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Abstract: Floral scent plays an important ecological role attracting pollinators. Its composition has
been elucidated for a vast diversity of species and is dominated by volatile organic compounds
(VOCs) such as monoterpenoids, sesquiterpenoids, phenylpropanoids and benzenoid compounds.
Considering that floral scent is also an important character for the ornamental plant market, this study
was aimed at characterizing and comparing the molecular composition of scented and non-scented
alstroemeria flowers. Confirmation of floral scent was performed through sensorial analysis, while
GC-MS analysis detected monoterpenes and esters as major volatile organic compounds (VOCs). A
total of 19 and 17 VOCs were detected in the scented hybrids 13M07 and 14E07, respectively. The
non-scented hybrid 13B01 shared 14 VOCs with the scented hybrids, although it showed different
relative concentrations. Comparison between scented and non-scented hybrids suggests that diversity
and amounts of VOCs are likely due to the ecological role of scent, while the human perception of
floral scent is not strictly related to the VOC profile.

Keywords: floral scent; sensorial analysis; GC-MS; alstroemeria; monoterpenes; methyl benzoate;
methyl salicylate

1. Introduction

It is well known that the main function of floral scent is to attract pollinators [1],
playing an important role in the idea of ‘pollination syndrome’ described in nature [2].
However, it is not completely clear how floral scent has the ability to attract specific
pollinators, as it is for other visual cues such as flower morphology and colour [3,4]. Many
other functions have been attributed to floral scent, including the emission of certain
compounds with the aim of repelling non-beneficial insects, for example, pollen and nectar
‘thieves’ or destructive insects [5]. Protection of reproductive organs from enemies through
antimicrobial or antiherbivore activity attributed to some of the floral scent compounds
have also been studied [6–8]. More recently, it was discovered that floral volatiles could
function as cues to other plants, using them to gain information about their environment
and respond by adjusting their phenotype [9].

The composition of aroma has been studied in a vast diversity of species, finding
different molecular compositions in terms of number and characteristic of the molecules
involved in the scent [10]. Moreover, floral scent emission has been identified to respond to
several factors such as light [11], temperature [12] and concentration of ozone in the air [13].
To determine the composition of the floral scent, the most widely used technique is gas
chromatography coupled with a mass detector (GC-MS), finding that floral scent is domi-
nated by volatile organic compounds (VOCs) such as monoterpenoids, sesquiterpenoids,
phenylpropanoids and benzenoid compounds [5]. Thus, a total of 1719 VOCs have been
identified as composing the floral scent of 991 species [14]. An electronic nose has also
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been useful to determine floral scent patterns in flowering stages [15]. However, not only
instrumental evaluation has been described to evaluate floral scent; recent studies have
also considered sensorial evaluation [16,17] as a complement to a better understanding of
this character.

This study is focused on the evaluation of scent emitted by flowers of alstroemeria
hybrids. The genus Alstroemeria is native to South America and comprises 90 species [18],
of which only one has been described as aromatic: A. caryophyllaea Jacq. [19]. Many new
cultivars have been developed, and nowadays alstroemeria is one of the most important
species in the market of ornamental plants, especially as cut flowers [20], and more recently
as pot plants [21]. However, floral scent is not a character that breeders have been partic-
ularly focused on, probably because this is a complex trait to breed, easily acquired and
lost throughout generations [22]. Moreover, a negative correlation between the presence
of floral scent and shorter vase life of the flower has been suggested. [23]. The floral scent
of alstroemeria has been previously studied in the wild species A. caryophyllaea Jacq., the
cultivars ‘Sweet Laura’ and ‘Ajax’ [24], and several hybrids [16,25] reporting terpenoid
compounds as the most common VOCs detected, particularly monoterpenes. Moreover, a
monoterpene synthase (AlstroTPS) has been characterised as responsible for the production
of myrcene in alstroemeria flowers [24], being the only gene associated to floral scent
reported so far in this species.

Although floral scent of alstroemeria has already been described in some alstroemeria
genotypes, as previously described, this is a very dynamic character that changes through-
out generations. Thus, the aim of this study was focused on the characterization of the
molecular composition of the scent of two new scented alstroemeria hybrids, resulting
from crosses using A. caryophylleae as parental line.

2. Materials and Methods
2.1. Plant Material

A total of 18 alstroemeria hybrids grown under greenhouse conditions at the Faculty
of Agricultural Sciences, maintained at 15 to 25 ◦C and >40% HR and a natural photope-
riod of 15 to 16 h of light (Santiago, Chile, 33◦34′11′′ S 70◦37′50′′ W). Hybrids from cross
pollinations performed during 2013 and 2014, were analysed (Appendix A). For the senso-
rial analysis, flowers were evaluated at the greenhouse, while for the GC-MS evaluation,
individual flower stems were collected, trimmed to 3 cm, placed individually into 20-mL
glass jars and directly analysed.

2.2. Sensorial Confirmation of Scented Hybrids

To confirm the presence and assess the intensity of floral scent, 18 alstroemeria hybrids
were analysed through sensorial evaluation performed by a ‘non-trained’ panel composed
of six individuals, considered as replicates, including males and females with no restriction
on age. They were recruited via email and using advertising posters, and their participation
was voluntary. Individuals were asked to answer the question ‘Does this flower have
a scent?’, and the possible answers were ‘yes’ or ‘no’. In order to assess possible floral
scent output fluctuation due to circadian rhythm and/or flowering stage, the analysis
was performed three times during the day (10:00 a.m., 1:00 p.m. and 4:00 p.m.) and at
three different stages of development (S3, S4 and S5 [26]; Appendix B). Each evaluator was
considered as a replicate, and the results were converted into numbers (yes = 1 and no = 0)
for statistical analysis.

For those hybrids considered to be scented in this first evaluation, a second sensorial
analysis was performed by a trained panel composed of 12 individuals, considered as
replicates, to assess floral scent intensity. This analysis was performed at stage 4, between
1:00 p.m. and 4:00 p.m. (average stage and time of maximum floral scent output) and
the individuals were asked to evaluate floral scent by following the scale: ‘extremely
high’; ‘very high’; ‘moderately high’; ‘slightly high’; ‘neither high nor low’; ‘slightly low’;
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‘moderately low’; ‘very low’; and ‘extremely low’. Results were converted into numbers
(extremely high = 9 and extremely low = 1) for statistical analysis.

2.3. Evaluation of Scent Composition of Scented Alstroemeria Hybrids through GC-MS

Flowers of alstroemeria hybrids confirmed to be scented by the sensorial analysis
(13M07 and 14E07), plus a confirmed non-scented hybrid (13B01) used as a control, were
analysed through GC-MS. This analysis was performed using three replicates and each
replicate consisted of one single flower at stage 4 taken from different inflorescences of the
same plant, between 1:00 p.m. and 4:00 p.m. (average stage and time of maximum floral
scent output) with the following protocol.

The extraction of the volatile compounds was done through Solid Phase Microextraction
technique (SPME) with a triple fibre of Divinylbenzene/Carboxen/Polydimethylsiloxane
(DVB/CAR/PDMS) (StableFlex fiber, Sigma-Aldrich, Gillingham, UK) which was exposed for
15 min to the headspace of 20 mL flasks containing the flower with a penetration of 21 mm.
The incubator was set at 45 ◦C and afterwards the fibre was desorbed for 180 s at 280 ◦C.
Gas chromatography analysis was carried out using a 7890B Agilent GC system coupled to a
quadrupole mass spectrometer Agilent 5977 inert (Agilent Technologies, Palo Alto, CA, USA)
and employing a DB Wax capillary column (60 m × 0.25 mm, and 0.25 µm film thickness)
(J&W Scientific, Folsom, CA, USA) using helium as the carrier gas at a flow rate of 1 mL/min.
The oven temperature program started at 35 ◦C for 1 min increasing to 130 ◦C at 12 ◦C/min
and held for 1 min, then to 160 ◦C at 1 ◦C/min, and then to 220 ◦C at 10 ◦C/min (held for
10 min). Electron ionization mass spectra in the scan mode were recorded at 70 eV with the
electron energy in the range of 35 to 300 amu.

A solution of 10 µL of 4-methyl-2-pentanol (0.75 mg/L) Merck (Darmstadt, Germany)
in ethanol was used as an internal standard to check the correct operation of the equipment
and the use of the fibre. For calculation of retention (Kovats) indices, a solution of alkanes
(C7–C30) was injected under the same conditions as described for the samples.

The peaks displayed in the chromatograms were analysed with an MS ChemStation
(Agilent Technologies, Palo Alto, CA, USA). Identification was performed by comparing
mass spectra of each compound with the NIST Library (ver. 1.2.) and with the Kovats index
found in the literature, Flavornet, Pherobase and NIST Mass Spectrometry Data Center. A
total of three biological replicates were performed. Semi-quantification was performed in
terms of absolute areas and the standard deviation for each replicate was also calculated.

2.4. Statistical Analysis

Data obtained from the sensorial analysis and the evaluation of scent composition
through GC-MS were subjected to an analysis of variance (ANOVA). Means were com-
pared using Fishers least significant difference (LSD) test for multiple pair-wise compar-
isons with a significance level of 0.05. These statistical analyses were performed using
InfoStat software.

3. Results
3.1. Sensorial Confirmation of Scented Hybrids

In the sensorial analysis the hybrids 13M07 and 14E07 were the two genotypes assessed
as consistently scented, in comparison with other hybrids where scent was perceived rarely
or as absent by the evaluators. Both hybrids come from the cross between the native species
A. pelegrina and the scented A. caryophyllaea line 0276-02 (Figure 1). On the other hand,
the hybrid 13B01, despite having a scented line as parental line (UC-05) (Figure 1), was
consistently assessed as ‘non-scented’ by the evaluators and was used as a negative control.
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Figure 1. Scented (13M07 and 14E07) and non-scented (13B01) alstroemeria hybrids evaluated, 
showing their pedigree and floral morphology at stage S4 [26]. A scale bar (=1 cm) is included on 
the left upper corner of each picture. 

Interactions between the factors evaluated were statistically significant. Thus, there 
was an effect of the stage of development and the time of evaluation on the perception of 
floral scent. While the hybrid 13M07 was fully perceived as scented (>0.5) in all the stages 
of development and all the times of evaluation, 14E07 was mainly perceived as scented at 
stages S4 and S5 and during the afternoon (1:00 p.m. and 4:00 p.m.). On the other hand, 
the hybrid 13B01 was consistently perceived as ‘non-scented’, except when the sensorial 
analysis was performed at 4:00 p.m., when only a few evaluators considered this hybrid 
as scented (Table 1). 

Table 1. Summary of the averages obtained for the sensorial analysis of floral scent perceived in 
alstroemeria (yes = 1 and no = 0) at different stages of development and different times of evaluation. 
Values for the intensity of the floral scent (extremely high = 9 and extremely low = 1) are shown for 
the scented hybrids. 

Hybrid 
Stage of Development Time of Evaluation (h) 

Intensity 
S3 S4 S5 10:00 a.m. 1:00 p.m. 4:00 p.m. 

13M07 0.50 0.68 0.68 0.50 0.61 0.75 3.58 a,* 
14E07 0.00 1.00 0.68 0.00 0.50 1.00 7.11 b 
13B01 0.00 0.00 0.00 0.00 0.00 0.27 ni ** 

* Different letters indicate significant differences in ANOVA followed by a Fisher LSD test (p ≤ 
0.05) (n = 12). ** No information. 

Floral scent intensity was evaluated as higher for the hybrid 14E07, with an average 
value of 7.11 (‘moderately high’), in comparison with hybrid 13M07 that showed a mean 
value of 3.58 (‘slightly low’) (Table 1). 

  

Figure 1. Scented (13M07 and 14E07) and non-scented (13B01) alstroemeria hybrids evaluated,
showing their pedigree and floral morphology at stage S4 [26]. A scale bar (=1 cm) is included on the
left upper corner of each picture.

Interactions between the factors evaluated were statistically significant. Thus, there
was an effect of the stage of development and the time of evaluation on the perception of
floral scent. While the hybrid 13M07 was fully perceived as scented (>0.5) in all the stages
of development and all the times of evaluation, 14E07 was mainly perceived as scented at
stages S4 and S5 and during the afternoon (1:00 p.m. and 4:00 p.m.). On the other hand,
the hybrid 13B01 was consistently perceived as ‘non-scented’, except when the sensorial
analysis was performed at 4:00 p.m., when only a few evaluators considered this hybrid as
scented (Table 1).

Table 1. Summary of the averages obtained for the sensorial analysis of floral scent perceived in
alstroemeria (yes = 1 and no = 0) at different stages of development and different times of evaluation.
Values for the intensity of the floral scent (extremely high = 9 and extremely low = 1) are shown for
the scented hybrids.

Hybrid
Stage of Development Time of Evaluation (h)

Intensity
S3 S4 S5 10:00 a.m. 1:00 p.m. 4:00 p.m.

13M07 0.50 0.68 0.68 0.50 0.61 0.75 3.58 a,*
14E07 0.00 1.00 0.68 0.00 0.50 1.00 7.11 b

13B01 0.00 0.00 0.00 0.00 0.00 0.27 ni **

* Different letters indicate significant differences in ANOVA followed by a Fisher LSD test (p ≤ 0.05) (n = 12).
** No information.

Floral scent intensity was evaluated as higher for the hybrid 14E07, with an average
value of 7.11 (‘moderately high’), in comparison with hybrid 13M07 that showed a mean
value of 3.58 (‘slightly low’) (Table 1).
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3.2. Evaluation of Scent Composition of Scented Alstroemeria Hybrids through GC-MS

A total of 19 VOCs were detected as part of the floral scent of the hybrid 13M07, of
which hexanal, methyl octanoate and cyclosativene were not identified in 14E07, which
was also scented. The non-scented hybrid 13B01 shared 15 VOCs with the scented hybrids,
although it showed different amounts in terms of absolute peak areas. The ester methyl
salicylate (=6,075,487) detected in the floral scent of the hybrid 13M07 showed significant
differences compared with the presence of this ester in the hybrids 13B01 (=50,712) and
14E07 (=298,455). On the other hand, the monoterpene (E)-ocimene showed no differences
between the hybrids. From the 19 VOCs detected in 13M07, 11 of them showed amounts
significantly higher in comparison with the other two alstroemeria hybrids (Table 2).

Table 2. Floral scent composition of scented (13M07 and 14E07) and non-scented (13B01) alstroemeria
hybrids, showing the Retention Index (RI), system of identification (ID), aromatic description and
amount (peak area expressed in arbitrary units).

VOCs RI ID *
Aromatic

Description **
Alstroemeria Hybrid

13M07 13B01 14E07

Hexanal 1081 A Grass, tallow, fat 39,871 ± 2814 c,*** 11,020 ± 2094 b nd a,****

β-Pinene 1127 A Pine, resin,
turpentine, wood 12,055 ± 630 b 1475 ± 146 a 14,942 ± 476 c

Methyl hexanoate 1168 A Fruit, fresh, sweet 47,155 ± 3531 c 32,435 ± 472 b 13,558 ± 545 a

D-Limonene 1187 A Lemon, orange 33,905 ± 3045 c 6098 ± 838 a 18,832 ± 3847 b

Eucalyptol 1212 B Pine, eucalyptus,
herbal, camphor 154,172 ± 16,341 c 16,454 ± 1588 a 110,033 ± 1239 b

(Z)-Ocimene 1234 A Citrus, herb, flower 95,447 ± 11,786 a 55,464 ± 23,044 a 102,730 ± 21,584 a

(E)-Ocimene 1249 A Sweet, herb 1,142,285 ± 450,187 a 689,933 ± 369,096 a 707,495 ± 343,866 a

Hexyl acetate 1285 A Fruit, herb 33,117 ± 406 b 31,075 ± 3041 b 4638 ± 1159 a

o-Cymene 1304 B ni **** 21,481 ± 4833 a 16,599 ± 6054 a 22,477 ± 1645 a

Hexanol 1375 A Resin, flower, green 143,011 ± 4460 b 59,447 ± 5744 a 143,492 ± 952 b

Allo-Ocimene 1361 B ni 62,984 ± 2685 b 25,507 ± 4448 a 28,304 ± 8494 a

Methyl octanoate 1401 A Orange 62,986 ± 20,828 b 27,717 ± 1175 ab nd a

(Z)-3-Hexenol 1410 A Moss, fresh 70,052 ± 5286 c 4544 ± 1290 a 43,789 ± 1585 b

Ethyl octanoate 1437 A Fruit, fat 329,393 ± 12,672 b 10,942 ± 284 a 15,176 ± 1598 a

Cyclosativene 1481 B ni 35,162 ± 2860 b nd a nd a

Methyl decanoate 1602 A wine 81,464 ± 27,691 b 41,379 ± 5233 a 8252 ± 497 a

Ethyl decanoate 1647 A grape 158,110 ± 38,375 c nd a 12,027 ± 2527 b

Methyl benzoate 1656 A Prune, lettuce,
herb, sweet 155,0154 ± 481,956 b 48,103 ± 6285 a 175,374 ± 15,723 a

Methyl salicylate 1795 A Peppermint 6,075,487 ± 797,505 b 50,712 ± 10,993 a 298,455 ± 82,070 a

* For identification (ID), A stands for mass spectrum and RI agreeing with standards, and B stands for mass
spectrum agreeing with mass spectral data base and RI agreeing with the literature data. ** Aromatic description
was performed using Flavornet [27], Pherobase [28] and NIST Mass Spectrometry Data Center [29]. *** Different
letters indicate significant differences among the hybrids for a particular VOC using ANOVA, followed by a
Fisher LSD test (p ≤ 0.05). **** nd stands for ‘not detected’ and ni stands for ‘no information’.

Considering the amount of the VOCs detected, monoterpenes and esters dominated
the floral scent composition of the alstroemeria hybrids analysed. Thus, the total sum of the
peak areas of the monoterpenes detected in the hybrid 13M07 (1,831,922) was significantly
higher compared to the hybrids 13B01 (811,528) and 14E07 (1,004,811). Moreover, the total
sum of esters peak areas detected in the hybrids 13B01 (242,360) and 14E07 (527,478) was
almost insignificant compared to the high accumulation of these compounds detected in
13M07 (8,337,863) (Figure 2). In general, detection of alcohols was lower compared to
monoterpenes and esters. In this case, their higher presence was detected in the scented
hybrids 13M07 (213,062) and 14E07 (187,280), compared to non-scented 13B01 (63,990) (data
not shown).

From the differences observed among the hybrids in terms of the amounts of VOCs,
the esters methyl salicylate and methyl benzoate were particularly significant. In both
cases, these esters showed a clearly higher abundance in the hybrid 13M07 with abundance
values up to 32 and 119 times higher for methyl benzoate and methyl salicylate, respectively
(Figure 3).
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4. Discussion
4.1. Sensorial Analysis

In the sensorial analysis, two alstroemeria hybrids were consistently perceived as
scented (13M07 and 14E07). However, a significant effect of the stage of development and
the time of evaluation on this perception was observed. Previous reports have identified
anthesis as the stage of maximum scent output [13]. This is clearly linked to the attraction
of pollinators, and specifically for alstroemeria, since stages 4 and 5 were described as
the peak of scent output for this species [24]. While flowers of the 13M07 hybrid were
perceived as scented at the three times of evaluation, 14E07 was only perceived as scented
during the afternoon. Evaluations early in the morning and late afternoon/night were
not considered in this study, as preliminary assessments showed no scent output at those
times. Moreover, alstroemeria has been reported as being pollinated mainly by diurnal
insects such as flies [30] and hymenopters [31]. Furthermore, the fact that maximum scent
output was detected around 1:00 p.m. and 4:00 p.m. could also be related to environmental
factors such as temperature [12] and light [11], both of which have also been related to
floral scent emission.

The highest scent intensity was perceived from flowers of the hybrid 14E07 (7.11) in
comparison with 13M07 (3.58) (Table 1). However, a greater number of VOCs (19) and
higher absolute areas calculated for monoterpenes (1,831,922) and esters (8,337,863) were
observed in the hybrid 13M07. This result confirmed that perception of floral scent is not
directly related to the abundance of VOCs [17] because interaction between odour receptor
and chemical compounds is rather complex and still poorly understood [32].

4.2. Analysis of VOCs

VOC detection and semi-quantification in terms of absolute areas showed significant
differences between the three hybrids analysed. These differences cannot be attributed
to the intensity, the presence, or the absence of the character of the scent. Thus, the non-
scented 13B01 and the scented 14E07 did not show differences in terms of absolute areas
calculated for monoterpenes and esters, while the more intensely scented hybrid 14E07
showed lower absolute areas calculated for these compounds than the less intensely scented
13M07 (Figure 2).

4.3. Ocimene Isomers

Three out of the four ocimene isomers detected ((Z)-Ocimene, (E)-Ocimene and o-
Cymene) did not show significant differences, in terms of absolute areas, between the
scented (14E07 and 13M07) and the non-scented (13B01) hybrids. Monoterpenes, particu-
larly ocimene isomers, have been strongly associated with multiple interactions between
plants and other organisms [33]. In this study, (E)-Ocimene was detected in all the hybrids
evaluated. A previous study also reported this monoterpene in alstroemeria hybrids as
the major VOC detected [25]. (E)-β-ocimene is a very common VOC present in the floral
scent of a wide range of species [14]. In a more recent review, (E)-β-ocimene was iden-
tified in the floral scents of 47.5% of the 291 plant species and in 75.0% of the 63 plant
families analysed [30]. Furthermore, this compound has been reported to be emitted at
a high concentration from insect-damaged plants of Medicago truncatula [34] and Lotus
japonicus [35]. Its abundance has been linked to its role in the attraction of different polli-
nators, including beetles [36], butterflies [37] and bees [38]. Therefore, the presence of these
monoterpenes in the floral scent of a non-scented alstroemeria hybrid, which are perceived
by insects but not by our human olfactory system, can be attributed to their ecological
role, even though these compounds are normally described as showing a very low odour
detection threshold (ODT) [39].

4.4. Monoterpenes

Significantly higher values of absolute peak areas of the monoterpenes β-pinene,
D-limonene and eucalyptol were detected in the scented hybrids in comparison with the



Horticulturae 2022, 8, 65 8 of 12

non-scented plants, suggesting that perhaps those compounds are part of the floral scent
detected through the sensorial analysis. These compounds have been previously detected
in Alstroemeria caryophyllaea Jacq. [16,24] and alstroemeria hybrids [25]. β-pinene is one
of the most common monoterpenes found in floral scents [31], and has been detected as the
major VOC in species like Magnolia grandiflora L. [40], chrysanthemum [17] and Citrus
grandis Osbeck [41]. Moreover, this monoterpene has been associated with a pleasant odour
perceived in orange juice [42]. D-limonene is one of the most common terpenes found in
nature. It is mainly associated with citrus oils [43] and detected through sensorial evaluation
of orange juice [44]. Eucalyptol, known also as 1,8-cineole, is a cyclic monoterpene has been
detected previously as a major compound in flowers of oriental × trumpet hybrid lilies [45]
and Laurus nobilis L. [46] and as an important aroma constituent of strawberry and lemon
guava (Psidium cattleianum Sabine) juice [47]. Both D-limonene and eucalyptol have been
identified as major VOCs in some tulip varieties clustered in the group ‘herbal’ according
to their floral scent [48]. Thus, these three monoterpenes, detected with significantly higher
values of absolute peak areas in the scented hybrids, possibly contribute to the floral scent
of alstroemeria perceived in sensorial analysis, and, considering previous reports and the
low ODT these VOCs normally present, particularly eucalyptol and D-limonene [48,49].

4.5. Esters

Methyl salicylate and methyl benzoate were detected in all three alstroemeria hybrids
but at higher values of absolute peak areas in 13M07. This is the first report of these
esters as part of the floral scent of alstroemeria, as previous studies performed on the
floral scent of this species detected mostly terpenoid compounds [16,24,25]. The most
likely reason why these compounds were detected as major VOCs for this species is the
fact that different alstroemeria genotypes were assessed. However, the application of
a different method and the use of a different equipment could also explain this result.
Both esters are biosynthesized by the action of carboxyl methyltransferases and have been
associated not only with the attraction of pollinators [50], but also play an important role
as airborne signals intervening in inter and intra-plant communication to activate disease
resistance [51]. Methyl salicylate was the number one VOC for the hybrid 13M07 and
the number two VOC for 14E07, both of which are scented hybrids. This compound has
been identified as the main contributor to ‘spicy’ and ‘sweet’ odour in the floral scent of
tulips [46] and to ‘sweet’ and ‘medicinal’ fragrance in Dianthus species [52]. Both esters
could, therefore, be part of the fragrance perceived by the evaluators from the scented
alstroemeria hybrids assessed. Moreover, it is possible that the floral scent was perceived
as a bouquet [25], considering the major compounds for each scented hybrid, but together
with other VOCs.

4.6. Floral Scent Differences between Scented Hybrids

Finally, it is remarkable that two hybrids coming from the same parental lines (A. pele-
grina × A. hybrid ‘0276-02’ (Figure 1) showed different VOC profiles, particularly in terms
of absolute areas, with significant differences for monoterpenes and esters (Figure 2), and
sensorially in terms of intensity (Table 1). The diversity of floral scent patterns of seedlings
was previously observed in Dianthus spp. [52] Cymbidium spp. [53] and alstroemeria [25].
Furthermore, the heredity of floral scent has been described to be complicated, as floral
scent is easily gained and lost throughout generations [22] given the complexity of the
biosynthetic pathway of VOC and the intricate composition of the aroma [10].

5. Conclusions

The diversity and amounts of VOCs detected in alstroemeria are probably related to
the ecological role of floral scent. On the other hand, this VOC profile seems to be rather
irrelevant to human perception of floral scent since VOCs differences observed between
scented and non-scented hybrids were not strictly related to the sensory results. Further
studies could be focused on how pollinator behaviour is related to the floral scent profile
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described in this study. Furthermore, we can confirm the complexity this trait shows for
phenotyping studies, generating a big challenge, for example, when using floral scent as a
selection character in a breeding programme.

It is also important to highlight that for the first time two esters (methyl benzoate and
methyl salicylate) were detected in the floral scent of alstroemeria, since all the previous
literature reported mainly terpenoid compounds. This discovery could open a new research
line focused on the biosynthesis pathway of these compounds, and towards the identifica-
tion of new genes related the floral scent in alstroemeria, considering the importance of
this character in the flower market.
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Appendix A

Table A1. Averages obtained for the sensorial analysis of floral scent perceived in alstroemeria
hybrids (yes = 1 and no = 0) at different stages of development and different times of evaluation.

Hybrid
Stage of Development Time of Evaluation

S3 S4 S5 10:00 h 13:00 h 16:00 h

13A01 0.00 0.00 0.00 0.00 0.00 0.17
13B01 0.00 0.00 0.00 0.00 0.00 0.27
13B04 0.00 0.00 0.00 0.00 0.21 0.00
13B07 0.00 0.52 0.00 0.00 0.00 0.21
13B11 0.17 0.00 0.00 0.00 0.00 0.00
13E01 0.17 0.00 0.00 0.00 0.00 0.32
13M07 0.50 0.68 0.68 0.50 0.61 0.75
14A11 0.00 0.00 0.00 0.00 0.00 0.00
14B01 0.00 0.00 0.00 0.00 0.00 0.00
14D01 0.00 0.00 0.00 0.00 0.00 0.32
14D19 0.00 0.00 0.00 0.00 0.00 0.00
14E06 0.00 0.00 0.00 0.00 0.00 0.21
14E07 0.00 1.00 0.68 0.00 0.50 1.00
14E08 0.00 0.00 0.00 0.00 0.00 0.00
14F02 0.00 0.00 0.00 0.00 0.00 0.00
14H03 0.00 0.00 0.00 0.00 0.00 0.00
ALIG 0.17 0.17 0.00 0.00 0.17 0.00
APEL 0.00 0.00 0.00 0.00 0.00 0.00
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