iridaceae) advertises its food reward by an aromatic dominated floral volatile 
459 composition.

460



Highlights

 Aromatic compounds dominate the floral scent bouquet.
 1,4-dimethoxybenzene is the major compound.
 The floral scent advertises a food-rewarding species.
 Bumble and honey bees are pollinators whereas a syrphid fly is visitor.
 Floral olfactory cues probably act in synergy with visual ones to attract bees and flies.
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13 Abstract

14 Iris species can adopt different pollination strategies to attract their pollinators, generalized shelter-

15 mimicking, specialized deceptive sexual-mimicking or food-rewarding. As attractive stimuli, Iris 

16 flowers may use their colours, large-size, symmetry, and volatile organic compounds (VOCs). 

17 However, relatively few studies investigated Iris floral olfactory cues in the context of plant-

18 visitor/pollinator interactions. In the present study we combined the identification of the floral 

19 volatiles of the nectariferous I. planifolia with insects visiting its flowers to gather data on its biology. 

20 Floral volatiles were collected in the natural environment by dynamic headspace and analysed by gas 

21 chromatography-mass spectrometry (GC-MS). Insect visitors/pollinators were also recorded. The 

22 volatile bouquet was aromatic-dominated with 1,4 dimethoxybenzene as major compound. Among 

23 the insects visiting its flowers, bumble and honey bees were the most abundant followed by hover 

24 flies. Overall, our results suggest that I. planifolia advertises its food reward by an aromatic 

25 dominated volatile composition. 

26 Keywords: Iris planifolia; Iridaceae; Aromatic compounds; Dynamic headspace; GC-MS; Bumble 

27 bees; Honey bees; Hover flies; Pollination
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28 1. Introduction

29 Iris L., with about 250-300 species distributed in Eurasia, North America and North Africa, is the 

30 largest genus in the family Iridaceae (Goldblatt and Manning, 2008; Mavrodiev et al., 2014). 

31 Although some species are found in mesic or wet environments, most occur in desert, semi-desert, or 

32 dry, rocky and montane habitats (Wilson et al., 2016). Iris spp. were well known and cultivated, for 

33 their use as a perfume, throughout ancient Greece and Roman Empire (Crişan and Cantor, 2016). 

34 Cherokee Indians or other Native Americans used Iris plants for medicinal purposes (e.g. gastric 

35 problems, kidney and bladder disorders, among others) (Crişan and Cantor, 2016). Indeed, Iris plants 

36 have been extensively studied because the species are a rich source of specialised metabolites, such 

37 as flavonoids, isoflavonoids, benzoquinones, terpenoids and glycosides which have a wide range of 

38 biological activities, including anti-inflammatory, antioxidant, antimicrobial and anticancer with 

39 chemo-preventive properties (Al-Jaber, 2016; Crişan and Cantor, 2016). To date, Iris plants have a 

40 large economic value as flavoring in food products and soft drinks, ornamental purposes and uses in 

41 the cosmetic industry (Crişan and Cantor, 2016).

42  Iris flower is considered an inflorescence with three functionally separate pollination units 

43 (meranthia), acting as a single bilabiate gullet/tunnel flower (Goldblatt and Bernhardt, 1999). In each 

44 unit (meranthium), the petaloid-style branch and its associated stamen form the upper lip (roof), while 

45 the closely opposed large tepal, that works like a landing platform for insect visitors, forms the lower 

46 lip (perigon lobe/floor) (Goldblatt and Bernhardt, 1999; Westerkamp and Claßen-Bockhoff, 2007). 

47 Interestingly, in Iris spp. the lower lips are often embellished with various colour patches, lines, 

48 hairs/beards and ridges, among others, that may play an attractive role for the insects visiting the 

49 flowers (Guo, 2015; Morinaga and Sakai, 2006). Studies on Iris pollination showed that most species 

50 are pollinated by social and/or solitary bees belonging to Apidaea, Andrenidae, Halictidae and 

51 Colletidae (e.g., I. atropurpurea Baker, Sapir et al., 2005; Vereecken et al., 2013; Watts et al., 2013; 

52 I. bulleyana Dykes, Ye et al., 2017; I. lutescens Lam., Imbert et al., 2014a, Radović et al., 2017; I. 

53 paradoxa Steven, Vereecken et al., 2012; I. pumila L., Radović et al., 2017; I. tuberosa L., Pellegrino 
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54 et al., 2016). In Iris species the rewards may consist of pollen, nectar or oils (Pellegrino et al., 2015); 

55 although, such as in the nectarless Oncocyclus (Siems.) Baker section (I. atrofusca Baker, I. 

56 atropurpurea, I. bismarckiana Damman & Sprenger, among others) the flowers can provide 

57 protective shelters (non-nutritive form of reward) that are used by visitors/pollinators (Sapir et al., 

58 2005; Vereecken et al., 2012, 2013; Watts et al., 2013). 

59 As attractive stimuli, Iris flowers may use their colours (Imbert et al., 2014a, 2014b; Vereecken et 

60 al., 2012, 2013; Wang et al., 2013; Wang et al., 2016), large-sized flowers (Lavi and Sapir, 2015; 

61 Radović et al., 2017), floral symmetry (Radović et al., 2017), and a range of volatile organic 

62 compounds (VOCs) (Ohler et al., 2016; Pellegrino et al., 2015, 2016; Vereecken et al., 2012, 2013; 

63 Wang et al., 2013). However, while floral visual cues i.e. floral size, symmetry, colour and/or its 

64 polymorphism have been extensively studied in Iris spp. (Imbert et al., 2014a, 2014b; Lavi and Sapir, 

65 2015; Pellegrino et al., 2015, 2016; Radović et al., 2017; Souto-Vilarós, 2018; Vereecken et al., 2012, 

66 2013; Wang et al., 2013, 2016), relatively few studies (additionally or exclusively) investigated Iris 

67 floral olfactory cues i.e. floral VOCs in the context of plant-visitor/pollinator interactions (I. 

68 atropurpurea and I. paradoxa, Vereecken et al., 2012, 2013; I. lutescens, Wang et al., 2013, I. pallida 

69 Lam., Ohler et al., 2016; I. tuberosa, Pellegrino et al., 2016). 

70 Iris planifolia (Mill.) T. Durand & Schinz (Iridaceae), occurring mainly in the western Mediterranean 

71 and North Africa, is the only member of the subgenus Scorpiris Spach (section Juno Dykes) native 

72 to Europe (Boltenkov and Govaerts, 2017). Since this nectariferous species occurs at low/middle 

73 altitude in the Mediterranean region, where the winters are not severe, it may bloom at any time from 

74 November to February (Mathew, 1986). This species has been studied from a taxonomical (Boltenkov 

75 and Govaerts, 2017), molecular (Ikinci et al., 2011) and morphological (Guo, 2015; Ikinci et al., 2011) 

76 points of view.  The single chemical study on I. planifolia was performed by Chikhi et al., (2012). 

77 The authors used the essential oil to study some biological roles (i.e. antimicrobial and antioxidant 

78 activity) of whole I. planifolia plant volatiles, but there are no studies investigating the inflorescence-

79 specific volatile emissions of I. planifolia by using more biologically appropriate and non-invasive 
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80 methods, such as headspace. In the present study we combined the identification of the floral volatiles 

81 of the blue-violet I. planifolia with insects visiting its flowers to gather data on its biology. In detail, 

82 we (i) collected the inflorescences scent by dynamic headspace, (ii) analysed the samples by gas 

83 chromatography and mass spectrometry (GC-MS) and (iii) recorded first data on its insect 

84 visitors/pollinators. 

85

86 2. Results

87 2.1. Floral scent 

88 Twelve VOCs were identified in I. planifolia inflorescences: eleven aromatic compounds and one 

89 monoterpene (Table 1). The total absolute amount of VOCs emitted by I. planifolia, estimated by 

90 using anisole as internal standard (see section 5.2 for details), was about 2.0 µg/inflorescence/hour. 

91 The relative amount was reported as mean percentage of the integrated chromatogram peak areas. 

92 The aromatic-dominated volatile bouquet was composed of four aromatic aldehydes (12 %), three 

93 aromatic alcohols (10 %), two aromatic esters (5 %) and two aromatic ethers (72 %). The single 

94 exception was represented by the monoterpene alcohol linalool, which contributed to less than 0.5 %. 

95 Overall, the floral scent of I. planifolia was strongly dominated by 1,4-dimethoxybenzene (also 

96 known as hydroquinone dimethyl ether) with about 71 %. Two compounds: 2-phenylethanol and 2-

97 methoxybenzaldeyde were respectively found in relative amounts of 8 % and 6 %. Finally, five 

98 compounds ranged between 4 and 1% whereas four contributed with less than 1% (Table 1). 

99 2.2. Flower-visiting insects

100 Overall, in 8 hours of observation (8:00 - 16:00) we recorded 42 insects on I. planifolia inflorescences, 

101 with bees and flies landing on all the observed plants. Insect visitation mostly occurred between 11:00 

102 - 14:00. Bumble bees and honey bees (Apidae) were the most abundant visitors (32 registered visits) 

103 followed by hover flies (10 registered visits). Bombus ruderatus (Fabricius) (Apidae) (Fig. 1A, B) 

104 with 18 visits was the main insect visitor followed by Apis mellifera Linnaeus (Apidae) (Fig. 1C) 
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105 with 14 visits and by Episyrphus balteatus (De Geer) (Syrphidae) (Fig. 1D) with 10 visits. Since only 

106 bumble bees and honey bees entered inside the flower tunnels and carried the pollen on their body 

107 (mainly on their head and torax), they can be considered as potential pollinators. On the contrary, the 

108 syrphid fly E. balteatus never entered inside the flowers and thus was considered as visitor. 

109 Interestingly, E. balteatus spent most of its time eating the pollen grains left on the flowers by 

110 pollinators when they crawled out of the flower tunnels. 

111

112 3. Discussion

113 The floral scent of I. planifolia is characterized by VOCs that are reported (1) as floral volatiles of 

114 different angiosperm families (Knudsen et al., 2006) and (2) as semiochemicals mediating several 

115 plant-animal interactions (El Sayed, 2018). 

116 With the single exception represented by the monoterpene alcohol linalool (less than 0.5 %), the floral 

117 scent bouquet of I. planifolia has a strong aromatic chemical composition (Tab. 1) dominated with 

118 more than 70 % by the aromatic ether 1,4-dimethoxybenzene (hereafter 1,4‐DMB). This VOC was 

119 also found as major compound in the floral scents of Salix L. spp. (Salicaceae) pollinated during the 

120 daytime by mining bees and honey bees (Dötterl et al., 2005, 2014; Jürgens et al., 2014), and of 

121 Anacamptis coriophora (L.) R.M. Bateman, Pridgeon & M.W. Chase (Orchidaceae) pollinated by 

122 bumble and honey bees (Salzmann et al., 2007). 

123 Despite the similarity with the floral scents of plant species belonging to different families (Knudsen 

124 et al., 2006), the floral scent composition of I. planifolia differs from those found within the genus by 

125 other authors. For example, while 1,4‐DMB was the main VOC found in our dynamic headspace 

126 samples, it was detected in minor amounts in the essential oil of I. planifolia (0.5 %, Chikhi et al., 

127 2012) and in the static headspace samples of I. lutescens (less than 3.0 %, Wang et al., 2013). 

128 Furthermore, it was not found in solvent extracts of I. pallida (toluene samples by Ohler et al., 2016), 

129 I. atropurpurea, I. paradoxa and I. tuberosa (hexane samples by Pellegrino et al., 2016 and Vereecken 

130 et al., 2012, 2013).  In contrast, I. planifolia by Chikhi et al. (2012) was dominated by aliphatic 
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131 hydrocarbons and fatty acids (e.g. n-alkanes and hexadecanoic acid); I. lutescens by monoterpenes 

132 (myrcene, (E)-ß-ocimene and limonene) (Wang et al., 2013); I. pallida by methyl anthranilate (Ohler 

133 et al., 2016) and I. atropurpurea, I. paradoxa and I. tuberosa by aliphatic hydrocarbons (n-alkanes 

134 and n-alkenes) (Pellegrino et al., 2016; Vereecken et al., 2012, 2013). As reported by other authors 

135 (e.g. El-Sajed et al., 2018; Jürgens et al., 2009; Knudsen and Gershenzon, 2006; Tholl et al., 2006), 

136 it is not surprising that the limited overlap in floral VOCs between Iris species could be due to the 

137 different volatile sampling methods (e.g., headspace vs hydrodistillation or solvent extractions), to 

138 the polarity and affinities of VOCs to the adsorbent fibers used (headspace methods), to the 

139 interspecific variation, and/or to the insect pollinators/pollination strategies of the investigated Iris, 

140 among others. Indeed, excluding 1,4‐DMB, we found only a few co-occurrences between our floral 

141 volatiles and those of other Iris species. Among these, benzyl tiglate also was detected in I. planifolia 

142 by Chikhi et al. (2012); benzaldehyde, 2-(4-methoxyphenyl)ethanol and 4-methoxybenzaldehyde in 

143 I. lutescens (Wang et al., 2013); linalool in I. planifolia (Chikhi et al., 2012) and in I. lutescens (Wang 

144 et al., 2013). 

145 Autonomous self-pollination has been described in some Iris species (e.g. Iris versicolor L.) (Kron 

146 et al., 1993) but not in others (e.g. Oncocyclus irises) (Watts et al., 2013; Sapir et al., 2005). To date, 

147 information on pollination biology of I. planifolia has been lacking; however, irises pollination data 

148 from the literature show that insects play an important role for the reproductive success in both self-

149 incompatible and self-compatible Iris species (Watts et al., 2013; Kron et al., 1993). Among I. 

150 planifolia visitors, Bombus ruderatus and Apis mellifera (Fig. 1A, B, C) were found as candidates 

151 that, forcing the tepal (lower lip) and the opposite style branch of the meranthium, entered inside the 

152 tunnel and passively collected pollen. We did not find any insects inside the flowers (sheltering) as 

153 in Iris atropurpurea and Iris paradoxa (Vereecken et al., 2012, 2013; Watts et al., 2013). Although 

154 more extensive field observations (e.g. data collection and night-sheltering) and experiments (e.g. 

155 seed- fruit-set) are needed to confirm the exclusive role of B. ruderatus and A. mellifera as pollinators 

156 of I. planifolia, our findings are consistent with previous studies of other Iris species pollinated by 
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157 bumble bees and/or honey bees, among others (Goldblatt and Manning, 2006; Imbert et al., 2014a, 

158 2014b; Segal et al. 2006; Souto-Vilarós et al., 2018; Watts et al., 2013; Ye et al., 2017). In addition 

159 to the legitimate bee pollinators, the syrphid fly E. balteatus was observed eating the pollen grains 

160 lost by B. ruderatus and A. mellifera on the lower lip of the I. planifolia flowers. Since E. balteatus 

161 was not observed as pollen robber from the anthers of I. planifolia (it never entered into the 

162 gullet/tunnel flower) it is not likely to have detrimental effects for I. planifolia. Conversely, we 

163 speculate that its “cleaning service” could have a beneficial effect by restoring the original visual 

164 displays.

165 Generalist bees, such as Bombus spp. and Apis mellifera, have a broad pollen/nectar diet and collect 

166 pollen from different species with variable floral cues (Dobson, 2006; Dötterl and Vereecken, 2010). 

167 Consequently, generalist bees might benefit by relying on floral VOCs related to a broad spectrum of 

168 potential host flowers (Dötterl and Vereecken, 2010). In food-rewarding plants, the aromatic 

169 compounds as alcohols, aldehydes, esters, and ethers alone or in combination with some monoterpene 

170 alcohols (e.g. linalool) are often reported as floral VOCs that attract nectar/pollen feeders, such as 

171 bees, butterflies, months and flies (Dobson 2006; Dötterl and Vereecken 2010; Jürgens et al., 2009; 

172 Primante and Dötterl, 2010). Although in our study we did not perform electroantennographic or 

173 behavioral experiments, data from the literature provide evidence that 1,4-DMB (Jürgens et al., 2014; 

174 Salzman et al., 2007), benzaldehyde (Theis, 2006), 4-methoxybenzaldehyde (= p-anisaldehyde), 

175 phenylacetaldehyde (Dötterl and Vereecken 2010; Knauer and Schiestl, 2015; Theis, 2006), 2-

176 phenylethanol, benzyl alcohol and linalool (Dötterl and Vereecken 2010; Theis, 2006) are VOCs 

177 perceived and attractive for Bombus spp. and/or Apis mellifera. In addition, 2-phenylethanol is known 

178 as attractant for syrphid flies (Zhu and Park, 2005) and potentially also for E. balteatus (Primante and 

179 Dötterl, 2010); whereas linalool was recently reported as electrophysiologically-active for Syrphidae 

180 (Braunschmid et al., 2017).

181 Iris spp. use floral visual and olfactory cues for attracting their pollinators (e.g. Pellegrino et al., 2016; 

182 Vereecken et al., 2012, 2013; Wang et al., 2013).  It is interesting to note that bumble bees’ UV-blue 
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183 photoreceptors can perceive the predominant blue-violet I. planifolia floral colour (human 

184 perception) (Arnold et al., 2010) as attractive and innate signals of rewarding flowers (Knauer and 

185 Schiestl, 2015; Kunze and Gumbert, 2001; Raine and Chittka, 2007). Furthermore, since syrphid flies 

186 prefer yellow over other colours, the yellow or orange pubescent median ridge in the lower lips of I. 

187 planifolia meranthia can be attractive for E. balteatus, despite it mainly uses olfactory cues to find a 

188 pollen/nectar host-plants (Primante and Dötterl, 2010).

189

190 4. Conclusions

191 In agreement with Vereecken et al. (2015), in this study we adopted an accepted and modern 

192 methodology (dynamic headspace) that allows the collection and analysis of floral scents from the 

193 prospective of plant-visitor/pollinator interactions (El-Sajed et al., 2018; Zito et al., 2015). To our 

194 surprise, this is the first study that investigated the floral volatiles in the genus Iris by using a dynamic 

195 headspace method. Furthermore, it is the first report on visitor/pollinators of I. planifolia. Our results 

196 suggest that the floral volatiles of the nectariferous I. planifolia may play a synergistic role when also 

197 visual cues occur. This hypothesis is supported by other studies that reported how social bees (e.g. 

198 bumble bees and honey bees) elicited the strongest behavioural responses when floral visual and 

199 olfactory cues co-occur (Chittka and Raine, 2006; Dötterl et al., 2014; Junker and Parachnowitsch, 

200 2015).

201 Interestingly, sexual mimicry has evolved from generalized food deception, shelter pollination, or 

202 food reward systems (Johnson and Schiestl, 2016). By floral visual and olfactory cuesIris spp. can 

203 adopt different pollination strategies to attract their pollinators i.e. from generalized shelter-

204 mimicking species or specialized sexual-mimicking deceptive species (Pellegrino et al., 2015, 2016; 

205 Vereecken et al., 2012, 2013) to food-rewarding species (present study). Although more data are 

206 needed to confirm the pollination strategies adopted in other un-investigated Iris species among the 

207 sections, our results suggest that I. planifolia advertises the food reward by its aromatic dominated 

208 volatile composition probably in synergy with its visual cues. Further studies are needed to better 
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209 understand the interplay between floral olfactory and visual cues for attracting I. planifolia visitors 

210 and pollinators.

211

212 5. Experimental

213 5.1. Study species

214 Iris planifolia (Mill.) T. Durand & Schinz (Iridaceae) [subg. Scorpiris Spach; section Juno Dykes], 

215 described as Xiphium planifolium in 1768 by Philip Miller, is a perennial bulbous herb about 10-25 

216 cm high (Mathew, 1986). It is naturally occurring in Spain, Portugal, Sardinia, Sicily, Crete, Greece, 

217 Libya, Tunisia, Algeria and Morocco (Barker and Govaerts, 2018). As described by Mathew (1986), 

218 the stems are very short, more or less subterranean and hidden by the leaf bases. The lanceolate and 

219 often undulate-falcate leaves (4-7) are bright shiny green above and glaucous beneath. Each plant, 

220 blooming from November to February, has 1-3 inflorescences (6-12 cm across) pale to deep blue or 

221 violet-blue and rarely white. The lower lips of the three meranthia of its inflorescence are widely 

222 reflexed, blue, veined and dotted in dark violet with a yellow or orange pubescent median ridge. The 

223 anthers are whitish or purplish whereas style branches flattened and petaloid are bilobed at the apex. 

224 To date, no information is available on the pollination ecology of I. planifolia; the plant produces 

225 nectar (supplementary material in Herrera et al., 2012) as pollinators reward. The seeds, ovoid and 

226 rugose are dark reddish-brown. In its natural habitat, the species usually grows on sloping rocky 

227 ground on limestone formations where the soil is the typical Mediterranean reddish clay (Mathew, 

228 1986). 

229 In the present study, all the field activities were performed in November 2017, wet season in Sicily, 

230 in a natural site located in San Martino delle Scale - Sicily (38°5'18.29"N, 13°15'23.48"E).

231 5.2. Floral scent sampling

232 Floral scent was collected, on a sunny day in November 2017, from plants growing in their natural 

233 habitat (38°5'18.29"N, 13°15'23.48"E - San Martino delle Scale - Sicily). All samples from 
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234 inflorescences (N= 7) were collected using a dynamic headspace method (pull system) (Tholl et al., 

235 2006). For each sampling, one inflorescence per plant was enclosed in an oven bag (size: 15 × 12 cm, 

236 CUKI® Cofresco S.p.A.) and the emitted volatiles were collected for 6 hours (9:00 - 15:00) by an 

237 adsorbent tube using a vacuum pump (G12/01 EB, Rietschle Thomas, Puchheim, Germany), with a 

238 flow rate of 200 ml/min. The adsorbent tube (shortened glass Pasteur pipette) was filled with 20 mg 

239 Tenax-TA (mesh 60-80) and 20 mg Carbotrap B (mesh 20-40) both Supelco (Bellefonte, PA, USA). 

240 The adsorbent materials were fixed in the tubes using glass wool (Sigma Aldrich). At the same time, 

241 by using the same approach described before, headspace samples from leaf (N= 3) and an empty oven 

242 bag (N= 1), were used as negative controls. Volatiles trapped in the tubes were eluted within a few 

243 minutes after collection with 200 μl of acetone (Sigma Aldrich, > 99 %). All samples were stored in 

244 screw cap vials at -20 °C until chemical analyses. The peak areas on the chromatograms were 

245 integrated to obtain the total ion current, which was used to determine the relative amount (%) of each 

246 peak. To quantify the absolute amount of scent emitted from an inflorescence, one μg of anisole 

247 (Sigma-Aldrich, Anisole ReagentPlus®, 99 %) was added to each sample as internal standard. 

248 Subsequently to calculate the absolute amounts of the VOCs in each sample, peak areas on the 

249 chromatograms were integrated to obtain the total ion current signal and compared to that of the 

250 internal standard.

251 5.3. Chemical analysis

252 All samples were analyzed by GC-MS on a single quadrupole Shimadzu GC-MS-QP2010 Plus 

253 equipped with an AOC-20i autoinjector (Shimadzu, Kyoto, Japan) and a Supelcowax 10 capillary 

254 column (30 m long, 0.25 mm i.d., 0.25 μm film thickness). One μl of each sample was injected at 250 

255 °C in the splitless mode, and the column flow (carrier gas: helium) was set at 1 ml/min. The GC oven 

256 temperature was held for 5 min at 40 °C, then increased by 2°C/min to 250 °C, held for 15 min and 

257 finally raised to 270 °C at 10 °C/min. The MS interface worked at 280 °C, and the ion source at 250 
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258 °C. Mass spectra were taken at 70 eV (in EI mode) from m/z 30 to 500. The GC/MS data were 

259 analyzed using the GCMSolution package, Version 2.72. 

260 Identification of compounds was carried out using the mass spectral libraries FFNSC 2, W9N11, 

261 ESSENTIAL OILS (available in MassFinder 3), and Adams (2007). These identifications were also 

262 compared by mass spectra and Kovats retention indices found in NIST11, SciFinder and Pherobase 

263 (El-Sayed, 2018) database. Many of the compounds were confirmed by comparison of mass spectra 

264 and retention times with authentic standard components (Sigma Aldrich) provided by Prof. Dr. Stefan 

265 Dötterl (Plant Ecology Lab - University of Salzburg). Kovats retention indices were calculated using 

266 a series of n-alkanes (C8 - C30). Compounds found in the flowers were compared with those found in 

267 the negative controls (empty oven bag and green leaves) to discriminate contaminations from air 

268 ambient and to identify those exclusively emitted by flowers.

269 5.4. Flower-visiting insects

270 Insects visiting I. planifolia inflorescences were recorded during the day and in the same site of the 

271 headspace collections. The sampling of flower-visiting insects was limited to ten inflorescences in 

272 order to minimize the potential negative impact on the local entomofauna and on pollination 

273 processes. Observations were performed simultaneously by two researchers staying near the plants 

274 for 8 hours (08:00 - 16:00). The limited number of hours of observation was linked to good weather 

275 condition (sunny day) occurring in the flowering period of I. planifolia in Sicily (rainy season). 

276 Insects visiting I. planifolia were recorded when they landed on a meranthium. Only a few insect 

277 visitors belonging to different morphospecies were captured by entomological hand nets or plastic 

278 bags (10 x 7 cm), otherwise they were annotated and photographed with a digital camera (NIKON 

279 D3100). Since not all insect individuals were captured, we cannot exclude that the same specimen 

280 after leaving, came back to revisit the inflorescence again. The data of insects visiting the ten different 

281 I. planifolia inflorescences were polled together. The flower visitors that landed, entered inside the 

282 meranthium and came out it with pollen on their body were recorded as potential pollinators. On the 
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283 contrary, the insects that after their landing on the inflorescences never entered inside the meranthium 

284 were recorded as visitors. Insect specimens, identified at specific taxonomic level, are stored in an 

285 entomological box and kept in the Entomological collection of the Department of Biological, 

286 Chemical and Pharmaceutical Sciences and Technologies of the University of Palermo. 

287 Acknowledgements: We are grateful to Prof. Dr. Stefan Dötterl and Dr. Roman Fuchs for providing 

288 us the authentic standards necessary to verify the identification of the compounds. We would like to 

289 thank Ms. Francesca Tavella for her support during the headspace samplings and for the photos of 

290 the pollinating bumble bee. This work was supported by grant from MIUR-ITALY PRIN2015 

291 (Project N. 2015MSCKCE_003).

292

293 References

294 Adams, R.P., 2007. Identification of Essential Oil Components by Gas Chromatography/Mass 

295 Spectroscopy, fourth ed. Allured Publishing, Carol Stream. 

296 Acree, T., Arn, H., 2004. Flavornet and human odor space: Gas chromatography – olfactometry 

297 (GCO) of natural products. http://www.flavornet.org/flavornet.html, Accessed date: 24 May 2018.

298 Al-Jaber, H.I., 2016. Variation in essential oil composition of Iris nigricans Dinsm. (Iridaceae) 

299 endemic to Jordan at different flowering stages. Arab. J. Chem. 9, S1190-S1196.

300 Arnold, S.E., Faruq, S., Savolainen, V., McOwan, P. W., Chittka, L., 2010. FReD: the floral 

301 reflectance database - a web portal for analyses of flower colour. PLoS ONE 5, e14287.

302 Barker, C., Govaerts, R., 2018. World Checklist of Iridaceae. Facilitated by the Royal Botanic 

303 Gardens, Kew. http://wcsp.science.kew.org/, Accessed date: 28 May 2018

304 Boltenkov, E.V., Govaerts, R., 2017. Typification of names and nomenclatural notes on juno irises 

305 (Iridaceae) from Western Asia, Western Europe, and North Africa. Phytotaxa 303, 125-140.

650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708

http://www.flavornet.org/flavornet.html
http://wcsp.science.kew.org/


13

306 Braunschmid, H., Mükisch, B., Rupp, T., Schäffler, I., Zito, P., Birtele, D., Dötterl, S., 2017. 

307 Interpopulation variation in pollinators and floral scent of the lady’s-slipper orchid Cypripedium 

308 calceolus L. Arthropod-Plant Inte. 11, 363-379.

309 Chikhi, I., Allali, H., Dib, M.E.A., Halla, N., Muselli, A., Tabti, B., Costa, J., 2012. Free radical 

310 scavenging and antibacterial activity of essential oil and solvent extracts of Iris planifolia (Mill) from 

311 Algeria. J. Med. Plants Res. 6, 1961-1968.

312 Chittka, L., Raine, N.E., 2006. Recognition of flowers by pollinators. Curr. Opin. Plant Biol. 9, 428-

313 435.

314 Crişan, I., Cantor, M., 2016. New perspectives on medicinal properties and uses of Iris sp. Hop and 

315 Medicinal Plants 24, 24-36. 

316 Dobson, H.E.M., 2006. Relationship between floral fragrance composition and type of pollinator. In: 

317 Dudareva, N., Pichersky, E., eds. Biology of floral scent. Boca Raton, London, New York: CRC 

318 Press, 147-198.

319 Dötterl, S., Füssel, U., Jürgens, A., Aas, G., 2005. 1, 4-Dimethoxybenzene, a floral scent compound 

320 in willows that attracts an oligolectic bee. J. Chem. Ecol. 31, 2993-2998.

321 Dötterl, S., Vereecken, N.J., 2010. The chemical ecology and evolution of bee–flower interactions: a 

322 review and perspectives. Can. J. Zool. 88, 668-697.

323 Dötterl, S., Glück, U., Jürgens, A., Woodring, J., Aas, G., 2014. Floral reward, advertisement and 

324 attractiveness to honey bees in dioecious Salix caprea. PLoS ONE 9, e93421.

325 El-Sayed, A.M., 2018. The Pherobase: Database of Pheromones and Semiochemicals. 

326 http://www.pherobase.com, Accessed date: 24 May 2018.

327 El-Sayed, A.M., Sporle, A., Colhoun, K., Furlong, J., White, R., Suckling, D.M., 2018. Scents in 

328 orchards: floral volatiles of four stone fruit crops and their attractiveness to pollinators. 

329 Chemoecology 28, 39-49.

330 Goldblatt, P., Bernhardt, P., 1999. Pollination of Moraea species (Iridaceae) with a staminal column. 

331 Ann. Mo. Bot. Gard. 86, 47-56.

332 Goldblatt, P., Manning J., 2006. Radiation of pollination systems in the Iridaceae of sub-Saharan 

333 Africa. Ann. Bot. 97, 317-344.

709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767

http://www.pherobase.com


14

334 Goldblatt, P., Manning, J.C., 2008, The Iris family: natural history and classification. Timber, 

335 Portland, OR.

336 Guo, J., 2015. Comparative Micromorphology and Anatomy of Crested Sepals in Iris (Iridaceae). Int. 

337 J. Plant Sci. 176, 627-642.

338 Herrera, C.M., Pozo, M. I., Bazaga, P., 2012. Jack of all nectars, master of most: DNA methylation 

339 and the epigenetic basis of niche width in a flower‐living yeast. Mol. Ecol. 21, 2602-2616.

340 Ikinci, N., Hall, T., Lledo, M.D., Clarkson, J.J., Tillie, N., Seisums, A., Saito T., Harley M., Chase, 

341 M.W., 2011. Molecular phylogenetics of the juno irises, Iris subgenus Scorpiris (Iridaceae), based on 

342 six plastid markers. Bot. J. Linn. Soc. 167, 281-300.

343 Imbert, E., Wang, H., Conchou, L., Vincent, H., Talavera, M., Schatz, B., 2014a. Positive effect of 

344 the yellow morph on female reproductive success in the flower colour polymorphic Iris lutescens 

345 (Iridaceae), a deceptive species. J. Evolution. Biol. 27, 1965-1974.

346 Imbert, E., Wang, H., Anderson, B., Hervouet, B., Talavera, M., Schatz, B., 2014b. Reproductive 

347 biology and colour polymorphism in the food-deceptive Iris lutescens (Iridaceae). Acta Bot. 

348 Gallica 161, 117-127.

349 Johnson, S.D., Schiestl, F.P., 2016. Floral mimicry. Oxford: Oxford University Press.

350 Junker, R.R., Parachnowitsch, A.L., 2015. Working towards a holistic view on flower traits - how 

351 floral scents mediate plant-animal interactions in concert with other floral characters. J. Indian I. Sci. 

352 95, 43-68.

353 Jürgens, A., El‐Sayed, A.M., Suckling, D.M., 2009. Do carnivorous plants use volatiles for attracting 

354 prey insects?. Funct. Ecol. 23, 875-887.

355 Jürgens, A., Glück, U., Aas, G., Dötterl, S., 2014. Diel fragrance pattern correlates with olfactory 

356 preferences of diurnal and nocturnal flower visitors in Salix caprea (Salicaceae). Bot. J. Linn. Soc. 

357 175, 624-640.

358 Knauer, A.C., Schiestl, F.P., 2015. Bees use honest floral signals as indicators of reward when visiting 

359 flowers. Ecol. Lett. 18, 135-143.

360 Knudsen, J.T., Eriksson, R., Gershenzon, J., Ståhl, B., 2006. Diversity and distribution of floral scent. 

361 Bot. Rev. 72, 1-120.

768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826



15

362 Knudsen, J.T., Gershenzon, J., 2006. The chemical diversity of floral scent. Biology of floral scent. 

363 In: Dudareva, N., Pichersky, E., eds. Biology of floral scent. Boca Raton, London, New York: CRC 

364 Press, 27-52.

365 Kron, P., Stewart, S.C., Back, A. 1993. Self-compatibility, autonomous self-pollination, and insect-

366 mediated pollination in the clonal species Iris versicolor. Can. J. Bot. 71, 1503-1509.

367 Kunze, J., Gumbert, A., 2001. The combined effect of color and odor on flower choice behavior of 

368 bumble bees in flower mimicry systems. Behav. Ecol. 12, 447-456.

369 Lavi, R., Sapir, Y., 2015. Are pollinators the agents of selection for the extreme large size and dark 

370 color in Oncocyclus irises?. New Phytol. 205, 369-377.

371 Mathew, B., 1986. IRIS PLANIFOLIA Iridaceae. Curtis’s Botanical Magazine 3, 61-65.

372 Mavrodiev, E.V., Martínez-Azorín, M., Dranishnikov, P., Crespo, M.B., 2014. At least 23 genera 

373 instead of one: The case of Iris L. sl (Iridaceae). PLoS ONE, 9, e106459.

374 Milet-Pinheiro, P., Ayasse, M., Schlindwein, C., Dobson, H.E., Dötterl, S., 2012. Host location by 

375 visual and olfactory floral cues in an oligolectic bee: innate and learned behavior. Behav. Ecol. 23, 

376 531-538.

377 Morinaga S.I., Sakai, S., 2006. Functional differentiation in pollination processes between the outer 

378 and inner perianths in Iris gracilipes (Iridaceae). Can. J. Bot. 84, 164-171.

379 Ohler, B.J., Guédot, C., Zack, R.S., Landolt, P.J., 2016. Aggregation of Thaumatomyia glabra 

380 (Diptera: Chloropidae) males on Iris spp. flowers releasing methyl anthranilate. Environ. Entomol. 

381 45, 1476-1479.

382 Pellegrino, G., 2015. Pollinator limitation on reproductive success in Iris tuberosa. AoB Plants 7, 

383 plu089.

384 Pellegrino, G., Bellusci, F., Palermo, A.M., 2016. Who helps whom? Pollination strategy of Iris 

385 tuberosa and its relationship with a sexually deceptive orchid. J. Plant Res. 129, 1051-1059.

386 Primante, C., Dötterl, S., 2010. A syrphid fly uses olfactory cues to find a non-yellow flower. J. Chem. 

387 Ecol. 36, 1207-1210.

827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885



16

388 Radović, S., Urošević, A., Hočevar, K., Vuleta, A., Jovanović, S.M., Tucić, B., 2017. Geometric 

389 morphometrics of functionally distinct floral organs in Iris pumila: Analyzing patterns of symmetric 

390 and asymmetric shape variations. Arch. Biol. Sci. 69, 223-231.

391 Raine, N.E., Chittka, L., 2007. The adaptive significance of sensory bias in a foraging context: floral 

392 colour preferences in the bumblebee Bombus terrestris. PLoS ONE 2, e556.

393 Salzmann, C.C., Nardella, A.M., Cozzolino, S., Schiestl, F.P., 2007. Variability in floral scent in 

394 rewarding and deceptive orchids: the signature of pollinator-imposed selection?. Ann. Bot. 100, 757-

395 765.

396 Sapir, Y., Shmida, A., Ne'eman, G., 2005. Pollination of Oncocyclus irises (Iris: Iridaceae) by 

397 night‐sheltering male bees. Plant Biol. 7, 417-424.

398 Segal, B., Sapir, Y., Carmel, Y., 2006. Fragmentation and pollination crisis in the self-incompatible 

399 Iris bismarckiana (Iridaceae), with implications for conservation. Isr. J. Ecol. Evol. 52, 111-122.

400 Souto‐Vilarós, D., Vuleta, A., Jovanović, S.M., Budečević, S., Wang, H., Sapir, Y., Imbert, E., 2018. 

401 Are pollinators the agents of selection on flower colour and size in irises?. Oikos 127, 834-846.

402 Tholl, D., Boland, W., Hansel, A., Loreto, F., Röse, U.S.R., Schnitzler, J.P., 2006. Practical 

403 approaches to plant volatile analysis. Plant J. 45, 540-560.

404 Theis, N., 2006. Fragrance of Canada thistle (Cirsium arvense) attracts both floral herbivores and 

405 pollinators. J. Chem. Ecol. 32, 917-927.

406 Vereecken, N.J., Wilson, C.A., Hötling, S., Schulz, S., Banketov, S.A., Mardulyn, P., 2012. Pre-

407 adaptations and the evolution of pollination by sexual deception: Cope’s rule of specialization 

408 revisited. Proc. R. Soc. Ser. B-Bio. 279, 4786-4794.

409 Vereecken, N.J., Dorchin, A., Dafni, A., Hötling, S., Schulz, S., Watts, S., 2013. A pollinators’ eye 

410 view of a shelter mimicry system. Ann. Bot. 111, 1155-1165.

411 Vereecken, N.J., Dorchin, A., Dafni, A., 2015. Reply to Lavi & Sapir (2015): floral colour and 

412 pollinator‐mediated selection in Oncocyclus irises (Iridaceae). New Phytol. 207, 948-949.

413 Wang, H., Conchou, L., Bessière, J.M., Cazals, G., Schatz, B., Imbert, E., 2013. Flower color 

414 polymorphism in Iris lutescens (Iridaceae): biochemical analyses in light of plant-insect interactions. 

415 Phytochemistry 94, 123-134.

886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944



17

416 Wang, H., Talavera, M., Min, Y., Flaven, E., Imbert, E., 2016. Neutral processes contribute to patterns 

417 of spatial variation for flower colour in the Mediterranean Iris lutescens (Iridaceae). Ann. Bot. 117, 

418 995-1007.

419 Watts, S., Sapir, Y., Segal, B., Dafni, A., 2013. The endangered Iris atropurpurea (Iridaceae) in 

420 Israel: honey-bees, night-sheltering male bees and female solitary bees as pollinators. Ann. Bot. 111, 

421 395-407.

422 Westerkamp, C., Claßen-Bockhoff, R., 2007. Bilabiate flowers: the ultimate response to bees?. Ann. 

423 Bot. 100, 361-374.

424 Wilson, C.A., Padiernos, J., Sapir, Y., 2016. The royal irises (Iris subg. Iris sect. Oncocyclus): Plastid 

425 and low-copy nuclear data contribute to an understanding of their phylogenetic relationships. Taxon 

426 65, 35-46.

427 Ye, Z.M., Jin, X.F., Wang, Q.F., Yang, C.F., Inouye, D.W., 2017. Pollinators shift to nectar robbers 

428 when florivory occurs, with effects on reproductive success in Iris bulleyana (Iridaceae). Plant Biol. 

429 19, 760-766.

430 Zhu, J., Park, K.C., 2005. Methyl salicylate, a soybean aphid-induced plant volatile attractive to the 

431 predator Coccinella septempunctata. J. Chem. Ecol. 31, 1733-1746.

432 Zito, P., Dötterl, S., Sajeva, M., 2015. Floral volatiles in a sapromyiophilous plant and their 

433 importance in attracting house fly pollinators. J. Chem. Ecol. 41, 340-349.

434

435

436

437

438

439

440

441

442

945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003



18

443 Table 1. Relative and total absolute amounts of floral scent detected in Iris planifolia. Compounds 
444 belonging to the same chemical class and functional group (Knudsen et al., 2006) are arranged 
445 according to Kovats retention indices (KRI) of the Supelcowax 10 column. Odour characteristic: 
446 olfactory descriptions according to Acree and Arn (2004) and El-Sayed (2018). * = identification 
447 verified by authentic standard.

Compound KRI Relative amount (%)
Mean ± SE (N= 7)

Occurrence of 
samples (%) Odour characteristic

Aromatic alcohols

Benzyl alcohol* 1856 0.3 ± 0.1 100 Sweet, floral, fruity

2-Phenylethanol* 1886 8.4 ± 3.6 100 Honey, spicy, rose, lilac, 
sweet, yeast, floral, 
herbal

2-(4-Methoxyphenyl)ethanol 2303 1.4 ± 0.2 100 -

Aromatic aldehydes

Benzaldehyde* 1503 3.7 ± 1.3 100 Almond, burnt sugar, 
woody

Phenylacetaldehyde* 1620 2.0 ± 1.6 57 Honey, sweet, rose, 
green, grassy, floral

2-Methoxybenzaldehyde 1936 6.2 ± 1.4 100 -

4-Methoxybenzaldehyde* 2004 0.4 ± 0.2 71 Mint, sweet

Aromatic esters

Methyl benzoate* 1599 1.9 ± 0.5 86 Prune, lettuce, herbal, 
sweet, floral, 
watermelon

Benzyl tiglate* 2080 3.1 ± 1.0 86 Earthy, mushroom

Aromatic ethers

1,4-Dimethoxybenzene* 1716 71.5 ± 4.9 100 Sweet, floral, herbal

1,2,4-Trimethoxybenzene* 2068 0.8 ± 0.3 86 -

Monoterpene alcohols

Linalool* 1536 0.4 ± 0.1 100 Muscat, sweet, green, 
floral, lemon, parsley, 
lavender, fruity

Total absolute amount: 2.0 ± 0.6 µg/inflorescence/hour
Total number of compounds: 12
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452 Figure legend.

453 Fig. 1. Bombus ruderatus inside (A) and on (B) the meranthium of Iris planifolia (photos by 
454 Francesca Tavella). Apis mellifera outgoing from the tunnel of the meranthium (C) and Episyrphus 
455 balteatus eating the pollen grains left by pollinators (D) (photos by Pietro Zito).

456

457 Graphical abstract Legend.

458 Iris planifolia (Iridaceae) advertises its food reward by an aromatic dominated floral volatile 
459 composition.
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