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Abstract: Styrax is a gorgeous species combined with high medicinal and ornamental values, however, in-
formation about its floral scents is limited. This study aimed to reveal the floral scent compounds and the 
dynamic changes in the flowering process of Styrax japonicus, S. grandiflora and S. calvescens. Static headspace 
solid-phase microextraction coupled with gas chromatography-mass spectrometry was adopted in the pres-
ent study. The results showed that 24, 22 and 22 volatile compounds were present at three flowering stages, 
among which linalool, ocimene, α-pinene and germacrene D dominated in different species. Terpenes were 
the main floral scent compounds in all species, whereas there was considerable relative content of ketones in 
S. japonicus. Among the major terpenes, α-pinene, ocimene and myrcene were the common volatiles in these 
species, while β-elemene and allo-ocimene were the specific volatiles in S. japonicus and S. calvescens, respec-
tively. The highest content of terpenes occurred at initial flowering stage in three species. The differences in 
the type and content of principal compounds contributed to the fragrance diversity among these species. A 
solid foundation for understanding the complexity of volatile emission could be obtained from our findings, 
meanwhile, effective utilization of abundant terpenes in flowers of Styrax species should be applied.
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Introduction

Floral scent is very pleasant to our sensory sys-
tem and is an important trait to assess the ornamen-
tal and economic values of plants (Liu et al., 2014). 
Floral scent compounds were secondary metabolites 
that were composed of low molecular volatile sub-
stances (Knudsen & Tollsten, 1993). At present, 
more than 2000 floral scent compounds have been 
found from 991 plants, 90 families (Knudsen et al., 
2006; Dunkel et al., 2009). Based on Knudsen et al. 

(2006), these volatile compounds were divided into 
benzenoids/phenylpropanoids, aliphatic, terpenoids 
and nitrogen- and sulfur-containing compounds. 
Terpenes that contributed to aroma existed in vol-
atile compounds of most plants, such as caryophyl-
lene, (E)-β-farnesene, α-pinene, linalool and so on 
(Cherri-Martin et al., 2007). Numerous studies have 
been undertaken with the aim of identifying the 
volatiles in various plants. Eugenol and isoeugenol 
were the major volatile compounds in Clarkia brew-
eri (Koeduka et al., 2008); myrcene, limonene, and 
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linalool dominated in Hosta plantaginea (Liu et al., 
2014); the principal compound in Litsea cubeba was 
α-pinene (Berger, 2007). According to van Schie et 
al. (2006), the content of phenylethyl alcohol was 
over 50% in the study of Rosa hybrida floral scents 
compounds. Floral volatiles were defined as ‘natural 
compounds’, which obtained from higher plants and 
possessed more values when compared to chemi-
cally synthesized products (Berger, 2009; Akacha & 
Gargouri, 2015; Vespermann et al., 2017). Linalool 
has been reported to relieve stress well and be able 
to alleviate the pain response mediated by a wide 
range of neurotransmitter system (Peana & Moretti, 
2008). Linalool is also widely used in perfumes, and 
the consumption of vitamins and many other chemi-
cal products, which made from linalool is over 50000 
tons each year (Barman et al., 2020). Thus, increase 
in the content of this compound in floral volatiles 
would be beneficial. Pinenes are the most abundant 
components in the essential oils of various plant spe-
cies. α-Pinene and β-pinene are bicyclic monoterpene 
hydrocarbons with different fragrance qualities (Kim 
et al., 2018). It was reported that α-pinene was the 
main aromatic component in Cupressaceae, Pinace-
ae, as well as Taxodiaceae, furthermore, α-pinene 
odor stimulation was related to stress tolerance, lipid 
metabolism and health span (Ensaka & Sakamoto, 
2020). Together with color, floral scent is considered 
to be the main signal attracting insects for ensuring 
pollination and a defense molecule against attack by 
herbivorous creatures. The investigation of flower 
scents is an important field of modern biological re-
search, and the experimental data is helpful to regu-
late the flower fragrance (Li et al., 2006).

To date, solid-phase microextraction (SPME) cou-
pled with gas chromatography-mass spectrometry 
(GC/MS) is used for analyzing volatile compounds 
from flowers and other plant materials (Jabalpurwa-
la et al., 2009). Reproducibility, sensitivity and high 
concentration capability are typical advantages of 
SPME. This method has been applied to analyze the 
volatiles of several species, such as Perilla frutescens 
(Ghimire et al., 2017), Hosta flowers (Liu et al., 
2014) and so on.

Styrax, the largest genus in the family Styracace-
ae, is widely distributed in Asia, North America and 
southern China (Morawetz, 1991), which comprises 
about 130 species, such as Styrax japonicus, S. dasyan-
tha, S. grandiflora and S. tonkinensis. Due to its high 
medicinal, timber, oil and ornamental values, this 
gorgeous genus has attracted more scientific inter-
est of researchers. Many Styrax species bloom with 
dense flowers in April or May and quickly enters the 
blooming stage. Although their fragrance is slight, 
aromatic compounds in these species have great de-
velopment potential. As mentioned above, essences 
extracted from floral volatile compounds are very 

important raw material in industry and cosmetics. 
Nonetheless, little information is available regard-
ing the contents and types of volatile compounds in 
Styrax species. Therefore, it is attractive to ascertain 
the volatile compounds emitted from flowers of dif-
ferent Styrax species and consequently facilitate the 
effective methods to enhance the content of useful 
compounds.

Here, we conducted the experiments to inves-
tigate the floral scent compounds and the dynamic 
changes in three Styrax species at three flowering 
stages using SPME-GC/MS. We attempted to answer 
the following questions: (1) Which will floral vola-
tile compounds be emitted from three Styrax species, 
and which will be the major ones? (2) What are the 
differences about the contents and types of these vol-
atiles in three species at different flowering stages? 
Answers we obtained could help establish the ap-
propriate time to harvest flowers and provide a the-
oretical support for further study of flower aroma in 
Styrax species.

Materials and methods
Plant materials

Plant materials for this study were sampled in 
planting base of Jiangsu Guoxing Biotechnology 
Co. Ltd., located in Luhe district, Nanjing (32°54'N, 
118°50'E) in 2019. Six-year-old S. grandiflora, S. calves-
cens, as well as S. japonicus were chosen for sampling 
trees in our experiment. These plants grew in natu-
ral conditions. In each species, 5 trees with similar 
height, growth and good condition were selected and 
tagged. Flower development was divided into three 
stages, including initial flowering (5% of the flowers 
blossomed, and stamens and pistil were exposed), 
full flowering (50% of the flowers blossomed, stigma 
was exerted and anthers had bright color) and end 
flowering (95% of the flowers blossomed and flowers 
began to fall, stigma, anthers and petals were dry).

Sample collection

10 flowers from middle part of each tree were 
collected between 9:00 to 9:20 am at three stages. 
Then samples were mixed and taken back to the lab-
oratory. 1 g of flowers was weighed and immediately 
transferred into a 30 mL capped vial for collection 
and identification of floral scent. All experiments 
were repeated three times.

SPME-GC/MS Analysis

The SPME equipped with a 65 μm PDMS-DVB 
fiber (Supelco, Bellefonte, PA, USA) was inserted 
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into above vial to collect volatile compounds for 30 
mins. The collection temperature in our experiment 
was 50 °C thus volatile in flowers could be stimulat-
ed out better. An empty vial was used as control. Af-
ter 30 mins, the fiber was inserted into the injection 
of GC for 3 minutes’ sample introduction.

The GC conditions in our experiment were as 
follows: a GC system (Thermo Fisher Scientific, 
Waltham, MA, USA) was equipped with a DB-5MS 
fused silica capillary column (30 m× 0.25 mm × 0.25 
μm, Agilent Technologies, Santa Clara, CA, USA). 
Helium was used as carrier gas with flow rate of 1 
mL / min. The original temperature was 50 °C for 2 
mins and increasing at 5 °C per min to 200 °C with 
no hold. Then the temperature increased at 10 °C per 
min to 220 °C.

The MS conditions in our experiment were as 
follows: the electron ionization mode of the MS was 
operated at 70 eV, generating a scan range of 45–450 
amu. The ion source and transfer line were 200  °C 
and 250 °C, respectively.

Data analysis

Volatiles were identified by comparing the mass 
spectra with the National Institute of Standards 
and Technology (NIST) 12th library and chemistry 

database (http://pubchem.ncbi.nlm.nih.gov/). The 
relative content of these compounds was calculated 
by peak area normalization measurements. Statistics 
were processed by Excel (Office 2013 Pro Plus, Mi-
crosoft Corporation, USA) and values were expressed 
as mean ± SD for three replicates. Variance analysis 
of volatile compounds in flowers of three Styrax spe-
cies at three flowering stages was performed by SPSS 
22.0 (IBM, USA). The significant difference in Dun-
can’s multiple comparisons at the level of 0.05 was 
established.

Results
Floral scent compounds and emission 
patterns of three Styrax species

Twenty-four volatile compounds were detected 
at initial flowering stages (Table 1). Among these 
volatiles, 18, 11 and 12 compounds were identified 
in S. japonicus, S. grandiflora and S. calvescens, respec-
tively. Linalool (18.61%), germacrene D (13.26%), 
α-pinene (12.04%) and ocimene (10.90%) were top 
four volatiles in S. japonicus and the sum of these four 
compounds was over 54%. The linalool content in 
S. grandiflora was significantly lower than that in S. 

Table 1. Floral volatile compounds and relative contents in three Styrax species at initial flowering stage

Type RI Compounds
Relative contents (%)

S. japonicus S. grandiflora S. calvescens
Terpenes 1917 α-pinene 12.04±1.29b 57.08±6.67a 66.46±9.30a

1993 myrcene 4.88±1.52 1.94±1.94 1.42±0.78
1977 sabinene 00.09±0.19b 08.32±0.61a –
1001 phellandrene – – 0.03±0.37
1012 α-humulene 01.57±0.38a – 00.46±0.16b
1030 d-limonene – 15.93±1.430 19.06±8.070
1032 ç-murrolene 4.20±0.29 – –
1047 ocimene 10.90±1.28a 14.20±3.64a 01.84±0.68b
1051 (E)-β-ocimene – 0.12±0.06 –
1060 γ-terpinene – – 2.11±0.50
1089 α-terpinolene 002.27±1.03ab 01.26±0.66b 05.70±1.95a
1095 linalool 18.61±1.66a 00.38±0.38b –
1173 verbenone – 0.42±0.42 –
1385 β-elemene 2.20±0.17 – –
1422 carophyllene – 00.20±0.20b 01.55±0.67a
1455 iso-germacrene D 1.38±0.54 – –
1469 aromadendrene 6.69±0.38 – –
1474 germacrene D 13.26±0.87a – 00.14±0.03b
1508 α-farnesene 06.09±1.25a – 00.14±0.08b
1511 gamma-cadinene 2.40±0.16 – –

Aldehydes 1857 trans-2-hexenal 1.16±0.18 – –
Alcohols 1526 trans-nerolidol 05.29±1.11a – 01.09±0.21b

1556 elemol 2.88±0.62 – –
Ketones 1258 L-(-)-carvone 04.09±0.39a 00.15±0.15b –

– indicated that scent compounds were not detected. RI indicated that retention indices of volatiles were calculated using an alkane 
standard (C8-C30). All data in the table were average of three replicates ± SD; the letters in the table indicated significant difference 
in Duncan’s multiple comparisons (P<0.05).
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Table 2. Floral volatile compounds and relative contents in three Styrax species at full flowering stage

Type RI Compounds
Relative contents (%)

S. japonicus S. grandiflora S. calvescens
Terpenes 1917 α-pinene 11.22±0.74b 33.84±1.48a 32.79±0.29a

1953 camphene – 0.30±0.01 0.63±0.06
1977 sabinene – 7.03±0.45 9.88±0.59
1982 β-pinene 0.43±0.03 – –
1993 myrcene 12.58±1.83a 03.32±0.40b 02.61±0.12b
1001 phellandrene – 00.93±0.10b 01.39±0.03a
1012 α-humulene – 0.16±0.16 –
1030 d-limonene 00.66±0.05c 12.16±1.09b 29.68±1.20a
1047 ocimene 12.14±1.25b 21.69±1.23a 04.79±0.91c
1051 (E)-β-ocimene 0.31±0.04 0.29±0.04 –
1060 γ-terpinene – – 3.63±0.12
1089 α-terpinolene – 02.06±0.28b 08.70±0.12a
1095 linalool 11.67±1.15a 05.70±3.86b –
1173 verbenone – 01.74±0.67a 00.11±0.02b
1422 carophyllene – 0.08±0.08 –
1469 aromadendrene 4.24±0.29 – –
1474 germacrene D 23.97±0.570 – –
1508 α-farnesene – 0.03±0.03 0.07±0.07

Ketones 1189 (+)-dihydrocarvone 1.10±0.23 – 0.52±0.06
1258 L-(-)-carvone 11.74±0.68a 01.22±0.26c 05.20±1.21b

Alkanes 1428 Tricyclo[4.4.0.02,7]decane,1-methyl-3-methylene- 
-8-(1-methylethyl)-, (1R,2S,6S,7S,8S)-rel- 7.41±0.57 – –

Alcohols 1556 elemol 2.53±0.16 – –

– indicated that scent compounds were not detected. RI indicated that retention indices of volatiles were calculated using an alkane 
standard (C8-C30). All data in the table were average of three replicates ± SD; the letters in the table indicated significant difference 
in Duncan’s multiple comparisons (P<0.05).

Table 3. Floral volatile compounds and relative contents in three Styrax species at end flowering stage

Type RI Compounds
Relative contents (%)

S. japonicus S. grandiflora S. calvescens
Terpenes 1917 α-pinene 18.44±1.80b 41.44±6.31a 35.04±0.44a

1977 sabinene – 02.57±0.40b 09.18±0.24a
1982 β-pinene 0.46±0.24 – –
1993 myrcene 04.70±0.79a 01.39±0.70b 01.79±0.05b
1001 phellandrene – – 1.17±0.04
1030 d-limonene 00.72±0.05c 05.43±0.55b 24.01±0.19a
1032 ç-murrolene 1.59±0.06 – –
1047 ocimene 04.07±2.70b 27.27±4.11a 05.47±0.60b
1051 (E)-β-ocimene 0.31±0.17 – –
1060 γ-terpinene – 00.36±0.18b 03.61±0.04a
1089 α-terpinolene – 01.47±0.11b 08.85±0.30a
1095 linalool 17.31±0.370 16.02±8.980 –
1138 allo-ocimene – – 0.13±0.07
1173 verbenone – 01.41±0.83a 00.18±0.01b
1380 β-bourbonene 0.56±0.10 – –
1385 β-elemene 2.48±0.17 – –
1469 aromadendrene 4.79±0.24 – –
1474 germacrene D 26.68±1.040 – –
1508 α-farnesene – 01.16±0.16a 00.10±0.02b

Esters 1442 isopentyl benzoate – 1.49±0.25 –
Ketones 1189 (+)-dihydrocarvone 02.68±0.15a – 01.23±0.13b

1258 L-(-)-carvone 15.21±1.49a – 08.95±0.78b

– indicated that scent compounds were not detected. RI indicated that retention indices of volatiles were calculated using an alkane 
standard (C8-C30). All data in the table were average of three replicates ± SD; the letters in the table indicated significant difference 
in Duncan’s multiple comparisons (P<0.05).
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japonicus, but the α-pinene content in S. grandiflora 
and S. calvescens was significantly higher in compar-
ison with S. japonicus. One aldehyde, two alcohols 
and one ketone were detected in all species at this 
stage. Thus, it was concluded that both the type and 
content of terpenes were dominate floral scent com-
pound and the relative content of terpenes was esti-
mated at 86.58–99.85% of the detected compounds.

Twenty-two volatile compounds were detected at 
full flowering stages (Table 2), among which α-pinene, 
myrcene, d-limonene, ocimene and L-(-)-carvone 
were common volatiles in three species. As described 
above, terpenes were also primary compounds in 
these species, such as α-pinene, d-limonene, ocimene 
and linalool. Germacrene D (23.97%) was the most 
and the unique compound in S. japonicus. Although 
carophyllene and α-humulene only existed in S. gran-
diflora, their contents were extremely low. S. calvescens 
had the highest d-limonene, which was significant-
ly higher than that in S. japonicus and S. grandiflora. 
Except terpenes, the content of ketones and alkanes 
were relative higher than that of other classifications. 
Elemol was the only alcohol identified in S. japonicus.

Twenty-two volatile compounds were detected 
at end flowering stages (Table 3). Germacrene D, 
α-pinene and linalool were the main volatile com-
pounds in S. japonicus flowers, nonetheless, α-pinene 
and ocimene dominated in S. grandiflora flowers. With 
respect to S. calvescens, α-pinene, d-limonene and sa-
binene were top three compounds. So α-pinene was 
the common major volatile in these species with the 
average content of 31.64%. Ocimene content in S. 
grandiflora was significantly higher than that in other 
two species. Only 1 ester (isopentyl benzoate ) was 
found in S. grandiflora and 2 ketones ((+)-dihydro-
carvone and L-(-)-carvone) were present in S. japoni-
cus and S. calvescens.

Differences of major terpenes at three 
flowering stages

The floral scent compounds were classified into 
terpenes, esters, ketones, alkanes, alcohols and alde-
hydes in our study. Obviously, the content of terpe-
nes dominated over the other compounds because 
their level was estimated at 77.22–99.85% of all 
identified volatiles (Fig. 1). Terpenes content exhib-
ited a ‘decreasing-increasing’ trend in S. japonicus, 
while terpenes content decreased continuously with 
the development of S. grandiflora and S. calvescens 
flowers. It could be easily observed that the average 
content of terpenes in S. grandiflora was the highest 
when compared to S. japonicus and S. calvescens. The 
major terpenes in S. grandiflora were α-pinene and 
ocimene. Moreover, obtained results indicated that 
α-pinene content decreased first and then increased, 

whereas ocimene content increased gradually. At in-
itial flowering stage, germacrene-d and linalool were 
the main terpenes in S. japonicus with the contents of 
13.26% and 18.61%, respectively. Their contents still 
remained at a relative high level along with the devel-
opment of flowers. α-Pinene content in S. calvescens 
flowers declined sharply from initial flowering stage 
to end flowering stage. Besides, d-limonene was an-
other main terpene in S. calvescens, and its content 
changed with a single peak curve.

Discussion
Release patterns of volatile compounds 
in flowers at three flowering stages

Plant volatiles are secondary metabolites that 
emitted from flowers, leaves, fruits and roots of plants 
(Knudsen et al., 1993). Floral scent compounds play 
a crucial role in several eco-physiological process and 
exhibit very complex dynamic changes during flow-
er development (Raguso, 2008; Hosni et al., 2011). 
The floral scent compounds released by S. japonicus, 
S. grandiflora and S. calvescens at initial flowering, full 
flowering and end flowering stages were analyzed. Al-
though S. japonicus, S. grandiflora and S. calvescens be-
long to one genus, significant differences between the 
types and the contents of volatile compounds in these 
species occurred. The possible reason behind this was 
the differences of circadian rhythms in tree species or 
the differences of characteristics of these compounds. 
Twenty-four, twenty-two and twenty-two compounds 
were identified in three Styrax species at three flow-
ering stages, and α-pinene, ocimene and myrcene 
were common volatiles. The total content of terpe-
nes in S. japonicus revealed a ‘V’ trend, which was in 
agreement with the research conducted by Fan et al. 
(2019). However, terpenes content descended contin-
uously in S. grandiflora and S. calvescens. Terpenes have 

Fig. 1. Terpenes content in three Styrax species at different 
flowering stages. Results were average of three repli-
cates ± SD

0

10

20

30

40

 

50

 

60

 

70

 

80

 

90
  

100  

S. japonicus S. grandiflora S. calvescens

R
e

la
tiv

e
 c

o
n

te
n

ts
 (

%
)

Different species

Initial flowering

Full flowering

End flowering



 Floral scent compounds and emission patterns of three Styrax species 35

strong fragrance, so it is reasonable to harvest flow-
ers when terpenes content is more abundant (Shang 
et al., 2013). To extract beneficial constituents and 
maximize the ornamental values in S. japonicus, S. 
grandiflora and S. calvescens, we advise to harvest their 
flowers at initial flowering stage.

Comparison of major volatile 
compounds in flowers

Flower aroma is indispensable to augment the 
value of flowers and volatile compounds emitted 
from flowers were helpful in quality control of oil 
(Marcos et al., 2002) and effective in anti-inflamma-
tory activity (Tosun et al., 2014). In addition, volatile 
compounds were involved in defense mechanisms 
against abiotic and biotic factors in plants (Ramya 
et al., 2017). As we all know, different plant flowers 
contain various volatile compounds, among which 
different proportions may affect each other. One 
scent could consist of several particular compounds 
(Laing et al., 1994; Bult et al., 2002). In the pres-
ent study, germacrene-d and linalool were two major 
compounds in S. japonicus flowers. However, the re-
sults presented here were not completely in agree-
ment with our previous study that germacrene-d, 
α-pinene and ocimene dominated in S. japonicus flow-
ers (Cao et al., 2019). The harvesting hours or stages 
and various methods of emissions collection led to 
these differences (Ayanoglu et al., 2005). Meanwhile, 
major volatiles from S. tonkinensis flowers, another 
species from Styrax, were 1,3,6-octatriene,3,7-dime-
thyl-, (Z)- and 1S-α-pinene (Xu & Yu, 2015), which 
were significantly different from compounds identi-
fied in Styrax species we detected. The floral scent 
compositions in Symplocos decora, S. botryantha and S. 
paniculata were detected, and the results showed that 
the main compounds in S. decora were lilac alcohol 
isomers, lilac aldehyde isomers and 1-verbenone. In 
S. botryantha, caryophyllene and 2-ethyl-butanal were 
the main compounds. Anisaldehyde was the main 
compound in S. paniculata. The relative contents of 
these compounds were significantly different (Fu et 
al., 2016). They concluded that fragrance distinction 
between these species was due to the dissimilarity in 
main compounds and their relative contents. Similar 
implications have also been reported in floral compo-
nents of different lilac varieties (Li et al., 2006).

Multipurpose linalool and α-pinene 
in flowers

Terpenes possess very high potential in plant 
defense mechanisms, as well as strong antioxidant 
activity (Loreto & Velikova, 2001). They have been 

widely used in commercial industries for many differ-
ent purposes and as natural flavor additives in food. 
Moreover, terpenes could help prevent cancer, fungal, 
and enhance skin penetration (Xu & Yu, 2015). Ob-
tained results confirmed the hypothesis that terpenes 
contributed to the aroma of most plants. The content 
of terpenes released from flowers of three Styrax spe-
cies always remained at a high level at three flow-
ering stages and the major emissions were linalool, 
α-pinene and so on. Linalool, which had a sweet and 
lemony aroma, was the major compound in S. japoni-
cus and S. grandiflora, and it was also a vital compound 
in Lippia adoensis (Elakovich & Oguntimein, 1987). 
Linalool attracts pollinators and herbivores (Pragad-
heesh et al., 2017) and is an important intermediate 
in the synthesis of vitamin E, vitamin A and ionones 
(Aprotosoaie et al., 2014). The market of food addi-
tives expanded rapidly, among which the flavor and 
fragrance industries accounted for 31% (Thomas, 
2014). It was indicated that over 8000 tons of lin-
alool was consumed in flavor and fragrance compo-
sitions every year (Schwab et al., 2008). Therefore, 
the studied species could be new sources for linalo-
ol extraction. α-Pinene was the common compound 
in three species and present at all flowering stages 
with high content. Hence, we assumed that α-pinene 
might be the most important floral volatile com-
pound in Styrax species. Similarly, α-pinene was the 
main component in Diplazium esculentum (Essien et 
al., 2019). The prominent value of α-pinene was in-
tensively on pharmacology. α-Pinene could cooperate 
with paclitaxel to accelerate the apoptosis of tumor 
cells (Zhang et al., 2015). The biological activity of 
Candida albicans was inhibited by α-pinene due to its 
good bacteriostatic action (Pichette et al., 2006). It 
was clear that three Styrax species had potential de-
velopment values of α-pinene, so new processes and 
methods to obtain this excellent compound were 
in demand. In light of above information, we could 
perform effective experiments to increase the con-
tents of α-pinene and linalool. The 24-h photoperiod 
enhanced the biosynthesis of linalool in Lippia alba, 
possibly due to reduced geraniol synthesis (Castro et 
al., 2019). Ethylene decreased the linalool content in 
Lathyrus odoratus (Sexton et al., 2005), whereas silver 
thiosulfate increased the linalool content in Osman-
thus fragrans (Zou et al., 2017). In a word, the valid 
ways to optimize the floral volatiles demand large 
research.

Conclusion

In the present study, we elaborated the floral 
scent compounds and the dynamic changes in flow-
ers of three Styrax species at different flowering stag-
es. Twenty-four, twenty-two and twenty-two volatile 
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compounds were identified in these species at initial 
flowering, full flowering and end flowering stages, 
respectively, and the major terpenes were ocimene, 
myrcene, germacrene-d, α-pinene and linalool. En-
hancement of these terpenes content may improve 
floral fragrance, thus helping add the production 
and ornamental values in flowers. Additionally, the 
diurnal change of volatile compounds, the appropri-
ate methods for emissions collection and the signif-
icance of the plant-pollinator interactions require 
further study.
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