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5 MR HARAL AT T LA . S5 RERWI L AE 4 DT ARG Y VOCs i3k il 53 ik &9, o dlidim 28 &
WAt Z (11 F) JF B, REATE VOCs AL G YR RTER FRZ (26 ) B FRZ (21 f) FhEE A (18
Fir) ATml /D (17 F) o 4 ARG 1 VOCs ¥R B2 A0 G i S & d b v, HLt i T Ot 2 Y
B, ARBIEN VOCs Hill 2 1b A Wi SO & Bl @ BRI 28 A% B Bk JFH, B R A FH
BRARMM VOCs IS 0 BAX & B R, B HABAMKFEARMAE M VOCs hiywiis K&
W EBR A AR , T & AR AL VOCs WIS B0 320 D-Frisds K G A, ARl 2=
TR VOCs B &R I, IR FRZ (15 i) BKFRD (4 Fh) . FREAMAT VOCs 1Y 2 RIS
i HARAK B 2 AL B YR e 5 2 7E 1000 Fil 12:00 FhE[FIAE 2 Hofe /b (8 fil) ,7E 16:00 £ (16 F) ,
16:00 I AFTAI VOCs FHEEE AL 59 04 R0 35 B g (38.14% ) , HAR I ZIAR AT B VOCs Rl i 2k & Wiy
SRS e 10 L, AR f B VOCs il 45 28 A6 & 40 1 8RR X & 4 S8 T i s B A, DR AE 1000 35 51 0 i
(84.64%) , T FRBIFEAEH  ARFTBLHAE — 48 10 2 0 R A5 2 11 K4 CER 43 I 8] P RR R B X A 25 1Y)
WA, PR O A el AR s LA AR A
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Seasonal difference and diurnal variation in spring of volatile organic compounds ( VOCs) in
D

branches and leaves of Schima superba WANG Jinfeng, ZHOU Qi, CHEN Zhuomei® ( Zhejiang
Academy of Forestry, Hangzhou 310023, China) , J. Plant Resour. & Environ., 2022, 31(1) : 53-60

Abstract; To clarify the variation rules of composition and contents of components of volatile organic
compounds ( VOCs) in branches and leaves of Schima superba Gardn. et Champ., seasonal difference and
diurnal variation in spring of composition and relative contents of components of VOCs in branches and
leaves of S. superba were compared by using dynamic headspace air-circulation method and thermal
desorption-gas chromatography-mass spectrum ( TDS-GC-MS ) technique. The results show that 53
compounds are identified from VOCs in branches and leaves of S. superba in 4 seasons in total, in which,
the number of compounds of terpenes is the most (11), and the number of compounds of VOCs in
branches and leaves of S. superba in spring is the most (26) , followed by summer (21), that in autumn
(18) is few, and that in winter (17) is the fewest. The total relative contents of compounds of terpenes
of VOCs in branches and leaves of S. superba in 4 seasons are the highest, and are greatly higher than
those of the other types of compounds. The total relative contents of compounds of terpenes of VOCs in
branches and leaves of S. superba from high to low are in the sequence of summer, winter, spring,
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autumn , and those in summer, winter, and spring are relatively close. Compounds of terpenes of VOCs in
branches and leaves of S. superba in spring, summer, and autumn are mainly longifolene, borneol, and
camphor, while those in winter are mainly D-limonene, longifolene, and camphor. VOCs in branches and
leaves of S. superba in different seasons all contain unique compounds, which are the most in spring (15)
and the fewest in autumn (4). The diurnal variations of component composition and relative content of
VOCs in branches and leaves of S. superba in spring are evident, the number of compounds first decreases
and then increases, which are the same and the fewest (8) at 10:00 and 12:00 and the most at 16:00
(16). The total relative content of compounds of aldehydes of VOCs in branches and leaves of S. superba
at 16:00 is the highest (38.14%), while those of compounds of terpenes at the other times are the
highest. In addition, the total relative content of compounds of terpenes of VOCs in branches and leaves
of S. superba first increases and then decreases, and reaches the peak value (84.64% ) at 10:00. Based
on these results, branches and leaves of S. superba can release a great amount of compounds of terpenes
which are beneficial to human body in 4 seasons of the year, especially at most of the day time in spring,
it can be used as healthcare garden landscape tree species.

Key words: Schima superba Gardn. et Champ.; volatile organic compounds ( VOCs) ; release rule;
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thermal desorption-gas chromatography-mass spectrum (TDS-GC-MS) technique

ARAAf ( Schima superba Gardn. et Champ.) A7 111 4%
Bl (Theaceae ) A fuf J& ( Schima Reinw. ) & &k [ MK I
A B  BIEASE . ARfr LS P10, S i A
BT B 1Y ERAE T, TTAE I A6 15 S i AR
e, 35 ASCIRME 5 AR BRI e B R BT, T A2 A I
TR A B PR T Tk MR AN 5
143 R v T WA N S A K8 G 1 S
SN N PSS = O VN 203 E I NG B S =9 VD Sa =7
Bis K A PERE RO L R AR, 78 el Ak Ak gz i

LA B NATHE TR KT Y4 8 B T ZRAR B
FERTRAYHRTE | AT el ke AR o ) S22 5K ok
R, BRERALAISEALRCR A, AT I SC A e &
A RE SR R ABAE . A8 W 1Y 5 e YA DL (volatile
organic compounds , VOCs ) J& 48 9 75 I A=A i i F2 vh
FEAERIRE S S R N A Ry
HEAHRMBESRHE S, HEOCT AR VOCs BT
B AL SR o A0 SR FH e 2 e AT SRR U X R
TR S ARAF 09 55 B 8 R Wb A5 1 0 b, 3= 2% AE
AU BRI AR T R P AR B A B AR R A A A A
T BT T IR . SR A 25 TR A6 S B Y
VOCs A FIANIA" | HLdst A 2R AR 1 S 30 25 SRAEAE 4R
Rig2 RO RARTBIL VOCs (1 230
I, X AR A VOCs B Sh A8 L HEA T8 X T i A
i HY SR PR T B A E R

ST ASBIFGE SR F B0 285 T 25 R A 12 B3 A —
SJRBEH (TDS-GC-MS) £ AR 3t F 2 Bk &
4 AZETRMAL VOCs 1 5805 4R AR X & b A7
TR I B ARATAL VOCs B9 B3 2H B

FrR ) H AT T H AL, LIHE AN R AT B VOCs
R R 2 BRI 5 B A B AR A LA S {75 el b 5t
RS Fob 14 428 B (M Bl S

1 ARAR T ik

1.1 ##

AHIE R BEBE ) A A FEAR 2B K AE BV BU M T P
T DA LR P ) AR R far pkrh bR 60 T 4R
£ 120°00'13.71"  Ab4h 30°11746.21", J& . A 25 X
B, AR AR 17.8 °C, AR ¥ a5 SOM X 1
70.3% , TV K 1 454 mm,
1.2 A&
1.2.1 ARarset VOCs o9 R % 767181 1L AR K 4R
AR BEPLIE R 1 BRAR IS 8 a AR K Ad R H IO &
TG, dFRid, THES E5F KFEMLZE
BIEEE 1 AREITEH (439028 2018 4F 4 H 27 H |
2018 48 H 24 H 2018 410 H 26 H 12019 41 H
24 H),7£ 8:00 & 1600 [A], 4 2 h HU 1 ke, AKX
TPURE B AR AR PR 3 8 A e v 38 ] — A K 8 B AN [) i
A RS (R EL I FHAY 3 MR ()
YER 3 AEE , HRFELS (B Reynolds il R 48, 1K
F10.1 m’, 2E[H Rennolds Metals A H) ) AR &), T
BRI ZC-Q fEHE X B KRR (WL AE IR AN
RIAR A BRA D ) B RAEAG N 28 AL T8 1k B L
75 RS , RSS2 R L T VOCs SREE,
KRS 0.1 m® - min~', SRAEMIE 30 min, [FH},
TERA TR iR 3 A28 IO R (BISRFEER AT
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VOCs RAE , HABA AR ), TROEA 00
1.2.2  K#r4Let VOCs e94&m KA VOCs Y
JIC3 B AR X B 0 R FH AR B — <5 BB
(TDS-GC-MS) Fi A, i HEUALERA TDU FRBF 2
(15[ Gerstel 23H]) \7890A SAH I (SEH Agilent
AT A 5975C B AL (S Agilent 2 H]) . HARK:
W22 SR 13]
1.3 HiEEMSZIT O

B GC—MS 43 M7 3K 15 0 J5 4 B gl B B 1 o
(TIC) #£ NIST2008 &% ik 1k &, 45 & (i Or
BB FIDCC B S b 5 >R FH (i e 1 AR — £k
PP R AR A P BT

2 HERAH

2.1 ARFFARETHEM VOCs BIEEER

X FK A4 A FE R R VOCs 1 43
H A SR TE A5 R R 1, Giita R
IR MR ZETT AR A VOCs 4t %5 53 Ffk
E, A8 11 B2 &9 3 Fibe 2Rk &9
S5O RIFMAEY T MR A Y .S PR AL E
Y1 .3 PS5 FIEESEALG ) 5 R A LIRSS
EY I 9 FiLAAL A .

FEBARMEM VOCs H 3% 1 26 Fiik &9,
LG 7 PSS A 1 Fhbeke b B 3 FlOT ke
KA G 5 FEESRAL G 2 RS ARG 1 Pl
FAEY 1 FIERRAL G 1 A A LIRS G W I
5 AL G, Hd wiER Gk RZ, B
X & iR (58.03%) . BEARMAM VOCs ik
WAL A PR | 0 RS oG %) AR B R R
351K 26.93% 18.19% 1 8.74% ; HiAth Ak A H v A 4
FEORFLG AR A, R 9.36% , BRili iR Ak
HWHN  BEEARTEM VOCs LS Yy SAR R
TEMEE, N 14.69%, FFEARMAN VOCs HiF
AR 15 B L8G4 PRS2 &9 1 Mk ka2
a3 FoF R EY 2 FhEEZEALE W 1 R
FKAEW 1 MBI G Y I 3 FH AL G, X s
R R A B B KT 5%

BB A VOCs H3t s i 21 Mk &9,
F145 5 Fli w25k &4 2 FhEERL A9 2 RS 1L
BY . MRS Y 4 FERRIL G 3 A HLIR
FALG Y S 4 FHAAL G, B BeiR SRS R Ak

GV . SHEFME, AEARAEM VOCs Hhik 2k
YRR, B & R (58.95%) . H 2
ARAEFEL VOCs AR & BEHEAETT 3 7 Y [R)AF 2 il
WAL A W 0 e I R AR i, AR G 4 R
30.23% ,13.32% 1 12.58% , BRisii&ib & ¥, &
FARMRL VOCs H H A A6 A 0 19 B AR X 5 2 55
(14.28%) , HBEAMEI VOCs R H R0 H
7P ALSE 1RGSR S Y 1 RIS 3 A
BEAb A 1 P HLIR AL & 9 S 1 R A Ak &
Yy, X B A B AR SR 2 1E 2% DL F LY 3,5,
S-=HIE-2-HE M- 1-FRE AN & EET 5%,

BEAR MM VOCs Hik % i 18 Fiik &4,
FLIE 4 GRS G 3 FEERAL AW 1 RS
HY .3 MR A Y 1 FERRIE S 3 Rl LR
B G I 3 FLMAL G, B Be kRS R 25 Ak
Y. SHEFEMEFEME, KEAMEI VOCs Hrif
R EMR R Z, BHX & &S
(42.24%) , KA VOCs Hilk M 21L& Mk
RS S i) U D el s i =1 o 71| I
18.98% .11.56% £ 10.45% ; BE AL A4 2- 2 3 O
MBERILAY o, a— — W B BER AT & g i,
43 H1R 15.70% 1 10.88%, B2tk &9 ok, B2
ARAEFEI VOCs HERALEY) RGP FA HLIR
Ak A B AR S R, 4 B 24.70%
13.86%F1 10.87% ., FKFEAMEIM VOCs THREA B
A4 F0 G 1 FEERALA Y 2 AL LAY
F 1 R A AR A, 3 SRR 4 0 R = AR
T 5%,

KAWL VOCs it % i 17 Mk &9,
F155 5 PRI 2 Rl b B 2 Flv ke
FALGY 5 FEERALE Y 2 FIERZAL G B 1 A
ik G, B BER AL ) R & W A PLIR 2K
EY, &ZEARFAH VOCs Hka 244 4 A
TGRSR R Z i  HiE20 A0 8
X SR (58.69%) . A& Z= KRR VOCs i
WAL G D-AP G A 0 R iy L B 1 2 Ak &
Yy 2— 2 55 OB AR X B A, 43 00 R 33.00%
9.79% 8.56% F1 8.73% , BRI WA, TR
TiRZ VOCs mf [ 216 G W R 25 A6 A 0 6 S AR X
SR, 9 18.56% F1 12.74% , & Z2 R AL
- VOCs TR BT A 10 B, 46 2 Rl s 25k &
Y2 Pl e B 2 M5 IRk & 1 FhEE2E
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EY 2 Ml E Y b 1 R HAAL S 4, b bl
R Y) D-Frigda KBS W) 35 C B A 6-H
=5 —BREMs — 2 — A B9 AR 6 AR 5% L L U
D-H7 I, R S5 2 I 17 Ak & 9 o
R

ERRE 4 DTG VOCs il il
EYIIEARXE S R R R A P LI M e
B AL A =, & FE AT BT VOCs Hhad & A3 AR 5
R D-Frids, 4 DEyIE, B AR g bt

F1 TRFVAEHMEZELZEEN (VOCs) RS HMFIEXN & E

VOCs il 1A M 0 28 M 35 BB 35 F R AR
WHAT H% KE, LB 5HENLT AT
VOCs FHEA 2 16 4 W0 B0 SRR R 2 B4 B 4
PR R B AR VOCs sl ik
WO SRR A BEAE 4 AT IR AT (B T
ATFRIT VOCs I A M, Wi, 1E4
KPR VOCs 5 5 H 1k 4 W0 AT A3 H
FIR IR | TE A AR VOCs F1 2 9 1k
YR BRI AT A ORI %,

Table 1 Composition and relative contents of components of volatile organic compounds ( VOCs) in branches and leaves of Schima superba

Gardn. et Champ. in different seasons

TEAR [ 27 (AR 5 /%

L% Relative content in different seasons!
Component
2 Spring % Summer  #kZF Autumn 42 Winter
i H725 Terpenes 58.03 58.95 42.24 58.69
a-JEHi a-pinene — — — 3.95
(S) =52 — b Y H A B (S ) -cis-verbenol 0.32 — — —
D-#/5 0% D-limonene — — — 33.00
T 5 Menthol 1.74 — — —
Je Bk Borneol 18.19 13.32 10.45 3.39
FE /i3 Camphor 8.74 12.58 18.98 8.56
K MFR4% Longicyclene 1.88 — — —
HHMA Cedrene — 2.54 1.25 —
K47 Longifolene 26.93 30.23 11.56 9.79
B-FAANE B-cedrene — 0.28 — —
HHAEE Cedrol 0.23 — — —
FefEds Alkanes 0.28 — — 4.60
4—H FEZELE 4-methyldecane — — — 2.23
2,6-_HFIET-HE 2, 6-dimethylnonane — — — 2.37
2,6,10- =H L+ PU%E 2,6, 10-trimethyltetradecane 0.28 — — —
F5IRZE Aromatics 2.29 — — 2.02
4B ZFH 2K o-ethyltoluene 1.35 — — —
1,3,5-=H 3K 1,3, 5-trimethylbenzene 0.51 — — —
a-H IR 2% a-methylstyrene — — — 0.96
SR AESZ 0-cymene — — — 1.06
H253F Azulene 0.43 — — —
525 Aldehydes 14.69 7.94 24.70 18.56
C\ 1% Hexanal 5.37 — 3.74 2.58
) Heptanal — — — 0.80
2-Z HE L 2-ethylhexanal — 3.24 15.70 8.73
- Octanal 1.20 — — —
ZKHI I Benzaldehyde 0.93 — — 1.54
T-#% Nonanal 6.46 4.70 5.26 491
+ PO 4ERE Tetradecanal 0.73 — — —
1% Ketones 1.65 6.77 1.49 12.74
I LR Cyclohexanone — — — 5.81
6— 1 H—5- B¢ — 2~ 6-methyl-5-hepten-2-one — — — 6.93
3,5,5-=H3-2-FHE M- 1-F7 3,5, 5-trimethyl-2-cyclohexen-1-one — 6.35 — —
KT Acetophenone 0.74 — — —
T HE IR Geranylacetone 0.91 0.42 1.49 —
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4E3R1 Table 1 ( Continued)

TEAN TR 2545 AR X 5 fit/ 9

Ry Relative content in different seasons'
Component
72 Spring % Summer  FkZE Autumn 42 Winter
F2% Alcohols 1.30 1.26 13.86 —
a,a- _HEEAEEE o, a-dimethyl-benzyl alcohol 1.30 — 10.88 —
S -2 - I - EE Trans-2-methyl-cyclopentanol — — 1.66 —
Je =9~/ Trans-9-hexadecenol — 1.26 1.32 —
fi&2 Esters 4.95 8.01 2.07 —
LR -2~ FHEC BN 2-ethylhexyl acetate — 4.81 2.07 —
= HEBETR TR Triethyl phosphate 4.95 — — —
TR R 53 T Tsooctyl acrylate — 1.08 — —
T L HEWEER TR Butyl diethyl phosphate — 0.65 — —
2,2,4- =W H-3-BIL RN~ LHRF TR Pentanoic acid, 2,2,4-trimethyl- — 1.47 — _
3-carboxyisopropyl, isobutyl ester
A HLERZE Organic acids 0.72 2.78 10.87 —
[ L& Pentadecanoic acid — 0.70 — —
1IET:/ Nonanoic acid 0.72 0.52 — —
PR Decanoic acid — — 2.42 —
HHERR Lauric acid — 1.56 5.38 —
1 =& Tridecanoic acid — — 3.07 —
HAlb Others 16.11 14.28 4.77 3.37
PU s Tetrachloroethylene 1.20 — — —
2,4- " H3—1-F#/F 2,4-dimethyl-1-heptene — — — 3.37
A LIS Methoxy-phenyl-oxime 9.36 4.76 — —
K Phenol 0.84 — — —
RN Aniline 3.22 7.75 0.98 —
1,2-—F-4-HK 1 ,2-dichloro-4-methyl-benzene 1.49 — — —
N-H FEZE % N-methyl-aniline — 0.88 — —
FRIFWEME Benzothiazole — 0.89 2.76 —
1-54-+ %t 1-chloro-dodecane — — 1.03 —

D—. KA Undetected.

2.2 EFAKEHM VOCs BT

H TEBREE AR M VOCs % E L&Y
%, HH AT NAA #3512 b A AR &
W, O R Z AR VOCs A9 B 23 2H R AR X
T AR T T AR 2,

7 8.00, RfarA I VOCs Ht % 5 i 10 Fifk &
Y1, 0045 5 PS8 A 2 MR Ib &9 S 3 Fh
HAfb AWy, Horr, w2646 5 1Y B AR X 5 & A
15 (64.69% ) A& HERT 3 07 1Ak G 1 i s 2R
MR A K M (36.67% ) . T8 ki (18.07% ) . 15 fiki
(4.46%), H Mtk &P S M & &S
(29.92% ) , Horr | B A 6T 5 RN AR g R X 7 1 38
LA 17.29% %1 10.31%

£ 1000, ATkt VOCs Fh A% 1 8 Fib &
Yy, 0045 6 PR A Y 1 MRS S 1 Fh
HAfb &, Hor w2 A P S & i s

84.64% , AHXF T HERT 3 A 194k A ) i s BRI
T4 (32.69% ) JEMK (31.06% ) FEfiki (11.50% ) .
HApbfb A9, W AR AL AT A4, ik
F13.22%.,

76 1200, KTkt VOCs i3 1 8 Fib &
Yy 4045 4 PSS G Y 1 MRS 1 R
FKAGY K2 MG, Hrb a2 S0
SARXT SN 67.81% , A& S HERT 3 AL &Y
P 1 B AR Yl K 45 (39.35% ) L 2 ki (20.88% ) |
FElk (5.54%) . At A6 & 9 ) BCH X & B A
(22.05% ) , F AR 3 2R 3 i R0 iz v R VT 25 43 391 ok
16.28%F15.77% , BERAUEY) o, - HH KRR AH

T, AE 6.50%,

TE 1400, KTk M VOCs Hdt e 11 ik &
Yy A5 4 PG 1 Mhbe e b G 2 Fh
WERAE Y 2 FEZEAL G 1 FIERZEALE 9 S 1 Fh
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Table 2 Diurnal variations of composition and relative contents of components of volatile organic compounds ( VOCs) in branches and leaves of

Schima superb Gardn. et Champ. in spring

TEARII ZI A & /%" Relative content at different times'

1'%
Component 8.00 10:00 12.:00 14.00 16 .00
72 Terpenes 64.69 84.64 67.81 62.85 10.15
(8) - - E ¥E B AF T (S ) ~cis-verbenol — 1.59 — — —
i faf 5 Menthol 2.99 5.71 — — —
JEIG Borneol 18.07 31.06 20.88 20.96 —
1% Camphor 4.46 11.50 5.54 13.20 9.00
K ¥R Longicyclene 2.50 2.09 2.04 2.77 —
£ J Longifolene 36.67 32.69 39.35 25.92 —
HHABE Cedrol — — — — 1.15
JEdE 2 Alkanes — — — 1.42 —
2,6,10- =H I+ PULE 2,6, 10-trimethyltetradecane — — — 1.42 —
F57452% Aromatics — — — — 11.40
4B ZHF 2K o-ethyltoluene — — — — 6.74
1,3,5-=H 3K 1,3, 5-trimethylbenzene — — — — 2.53
H242F Azulene — — — — 2.13
2% Aldehydes 5.39 2.13 3.64 24.18 38.14
T\ 1% Hexanal — — — 10.44 16.43
T Octanal — — — — 6.02
IS H i Benzaldehyde 1.96 — — — 2.68
T-[¥% Nonanal 3.43 2.13 — 13.74 13.01
+ PO 4ERE Tetradecanal — — 3.64 — —
1% Ketones — — — 3.22 5.01
KT Acetophenone — — — 0.30 3.38
F M FENER Geranylacetone — — — 2.92 1.63
2 Alcohols — — 6.50 — —
a,a- _HEAEE a, a-dimethyl-benzyl alcohol — — 6.50 — —
fig25 Esters — — — 8.07 16.66
= ZHEWBRME Triethyl phosphate — — — 8.07 16.66
A HLERZE Organic acids — — — — 3.59
1ET-AR Nonanoic acid — — — — 3.59
HAl Others 29.92 13.22 22.05 0.26 15.04
U £ Tetrachloroethylene — — — — 6.02
F ALK 5 Methoxy-phenyl-oxime 17.29 13.22 16.28 — —
Z1% Phenol 2.32 — — 0.26 1.59
ZRHE Aniline 10.31 — 5.77 — —
1,2- 5 -4-H 2K 1,2-dichloro-4-methyl-benzene — — — — 7.43

D—. R H! Undetected.

Hpfe A, Horb il 2Ab A0 00 SR it e s
(62.85%) , Xt HERT 3 7 14k & 9 e BIRAK
KA MM (25.92%) T2 Il (20.96%) . R ik
(13.20%), BERAL G S AN & &8 &
(24.18% ) , TN O FE 1A AH AT 5 549 3910 13.74% Al
10.44% , FEIALEY) = CIEBERR IR (AR X & it 5
i ,i5%) 8.07% .,

1 1600, RTFE I VOCs Hdk g i 16 Mk &
Yy, 4 2 MR G 3 FOF BG4

FERAL G 2 FERSAL G 1 PR A5 1 Fh
ARG I 3 Rk &4, Horp BRI
W SR X 2 B i (38.14% ) , AT Er e HERT 3 7
ML G R BRI IR O © B (16.43% ) | T B
(13.01%) ¥ (6.02%) ., BeEAAGY  HALLS
Yy D5 ISR E P RN I 2 A W B AR
VT, 43K 16.66% 15.04% (11.40%F1 10.15% .
MAKRE FE 8:00 = 16:00 Akt VOCs 1,
WAL A 0 BT i R T R R A AR 1k
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FBR, FF ARGREREA LI (VOCs ) BIZ=15 2255 KA 2= H A 59

3 TE 1000 35 BIEAE ; ERAL & 09 S XS & &
(AR AR A G AH S, S22 SRR A S T 1 B e i 3
oAb AP AR & RN S s AR, iR R B,
ARAFEL VOCs 7 8:00 A% HARHA 147, 7€ 10:00
F1 1400 258 1 AR B (o338 (S) - -
ILHFRIEAN 2,6, 10— = H R POk ), 78 12:00 %
FE T DB A o, o — F LR FhAS A Ry, 7
16:00 %72 tH 8 FhREAT L4, EL 46 1| Fhilliid 2tk a4
(EEE) 3 M5 G (P HF 2R (1,3,5-
SHERAH AR 1 MEERAE Y (SFEE) 1 R
MURRZEL A Y (IET/R) Al 2 FhHAbfL &4 (WA Z
W1, 2- 50 -4-H ) |

3 i fega

FARWTFEL R R A VOCs MIRIZE I 52
P A 2 R AR A AR VOCs YR
R 0 5 7 OBk 2 36 ) g 0 157200 A A S A )
VOCs YRR AR AR R 27 e afi i A
[RIAEH) VOCs [ AP AR 22 53¢ A A 2= 1 AR ]
REZAHY) VOCs RYRpIE] , ABFTE SRR FEA
AT VOCs LG YIR iR 2 (26 Ff) , 5 k%
M FARMAI VOCs PG YIRAZHTIN D, 4 4
TR VOCs BILARIGRAL G W o 3, HLb
RACS W EAXT S e R AT AR R
VOCs RS  HAERK AR B VOCs HAH X
AR, AT AP VOCs Z B [ B2
e RS R IR REMA 20 O T S A AT F 3R
B ARBTIA R AR R, R O R S R E
VOCs'™, AW FERFER ] 4 F T A, e
TEAL T AR (4 2 JR s B B0, IR A VOCs
HOREA A I RS R 22 (15 F) | HEI 3K W] RS2 A Ao
R R 1 R S 40 BBORG Pt 1 52 T S5 005 1T 5 O
RO R R R B . BRAEH B B A KRR R AL, Ol
SR L2 52 A A VOCs FR 512 i 25k &9
(g R T ORBTE AR AR KR VOCs
LEYFIE L AELFRNERZEE VOCs
YT SR, BEFE R I, e — € IR L FL A
FW) VOCs (4R T RE 7 BE 3 S0 5 it B B3 T g i 34
g1 ORIV VOCs TSI
A 40 C A N iR (AAERTE 40 °C 5 W BEIEE
e i AR A g R BT K A

VOCs b G 0 BRI & B i m  (HEEAR S
HEEME& BT, H VOCs T W R K UL £ F i
2 HEWIX AT R KA A far A R A7 21 B 2R 0m06 A E Ti
HISZIR , AHOCHIFFE 45 S 3R W . AR AR PN 2 2 40 1) R i
FEE MR LSRR fE— IR
TR P, LT B it 5 ' BB B T s i 38 K, 3l o
FLBEHCH VOCs BEZ I ; {5 24506 Bt i i i 2o — 7
B, AP EEAS /N3l i AL B VOCs iz
BREATR R0 Y B ol B e v B, A far i ) AL S /S
oG], T BEAS VOCs BIREHL

HEY) VOCs BB 1Y H AL RRAE , — B2 Bh
K TR, FAmTEF ) R p, EF AN
kit vOCs AL G PRI 2ETE 1600 e £ (16 Fi) , 7F
10:00 A1 12,00 Fh MM 2 HE /D (8 #l) . JFH, K
faf At VOCs il M 2846 & 4 1 S AR X 5 i 258 T
G AR B S A i, 7E 10,00 SA RN IE(Y , S HFZAR
oI el A R H (A B )Y 3R AR A J
M FTRL T VOCs Thilliia b & P& vl g5 1
H B 16 A ARG AR AT fp itk — 2D oR

FEY) VOCs X F KA IR FI AR A FE AR+ 43 5
BRI RS, BRSO R EER . A
EURT 385 2 A BT E IR AR R 4, i HL gl
BRIk IR B 4 G AR I gE A 6 BF O 4
S0 TR AR A AR AR A 38 T R R X
NIEA 15 iR RGP . N VOCs I ER , R A i
— PR R A LR g A AR 2SR AR LR A E— A DU ZE 0
SR ZE R W R 4 Bof [) T R8s R %k A AR AT 25 1Y)
WA G, PR Sk O A 28 el A s L A AR Ao

SE k.

(17 XBRE, XA, XHaAe, AL 5B X /N3 g e i de iy 48
BRHELT]. 42, 2007, 46(12) ; 854-856.

[2] @4, B2 M1, WHEA. A i A2 o D590 3
L], T RMOlk B, 2008, 24(5) . 41-44.

[3] B, BRI, SRR, & T PR T ARM A AR R
FE[1]. Ml 5HEERE, 2020, 36(3) : 48-54.

[4] BENTLEY R. Secondary metabolites play primary roles in human
affairs[ J]. Perspectives in Biology and Medicine, 1997, 40(2) .
197-221.

[5] GOFF S A, KLEE H J. Plant volatile compounds: sensory cues for
health and nutritional value? [ J]. Science, 2006, 311 (5762):
815-819.

[6] RAEEM, REIC, BULE. MYREIPFEIM]. JLt. P EML
i pAL, 2006 212-213.

(7] NSO, BEEET. ARATEFZMNI 89 GC-MS 234 [ J]. Pl



60

Wy ¥ IR SR 5

=i %31 %

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

WA R, 2008, 16(4) : 373-376.

Wk, £ R, SEE. BRI DL R BT
JEBERELJ]. NOIAZS24H, 2005, 16(6) : 1151-1155.
NIINEMETS U, KUHN U, HARLEY P C, et al. Estimations of
isoprenoid emission factors from enclosure studies: measurements,
data processing, quality and standardized measurement protocols
[J]. Biogeosciences, 2011, 8. 4633-4725.

FERM, S, 5KIETT, . Bim -SMHEEEHRIT].

Ml AR 54U, 2003, 9(3) : 129-135.

J O wE, EER BokE, SRR R A LY R R

TR H SR RA[J]. AR, 2020, 40(7) .

1021-1032.

TR, BB, BR O, AR ORIEME CO, Xt AL

FRHE S AT R 2R [T ] ROl 2 24 (A SRR

2ERR) , 2020, 44(6) ; 71-78.

FE&R, R, WA, R U LB AR R TR

B 53 B8 AR B E [ 1], Wi plol B8, 2019, 39(2) .

75-80.

GUENTHER A B, MONSON R K, FALL R. Isoprene and
monoterpene emission rate variability : observations with eucalyptus
and emission rate algorithm development [J]. Journal of
Geophysical Research, 1991, 96(D6) : 10799-10808.

HAKOLA H, TARVAINEN V, LAURILA T, et al. Seasonal
variation of VOC concentrations above a boreal coniferous forest
[J]. Atmospheric Environment, 2003, 37(12) . 1623-1634.
JANSON R W. Monoterpene emissions from Scots pine and
Norwegian spruce[ J]. Journal of Geophysical Research, 1993, 98
(D2) . 2839-2850.

SIMON V, LUCHETTA L, TORRES L. Estimating the emission of
(VOC ) from the French forest
ecosystem [J]. Atmospheric Environment, 2001, 35(1). S115-
S126.

B . 4 ORI Y50 Bt SOA 2B 5E [ D], dbat
JEsTl RS K AR RRABE, 2016 32-41.

BRI, JAWEA, BEUR, S5 B EZARMA KT VOCs
M-SR [T]. PR ARSE, 2007, 26(3) @ 399-402.
BB, XM, B 2, 5 MalRS R FEAE YR T
VOCs IR T]. mEEMOl R 22440 ( B AARIERR) , 2011, 35
(1):34-38.

STREET R A, OWEN S, DUCKHAM S C, et al. Effect of habitat

volatile organic compounds

and age on variations in volatile organic compound ( VOC)

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

emissions from Quercus ilex and Pinus pinea [ J]. Atmospheric
Environment, 1997, 31(S1): 89-100.

KIM ] C.
southeastern US pine forest[ J |. Atmospheric Environment, 2001,
35(9) : 3279-3292.

AR, BOKE, L & WIBURREE R VA LY o B
PR ], AR bRl R K224, 2018, 38(10) : 123-130.
2L, B, B, IR BRI RR R
FEORVERUY OB T ). M BT IR 5 3R 88 4 4t 2021, 30(4):
69-71.

EOu, B, BRIEAE, . MR BB IR AL K
FERRE B A e [ J] . B IR S PR 4, 2018,
27(1) : 37-43.

SHARKEY T D, LORETO F. Water stress, temperature, and light

Factors controlling natural VOC emissions in a

effects on the capacity for isoprene emission and photosynthesis of
kudzu leaves[ J]. Oecologia, 1993, 95(3) . 328-333.

OWEN S M, HARLEY P, GUENTHER A, et al. Light
dependency of VOC emissions from selected Mediterranean plant
species [J]. Atmospheric Environment, 2002, 36(19). 3147 -
3159.

YRR, BANEE, TR, S IRER I XA RO R AL
BYRIE )], HYAE A, 2001, 18(6) : 649-656.
ZHANG Q H, BIRGERSSON G, ZHU ], et al. Leaf volatiles from
nonhostdeciduous trees: variation by tree species, season and
temperature, and electrophysiological activity in Ips typographus
[J]. Journal of Chemical Ecology, 1999, 25(8) . 1923-1943.
WlR, 20U, FBIJY, 45 mE KT H 2 D Em 5k
FOCARRELLELL )], A2, 2009, 29(11) : 6120-6130.
BAIGEHT. ALRU DCARAY | LTAAAIAREE R A HL BT 58 [ D).
Jent: hEMERABER BEAL BT, 2016: 6.
BALDOCCHI D, GUENTHER A, HARLEY P, et al. The fluxes
and air chemistry of isoprene above a deciduous hardwood forest
[J]. Philosophical Transactions: Sciences  and
Engineering, 1995, 351(1696) : 279-296.

25, BRGS0, A ORRIREE a5 2k >
RPN [T] . RS, 2010, 30(11) : 3080-3086.
HKICHR, MGHT, WA, & AL SR B AR RS B
BERTFHIREAHTLI]. T PUHEY) , 2006, 26(5) : 492-498.
WA, MO, B . SSRGS AR A
SRGEPIERT]. A%, 2002, 21(3) : 33-38.

(RERE: F2R)

Physical



