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Responses of the urban roadside trees to traffic environment

LI Han-E', LI Bing-Taoz » LAN Sheng-Fang2 (1. Foshan University, Foshan 528000; 2. South China Agricultural University,
Guangzhou 510642, China). Acta Ecolaogica Sinica,2005,25(9):2180~2187. |
Abstract : Ficus virens Ait. var. sublanceolata (Miq. ) Corner, Lagerstroemia speciosa (L. ) Pers. , Mangifera indica L. s Ficus
microcarpa L. Cinnamomum burmanii (Nees) Bl. , Ficus benjamina L. Michelia alba DC. , and Bauhinia blakeana (Dunn) are
common urban roadside trees in Foshan, Guangdong. They are subjected to many pollutants from automobile emissions, such
as SO, and the heavy metals Pb and Cd. The comparatively pollution-free parks far from the traffic environment were used as
a control site to study the responses of urban roadside trees to the traffic environment. The results are as follows:

The eight roadside trees differed from park trees in their absorption of the heavy metals Pb and Cd, sulfur content,

electric conductivity, pH value in the leaves and bark, and stomatal density. There were three sampling sites: next to the

ESTH:-EXER/BFRSTEIMHE (30170147)
W f B %9 : 2005-04-26 ; 4817 H R : 2005-07-26
EEMA - FERAIGS~) . L . WHEEXAABL . BBBR, TENEFHEESE BRESEF HTESFEF. BKED B R. E-mail: lihe

(@-foshan. net

Bl FF@ﬂ%%‘#ﬁﬁ%ﬁ?ﬁﬂfﬁ*%‘ﬁfﬁIFﬁ%%?ﬁa‘ﬂ,ﬁ;%E Arison State University fJ Kaesha Neil I+ #F BB REEARIH R &
sE—FF B

Foundation item : National Natural Science Foundation of China(No. 30170147)

Received date . 2005-04-26; Accepted date: 2005-07-26

Biography : L1 Han-E. Ph. D. , Assitant professor.mainly engaged in environmental ecology . pollution ecology .urban ecology , biological control of

water pollution. E-mail :lihe@foshan. net



I pe S

9 34 FRR  F T AT B R X 318 23R /Y R b 2181

automobile lane (P,), the pavement (P,), and in the comparatively pollution-free parks away from traffic (P,). Pb, Cd, aﬁd
sulfur content and electric conductivity in the leaves and bark of the urban roadside trees demonstrated significant differences
(5% level) following the trend of P,>P,;>P,. The pH value was also significant (5% level); however, it showed the reverse
results: P;<{P;<{P,. That is to say, the nearer the sampling location to the traffic environment, the higher the absorption of
Pb, Cd, and sulfur, the higher the electric conductivity, and the lower the pH value in the leaves and bark of urban trees.

For example, Ficus virens Ait. var. sublanceolata (Migq.) Corner, the most widely planted tree on 13 streets,
demonstrated correlations in leaf and bark content of Pb, Cd, and sulfur, electric conductivity, and pH value. The measured
values were analyzed by SAS 8. 2. The electric conductivity sliowed a significant positive correlation with heavy metal (Pb and
Cd) content with a correlation coefficient of 0. 8567 and 0. 7228, respectively (1% level). The electric conductivity of Ficus
virens Ait. var. sublanceolata (Miq. ) Corner is suggested as one of the chemical variables that reflect the degree of traffic
pollution.

The eight urban roadside trees differed in the number of stomata on leaf epidermal surfaces. For example, the stomata
density on the lower epidermis of leaves of the Ficus virens Ait. var. sublanceolata (Miq. ) Corner, Ficus microcarpa L. s Ficus
benjamina L, and Bauhinia blakeana Dunn increased. The results were significantly different (5% level) and showed the
following trend: P,>P,>P,. However, the stomata density of the lower epidermis in leaves of Michelia alba DC showed no
significant difference at the 5% level. For the other tree varieties (Lagerstroemia speciosa (1..) Pers. , Mangifera indica L. ,
and Cinnamomum burmanii (Nees) Bl. ), the stomata density of the lower epidermis of leaves decreased closer to the traffic

lanes (i.e., they were significantly different (5% level) with the opposite trend: P,<<P;<{P,). It is concluded that the various

species demonstrated different responses to the traffic environment.

Key words :city roadside trees; heavy metal Pb, Cd; sulfur; electric conductivity; pH value;stomata density
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a4 jil

L1




2182 E OE F 25 %

BFoTHbf) 96 /R THEAERICHEN22 276 T ERM B T 3L MM 16 DL NABERITERE, ﬁf'ﬁﬁ £ B b w5
WFR - REE KRR R A% . BE EE AEERTF W EHE EMBRELR . B2 KA. AR KH L
M.ER AT AR BTE.M2HC . XEH. BER.BELE. O KREEHH RN LB . Bdsk, XP, 188,
KHEMmAMERORE S TENABEREE 50%L% 1,
2 WHARMBET*
2.1 BF5EHe

EWRUNBZEERPERBERELHN S HIET T W E B (Ficus virens Ait. var. sublanceolata (Miq. ) Corner), X
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Table 1 Contents of heavy metals Pb(ug/g) . Cd(ug/g) in different parts of city roadside trees and the controls
. o I
Species Parts P, P, P, P, P, P,
¥{H S. D. ¥4 S. D. ¥{4 S. D. ¥{4 S. D. ¥4 S. D. (K S. D.
Mean S. D. Mean S. D. Mean S. D. Mean S. D. Mean S. D. Mean S. D.

A I 42. 35+ 8. 96a 25.514+1.21b 14. 85+ 1. 88¢ 0.84+0. 04a 0.671+0.13b 0.44-+0.03c

| 671. 981+91. 72a 553.10+91.04b  412.984-51. 54c 4. 361:0. 0la 3.5441.02b 2. 68 0. 82¢

B [ 26. 661 1. 62a 18. 871+0. 83b 18. 42+ 3.81b - 0.22+40.03a 0.18+0.04a 0.15=x0. 43a

I 190. 9+ 11.50a 93.42430.79b 59.82+10. 75¢ 8.40x1. 20a 7.77+£2.02b 3.40+1.02¢

C [ 44. 36 9. 83a 35.84+11.07b 26. 51 5. 54c 0.15+0.03a 0.1310.03a 0.10x0.02a

i 155.214+11.03a 107.45+11.07b  88.79+11. 40c 3. 00+0. 90a 2.7040. 80b 0.2310.03c

D I 34. 08+ 0. 88a 18. 69+0. 66b 10. 65+ 3. 63c 0. 47 10. 05a 0.2940.03b 0.27+0. 04b

I 257.42+71.2%9a  158.39130.84b 121.8%21. 32¢ 3.2911.01a 3.06141.01b 3.00+1.10b

E I 7.5210. 64a 5.8710.78a 2.62+0. 84b 0.9610. 06a 0.91+0. 04a 0. 87 0. O4c

I 322.35+90. 83a 250.18+50.74b  207. 26440. 87¢ 3.681+0.91a 3.22310.99b 2.69+1.0lc

F I 31.77%1. 06a 19. 55+ 8. 81b 11.01+1. 0lc 0.3610. 14a 0. 313-0. 02a 0.29=x0.03a

I 135.22+32. 62a 107.16+31.89b  83.86+20. 78¢ 7.33*+1.01a 3. 0540.98b 2. 781 1. 04c

G I 46.9419. 60a 27.78+11.55b 16. 061 6. Olc 0.723:0. 04a 0. 68 0. 08a 0.27+0. 06b

| I 513.434+97. 75a 465.36472. 49b 341.54180. 79c 3.544:0. 82a 3.5210.91a 3.38+1.09a

H | .31. 5012. 28a 29.87+7. 31a 19.4646.03b 0.18+0. 0ba 0.1240.03a 0. 0710.01a

I 303.11+71.09a  243.24+51.75b  150.3421. 64c 11. 54+ 2. 02a 10. 5242. 02a 6. 01+2.0lc

*n=10, Al—MERM B FITHEREFHRAFEE . FREREKF«=0.01 HERFBE

same row of the same measured chemical variable measured in barks or leaves of roadside trees indicates that they are not significantly different

at the 1% level; A : B B 5 Ficus virens Ait. var. sublanceolata (Miq. ) Corner;B: XM 8% Lagerstroemia speciosa (L. ) Pers. ;C; &R Mangifera

indica L. ;D 4l M- #¥8§ Ficus micrubarp‘a L. ;E: B & Cinnamomum burmanii (Nees) Bl. ;F; 3
DC. ;H. 4L B ¥ Bauhinia blakeana Dunn; 1 .M Leaf; I . ¥ bark; P,. P . Po I E AW TTITEB W i\ q L3 2
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Table 2 Electric conductivity (us/cm) and pH value in different parts of city roadside trees and the controls
1 B A B, % & Electric conductivity $¥J{H +S. D. Mean+S. D. pH {8 pH valueCd ¥{H +S. D. Mean+S. D.
Species Parts P, P, P, P, . P, Py
A I 412001+1853. 1a 39000+1918.1b  34000+164Sc 6. 8911. 36b 7.23+1.15b 0.59+%.15a
I 1280.0+155.8a  1129.0+116.44 7604 94. 8b 4. 68+0. 39b 5. 054 0. 96a 5.0840. 90a
B I 39700+ 3537. 4a 367001 3442. 2b 335004 3216. 6¢ 4. 68+0. 99a 4. 8710. 98a 4. 981 0. 98a
I 765183. 7a 6251+ 98. 3b 5531+ 81. 3b 4.7910. 65a 4. 88 10. 85a 4. 901 0. 65a
C I 18901+ 3135. 7a 19801 +1050a 197001+1013. 7a 4. 844 0. 97¢c 5.8910. 90b 6. 451 0. 87a
i 978+1+102. 6a 876L67. 06b 798171. 8b 4.1640.18a 4. 251+0. 2%a 4. 6610. 85a
D I 5060011988. 3a 498014-1381. 4a 47008 4-1396b 7.801x0.10a 7.89+0. 56a 7.9010. 91a
I 9761105. 8a 8541 98. 6ab 768+ 68. 8b 4. 554 0. 68b 4. 7940. 63ab 4. 891 0. 60a
E I 243001 1348a 223401:!:1_4581) 20021 1+998b 4. 994+0. 56b 5. 454 0. 54ab 5.5510. 65a |
| 7981-96. la 658+ 31. 8a 5891-83. 4a 4. 563 0. 65a 4. 681+ 0.59a 4.954+0.79a
F I 367891-4178. 9a 36501 +993. 8ab 354711928. 6b 8.0310. 64a 8.451+0.77a 8.2310.78a
| 8861 99. 5a 844+ 80. 71 8341+ 65. 9a 4. 681 0. 76b 4. 891 0. 78a 4.994-0. 67a
G I 412011 1461.7a 3980241513.7b  352041+1457. 2¢ 5.48-140.58b 5.7940. 45ab 5.8310. 8%a
i 15531137. 8a 15081+105. 9b 1303498. 9b 4.7810. 67a 4. 861+ 0. 75ab 4.954+0.77a
H I 48704+ 3088. 5a 39907+598. 3b 398031543.0b 6. 65:4+0. 60a 6.9510.43a 6. 981 0. 38¢
| _ 10241138. 6a 849+118. 9b 76831-100. S¢ 5. 67+0. 45b 5.761+0.58a 5. 891 0. 56a
*»n=10,F —METEHBHYBATHIEAEHEFZFE  ERELREKFE c=0.05HERABF n=10, Which with the same letter in the

same row of the same measured chemical variable measured in barks or leaves of roadside trees and the controls indicates that they are not

significantly different at the 5% level

ST ERMEBTERSARBAUARENERPNEME
BEABRY: P,>P,>P, Levin £ B HYAEHNHNH RN
BESXERBZENCAR REARMENEHYREERN

3 EHTERARBASHRAAMAKESWEL B (mg/g DW)*
Table 3

Sulfur contents (mg/g DW) in different parts of citjf

roadside trees

BA —SEME S BB BA SR SO, MKERE. SO, & P RFEE_ 5 P P
| pecies Parts ¥j{5 +S. D. Mean#S. D.

YR ARESHGFIE, MHFREFH SO, WEEEXRE TEER A I 4.2640.31a 4.174+0.22a  2.7530. 21b

WG AR, AR AESHFES,S0, WEEXREY — £ | 3.694+0.30b 4.1840.26a  3.4040.21b

T B I 5.1440.39a 4.574+0.28b  3.7740. 23c

VLB ZE BB IR 545 B 2 3k B VLD 4 A sy S R sk 0230, & I 4.9040.23b  5.2540.32a  4.5630. 41c

Bt R YR E R e, FEMNOIHEMNETNR S B C I 4.084+0-19a  3-9340.31b  3.4440. 29¢c

_ I 3.314+0.23a  2.814+0.23b  2.3240. 20c

BE . BEHEYSHE S KK P SO, KHEEXHE, o] MEEFH D I 3.7940.32a 2.7040.17b  2.2940.12c

2 " " L I 2.0940.17a  1.7040.03b  0.91-0. 04c

BIFEH —E R SO, MBI T . FHRRUPEBRFT E I 4.87+1.27a  3.81+0.23b  3.0770. 22¢

BB B % E Y R ET SO, MR, HaTh k% I 0.584+0.21a 0.55+0.05a  0.444+0.03b

- = . = - F I 3.534+0.78a 2.17+0.17b  1.4640. 16¢c

FOR 58 AL 30 F HRBL SO, FIRBBIBHI, XTI S RELT I 1.28+0.20a 1.254+0.15a  0.87%0.10b

HWFPH SR RBRVEBIRE FEREATEIT. G I 3.794+0.16a  3.3130.23b 2. 9940. 26¢

e PR - I 1.13+0.14a  0.95+0.15b 0. 4140. 03¢

3.4 BRTATIE R T LR 3C 8 I 5L e B H I 3.5340.22a  2.9940.19b  1.4340. 08¢

S EEYE KPS PP A ENIFER 1 3.54+0.82a  2.74£0.02b  1.98+0.0lc
AES I ARARERENELMEEMANYNE, KPR n=10; *DW; TEMFIYME Dried weight; FFTHERE

RFERE, ETEREKE a=0.05 LR KRB ¥ Which with the

same letter in the same row indicates that they are not significantly

BERTEE-CEELTENNETANERSZ . ZHFEN
 HRUMETHETARFEMALZEREPREYY AKX
CO, ¥ & F 8 Kok b ia F a4 pg 225, 1 X 32 58 25 5% B 38 R
ATHOHFSAHHEXHRELATFRE. FLRAERTBME T RN T HETEMN R RN FHRESH RIS
FE. RMERERAER O - ARBHTERNHFKAFEMNZERBEHEYA—, —BRETTENHH A SAEESTH
MEREKHAF|SAFEENHATBE D.EHEF. REBF ALEERP HE B FEERK/NERERA P, P, P JRFZEH
BN ZRBHAERMNYT FRILEEETYEMAOHTAFSAFEENRHEEB.ERC.HARTE F. HESA FERRERNM
P“ P, P I ZEEI; =R T EMNEH AR EESHENBERNAT R SAEEEEE KL =00 RHERAEE I
26, BHiTERMHFSIAFERTFHREHFSAEENSERSNREESFARRENHASAZTERCO. KEARTE TR
BBRPRES AN A EEEF A RALERERLDE MRS R - . MBRTTERTFRILEER T RN KA
BERNSERSKEETBRTARMORENHEFT A SATEZEEMOTA RS R - . i THERERKNHZEREE
FHEXLE, ARBBEHRKIEKE.CO,.COOHC.NOx FM A ETFFNESHEHRAEARTENRE R B M HNE M
ML, X TEREARTEREH A SN ERENRNEZAR—NEERRZ—. ARNIBEREANR.

different at the 5% level
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%4 RAEABHHAFSABA/ mm?)”

Table 4 Stomatal numbers in leaves of different trees (numbers/mm?)

i Fb F# K Down eplderrms {8 +S. D. Mean+S. D. } £ B Upper epidermis ¥J{H +S. D. MeaniS D.
Species P, P, Po P, P, Py
A 409. 118. 23a 318.2L9.76b 301.1+9. 45b 0 0 0
B 222.7+13.37b 255.7410.01b- 295.535. 95a 0 0 0
C 418. 9+ 6. 81b 443. 2+10. 98b 507.5+9.15a 0 0 0
D 409.1110. 32a 354. 6 6. 05b 190. 9x 8. 64c 0 0 0
E 56.8+ 7. 62b 68.21+7.01b 250. 01 8. 74a 0 0 0
F 272.718. 74a 232. 316.56b 204. 63-10. 16b 0 0 0
G 406. 8+ 12. 55a 393.2+8.90a 390. 9+9. 25a 0 0 0
H . 181. 8+ 6. 15a 159.1%7.17a .68- 2+7.17b 34.1+3.51a 22.7+3.76b 18.2+3.56b

* F—RMAHNFRTEIERAEHBESE . BEFREEXF KT «c=0.05 BfZH KR 8 F Which with the same letter in the same row of the

same measured chemical variable measured in barks or leaves of roadside trees indicates that they are not significantly different at the 5% level

3.5 fTERMESERERZIANMHEEXR

ERH . ABREABEETHHEAREBEREZHNERERE  URBHEWNEAIA, BT TITENACERIRZ B NHE
ERXRE.ESBFR BRESHAEFPHPb.CAEEBEFERN .05, AERFNEMXME, MpHHES Pb.Cd ¥BAESEFKH 0. 05
BEAXEHAREE . B FWEMPb.CAdREHAFE MXT RN RS EERERLERFEFELANSLEEE . 4
BHREHLZEXRAEE. |

5 NERMEEFRBIEERXRAR

Table 5 Correlation coefficient of chemical variables measured in barks of Ficus virens Ait. var. sublanceolata (Miq. ) Corner

IR s

pH Electric conductivity Pb S | Cd
pH 1
Electric conductivity —0.1176 1
Pb —0. 27658 . 0.85677** 1
S —0.13610 —0.16233 0. 03180 1
Cd _ 0.41645* 0.72280* * —0. 24700 —0.47849" 1

*x » FEBEERN0.01 KF L B F Significantly different at the 10% level; * FE B EE X 0. 05 KF |k B F Significantly different at the 5%

level
4 FERS5ITH .

REFEFENGEFRATROHRE RSB TTEN PGS BARSEY N . AR LA, pHETE . BRE
Wik . HASARMNESHERRRATHERRRNES. EHRTRIBRTERNIERENEAEREASEFELTIBR
HITEMT R AP ESHNEEERK . ULRAFRAATRAMER ENSLE . ARG ET HFRAAE . SLEBIRZE,E
BEENOGH, BREENENESEXE5ESRARNEBIRAFEBREMXE.

¥ MERLITENRKNVESLE Pb,.Cd,SHEEBMAMNEERHNBHOMENEIESIELSREPL,.Cd,S RERARE,
BATEMH A FTRESRILFEFYEBAMESERXAX BRI TRESKAFTEZARU BN TRESILEER

BT S R T RSB ELRLES.
e WTITEHHIESR RARBANSNAFTHELRLR

Table 6 Comparision of heavy metals,sulphur increment and variety rate of stomata densities in urban roadside trees

SLEEELE

Y B Variety rate of stomata = * B
Name . Pb(ug/g) Cd(ug/g> Sulfur(mg/g)
densities (%) * -
R B ¥ Ficus virens Ait. var. sublanceolata (Miq. ) Corner 20. 77 17. 01 1. 07 5. 68
KM% B Lagerstroemia speciosa (L. ) Pers. —19. 05 27.11 0. 25 5. 94
=B Mangifera indica L. —15. 06 53. 65 0.18 4. 57
MM¥5 Ficus microcarpa L. | 100. 03 42.12 0. 49 4. 20
BA & Cinnamomum burmanii (Nees) Bl. . —75.00 10. 77 1. 00 5. 61
it M ¥ Ficus benjamina L. 23. 41 40. 31 0. 38 4. 24
H 2= Micl [ba DA 2.33 58. 66 1.13 4.11
LAEFBF Baul lakeana Dunn 149. 93 41. 91 0.23 5. 09

» ITHEHMESBHHESAEETIHIE(Y) Variety rate of stomata densities from roadside tree leaf to the control



2186 £ T F # 25 %

W 6 A AR EELRE B MRS 2 =R A OB T RS A . SR AL,
T E U BB A SO, A BEH HIF /NI AP S S B DI AT ZE B R RO 1 22 O R R AT A A e

AZEARFESEGRAYNEAS -, NF SRR NIBEFMUESHENENREMAF. /b TEH SO, &
SRSHARAESRERAER B FETHEMMERE RS B/ MBEBHE AHEFRTENREE TR B
E, MBEBHEMAE A - LHYBRERHEBOSEL R AN XK LEFHF  FLEEHIRERANESR SR

/N,

K, MAES ., BILTER AT E R B 30 I 5 K IR, D5 P 50 R L IR SR HE 0 SR A B
HEHSARHEYSHEFRTERAT AR TIP RRENSATEZHYREYRER, EHFRETHEX LRE

EAYURBEEERKPUE . KAFEEUNLHEZ TR, HFREL . KK CO, REZAURSEHAFSATEREXUNEERT
Z Do) sk B R K SEYB I E N EA GRS A SAEENEL MTAXERTFHEARASEHER
LBEEHRACL, o, ZEFBFPHERKRESBKBEEE M RASERE, ERFFEFERNEYEZXTRHE:H

£ o R R TE R T T R A 0 R B 4 B S 38 B T 07 A T AR B W AR 0 X4 3 B W R R 0
ERE A KRR B P KB AR B R R T 0 2 S 7SBS0 A T R ST
G T AR X 98 3 X o 2 K B R B 5 T K 28, 1 2 R 50 A 3 _
T L 15 075 e 0 0 K/ 2 8D 36— S 0 S A M 38 00 R4 2480 X 308 3R 38 9 2 D 3 L7 7 D 038 3208 5 5 1)

Ll
i"T'

K PRERESALEER KT BH.

B XA A A M R B TR R R R LT R E S SRR S ARE S RAT N RERER
HEMEWREZ— T EREH AR ARESHATEERZEBROAYERER D SHARIKBRTARESRE
LA E SHREES.
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