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Photosynthetic responses of 14 native species of
south China to auto-exhaust pollution

WANG Ying, YU Jin-Chang,CAO Hong-Lin,
HUANG Xiao-Feng, WEI Yang-Lian~

( Dongguan Botanical Garden s Dongguan 523086, China )

Abstract: In order to reveal the photosynthetic responses to auto-exhaust pollution,the photosynthetic parameters of
14 native species of south China, planted in botanical garden and road greenland respectively,were tested and contras-
ted. The results showed that there were three kinds of photosynthetic responses to auto-exhaust pollution of the n-
ative species,such as up-regulation of photosynthesis,down-regulation of photosynthesis and non-regulation of photo-
synthesis. The photosynthesis of Helicia cochinchinensis was up-regulated by raising its stomatal conductance, chlo-
rophyll content and optimal PS [ efficiency. Seven species of non-regulation of photosynthesis, included Desmos
chinensis s Syzygium hancei , Liquidambar formosana s Machilus chinensis , Photinia serrulata s Cinnamomum cam -
phora and Psychotria asiatica »had the ability to harmonize the up-regulation and down-regulation among stomatal
conductance , chlorophyll content and optimal PS [[ efficiency. As for species of down-regulation of photosynthesis,in-
cluded Elaeocarpus sylvestris s Erythrophleum fordii ,Cryptocarya concinna »Cyclobalanopsis hui »Gardenia jasmi-
noides and Michelia maudiae ,they were sensitive to auto-exhaust pollution,and had no ability to prevent the decline
of photosynthesis.
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W SRR R AE S RGP RN AR AATEAURIAE T SR IEESE . 2004) . BEFE Tolkfk
TN 3 A G SR R AR AR A R AT A B A A T BRSO K R L ek

R BEH: 2013-06-11 fEE B H: 2013-10-25

EE€WB: " AERWFHH 0 H (2007B020810001) 5 45 58 1l B4 14 1 H (2007108101103,2011108102039)

TEFEB N EBEQ981-) 2 Hol AR sl AR U, 32 %8 A5 [l AR 1 A6 7 4 S 5T (E-mail) wangying8302871@126.com.,
SRS B ARSI, R R RSO R T R A & R AR 5T L (E-maiD) yangshun1210@aliyun.com,



6 34 EHEAE: 14 FhAERg & LRSS T8 e TS T BO6 A A BELSON 775

RATE Y H 2 7™ T, 8 30 A 0T 388 T % bl A ) 1 R
IR 1 3l T 2 b 1) A 25 8 RN S A W 2R BE Y H AR 4
T CREBUAR 4, 2007 s 15 5 45, 2007) . 2838 B R I
MRRGENFERFEZ — LB EEE R BT
EA A e A Ak AR A ik E S
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H AR RS £ b R Bl 52 A Y DG
IO [ B IR A (201 D) WY WFFE 45 2 16 — B R T £
bR AP 8GN B2 3 R T T B O BB S
P LE RS, Dy 2K 5E 0 I o ot 2 A1 A o ) 2 96 412 3
HRYE A AR 22 AR 3 L 7 BT 52 08 AR I Al IR L
SR TURIIL Y 25 14 Ff A e i DX B AT TT %85 0 19
Z A 2 I AR Ao 0 31 Rl AREL T PR ST R 0 VA 2R 5E
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1 #EE 7 *

1.1 # R

REEM LTI ARA PR, b 22°39" ~23°
09" N,113°31'~114°15" E, J& #H F1 W #4452 XS
IR, AR 5 S 4 ol 2l 24 3, W 3 & Gk S Tl T5
RGBS Y e M, PR R SEML B A
di R E R 1.4%, REENLEN 4 2010 4 B iy 5 Y it ol
21.43 Jrmi  — %Ak 16.17 Jimi B S48 1.94 J5
M AR AR 3.02 T3 BORLY) 0.31 7 I (R SE T 3
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Table 1 Comparison of air monitoring data measured at botanical garden and road greenland
LR AR SR UKL ) AEW R4 O, ALY AR
Greenland type SO, (mg+*m®) TSP (mg+*m®) NOx(mg+*m®) (mge+m®) Fluoride (pg+* m*) CO,(mg+ m*)
¥ bl Botanical garden 0.041 0.05 0.032 0.043 <20.5 980
i P 4% 1 Road greenland 0.097 0.42 0.159 0.032 <0.5 1176
Bz A R R —% <0.15 <0.12 - <0.16 <20 —
Ambient air quality standards 2% <0.50 <0.30 — <0.20 <20 —
=% <0.70 <0.50 — <0.20 <20 —
FE BB 2010 4R 11 AP0 — 7 2R B R XIS Y ) v R AT BRE D
Note: Values are expressed as the mean of November,2011(*—"presents that there is no limit standard for the concentration of that pollutant).
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PR, 2 22 3 e AHE R 4R B DX A Bl 67 T AR 5
R IX, AR T30, Ja 0k A X 3t e 1Y) SR AR
BIEE, AT VR N I8 B L Mo 0 X R 3R 1 S AN IR
RURY R A B a0 45 AR O b — S fb i v R
FH HI482-2009 A #E L A2 74 FH 1 WS- R B0 39 8 e 3
Ot BE s BB TR R W) Mk B2 R GB/T15432-
1995 AR i FLE 1Y B vk 5 BRI W v 3 0 R ]

HJ497-2009 b BLE F R R 25 & Z e 4y e b vk
LA MR B A 5E SR T HJ504-2009 KL RE B e W ik
MR 41 43 O O BE s Ak W vk BE ) I E SR T GB/
T15434-1995 HrfE R 2 O BE AR « 25 13k B ik
AR VR BE I E R T GB/T18204.24-2000
TE AN LMK BT i) . AT LUE Y, 18 4
Hi B AR L R TR R B | R AR R
FOE BE 43 ) R R Bl B 2.5 47 .8.5 A% .5 A 1.5
5 5 [7) B T [ 2o b, 174 5 8k V7 AR 0 ik B 3k Tl %
—RFRUE(0.12 mg * m™®),
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Wi, T 2009 4F 9 H 2 AL T LR A~ R 88 A (A
R E — 1 200 m® FEHb, REASFE LI A /NRE
07 BFANFEDT R FRAE YR 3 Ak L FRE A R AU R AR R
TELERG . R 2 AN b 8 AR A A AR TR IR T 25 R

HEAT LA JR AT i bk A G 3K 00 A b DR A S )
22 5 052 M) S 36 % G 1) 01 & AR B, AS BF 58 7 o A 1)
Xof A ok AL 40 S T AT [ AR 1 it T Ah B it A AILIE 7.5
kg(#1 10 cm) % + 10 ecm—FP#H 5 K — i &2 & AE
300 g~ MK+ 30 em, PGP AKRAEK A
PR MK AL 2D . T 2010 4F 6 H X & B A A
PRAE AR AT IR0 . B g A ) R 26 L3R 2,
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Table 2 Plant species for experiment

R

Characteristic

A 4 L&

Species Scientific name Family and genus
[EEAIN Desmos chinensis T 75 KRB R
R L e MR Helicia cochinchinensis 1 g BB 1L g R R
TR AT A Cryptocarya concinna R E R

1 A Elaeocarpus sylvestris IR AL YR
AR Erythrophleum fordii T ARFHE AR

e A Cinnamomum cam phora FERHE 8

A Machilus chinensis AL Al )
il Cyclobalanopsis hui Fe3 LB KR
Wil & Michelia maudiae KRS EIR
FANWPEY i Photinia serrulata TR S
AR T Gardenia jasminoides R T8
bifal Psychotria asiatica PEERL R
AR Syzygium hancei B4 IRl R
WA Liquidambar formosana A AR A

LT BB K I AT BT 5T K [ s [
T A, i S AR L I B B R A B R
AR LA DR A IR 3K R E

R NTEA L M ARITT 8 B0 L 2 S B 1 sl SO B 1
oA i B A, T RPRIR A L /)N BT BB A R
WERR A T4 IR B 5 = 1 bk
LR A ] BRPRAS A 1B FE 2 A 9 0 ) B 1 O
WERTT A L KM IR L B

TR A B K RN R L 2 B A 15
B ERHE AR L M B LK A8 R
R HEA XA R D L S, D 3 MR AR
A BN TR AR A T R L A DR K BB
R N R i NN 8 W 1 B 2 R DA R R 2
TR A L RO L R 3 R

1.3 Rk EHBHREUE

F 2010 4 6 H BEHENG BA KA Li-6400 fifi #5
A E AL (LI-COR, 32 F)D X P4~ 18 56 4 4 b hiE
W) SRS H0 S B AT I L 0 R A TR R
350 pmol CO, « m? « s, JEERIEH A 1 800~ 200
o s ME B R B E ) B A
B 1 0BG AR I e, g R 0 B R T B ML
8~10 K it W 5E 5 b5 A F5 M W) OL & R (Po) |
SALFEGs) MEE CO, W EE (Ch . B A E
TERE B RS 8:00~11:00 S8k,
1.4 HEZEENE

FHHEAEN T em MITILES 43 BIEC S A/ [ R
AN 5 mL 80 % PN B I Wi kAT 4t K 4R
WG B TREBELAMT 72 h, HFHELBS)E M
UV-3802 B 43 5 5 B 31 I 2 % K 663,646 F1 470
nm FROCEEME TR SEMEHE N RTE
(PREWESE,2003) . BAYFER 2 1K,
1.5 HMEEXXASHUNE

TEREIE B R AT R — B[] B (8:30~11:30) 43 4]
FE A 50 A 3 B 1) BH S R CRE S R 1 ) b A 4
BSR4 B0 BEFRLYIR 36 R ) R4 )5 57 %1
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FHIDRHS AR AT T 25 707 0] 25 N BRI 2 h 5 ]
PAM-2100(WALZ , 8 )l 7 H -4 R PS40 AD
FEWI R (Fo) OGR4 3% (Fv/Fm)
1.6 BB

K H] SPSS13.0 48 i 44 73 Fr b 2R L 53
T ORI 19 F- Y9 {6 A AR #fE 22, 2K ] one-way anova
Xof AN [ Ak B 1] 14 2 S 647 07 26 53 . R Excel 1
A5 TR I AR Al

2 HERE5HM

2.1 BREGHEE

55 B A5 R X 3 e ) A A R b A L 14 AR
FE I P A R WA R EE T Pn LA R (R 3D,
Horp Po T U W 09 2 8RO IR, b T SR
317.14 % ; P BEAR S B 2 1 2 R 1L & 26, F B S
h43.65% , AR IE B sC A A TP A R P
(TR S AR Ak 25 5 5L AT 14 A BRI 4 o =
25 (D IEA AR T 1) L8 Y AR B, bR R L R R (P <<
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0.053% P<C0.01); (3) YA fie J1 A B . 15 A 40 b
I T, 21 i 3 Bk L BT A2 T Al L 20 i A A R R A
JuAs,
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Table 3 Comparison of net photosynthesis in

leaves of plants in two plots (pmol CO, * m* « s")

WotAHE P,

Rl (pmol CO, * m™ + 1) Ap
Plant species i 49y Bl iH 5 "

Botanical garden Road greenland
T 1L e IR 2.440.9 9.941.5% »  317.14%
H. cochinchinensis
% )X D. chinensis 7.44+1.2 8.941.7 19.94%
R S, hancei 6.911.4 7.240.7 5.51%
WA L. formosana 6.91+1.6 7.1+1.4 2.93%
AEWANE M. chinensis 6.5+1.2 6.1+1.1 -6.35%
LMK P. serrulata 11.0+=1.8 10.1+£1.1 -7.88%
B C. camphora 13.2+£2.5 12.1£1.3 -8.34%
R P. asiatica 8.2+1.1 7.1+1.4 -13.73%
K3 E. sylvestris 8.9+E2.4 6.80.9 * -23.34%
WA E. fordii 7.941.9 6.041.3 % -24.35%
RS C. concinna 5.7+1.0 4.14+1.1 % -28.38%
HIRENX C. hui 7.940.6 5.240.6  *  -33.73%
#HEF G. jasminoides  12.0£0.7 7.2405% x  -40.44%
R4 % M. maudiae 7.1+1.1 4.040.7% x  -43.65%

B APn BHRIEAY (XD =p—Ye)/YexX 100 % HH 5 F . P AY 43R
HLYI 9 P 2675 Y PR 85 vh G % S ) 5 48 90 el 1) 2% 4 /9 #6380, Yp i Ye
o3 AR TS Y SR A ) bl IR R A 9 P, » SRR TE 0.05 KV 28 53 b 3%
* ¢ FIRAE 0.01 KPR BE. TR,

Note: /APn is calculated by AY (%) = (Yp—Yc)/YecX100% . AY repre-
sents the relative change of Pn,Yp and Yc represents values of Pn from the
polluted sites(road greenland) and botanical garden for the same species respec-
tively. * Correlation is significant at the 0.05 level; * * Correlation is signifi-

cant at the 0.01 level. The same below.

R4 BERMERNHEHHSILSE (mol » m” -

22 SIS EMIE CO,iRE

M2 4 AT LA, 76 38 3 R AW 38 9 38 [t 2
L4 FAER S AP ER T EE N Gs BET
(P <<0.01) IRk 29.42 % 4 , LW RI Y Gs #E
AR R B B3, o G At 35 3 T A A AR AT
i E L e R 2l v Ak L R R e L R T, 4R
B LT RLLn A iR AE 7 Rl 14 AR 56 A % Jif [a]
COL R FEEFEVR T RS E T #0A AS [ 2 B M3 oKk
BEME AR 5.47 % ~22.29 % Z [6], H 5 48 4 [l A b i
[ P ke 0 AH L, I Ci 28 R # 35 B 5 25 K (P
<0.01),
2IMBEREXRPAENE(C)EE

S P EY SRR/ B b = (9 N AN A RGN
LU R YOS 68 ) 0 — T A B
febr. 14 MEM £ L RF R3S E B A RO
FERGFENZEMBEHEAR—GEH  HPHKEX
I EEN e R B TR AR T B
F K- (P<C0.05) R i 2 7K F (P <<0.01) , R WX
2 ARl fE Sl R AT P A R T RE R R A B ek R
SaEURSHICARE S L e E A RES
ANALBEHE T B ) T 8 1, X A] BE R S G A e
f1h LB PR 3R T B A T R 1 I R A R AR EL A B
e i 2 K- (P <<0.01) , 3R B W #7632 3 B <75
Yo R Ok 3 Ao B R R R R O Ok R I
oA e ST HAAM R A i 2 1 AR B 3 AR

s')FRPEE CO, K E L% (pmol CO, * mol air™)

Table 4 Comparison of stomatal conductance and intercellular CO, concentration in leaves of plants in two plots

1 4 el Botanical garden

il % 2% i Road greenland

THY RN

Plant species Gs Ci Gs Ci AGs ACi

R IR ER H. cochinchinensis 0.06+0.02 299.44418.06 0.76£0.27 % *  352.88423.39 % *  1096.64% 17.84%
A EEHEBE S, hancei 0.1540.03 270.00+14.63 0.2840.05 % * 307.6349.49 x * 94.57% 13.94%
IR JESERE C. concinna 0.1540.04 289.75+7.42 0.28+0.10 % * 354.33£19.11 % * 81.61% 22.29%
8 ) D. chinensis 0.1740.03 281.25+17.56 0.2940.06 * *  307.00417.21% *  71.27% 9.16 %
LW M. chinensis 0.1940.03 309.0049.47 0.2840.06 % * 325.90E7.61 % * 51.49% 5.47%
A P. asiatica 0.2140.08 278.714£19.39 0.3240.04 * * 325.2546.02 % * 47.35% 16.70%
W& L. formosana 0.2140.08 290.83£16.99 0.2940.07 311.63E7.84 % * 39.56 % 7.15%
M HE P. serrulata 0.2840.03 276.80+8.01 0.38+0.05 % * 314.56+7.59 % * 36.92% 13.64%
WA E. fordii 0.16+0.06 263.57421.99 0.20+0.06 321.134£18.19 % *  25.89% 21.84%
HINE % M. maudiae 0.144+0.04 260.38416.82 0.16+0.04 321.3048.21 % » 15.54% 23.40%
HIEREN C. hui 0.2240.03 278.83410.05 0.2540.03 316.00E6.63 * * 13.89% 13.33%
WA E. sylvestris 0.27+0.11 287.89+16.74 0.2740.05 315.00+9.58 x * 0.65% 9.42%
Ktk C. camphora 0.3740.08 274.6347.43 0.3740.04 306.444-10.48 % * 0.25% 11.59%
HHEF G. jasminoides 0.64+0.10 304.6746.91 0.4540.04 % * 335.75E7.89 % *  -29.42% 10.20%

e TH B RRAR A2 AL BETE-7.75 0 ~7.50 Y Z [l
FE MR PO SRS EA R
ARG, bR T A RBOLREN TOL &

YERISN 3 n] DL B 3 b8 w3 22 0 e v AR A i
LR P R i R G R Z245,2002) . ARG
A 1A A b e R T g L e TR RO R TCAN  HAy
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Table 5 Comparison of chlorophyll and carotenoid contents in leaves of plants in two plots

B Rk #H %) bt Botanical garden B P 2 Road greenland

Plant species Cr(mge+gh) Ce(mg=+g') Cr(mg-+g") Ce (mg+gh) ANCy ACe

HIRHE N C. hui 1.1140.08 0.254+0.02 1.5240.34 * 0.324+0.05 % * 36.94% 28.00%
W& % M. maudiae 0.9340.10 0.19+0.04 1.2540.18 % * 0.2740.03 * * 34.41% 42.11%
LBEHEBE S, hancei 1.2040.23 0.23+0.04 1.2940.24 0.25+0.23 7.50% 8.70%
HHET G. jasminoides 1.5240.19 0.28+0.03 1.6140.19 0.28+0.03 5.92% 0.00%
WA E. fordii 1.5340.27 0.484+0.08 1.6040.14 0.4840.03 4.58% 0.00%
WHHE E. sylvestris 1.3940.20 0.2940.03 1.4440.08 0.2940.01 3.60% 0.00%
BRI B R H. cochinchinensis 1.3440.27 0.32740.06 1.3740.10 0.264-0.01 * 2.24% -18.75%
#IRJESEH: C. concinna 0.7140.10 0.1840.01 0.7240.15 0.1874-0.04 1.41% 0.00%
WA L. formosana 1.78+0.35 0.2640.01 1.75+0.31 0.2440.05 -1.69% -7.69%
M4 HG P. serrulata 1.16+0.10 0.25+0.02 1.1340.27 0.254+0.05 -2.59% 0.00%
R C. camphora 1.9240.32 0.41740.05 1.8440.27 0.38+0.05 -4.17% -7.32%
JLT P. asiatica 1.2740.16 0.24+0.02 1.1940.31 0.22+0.05 -6.30% -8.33%
&R D. chinensis 1.2940.17 0.2740.03 1.1940.15 0.2240.02 * -7.75% -18.52%
BN M. chinensis 1.4440.34 0.1240.03 0.90+0.16 % * 0.07£0.02 * * -37.50% -41.67%

12 AR ESSE TS A 8 FRIEI Y PR GES

2R 2K S B R SR AE AR G R R W IR KA TR

W SR A2 b 2 o 1 5 4R T AR T Al Y 2K

BN R AR R 10 MR R

AR,

2.4 MWK (F,)) B aERUL IR
JERESE AL RO SR i PS T Ak 280K 1y —

e bR . KA SO, NOx FR ALY 55 15 3L W) 19 K &
FETE s 235 2 A b O R 48 1 H 1 32 L BRI )
MR EE R . R 6 R A 28 R TS YL IR
Barp 14 NER S B Bl b A28 i Bk L AR T A A
BTG M H DGR AL B R BRI, R R Z 8 S W
ol X6 A2 3 5 G JBih 38 A BURR BUis Qe Bk iR, &L
BN AB 14 AMBFE Fv/Fm 5 Fy, s AH &

K6 BEVMEERFHBEEMEMNNER LS RERUARER

Table 6 Comparison of minimal fluorescence and optimal PS][ efficiency of plants in two plots

i C L ES F ¥ b Botanical garden il % 4% L Road greenland

Plant species F, Fv/Fm F, Fv/Fm AF, AFv/Fm
WHET G. jasminoides 0.14+0.03 0.74+0.02 0.120.02 % * 0.8140.01 % * -14.29% 9.46 %
W I B IR H. cochinchinensis 0.1340.02 0.7940.01 0.1140.01 * * 0.8240.01 % * -15.38% 3.80%
WAL TE E. sylvestris 0.1440.02 0.7940.02 0.124+0.02 % * 0.8140.01 % * -14.29% 2.53%
R C. camphora 0.1340.03 0.792+0.02 0.11£0.01 % * 0.8140.01 % * -15.38% 2.53%
HRESEH: C. concinna 0.16+0.04 0.740.02 0.15+0.02 0.75-+0.03 -6.25% 1.35%
A P. asiatica 0.16+0.02 0.77+0.02 0.1540.02 0.78£0.02 -6.25% 1.30%
LM Fif P. oserrulata 0.1240.04 0.80+0.03 0.1140.01 0.8140.02 -8.33% 1.25%
WA L. formosana 0.1340.02 0.81+0.01 0.11+0.01 * * 0.8240.02 * -15.38% 1.23%
)X D. chinensis 0.1540.02 0.7540.02 0.1440.02 0.7540.03 -6.67% 0.00%
WA E. fordii 0.13+0.03 0.780.02 0.1340.02 0.78240.03 0.00% 0.00%
IS M. maudiae 0.1240.01 0.820.02 0.1240.02 0.8274-0.01 0.00% 0.00%
TRk S, hancei 0.1040.02 0.774£0.02 0.1040.02 0.76£0.03 0.00% -1.30%
WG M. chinensis 0.1340.02 0.780.02 0.1540.02 % * 0.760.03 * * 15.38% -2.56%
WKREN C. hui 0.1240.02 0.7840.02 0.1340.02 0.7640.05 8.33% -2.56%

NG M e R L AR A A R Y
F, B i FEAK (P <<0.01) , H Fv/Fm NIAH R #b 5 3
By (P<<0.05) Btk 2 2 3 = (P<<0.01) . & W] 5 4>
Wb e I AR Fo AR Fv/Fm SR EDOLARES .
PIN Xo 2230 e 05 e s AR I A 1Y Fo A Bk 2E 3 (P
<<0.01) , H Fv/Fm WK 5 3 FEAC; L4y 8 AR Ry
Fo A HXT R A9 Fv/Fm 22 B W AN B 5,

3 Wi

(DY Ci i R/N R T 4 AT B A 9 A
M R 2T CO W e AL = A 3 8
A AR A G TR . A CO S R X
FL T3 55 0 P 3 B ORI DA 0 4 5 9 R R A
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