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Abstract 

Object: To investigate the VOCs from living Prunus persica flowers of differ-
ent branches and their correlation with floral insects. Special, dominant and 
20 VOCs were analysed from living Prunus persica flowers captured by closely 
and circularly headspace way in adsorbent tubes and ATD-GC/MS on 29 
April in Wanbailin Ecological Garden, China. VOCs from high altitude tree 
are more than low altitude in sunny site, and floral volatile constituents from 
upslope branches are less than downslope of the same tree on high altitude. 
Special floral VOCs were alpha-dimethyl-benzenemethanol, isopropyl palmi-
tate, ethylbenzene, p-xylene, acetophenone, 3-ethyl-2-methyl-Heptane on 
sunny slope, and propylene glycol, decanal, hexadecane on shady slope. Do-
minant VOCs founded during 8 temporal quanta were toluene, hexane, 
2-ethyl-1-hexanol, dodecane, pentadecane. Floral VOCs’ number from sunny 
slope was significantly negative correlated with flower-visiting insect commu-
nity richness, abundance, diversity on sunny or shady slope, which from sha-
dy slope was significantly positive correlated with flower-visiting insect com-
munity parameters on both slopes tried dividing insects visiting floral 
branches from Prunus persica in sunny site with n/2 + 1 or n/2 − 1, and shady 
site with n/2 before sampled volatiles day. On sampled volatiles day, 
2-ethyl-1-hexanol from sunny slope was significantly positive correlated with 
flower-visiting insect community parameters on shady slope (P < 0.001). After 
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sampled day, hexanal, toluene, dodecane were significantly negative corre-
lated with SUSR, SUSA, SUSD, and positive with SHSR, SHSD, while tetrade-
cane, pentadecane were positive related to SUSR, SUSA, SUSD with n/2 − 1 
dividing insects visiting floral branches, but reversely with n/2 + 1 dividing 
insects visiting floral branches. We concluded that special and dominant vola-
tiles applied to lure flower-visiting insects to promote pollination, and odd 
floral branches should be kept for every tree when pruning the Prunus persica 
on sunny slope, and even floral branches kept on shady slope. 
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1. Introduction 

Many insect groups are important mutualistic partners of plants, mostly due to 
their roles as pollinators [1] [2]. Volatiles from plant flowers attract nec-
tar-seeking and pollen-collecting pollinators to visit and pollinate by supplying 
rewards [3] [4] [5] [6]. Meanwhile, volatiles from floral branches prevent 
flower-robbers from foraging and pollinating [7] [8]. Components from floral 
scents and herbivore induced flower-volatiles include alcohols, aldehydes, ke-
tones, organic acids, ester, terpenes, nitrogen compounds, hydrocarbons [9] [10] 
[11] [12], as well as other chemicals varying with plant species and volatile col-
lection types [13]-[19]. 

Floral scents from 4 cultivated varieties Prunus persica were analysed [20] 
[21], but the effect of these volatiles on pollinator attraction is unknown. The 
evolution of floral traits in the context of attracting mutualist or antagonist pol-
linators may place conflicting selection pressures on plant traits, and the effect of 
these volatiles on pollinator attraction is indeterminate [22]. Many flowers pro-
duce volatiles at times when pollinators are most active; VOCs such as a kind of 
muurolene are characteristics of the syconium pollen receptive diurnal phase, 
and may attract the diurnally-active pollinating wasps [23]. In some specialized 
pollination context, only one or a few specific floral volatiles mediate communi-
cation with specific pollinator species, and pollinators are attracted by a blend of 
widespread volatiles [24]. Specialized relationship between specialized pollinator 
and host-plant flowers is commonly mediated by specific volatiles [25]. 

Pollinator visitation is influenced by composition and quantity of flower vola-
tile in long distance, dependent on the pollinator rewards, i.e., pollen and nectar 
in short distance, and volatile emission by flowers changed upon feeding by her-
bivores on the leaves when Pieris brassicae caterpillars were allowed to feed only 
on the leaves of Brassica nigra plants [26]. The volatile composition of floral 
scents is not static, spatiotemporal variability in the identity and complexity of 
scent bouquets could provide critical information for the mediation of 
plant-insect communication because floral visitors can use subtle difference in 
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volatiles to make foraging choices [27] [28]. Floral scents have the advantage in 
that they can supply pollinators a species-specific identity to flowers with their 
potentially infinite composition and diversity [25] [27]. That Prunus persica 
fruits need flower-visiting insects, and floral scents play a key role in pollinating. 
We investigated the floral scent volatile bouquets of Prunus persica, and tested 
VOCs composition, similarity of different trees, dominant floral volatile dynam-
ic, floral scents correlation with flower-visiting insect community richness, ab-
undance and diversity before, on or after volatiles sampled day with dividing 
sampled insects visiting floral branches by odd or even method. We report the 
use of living flowers captured by closely and circularly headspace way in adsor-
bent tubes and ATD-GC/MS analysed 20 VOCs from Prunus persica flowers, 
and floral scents correlation with flower-visiting insect richness, abundance and 
diversity, which are special and dominant floral scents and what the similarity 
from Prunus persica in different spatial and temporal branches. Are the domi-
nant floral odors temporal dynamic varied differently, and floral odors with dif-
ference from temporal trees. We expected that get the special and dominant 
floral odors from different sampled branches, which led us to hypothesize the 
potential attractive floral odors that insects locating on trees. Does VOCs corre-
late with floral insect richness, abundance and diversity, we want to know that 
the insects visiting odd or even flower branches correlated with floral odor 
closely, so that definite the branches kept when pruning Prunus persica, and 
promote harvest to get economic benefit. 

2. Sites and Methods 

Sample sites that the 1280.0 m altitude of sunny and shady slope habitats in Wan 
Bailin Ecological Garden, Shanxi Province, China (37˚44'40"N, 112˚21'53"E), 
with temperature 9˚C - 31˚C, humidity 27% - 48%, precipitation probability 5% 
- 90%, sunshine duration 2 - 12 h, 2 - 3 level wind, UV intensity weak-strong, 
atmospheric pressure 1002 - 1016 Pa, 05:00-5:52 sunrise, 19:06-19:53 sundown. 
186 plants Prunus persica are surrounded by the Sophora japonica in the West, 
Berberis thunbergii cv. Atropurpurea pruning balls in the South, and Malus mi-
cromalus in the Northeast. On shady slope, 169 plants of Prunus persica are 
surrounded by Armeniaca vulgaris in the West, Salix matsudana in the South, 
and garden road in the North (Figure 1). 

Volatile collections were conducted from 2 trees of Prunus persica on sunny 
and shady slope on 29 April 2016, respectively. Two fully blooming floral 
branches of each tree were sampled. Food grade polythene bag (40 cm × 28 cm) 
was used to include the branches with inlet and outlet glass tube with absorbent 
carbasus (1 cm × 8 cm). QC-1S Atmospheric sampling instrument (Beijing La-
bor Protection Research Institute) was used to generate the air flow of 1.5 L/min 
filtered with activated carbon. Each collection was done 10 min. 

Volatiles analysis were conducted by Turbo Matrix 50 ATD (Automatic ther-
mal desorption) and Clarus GC (Chromatography)/Clarus 600 T MS (Mass  
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Figure 1. Prunus persica distributed in shady site. 

 

sectrometry) (American Perkin Elmer) with Turb oMass 5.4.2 recognition pat-
tern were used for chemical analysis of collected volatiles. Carrier gas velocity 
was 2.0 ml/min. First stage thermal desorption temperature (Sample tube tem-
perature) was 260˚C, keeping for 10 min. Cold trap temperature in the first stage 
thermal desorption process was −30˚C. From first stage to second stage thermal 
desorption process heat-up speed was 40˚C/s. The second stage thermal desorp-
tion temperature was 300˚C, maintaining for 5 min. Thermal desorption mode 
was import diversion, general dry for 10 min. Desorption flow rate 25.00 
ml/min, import diversion flow rate 10.00 ml/min, export diversion flow rate 
20.00 ml/min. Chromatographic separation condition that chromatographic 
column was Elite-5 MS capillary column (30 m × 0.32 mm, 0.252 um). Temper-
ature was programmed from 40˚C (2 min hold) to 180˚C at 6˚C/min (0 min 
hold), then increased to 270˚C at 15˚C/min that hold 3 min. Mass spectrometric 
detection condition was 220˚C ion source temperature, 250˚C interface temper-
ature and 29 - 600 amu m/z scan range. Constituents were identified by peak 
area normalization method that calculate relative percentage content of each vo-
latile compound from Prunus persica flower in comparison with standard spe-
tral library NIST08 and combined with the retention time and related chemical 
experience, according to ATD-GC/MS get TIC effective peak. 

Sampling method of flower-visiting insect community that sampling of 
flower-visiting insects which are frequently active in Prunus persica flower were 
done every 5 - 7 days, from 9:00 to 17:00 on April to June 2016 when 5 trees 
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from sunny and shady slope each site, respectively. Photos were taken for insects 
visiting and foraging nectar and pollen from 3 fixed flower sprays/tree, recording 
worm access if insects flew away and visited again. Wu (2000), Xue and Zhao 
(1996) and other taxonomic books were consulted for identifying insect species 
[29] [30]. 

One-Way ANOVA analyze different dynamic volatiles, Paired-Sample T-test 
analysed different slope volatiles with SPSS 17.0. 

Flower-visiting insect community parameters were conducted by Patrick 
richness, abundance and Shannon-Wiener diversity. 

Patrick richness is species R = S 
Abundance is individual A = N 
Diversity with Shannon-Wiener [31] lni i i iH P P P N N′ = − =∑   
Correlation analysis VOCs with insect community were conducted by Perason 

Bivariate correlation analysis volatiles on 29 April with flower-visiting insect 
richness, abundance and diversity on 25 April, 29 April and 2 May. 

3. Results 

3.1. Floral Scents 

We detected 20 VOCs emitted from Prunus persica floral branches by 
ATD-GC/MS, and floral VOCs from sunny slope were more than shady site (17 
and 10) (Table 1). On high altitude trees, foral scents from upslope branch are 
lower than that from downslope of same tree, in accordance with high altitude 
tree emitted 10 and 15 VOCs from upslope and downslope branches in sunny 
site, 7 and 8 VOCs from upslope and downslope in shady site. That 6 special 
floral scents from sunny slope are alpha-dimethyl-benzenemethanol, isoropyl 
palmitate, ethylbenzene, p-xylene, acetophenone, 3-ethyl-2-methyle-heptane, 
and 3 special floral scents from shady site are propylene glycol, decanal, hexade-
cane. Sampled trees from high altitude emit special floral scents are more than 
low altitude tree, and downslope branches emit special floral scents are more 
than upslope branches from the same tree except the downslope branches with-
out special scents. 

Toluene, hexanal, 2-ethyl-hexanol, dodecane, pentadecane 5 VOCs from 
Prunus persica floral branches can sampled during 8 temporal quantum, that 1 
alcohol, 1 aldehydes, 1 terpene, and 2 hydrocarbons common VOCs emitted 
from sampled floral branches. The highest pentadecane content emitted from 
upslope branches on low altitude shady slope during 12:37-12:47, the lowest 
during 10:39-10:49 (Figure 2). VOCs pentadecane, toluene, 2-ethyl-1-hexanol, 
hexanal emitted 2 climaxes, while docecane emitted 3 climaxes. 

Floral VOCs emitted from floral branches of Prunus persica differently be-
tween temporal dynamic sampled trees, the most VOCs 16 constituents emitted 
from branches of flower during 10:39-11:08, and the lest floral volatiles 8 consti-
tuents emitted on the period 11:20-11:47, 12:00-12:24, 12:37-13:01. In addition, 6 
common floral scents 2-ethyl-1-hexanol, hexanal, toluene, dodecane, tetradecane, 
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Table 1. Floral scents emitted from different branches of Prunus persica in various habitats. 

Scent compounds REV FOR 

Upslope 
branches 
on high 
altitude 

sunny slope 

Downslope 
branches 
on high 
altitude 

sunny slope 

Upslope 
branches 
on low 
altitude 

sunny slope 

Downslope 
branches 
on low 
altitude 

sunny slope 

Upslope 
branches 
on high  
altitude 

shady slope 

Downslope 
branches 
on high 
altitude 

shady slope 

Upslope 
branches 
on low 
altitude 

shady slope 

Downslope 
branches 
on low 
altitude 

shady slope 

RT min 

Total no.   10 15 8 6 6 7 7 8  

Alcohols            

Propylene 811 806 — 31.255 57.968 — — 34.432 — — 1.684 

2-ethyl-1-hexanol 977 946 4.990 7.374 8.324 17.699 11.616 5.743 12.352 2.464 10.432 

2-propyl-1-heptanol 916 890 — 1.260 — — — — — — 11.648 

Alpha-dimethyl-benzenemethanol 951 869 5.131 — — — — — — — 11.918 

Esters            

Isoropyl palmitate 936 832 — — 3.365 — — — — — 28.915 

Aldehydes          — — 

3-methyl-butanal 938 893 3.833 3.406 — — — — — — 3.074 

Hexanal 972 952 19.559 14.340 4.875 6.852 10.503 6.117 4.782 3.182 4.805 

Heptanal 972 925 1.295 0.898 — — — — — — 7.176 

Decanal 949 818 — — — — — — — 3.352 14.844 

Terpenes            

Toluene 991 982 19.699 17.481 6.154 11.445 17.543 10.217 7.987 5.315 4.145 

Ethylbenzene 987 955 — 1.665 — — — — — — 6.13 

P-xylene 971 889 — 4.926 — — — — — — 6.351 

Styrene 965 884 8.700 5.621 — — — — — — 6.881 

Acetophenone 963 893 — 2.231 — — — — — — 11.403 

Hydrocarbons            

3-ethyl-2-methyl-heptane 906 829 — 1.017 — — — — — — 11.528 

Dodecane 983 969 35.270 4.455 6.642 16.318 10.263 5.975 6.576 4.199 14.719 

Tridecane 972 900 — — — — 6.729 — 0.145 — 17.29 

Tetradecane 965 904 0.669 1.066 2.269 7.218 — 4.845 7.622 3.352 19.246 

Pentadecane 975 878 0.852 3.005 10.402 40.467 43.346 32.670 60.536 48.117 21.337 

Hexadecane 972 939 — — — — — — — 29.879 23.247 

Notes: RT adopted standard picture with most volatiles, while standard picture without volatiles adopted analysis volatile pictural RT, — unknown. 

 
pentadecane released from trees during 4 temporal quantum (Table 2). LSD 
analysis indicated that 2-ethyl-1-hexanal, dodecane and tetradecane emitted 
same content all the temporal quantum, while hexanal, toluene and pentadecane 
emitted different content some temporal quantum. Floral scents from floral 
branches of high altitude tree in sunny site are significantly with scents from 
other kind of trees. 
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Figure 2. Temporal dynamic of dominant volatiles from floral branches of Prunus persica. 

 
Table 2. LSD analysis floral scents from Prunus persica in different habitats. 

Habitats 
High altitude 
tree in sunny 

site 

Low altitude 
tree in sunny 

slope 

High altitude 
tree in shady 

slope 

Low altitude 
tree in shady 

slope 

Sample time 10:39-11:08 11:20-11:47 12:00-12:24 12:37-13:01 

Alcohols     

Propylene 15.62 ± 22.09a 28.98 ± 40.99a 17.21 ± 24.35a — 

2-ethyl-1-hexanol 6.16 ± 1.67a 13.01 ± 6.63a 8.68 ± 4.15a 7.41 ± 6.99a 

2-propyl-1-heptanol 0.63 ± 0.89 — — — 

Alpha-dimethyl-benzenemethanol 2.56 ± 3.63 — — — 

Isoropyl palmitate — 1.68 ± 2.38 — — 

Aldehydes     

3-methyl-butanal 3.62 ± 0.30 — — — 

Hexanal 16.95 ± 3.69a 5.86 ± 1.40b 8.31 ± 3.10b 3.98 ± 1.13b 

Heptanal 1.10 ± 0.28 — — — 

Decanal — — — 1.75 ± 2.47 

Terpenes — — — — 

Toluene 18.59 ± 1.57a 8.80 ± 3.74b 13.88 ± 5.18ab 6.65 ± 1.89b 

Ethylbenzene 0.83 ± 1.18 — — — 

P-xylene 2.46 ± 3.48 — — — 

Styrene 7.16 ± 2.16 — — — 

Acetophenone 1.11 ± 1.58 — — — 

Hydrocarbons     

3-ethyl-2-methyl-heptane 0.51 ± 0.72 — — — 

Dodecane 19.86 ± 21.79a 11.48 ± 6.84a 8.12 ± 3.03a 5.39 ± 1.68a 

Tridecane — — 3.37 ± 4.76a 0.07 ± 0.10b 

Tetradecane 0.87 ± 0.28a 4.74 ± 3.50a 2.42 ± 3.43a 5.49 ± 3.02a 

Pentadecane 1.93 ± 1.52a 25.43 ± 21.26ab 38.01 ± 7.55b 54.33 ± 8.78b 

Hexadecae — — — 14.94 ± 12.13 

Floral scent constituent number 16 8 8 8 

Notes: Data were analyzed using LSD test by SPSS 17.0. Mean were value (±sd) from two replications. Same 
small letters in the same line meant no significant difference at 0.05 levels. 
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3.2. Floral Scents Response to Insect Community 

Insects visit 15 and 4 floral branches of Prunus persica in sunny and shady site, 
respectively. Most richness, abundance and diversity on sunny or shay slope is 
similar, while there is difference between SUSD with n/2 − 1 and n/2 + 1 (Table 
3). Table 4 indicated that floral scent constituent number from sunny slope were 
significantly negative, and volatile constituent number were remarkably positive 
correlated with richness, abundance and diversity that insects visiting flowers on 
sunny or shady slope. Toluene, dodecane were dramatically negative, while te-
tradecane and pentadecane were significantly positive with SUSR, SUSA, SUSD, 
SHSR, SHSA and SHSD that FSNS seperated with n/2 − 1 or n/2 + 1, and FSAS 
with n/2. 

Floral scents correlated with insect community on sample day, insects only vi-
sited Prunus persica flower on shady slope (Table 5 and Table 6). If floral scents 
from sunny slope were significantly negative correlated with richness, abun-
dance and diversity, while floral scents from shady slope were remarkably posi-
tive correlated with those insect community parameters in shady site. 
2-ethyl-1-hexanol, tetradecane and pentadecane were significantly positive, 
while hexanal, toluene, dodecane are dramatically negative correlated with 
SHSR, SHSA and SHSD separated FSNS with n/2. 

After sampled floral scents day that insects visiting Prunus persica floral 
branches community index that SUSR response to floral scents correlation with 
n/2 − 1 separated branches is similar to that with n/2 + 1, the same occurred at 
SHSR response to floral scents (Table 7). Moreover, there is difference between 
SUSA that separated branches with n/2 − 1 and n/2 + 1, and SHSA, SUSD, SHSD 
holding the difference. Table 8 indicated that flower-visiting insect SHSA with 
n/2 − 1 separated floral branches and SUSA with n/2 + 1 were not correlated with 
scents from flowers. Floral VOCs and 2-ethyl-1-hexanol from sunny slope were 
significantly positive correlated with flower-visiting insect community index 
richness, abundance and diversity on sunny slope, but those scents from shady 
site were negative correlated with those indexes in sunny and shady sites with  

 
Table 3. Floral scents from Prunus persica and flower-visiting insect community para-
meters before sampled volatiles day. 

 
Divided insect visiting floral branches from sunny slope with n/2 − 1 and shady slope 

with n/2 (FSUS 7/8; FSHS 2/2 ) 

SUVC SUSR SHSR SUSA SHSA SUSD SHSD 

12.00 ± 5.66 3.00 ± 1.41 1.50 ± 0.71 14.50 ± 10.61 3.50 ± 2.12 0.68 ± 0.39 0.25 ± 0.35 

8.5 ± 0.71 3.50 ± 0.71 1.50 ± 0.71 14.50 ± 9.19 3.50 ± 2.12 0.84 ± 0.15 0.25 ± 0.35 

SHVC SUSR SHSR SUSA SHSA SUSD SHSD 

 
Divided insect visiting floral branches from sunny slope with n/2 + 1 and shady slope 
with n/2 (FSNS 8/7; FSAS 2/2) 

Notes: SUVC, SHVC, SUSR, SHSR SUSA, SHSA, SUSD, SHAD, FSUS, FSHS represents volatiles, 
flower-visiting insect community richness, abundance, diversity, flower branches from sunny and shady 
slope Prunus persica flower, respectively. The same below. 
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Table 4. Floral scents response to flower-visiting insect community parameters before 
sampled volatiles day. 

FSUS n/2 − 1; FSHS n/2 SUSR SUSA SUSD SHSR SHSA SHSD 

SUVC −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SHVC 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SU 2-ethyl-1-hexanol 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SH 2-ethyl-01-hexanol −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SU Hexanal −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SH Hexanal −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SU Toluene −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SH Toluene −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SU Dodecane −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SH Dodecane −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SU Tetradecane 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SH Tetradecane 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SU Pentadecane 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SH Pentadecane 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SH Pentadecane 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SU Pentadecane 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SH Tetradecane 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SU Tetradecane 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SH Dodecane −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SU Dodecane −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SH Toluene −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SU Toluene −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SH Hexanal −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SU Hexanal −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SH 2-ethyl-1-hexanol −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

SU 2-ethyl-1-hexanol 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SHVC 1.000** 1.000** 1.000** 1.000** 1.000** 1.000** 

SUVC −1.000** −1.000** −1.000** −1.000** −1.000** −1.000** 

FSUS n/2−1; FSHS n/2 SUSR SUSA SUSD SHSR SHSA SHSD 

Notes: SU, SH represents sunny and shady slope, respectively. ** meant significant correlation at 0.01 level. 

 
Table 5. Flower-visiting insect community parameters on sampled volatiles day. 

Divided insect visiting floral branches from shady site with n/2 (FSUS 3/3) 

SUSR SHSR SUSA SHSA SUSD SHSD 

0 2.50 ± 0.71 0 5.50 ± 2.12 0 0.82 ± 0.37 

— — — — — — 

SUSR SHSR SUSA SHSA SUSD SHSD 
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n/2 + 1, respectively. Hexanal, toluene, dodecane was evidently negative, while 
tetradecane, pentadecane was positive with SUSR, SUSA, SUSD, SHSR, SHSD 
with n/2 − 1. Furthermore, tetradecane, pentadecane was negative, and hexanal, 
toluene, dodecane was positive with community indexes with n/2 + 1 separated 
floral branches. 

4. Discussion 

Our results show that 20 floral scents were emitted from 1 variety Prunus persica 
branches of flower; that is similar to that 22 constituents produced by 1 variety 
Hydrocleys marii and 13 constituents produced by 1 variety H. nymphoides 
[24], while 6 floral VOCs were emitted from 6 varieties of Camellia sinensis [32], 
so Prunus persica flower emitted more VOCs than some plants. Floral scents 
that were released from sunny slope were more than shady slope, depending 
 
Table 6. Floral scents correlation with flower-visiting insect community parameters on 
sampled volatiles day. 

FSHS n/2 SUSR SUSA SUSD SHSR SHSA SHSD 

SUVC — — — −1.000** −1.000** −1.000** 

SHVC — — — 1.000** 1.000** 1.000** 

SU 2-ethyl-1-hexanol — — — 1.000** 1.000** 1.000** 

SH 2-ethyl-1-hexanol — — — 1.000** 1.000** 1.000** 

SU Hexanal — — — −1.000** −1.000** −1.000** 

SH Hexanal — — — −1.000** −1.000** −1.000** 

SU Toluene — — — −1.000** −1.000** −1.000** 

SH Toluene — — — −1.000** −1.000** −1.000** 

SU Dodecane — — — −1.000** −1.000** −1.000** 

SH Dodecane — — — −1.000** −1.000** −1.000** 

SU Tetradecane — — — 1.000** 1.000** 1.000** 

SH Tetradecane — — — 1.000** 1.000** 1.000** 

SU Pentadecane — — — 1.000** 1.000** 1.000** 

SH Pentadecane — — — 1.000** 1.000** 1.000** 

 
Table 7. Flower-visiting insect community parameters after sampled volatiles day. 

Divided insect visiting floral branches with n/2 − 1 (FSUS 1/2; FSHS 3/4 ) 

SUSR SHSR SUSA SHSA SUSD SHSD 

1.50 ± 0.71 1.50 ± 0.71 2.00 ± 1.41 2.00 ± 0.00 0.32 ± 0.45 0.35 ± 0.49 

1.50 ± 0.71 1.50 ± 0.71 5.00 ± 0.00 5.00 ± 1.41 0.25 ± 0.35 0.23 ± 0.32 

SUSR SHSR SUSA SHSA SUSD SHSD 

Divided insect visiting floral branches with n/2 + 1 (FSUS 2/1; FSHS 4/3) 

https://doi.org/10.4236/ae.2018.62009


X. J. Du et al. 
 

 

DOI: 10.4236/ae.2018.62009 126 Advances in Entomology 

 

Table 8. Floral scents correlation with flower-visiting insect community parameters after 
sample volatiles day. 

FSUS or FSHS n/2 − 1 SUSR SUSA SUSD SHSR SHSA SHSD 

SUVC −1.000** −1.000** −1.000** 1.000** — 1.000** 

SHVC 1.000** 1.000** 1.000** −1.000** — −1.000** 

SU 2-ethyl-1-hexanol 1.000** 1.000** 1.000** −1.000** — −1.000** 

SH 2-ethyl-1-hexanol −1.000** −1.000** −1.000** 1.000** — 1.000** 

SU Hexanal −1.000** −1.000** −1.000** 1.000** — 1.000** 

SH Hexanal −1.000** −1.000** −1.000** 1.000** — 1.000** 

SU Toluene −1.000** −1.000** −1.000** 1.000** — 1.000** 

SH Toluene −1.000** −1.000** −1.000** 1.000** — 1.000** 

SU Dodecane −1.000** −1.000** −1.000** 1.000** — 1.000** 

SH Dodecane −1.000** −1.000** −1.000** 1.000** — 1.000** 

SU Tetradecane 1.000** 1.000** 1.000** −1.000** — −1.000** 

SH Tetradecane 1.000** 1.000** 1.000** −1.000** — −1.000** 

SU Pentadecane 1.000** 1.000** 1.000** −1.000** — −1.000** 

SH Pentadecane 1.000** 1.000** 1.000** −1.000** — −1.000** 

SH Pentadecane −1.000** — −1.000** −1.000** −1.000** −1.000** 

SU Pentadecane −1.000** — −1.000** −1.000** −1.000** −1.000** 

SH Tetradecane −1.000** — −1.000** −1.000** −1.000** −1.000** 

SU Tetradecane −1.000** — −1.000** −1.000** −1.000** −1.000** 

SH Dodecane 1.000** — 1.000** 1.000** 1.000** 1.000** 

SU Dodecane 1.000** — 1.000** 1.000** 1.000** 1.000** 

SH Toluene 1.000** — 1.000** 1.000** 1.000** 1.000** 

SU Toluene 1.000** — 1.000** 1.000** 1.000** 1.000** 

SH Hexanal 1.000** — 1.000** 1.000** 1.000** 1.000** 

SU Hexanal 1.000** — 1.000** 1.000** 1.000** 1.000** 

SH 2-ethyl-1-hexanol 1.000** — 1.000** 1.000** 1.000** 1.000** 

SU 2-ethyl-1-hexanol −1.000** — −1.000** −1.000** −1.000** −1.000** 

SHVC −1.000** — −1.000** −1.000** −1.000** −1.000** 

SUVC 1.000** — 1.000** 1.000** 1.000** 1.000** 

FSUS or FSHS n/2 + 1 SUSR SUSA SUSD SHSR SHSA SHSD 

 
on strong sunshine, high temperature, and big humidity affecting floral volatile 
constituents emitted [33] [34] [35] [36], which testified different chemical sub-
stances of fragrance released from Yucca filamentosa on different slopes’ geo-
graphy condition [37]. Moreover, floral volatile constituents of high altitude 
were more than low altitude that strong sunshine on high altitude promotes 
flowers emitting floral scents on the same slope [34] [35], and volatiles from 

https://doi.org/10.4236/ae.2018.62009


X. J. Du et al. 
 

 

DOI: 10.4236/ae.2018.62009 127 Advances in Entomology 

 

Ocimum basilicum leaves on high altitude are lower than low altitude in College 
of Horticulture and Landscape Architecture of Hainan University [18]. Floral 
scents of 3-methyl-butanal, hexanal were released from Prunus persica floral 
branches that were emitted from plant leaves defending pests from foraging [38] 
[39] [40] [41] [42]. We inferred that once insects visit flowers, floral aldehydes 
were released from Prunus persica, or volatile constituents were released from 
leaves, when depending on flower and leaf nutrition substance N, P, K, Ca, Mg, 
Fe, Mn, Zn, Na and Cu, which affected fruit [42] [43] [44]. Floral aldehydes were 
emitted from Prunus persica branches on sunny slope emitted with sunshine. 
Hydrocarbons such as 3-ethyl-2-methyl-heptane, dodecane, tridecane, tetrade-
cane, pentadecane and hexadecane were released from Prunus persica branches, 
and hydrocarbons produce a pleasant smell [45] [46], so 6 floral hydrocarbons 
from Prunus persica attracted insects visiting. Dissimilarity with ATD-GC/MS 
analysed dominant volatile constituents from Agiceras comiculatum terpenes 
with poison [47], and dissimilarity with floral volatiles from Osmanthus fragrans 
ketones and alcohols [11] [19] [48]. 

Floral VOCs were differently emitted from Prunus persica on temporal quan-
tum, and difference VOCs of flower were released from Sorbaria kirilowii on 
different seasons with TCT-GC/MS analysis [49], while floral scents were pro-
duced from Lilium brownii on open period, semi-open, blooming period and 
recession period [14], but VOCs were emitted from Rosa rugosa and Sorbaria 
kirilowii with diurnal rhythm variation [50] [51]. Most floral scents of 16 con-
stituents were emitted from Prunus persica on 10:39-11:08, while same 8 consti-
tuents were released from trees on other temporal quanta, which is related with 
sunshine and temperature [34] [52], and flower quantity affected volatiles re-
lease, different floral volatiles from Agiceras comiculatum branches without 
flower, with flower and with fruit [47]. Floral VOCs from Prunus persica before 
12:00 are higher than those after 12:00; special floral scents were emitted from 
both temporal quanta, while floral terpenes and esters were emitted most from 
Arabian jasmine florescence [53]. Floral hexanal was released in all the sampling 
time and content from Prunus persica is significantly highest during 10:30-11:30, 
while hexanal was released from Sorbaria kirilowii in all the sampling time [9]. 
Pink flowers from Prunus persica and white flowers from Sorbaria kirilowii ab-
sorb and reflect different wavelength of light, which release a different amount of 
hexanal, and flower color has the characteristics of adaptive environment [54]. 
LSD analysis indicated that there was significantly same floral scent dynamic 
difference of some constituents, same floral volatile constituents emitted differ-
ent contents from Sorbaria kirilowii during 7:00-19:00 [9], and same floral scent 
constituents emitted different contents from Rosa rugosa one day [51]. There 
was same floral volatile significant difference of common constituents among 
some temporal quantum, while VOCs were emitted significant difference from 
Sorbaria kiriowii on different temporal quanta one day, and floral scents were 
differently released from Lilium brownii on different period [9] [14]. 
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Floral scent correlation with insect community that floral VOCs emission re-
sponded to insects visiting Prunus persica flower branches and floral VOCs total 
content and relative content of each component response to Mylabris forage 
[41]. Methyl benzenecarboxylate emitted from pollinated Pentunia flower with 
certain rules [55], while more volatiles released from the plant that foraged by 
insects to attract enemy insects, and volatile emission correlated with foraging 
insect population [56]. Flavoring substance VOCs emission from Cirsium flow-
ers increased with flower-visiting insect community index ascend [57], while 
VOCs emitted from needles correlated with Dendrolimus punctatus burst fre-
quently [58], furthermore, fragrance floral VOCs emitted from Heterobathmiina 
pollinated flowers are higher than that Aves pollinated flowers [59]. We first 
founded that there were different correlation between floral scents and insect 
community visited Prunus persica floral branches before sampled day, that odd 
branch number from sunny slope and even branches from shady slope separated 
with n/2 − 1 or n/2 + 1, and n/2, but the floral scent constituents is negative cor-
related with flower-visiting insect community richness, abundance and diversity 
on the sunny slope, and positive correlated with those indexes adopted whichev-
er separated method, so could adopted some floral scents that positive correlated 
with flower-visiting insects on sunny slope to attract insects pollinating [24] 
[60]. We firstly inferred that floral scents response to flower-visiting insect 
community depending on the tree branch number and even branches distri-
buted slopes, because 2-ethy-l-hexanal, toluene, dodecane are dramatically nega-
tive, while tetradecane and pentadecane are significantly positive with SUSR, 
SUSA, SUSD, SHSR, SHSA and SHSD that FSUS separated with n/2 − 1 or n/2 + 
1, and FSHS with n/2. We concluded that 2-ethyl-1-hexanol from sunny and 
shady slope could be used to attract insects visiting flower of Prunus persica, in 
that insects only visiting floral branches on shady slope that holding odd floral 
branches, and 2-ethyl-1-hexanol from sunny and shady slope were positive cor-
related with SHSR, SHSA and SHSD on sampled volatiles day [24]. But, after 
sampled volatiles day floral scent constituents and 2-ethyl-1-hexanol on sunny 
slope were positive correlated with SUSR, SUSA, SUSD, and negative corre-
lated with SHSR and SHSD, that separated floral branches with n/2 − 1. So 
2-methyl-1-Hexanol from sunny and shady slope could used to lure insects to 
pollinate on separate slopes, just as flora scents from one kind of plant attract 
insects pollinating [55] [58] [59]. While no quantitative insects visiting floral 
branches of Prunus persica that disadvantage sunshine and temperature climate 
condition on shady slope [61], and once insects visit floral branches, volatile 
constituents and quantity emitted possibly from Prunus persica to attract insects 
visiting to pollinate or inhibit insects foraging flowers, so floral scents were sig-
nificantly related with flower-visiting insect community indexes [56]. Advantage 
sunshine and temperature climate condition on sunny slope [61] distributed 
more flower-visiting insect species that pollinated easily. In addition, flower struc-
tural characteristics, the amount and composition of nectar affect flower-visiting 
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insect species [62] [63]. When insects visiting, less floral volatile constituents 
and contents emitted from Prunus persica branches to inhibit insects from vi-
siting, and secondary metabolic substances emitted from Prunus persica 
branches to inhibit insects from visiting [8]. 

Floral branches of Prunus persica pollinated are in a physiological and bio-
chemical state that is to pollinate. Punus persica in Wan Bailin Ecological Gar-
den healthily grow and fruit need insect visiting and emitters attract and inhibi-
tory floral scents, we first definite the 20 floral scents, dominant and special fra-
grance of Prunus persica that which constituents are attractive could be specific 
to lure insects pollinating in the future, and perhaps that 2-ethyl-1-hexanol is 
likely to attract insects, mostly. We first presented that floral scents emission 
correlated with floral branches and hold different response to flower-visiting in-
sect community indexes separated floral branches with even or odd methods, 
that prune Prunus persica tree leaving branches odd on sunny slope and even on 
shady slope to promote those tree growing and fruiting, and get high economic 
benefit. 
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