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Abstract: Biogenic volatile organic compounds (BVOCs) serve as a critical link between the biosphere and the atmos-
phere, playing a vital role in atmospheric chemistry, ozone formation, and the creation of secondary organic aerosols.
Volatile emissions from urban forest parks and greenery can have a significant impact on local and regional air quality.
In this study, two common Ficus spp. plants with a high planting rate in Haikou were selected, and the BVOCs emis-
sions of F. elastica and F. altissima were measured using the dynamic headspace bagging collection method and identi-
fication and analysis by gas chromatograph. The chemical components and emission characteristics of the BVOCs were
also investigated. Meanwhile, the experiment continuously monitored environmental factors [temperature (T), photo-
synthetically active radiation (PAR)] and physiological parameters [stomatal conductance (G;), intercellular CO, con-
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centration (C;), transpiration rate (T,)] to further analyze the driving factors of BVOCs emissions in Ficus spp. The re-
sults showed 19 and 12 compounds identified for F. elastica and F. altissima. BVOCs emissions from Ficus spp. were
dominated by isoprene and terpenoids. Among them, the relative content of isoprene emission from F. elastica increased
by 1.82 times in the rainy season compared to the dry season, indicating that F. elastica has a significant potential for
isoprene emission. The terpene compounds a-pinene and Caryophyllene made significant contribution. The daily varia-
tion of BVOCs in Ficus spp. showed a single-peak emission pattern of “low in the morning and low in the evening, high
in the middle of the day”, with the maximum emission of BVOCs occurring at 12: 00 or 14: 00 noon, when the tem-
perature or photosynthetically active radiation was the highest. BVOCs emissions from Ficus spp. were significantly
higher in the rainy season than they were in the dry season. In addition, the BVOCs emissions of Ficus spp. were posi-
tively correlated with the temperature and with the photosynthetically active radiation. BVOCs emissions were posi-
tively correlated with the physiological parameters, T, and G, and negatively correlated with C;. This study expands the
research field by investigating the emission characteristics of BVOCs from tropical Ficus spp. It provides essential data
for enriching the database of BVOCs emission inventories in tropical and subtropical regions and for assessing their
environmental impact.
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Fig. 1 Relative content and emission rate of BVOCs from Ficus spp.
R1 BEHEWHMM BVOCSEAS REHIMMENESE
Tab. 1 Components and relative contents of VOCs from Ficus spp.
STt Jrromn - A} 12 Relative content/%
e B Ll S 5 < A . . S . . .
R A R B R > " /B I E[1 £ #4 Ficus elastica =5 11144 Ficus altissima
Chinese name English name Molecular  Retention Basis of = i 7 e i 2
formula index identification FF [BES e Bk
Dry season Rainy season Dry season Rainy season
IR W isoprene CsHg 507 MS, RI, Std 11.61 21.20 8.34 8.05
LIRS MTs
a-JR K a-pinene CioHis 939 MS, RI, Std 11.35 9.79 17.87 20.09
Oy R linalool CyoH;50 1107 MS, RI 3.18 3.40 - -
SRR terpinolene CioHs 1012 MS, RI - - 2.55 2.29
fi 2Pk s SQTs
VaXUR ] caryophyllene CysHay 1437 MS, RI, Std 22.88 6.27 22.55 21.41
a-FIA K a-copaene CsHay 1380 MS, RI 2.41 4.00 14.65 17.07
o7 FEL A a-humulene CsHay 1455 MS, RI 3.94 4.34 - -
FERMREMN R germacrene D C5Ha, 1490 MS, RI - - 3.09 1.66
y-AK 2Z I y-muurolene CsHay 1472 MS, RI 4.15 4.47 - -
o-AK M a-muurolene CsHy, 1500 MS, RI 4.05 3.05 - -
S-FEAM (+)-8-cadinene CsHyy 1527 MS, RI 3.32 2.58 - -
T -o-FF KA A cis-o-bergamotene CsHay 3.87 5.66 5.58 6.38
Fug e aromandendrene CsHay 1439 MS, RI, Std 4.63 4.60 - -
HRURR B-copaene CisHaq 1563 MS, RI 4.18 3.68 - -
B N daucene CisHos 1392 MS, RI 3.91 5.34 - -
HeRstyw other VOCs
(3E)-4,8-—H1 %k~ (E)-4,8-dimethylnon  C, Hs 1116 MS, RI 2.09 424 - -
1,3,7- =4 a-1,3,7-triene
I =X -3 - 2 J e 3-hexen-1-o0l CgH,,0 852 MS, RI 1.96 3.24 4.65 3.87
T nonanal CoH /50 1105 MS, RI 2.78 4.04 8.01 6.69
2- B 2-heptanone C;H,4,0 899 MS, RI 2.96 4.03 - -
2-FEE 2-heptanol C;H,c0 895 MS, RI 3.29 2.84 - -
B decanal C1oHa0 1186 MS, RI 3.41 3.22 - -
1-CL 1-hexanol C¢H,,0 845 MS, RI - - 3.45 2.08
4.0 Rk 1B 4-hexen-1-ol, acetate ~ CgH 403 982 MS, RI — - 3.61 4.07
2-2FEC B 2-ethyl-1-hexanol CgH, 50 1032 MS, RI — - 5.66 6.35

T SRARAREED

Note: — indicate unidentified.
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9.79%. 6.27%. AT’ TESRZ2 R HEBH X & 5
WIZEIY 3.65 fi5, F B4 Praxd 2745 A8 1k i Sl
e, mILFER BVOCs Ay T R 8 | o-
W AR, A MR . o- BB .
T/, 2-2 O, 7E 2 ANFTH, AMEN
DUBREE R, SRR R 5 H Aol 22.55% .
21.41%.,
2.2 BVOCs HEF4H1E

W 3 iR, 2 Mk @Y BVOCs HEjil 2
PG E A H AR g, HHEBOR A A —2, HE
BOHE R e T m R R, B AL, R
(B HE RS . HEBOE M 2 I BAE 12 00—
14: 00 Z [0, EEEHEE 5 20 R RR 2 (R W (R 3 1 B0
TE 14: 00, HEBGEARITHN (24.64+0.89) . (35.70+
2.11)ug/(g-h)o o LA 7 5 25 R RN 25 (1) HE Bl I 1 43
S PAE 14: 00 F1 12: 00, HEMGEZRS 51K
(32.47+2.03), (43.37+0.87)ug/(g-h), 45 F5 R
ZE[%) BVOCs HEAlHUR I & T 52, Xlaes
RN E AW E B HGER LG A K,

2 PR @AY AEAS R B [ BEX) ISO. MTs,
SQTs Fl Other VOCs HYyHEH 2 H A= fan &l 4 fr
N, 2 FPRRTEAEY) SQTs HER = sk fe s, HAE
AR HE RO (R 20 5 AR 20 25 5 4 3 ( P<0.05 ),
MTs BTk WA R, HHERE(E S5 4R
2RI 22 S o B BEAR AN [RIINE 20 9 4 28 o HE
BRI W 2T RILTIATE 14: 00 HEBGHE
FINBNER KA, FERBHE R (4.18+0.57)ng/

15

0 /IR7) 1 4
ok n kS e R g8
W o~ W HE T & & &2
oW L md e 8BNS s X
N o W B 3 I3 N
& 3 K
®
1«
BVOCs#4 4} BVOCs component
50
-8- IERRSE
_45r —=— AT
T 'ﬁ'%lﬂ*’é‘5§
T;D 40 —A— AT
52 st
23 30l
B2
('395 25 T
O o PPtads
= & 2l t )
8 -
£

10-2

5 1 1 1 1
8: 00 10: 00 12: 00 14: 00 16: 00 18: 00
if1a] Time

ARG F R R AR BRI 22 5 .3 (P<0.05)
Different lowercase letters indicate significant difference among
treatments (P<0.05).

B 3 #&EiEY BVOCs iy H B F1 Z= 15 M HE A L 52
Fig. 3 Comparison of diurnal and seasonal emission
patterns of BVOCs from Ficus spp.

(g'h), FIZER(13.42+41.82)ug/(g-h), BEHCHZ M &
FIUEBTZIHEF H : 14: 00>12: 00>16: 00>10: 00>8:
00>18: 00, WE{EATZI5 12: 00, 16: 00 F-HIREiK
HRZER B (P<0.05) , i HALA 2] 5 5 a8
R AN R S R TR H AR TR
AR 2022 5 W AR R AR 2R TE 14
00 REHH IR B e AR, BEHGHE % i = 2K 2]
HEFEH: 14: 00>12: 00>10: 00>16: 00>8: 00>18:
00, HAIZIBHEE S 25 8% (P<0.05) . &
INAATER . RS R BE R 2 F D (P<



2454 o AE A F AR

14 - BIEERE a
~ b = V2150
= 2L H FA MTs
T;m - ES%TSVOC
© B2 of]
ﬁg 10_ E other S
=2 sl ¢ = d
-
s e =
(O~ 6 —
ol = £
> g b —
m3 4r =
o) dHFb bpHbd ER SH
E 2&d ¢ 4 E c oHle
€| = e

8: 00 10: 00 12: 00 14: 00 16: 00 18: 00
B} 8] Time

55 45 &
LA
~ 200" ISO
= LFd MTs
- a = SQTs
%0 16 | k== other VOCs
‘m}- a0 |
3 b mn
it =
BE 12f -
g o ¢ H
wn S 1
Q 'z | - [
g é 8 a a —ab b d
A g C =|_i [ be
Q d et
o 4r - e
2 la =
a > = ¢

0
8: 00 10: 00 12: 00 14: 00 16: 00 18: 00
fifiE] Time

4 BEHEY BVOCs BAENHIMERTHERES

Fig. 4 Differential analysis of changes in emission rates of BVOCs from Ficus spp.
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KEWEMHRES S TRE, £FMMZE BVOCs
(IHERC AR LA ASEA — 0, EIBERE A LA AE
R R E TR, P ER RO
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9.59)ug/(gh) o 1 LLAR 5 22 B 4 Oy (142.37+
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2.3 138 BVOCsHiM 5IMEE FHE XSS

T BE RO B A RUCHR ST SR 5 e R ) 0 2
BVOCs HEjif it £ 2SR IR ol R K BN EEAR Fl = L
¥5 ISO. MTs. SQTs Fll other VOCs HEjif & f H ¥R
iK% Pearson AHCREL (r) WL 2. S55R%
B, 4 b AwHbE 5IRE | JLREY 2 IE
G ENEEARAE R 2 4 BB HE & 5
M r JEEN 0.881~0.980, THFERIZE r JHFEN
0.293~0.982, A UL MTs F1 SQTs 5 it & 52 Wi 3 Ky
WE, fERWZE, EIER ISO. MTs. SQTs HEi
EEEABEESE r JEFERH 0.921~0.990, %
BB AR DG . FR LRI UL, EREERE BVOCs 1)
HEfil 32 P58 T2 MR, X nl R 5 Rk L
FlOCHE LAY o 1A BVOCs AYHERL 53085 ]
TAHRME S e RIA IR, &1L other
VOCs 53855 K FAH SRR . 1H & s 9 A
3 R EWRHER R SIREMN r WEEY 0.640~

0.943, 7EWIZE SQTs HEAE S5 2 W 2 1EAH
X (P<0.01, r=0.943) , 7ERZ=0F WA CPEA B
F . MESZ SO, MTs (AR SEEH R 8%
1IEAISE (P<0.05) . 1SO. MTs 5564 5 S
A2 L R AR OG, 1T SQTs 75 RN 24 R M4
SRAARSCYE . UL, &L BVOCs HECZ 51156
B ARSI, G5 R — DR T A
HF1E % BVOCs HECh R AR .

R2 BEHEY BVOCsHIMEZEHRIERFTH
Pearson 83 & %}

Tab. 2 Pearson’s correlation coefficients between
BVOCs compounds and environmental factor

55K -F Environmental factors

AN
A T PAR
Tree UES = =
species Compound Lo S qié Fﬁé
type Dry Rainy Dry Rainy
season season season season
R ISO 0.881" 0.812° 0.986™  0.968"
F.elastica 0.980" 0939 0977  0.990"
SQTs 0.957" 0.982" 0.940"  0.921"
other VOCs 0.936" 0.293  0.887" 0.073
Al ISO 0.871"  0.693  0.967"  0.704
F.altissima MTs 0.868" 0.704  0.985™  0.593
SQTs 0.640  0.943™ 0.841" 0.871°

other VOCs 0.092 -0.128  0.233 —-0.125

W TFEARTE 0.01 KT FEWBEME (B , FIRTE
0.05 /KF ERBEMRK (E) .

Note: " indicates highly significant correlation at the 0.01
level (two-tailed); ~ indicates significant correlation at the 0.05
level (two-tailed).

E A5 A= LA 72 S 22 RN 22 1SO HEji a5
B A RS Z A LA B (I SA) 4
R, EDBERA Y ISO 5 PAR 2 81 M B i (9 FH G
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JCHAER 2, 1 LUAR 7E 228 1SO 5 PAR MYAHC
PEBS K . AR SB Al A, JREF PAR HAR{L i34
5 1SO W HHEi 280 — 3. 76 14: 00 BF 1,
MR IR B B S, PAR K, ISO R B
Wik Rk, KRR R HE S B AR B 2 1A
FETERCR I AR M . 2 PR R A 1SO Ml MTs 5
PAR I 2 [8] B AH G ML & UL B 5C L 5D,
TE 5C 1, ENEERE MTs 5 PAR AHCHED & 8 i
= EIEFA/ISO/R % R*=0.93, P<0.01
= EREERE/ISO/MiZE  R=0.90, P<0.01

= FILA/ISO/RZE R*=0.86, P<0.01
o HILHA/ISOMZE R=0.46, P>0.05
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BVOCs BiHE R
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Fig. 5 Correlation analysis of BVOCs emission with environmental factors in Ficus spp.
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A (P<0.01) o BbAh, WF5E & BLENENS SQTs
(R HE R 32 AR BB B R P EE K, Pearson #H G
ZEUH 0.918~0.975, MTs HIHEUE 54 S5
FW W EAA XM, Pearson HH K R BN
0.886~0.970, 1SO HEjik & 5 3 FhAE B HOM M
WA R WE, [HE s 1SO MHEUE 2 = S5

AR BESE R, R R HCN 0.808~0.977, X T
other VOCs, EIEMIHE R SAEBSE (T,
Ci. Gy) TEREE R EMC, HNFHMHEHIA
BE, [T, &L other VOCs HE &= 54
HSE (T, Ci. Gy) HHXRMEH AR 2, R other
VOCs IHHE i 5 P 5 R AH OGR4 48055

*x3 HBEEY BVOCSHIMEERSAIE SR Pearson HHX REL

Tab. 3 Pearson’s correlation coefficients between emission rates of three types of compounds and
physiological parameters during dry and rainy seasons

W st/ IES T [of G,

Tree species Cortr;;;(;und 57 Dry season FZE Rainy season ‘2Z Dry season i Z% Rainy season $Z% Dry season MiZ% Rainy season
ENREFA 1SO 0.828" 0.878" -0.861 -0.793 0.848" 0.876"
Ficuselastica \Tg 0.929" 0.967" ~0.954™ ~0.886° 0.954" 0.970"

SQTs 0.974™ 0.975™ -0.972" -0.918" 0.928" 0.944™
other VOCs 0.958" 0.322 -0.994" -0.512 0.879" 0.111
ks 1SO 0.972" 0.841° -0.808 -0.952" 0.977" 0.882°
Ficusaltissima g 0.952" 0.736 -0.827" ~0.881° 0.948" 0.857"
SQTs 0.796 0.904" -0.976" -0.919" 0.850" 0.985™
other VOCs 0.262 0.014 —0.650 —0.419 0.324 0.125

TE: UFRIRAE 0.01 K R R B EADE (W) 5 "FRAE 0.05 KT BB EME (W) .

Note: ™
(two-tailed).

3 iTig

BVOCs HEit HA & EMY MR s, 2%
BVOC HE ik & 77 A HE R A 9 /Y X 3 42 Bk 22
S, AR 2SR 5 e FLHE R 43 R0 HE B — A
FHEHEP GUENTHER ZP#1I GERON (10
WFFERAE I, WA ERO R s, Bl
i B2k HE R, XERE M EMNEAAFRNE
Fe o U E5 Y o AR 5 0 2% F1) B RE AR A L AR 1Y
BVOCs drFH, ARG a9k
F, HAEER S RO Rk, FE R
) BRI s ) HE TS R 28Rl o 3 7, X
— K BRS SCHRAR B I 25 A — 3. YUAN 2B
WL R, T8 45 ARF A 9 DA (20% ) HE
B M, T 43 IR (95.6% ) HER R A
W, 17 Mk (37.8% ) HEmfs2Fms . 7EAF
g, RIN T a- IR A JE ALY BVOCs Y
BLH By, ST RCR A e A A, H
HE LA DTER B B R A8 o-FIARH . o-F#T
B, AR IS Z S EMEY BVOCs
HIEC B SCHR A 25 SR A R4 (R ] X I A
JEHEY) BVOCs R R I — e 1 22 e
XATRE S RAE . BEHOR . WA AE R IR

indicates highly significant correlation at the 0.01 level (two-tailed);

" indicates significant correlation at the 0.05 level

XA LR R FEZRAH KL,

¥EHEY) BVOCs WHER R 825 /) H A48
o=, B CRRAR. R B RIERIEL,
X5 EA SCHERH A P HEBOR A A — 2 flin, T
SELEDIRE Y R B FAE) BVOCs HERUS R 281k 3%
oA CPHIE—ET | RARBN PGS
R HLL AR W Ao 20 25 B 4 ] e 22
AWFE AR E R VAR AEY) BVOCs M HE AR
fb, (AEXPHZ R SR8 Edd
R e DL VA DX 3 L R A B 1) BVOCs
Hem b A7 A A i, R BB RO B, SR
PVBRIERICh 320 HIBA T BVOCs HER 2 B
e 1) 2 R H AR AR X, b B 2 e
7 HIkFNEAEP, sl BN A5 45 BRI
Sy AN, AR E R T a- TR AT
Wi 2 PP 0B RO ZE T M HE ORI, SRR
AN TR 2 ) ) o B AR AR P 2R T 5, 35 0 A
A DX TR R IR I ) A A A — 2 i —
F 5T AT Bl T B8 4 b ffe g il s 2y Jo 1) A8 A A =
ISP ) BVOCs HEROEE AR R .

Tk B NS B A R S R DA Sy S i A HE )
BIRENA R, FIR TR R RGER, X
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T T B A ) BAZ B TR T R A, T
TEPE SR VI OG . TR BT T AR AL
M, AT S 3B W 4 R Y iRy
B, S — ML R T R A BVOCs HEREs
TIE 553 B RO A A RCRS =Z ] i 1 3 A DGR . AR
o, WMEMEYER 2R BVOCs HEi &M+
B, XULHR G AN BVOCs HEU 2 &2
o ARG TR B MR L SECE T 20
B WIE MTs F1 SQTs HEHAR R, K ETF
FE ( Phillyrea latifolia ) #AFE /D BB, H MTs
1 SQTs HIHEMCRT BN T 150%F1 545%5",
AfFGEH, I HERY MTs 1 SQTs 7E M 221
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25K TF, BVOCs HE S & #ikh K, ks 4 21
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HiRE—FE, G T, 5 BVOC HEi 5 IEAHE,
Ah, G EEET I R R FE Co, e, RALR
FEFN G A VR RS SR R R AR A R
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R | S FLAYSKR TR DL S AN ] CO, vk B A5
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FEFRM, S R R E o S AL HE R, A
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