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Abstract: [ Objective | Pseudolarix amabilis is a unique single genus coniferous plant in China and its
branches and leaves are rich in volatile organic compounds.It is a rare and endangered protected species and
has special medicinal , ornamental and historical values.These plant volatile organic compounds (VOCs ) have
many functions (VOCs) , such as promoting growth and development, inhibiting microbial growth, and affect-
ing urban ecological environment, etc.This study was understand the effects of VOCs components and stands
of P. amabilis on air anion and microorganisms under natural conditions.[ Method | Volatile organic compounds
(VOCs)in the branches and leaves of the healthy plantations of P. amabilis in neary natural state and in the air
of different seasons in West Tianmu Mountain (Zhejiang Province ) were analyzed and identified by dynamic
headspace gas cycle collection and thermal desorption system/gas chromatography/mass spectrometry (TDS—
GC—MS). At the same time, the content of negative air ions in the forest was monitored by YZQ-308A forest
health monitoring system , and the air microorganisms were measured by natural sedimentation method.[ Result |
The main components of VOCs released by P. amabilis were 7 esters (36.21%) and 11 terpenes (29.53%) ;
among them, the main substances were cis—3—hexenyl acetate (252%) , a —pinene (11.8%) , 3—hexen—1-ol
(5.1%) , methyl salicylate(4.6% ) , caryophyllene (4.1%) , selinene (3.9%) , nonanal (3.2%) , limonene (2.6% ) ,
etc. Compared with open field, there were five kinds of terpenes, such as a—pinene, limonene, cedrene, o —ce-
drene and cedrol, as well as aldehydes such as octanal , nonanal and decanal in the Pseudolarix amabilis forest,
and the composition and content of VOCs were the most in summer.The content of air anion in P. amabilis forest
was significantly higher than that in open field, and that in summer was higher than in autumn and spring.The
number of microorganisms in the forest was significantly less than that in the open field, and the decrease in
summer was the largest, the decreasing ranges of bacteria, fungi and actinomycetes were 45.71%,48.33% and
36.88% respectively (P<0.05).The growth of bacteria was significantly inhibited by limonene and caryophyllene
at the concentration of 1%, the inhibition rates were 38.1% and 23.0%, respectively (P<0.05) ; aldehydes had
antibacterial effects on bacteria, fungi and actinomycetes.The inhibition rates of nonanal at the concentration of
0.1%, octanal and decanal at 0.5% were 14.3%,24.8% and 42.6%, respectively (P<0.05).[ Conclusion ] The
above results showed that: the VOCs of P. amabilis have inhibitory effect on air microorganisms, and can re-
lease a large number of negative ions beneficial to human beings , which further confirms the air purification and
bacteriostatic effect of VOCs from P. amabilis, and provides scientific theoretical basis for the configuration of
garden plants and forest health.
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Tab.1 The main components of VOCs from the leaf of P. amabilis

F5 REIE min WA ¥k WY (X107 g ")
No. Retention time Volatile organic compounds Molecular formula Peak area
1 5.24 H % Toluene C,H, 12.98+15.35
2 5.98 CL¥ Hexanal CH,0 1.75+2.56
3 6.36 Z R T I Butyl acetate CH,0, 1.71+2.36
4 7.41 -3 - 4 —1 - 3-Hexen—1-ol CH,,0 14.96+9.16
5 9.42 a-JEM a-Pinene CH, 34.89+15.89
6 9.82 s camphene CH, 3.26+2.64
7 10.75 F BRZK 16 Phenyl formate C,H,0, 6.26+5.25
8 10.91 FH JL B#J45 il 6-Methylhept—5—en—2-one CH,,0 2.90+2.99
9 11.32 S Octanal CH,0 3.01£2.29
10 11.44 TR FETG cis—3—Hexenyl Acetate C.H,,0, 74.43+51.59
11 11.53 %F ~ 42K Dichlorobenzene CH,Cl, 11.54+3.51
12 11.61 Z. TR Z.1iF Hexyl acetate CH,0, 2.40+2.67
13 11.98 FPEEN Limonene C,H,, 7.74+6.20
14 12.09 Fe B Eucalyptol C,H,0 1.16+1.72
15 1251 %G Ocimene C,H,, 2.62+3.62
16 13.95 F-% Nonanal C,H,,0 9.35+4.62
17 15.04 1% i Camphor C,H,0 1.05+1.45
18 16.04 %% Naphthalene C,,H, 16.65+9.68
19 16.38 JK 8 i Methyl Salicylate C,H,0, 13.65+20.94
20 16.67 B4 Decanal C,,H,,0 8.36+5.32
21 23.32 EHM i Cedrene C,H,, 0.88+1.96
22 23.51 H 1 # Caryophyllene C,H,, 11.99+6.57
23 24.37 H A Elixene C,sH,, 3.90+3.68
24 25.18 HEMS % 4% Eremophilene CsH,, 5.26+4.90
25 25.39 BEMUZ Selinene C,H,, 11.42+10.35
26 25.63 Hi 75 Elemene C,,H,, 4.24+3.08
27 25.69 2,4- " HE T IEZE) 2,4-Di-tert—butylphenol C,H,,0 18.54+35.55
28 27.56 AR — H R — Z. T8 Diethyl Phthalate C,H,,0, 5.05+9.55
29 32.72 A7 — H BRI Diisobutyl phthalate C,H,,0, 3.47+5.29
ST R Total peak area 295.43+39.59
PR N BRI 2

The data was average + standard.
33 FEEFERHBEFEL

SEMHRANS IR EFERAWNEMRTEL(E4) ., MNESIRETFEREER, HFRERK,
HB L HFEBHNNT 35.9%(P<0.05) , FLAKEHNN T 23.5%(P<0.05) , FE 5 FZ M EF R EE . S8R
MAESAEFETREE S TSV, RN S EAER 2 KRS s 0 N 1 39.1% .72.3% F1
61.6%(P<0.05)
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Tab.2 Changes of VOCs in air of P. amabilis forest in different seasons
WETEI L X10° Peak area
i PRERINE /min W) i 25U (%)
No. Retention time Volatile organic compounds Molecular Summer in wF 2E LS5
formula Spring Summer Autumn
open area
1 5.26 1% Toluene CH, 10.65:0.26  1.70:0.23  5.48+0.38 0.16+0.06
2 5.95 % Hexanal CH,0 0.13x0.00  15.65+0.59 0.04x0.06
3 6.34 Z T2 T i Butyl acetate G H,,0, 9.26+2.18  4.27x045  7.17+0.77 -
4 6.78 B Furfural C,H,0, 7.18+0.33 4.700.05 -
5 8.35 H B Cyclohexanone CH,0 1.92+0.14  0.09:0.01  4.75x0.36 -
6 8.57 JKFF I Heplanal C,H,0 - 5.54x0.00 0.10£0.14
7 9.46 a7k a-Pinene CoHyg - 1.79£0.08  3.56+0.98 -
8 10.16 7 1% Benzaldehyde C,HO 7.82+1.12  3.48x0.10  7.09+0.33 0.24x0.01
9 10.74 H AR Phenyl formate C,H,0, 13.33x2.25  533:0.57  29.86x3.16 0.22+0.01
10 10.92 H LB I 6-Methylhept-5—en—2-one  C,H,,0 5.21+0.10 - 6.22+0.19 -
11 11.33 % Octanal CH,0 2.30£0.24  10.45£0.60 0.21+0.03
12 11.53 %t 42K Dichlorobenzene CH,CL 16.97+0.79  9.84+0.71  56.57+1.40 0.23x0.03
13 11.99 FP5E4 Limonene CoH,, - 3.6120.28  21.60+0.31 0.23+0.03
14 12.00 53 B Ethylhexanol CH,0 12.91x1.91 - - -
15 12.99 K ZJii Acetophenone CH,0 2.99+021  3.17¢0.10  1.61x0.57 0.11x0.02
16 13.96 T-/#% Nonanal C,H,0 2.63+0.29  24.59+1.71 0.22+0.01
17 14.60 2-Z, 3T 2 2-Ethylhexanoic acid CH,0,  1657+5.60  2.26+031  3545x11.06 -
18 15.03 H K Camphor C,H,0 1.86x0.06  11.27+0.76  0.09x0.01
19 16.05 %% Naphthalene C,,Hy 15.70:0.40  2.96x0.17  26.09x0.68 0.22+0.02
20 16.36 I HLEBE Dimethyloctanol C,,H,0 - - 15.56+2.45 -
21 16.67 %4 Decanal C,,H,,0 251036 23.23+0.44 0.23+0.01
22 22.19 TH2 T T Butyl butanoate CH,0, - 4.94x0.14  9.17+0.94  0.09:0.02
23 22.88 T PY%E Tetradecane ¢, Hy 21.0129.23  2.23x0.14  6.20:0.95 0.14x0.02
24 23.31 L HAH Cedrene C,H,, - 2.58+0.18  14.83x4.56 0.04+0.01
25 23.33 a— 1A a-Cedrene CH,, - - 6.46=1.74 -
26 25.39 k¢ Pentadecane CH,, 72413486 13.26:0.62  70.20£13.94 0.28+0.02
27 27.80 FAANR (+)~cedrol CsH,0 - 0.85+0.03 6.44+1.35 -
28 29.60 £ 4 Heptadecane ¢, H 10.640.40  2.41+0.02  15.29+3.36  0.04x0.01

ST AT Total peak area

177736

217.39+43.25 81.38+11.40 445.02+52.38 2.87+0.32

F B N I R R 22 5 =7 BN ARG It 2] 5 26 rh e - P B bn v 22

The data was average + standard ; “~” means no detection; The data was average + standard.
34 SEBRMANZTSREDETTN

Bl 7 20 AL, SRR U E I BCREA —E I (B 5) . BEMRNAEECR > ERE,
B LKZERRN T 31.2% (P<0.05) 5 B G R R R 8RB 78 B 2 /b, 43 5 LUK ZEREAIR T 34.0% F1120.7%
(P<0.05) , TR B R L ETEEIN T 15.9%(P<0.05), 250 Al H R AEH B KA —E A
b, HEFED  SEBMEEIKT 16.2%(P<0.05) ; B AL HEETESR B KB LW E LR . 80
R A: W Bt 5 25 T M AH LU T I R B R 0T AR R R SR K, A D RIS TR 43 IR T 45.7%
48.3% F136.9%( P<0.05) ; 5 Z 4 I [ 8 1L B Z £ 5.9%, WK ZEZ 23.5% ; FL %R L E L 19.5%, LUk
T2 29.4% ;AR IR L FE R 23.4%, IWIKEEZ 19.7%.
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Fig.3 TIC of VOCs in air of P. amabilis forest in different seasons
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Fig.4 Seasonal variation of negative ion content
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Fig.5 The quantity change of air microorganism in P. amabilis forest in different seasons
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Fig.6 Inhibition of airborne microorganisms by monomer compounds
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