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Injury Symtoms of 38 Woody Species Exposed
to Air Pollutants

KONG Guo-hui! LU Yao-dong? LIU Shi-zhong' Zhang Qian-mei!

HU Xian-cong? XUE Ke-na? CHU Guo-wei!

(1. South China Institute of Botany. the Chinese Academy of Sciences, Guangzhou 510650, China,
2. Forestry Institute of Foshan, Foshan 528000, China)

Abstract: One- to two-year-old seedlings of 38 woody species were potted in Wuxing (WX) and Dongcun (DC)
villages near ceramic industry area in Foshan city, Guangdong Province, and in Botanical Garden in Guangzhou as
control site. The experiments were carried out from June 2002 to May 2003. Injury symtoms of the leaves, leaf cast
and the increment of the number of leaves,as well as the growth vigour of these species grown under
air pollutants of fluoride, sulfide and acid rain were measured and compared. The results obtained from the
sensitiveity of plants to the pollutants exhibited three catergories of plant species. (1) Most tolerant species include
Camellia japonica, Camellia semiserrata, Ficus microcarpa var. fuyuensis, Ficus microcarpa, Osmanthus
fragrans, Ficus annulata, Ficus religiosa, Tutcheria spectabilis, Actinodaphne pilosa, Heteropanax ragrans.
(2) Less tolerant species are Lysidice rhodostegia, Erythrophloeum fordii, Kigelia africana, Cassia fistula,
Ormosia pinnata, Manchamia cauda-felina, Artocarpus nitidus subsp. lingnamensis, Fagraea ceilanica, Ilex
rotunda, Rapanea neriifolia, Artocarpus hypargyreus, Artocarpus styracifolius, Gordonia axillaris, Koelrcuteria
bipinnata, Manglietia glauca, Machilus chinensis, Spathodea nilotica. (3) Most sensitive species include Mesua
Serrea, Tsoongiodendron odorum, Aquilaria sinensis, Elaeocarpus japonicus, Jacaranda mimosifolia, Heritiera

parvifolia,  Pterocarpus indicus, Machilus salicina, Saraca chinensis, Manglietia hainanensis, Michelia

Wk B #8:2003-07-31 Z%¥ H%:2003-09-19
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chapensis. The tesults could provide scientific basis for selection of plant species for urban forestry in the

environments with similar air pollution in tropical and subtropical regions .
Key words: Sensitivity; Air pollution; Resistant plant; Plant growth; Injury
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B, Hfm e, T I BB, ZE MO 2K
H-%# ) 20%-50%,

F(Weak, W): HBAEK B2 2196, KR%
nt, 45 B BT B A, (ER 2 R AN
AT, KE%EMH, Z2EM L T 2RH ) 50%.

®1 BEHSLEY

Table 1 Plant species for experiment

78 B Y # &

No. Species Family
1 KA E Manglietia glauca A2F
2 WRGATE M. hainanensis PNt
3 5 B &% Michelia chapensis A=EH
4 M A Tsoongiodendron odorum AR=H
5 EH AW Actinodaphne pilosa R
6 1 W Machilus chinensis P
7 Winkg M. salicina wH
8 HAE Aquilaria sinensis 5y & #}
9 © Z51% Camellia japonica 1P =
10 AL C. semiserrata &
11 KL% Gordonia axillaris &
12 HEXR Tutcheria spectabilis 1P~y
13 k1R Mesua ferrea HER
14 H 4 4t 3 Elaeocarpus japonicus R
15 B Heritiera parvifolia R
16 B Cassia fistula AR
17 ¥& AR Erythrophloeum fordi FAFE
18 (X 4E Lysidice rhodostegia AR
19 #F R 415 Ormosia pinnata R
20 ENFF & HH Pterocarpus indicus IR
21 Fth# Saraca chinensis R R
22 FEEAR Artocarpus hypargyreus Rl
23 #THEAR A. nitidus subsp. lingnanensis 5
24 /NH-HEAE A, styracifolius 28
25 R B5 Ficus annulata -3
26 NHER F. microcarpa %
27 {HF¥S F. microcarpa var. fuyuensis 5
28 BIRES F. religiosa - ¥ =
29 2 R llex rotunda £2#FH
30 H B -2 Koelrcuteria bipinnata TETH
31 R § Heteropanax fragrans FhnFd
32 F LB Rapanea neritfolia BEFH
33 % ¥ Fagraea cetlanica L& F
34 H: 18 Osmanthus fragrans A EF
35 R AR Manchamia cauda-felina BEE
36 f JIL# Kigelia africana BEF
37 B # Jacaranda mimosifolia B
38 KA Spathodea campanulata Rk
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Table 2 Injury symptoms of leaves one week after the potted plants were exposed at air polluted sites

FS Highh B # 4% 1 Symtomps of leaves

No. Species* DC site WX site

6 i SEB(S BROTEBRIBTT 22 158 I T4, Mo T4, TR & B (o L AUt

7 MR ERE AR D BB SRR K 05 em BT BT ER 6 AW E

32 EIEH 3 BRRTT R B S I 22 F A BEAR €, B oh— Bk M B HOR 45 Bl 4 R BT M RE KA | em &, G E
13 %Ik 4 BRI 58 1-2 ST Yok T H 4T 3 BRI 1-2 Xt 2 &
14 HAfrs LEMABRRIIT RS 2-3 A8 SR RER 4 0 g s 2 PR BRI K HOR R A B

mHERT

12 FEK KW E A BIRE A S HOREZBE

16 [ 1 SO -Ju S P

30 B IER L ERAN B At i R & WA 2

18 {u3% LBRA ) L IT R 2, i 4 R b o BT 4 5 B B KA

20 ENRTEHE 7 0k QuRuy- SIb- /R 752 * WA %

17 #ok LER L R 04 3 s T E K

4 WA 7 P NG 3 -3 AWtE

36 WIHE & WA 18k 5 i & rtseu T

*fEWH) X E 1, % 3-5F. The name for each species is listed in Table 1. The same for Table 3~5
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Table 3 Injury symptoms of experimental plants
& H-#(%) Leaf cast %
Fr'5 Yt A* ___ B _ 5 #GE R
i FIy Injury symptoms
No. Species bC WX DC WX Moon jury Symp
9 #iE 0 0 0 0 0 18REMEHBALE
10 #rfem% 0 0 o0 0 0 18 kSR WA E
27 (R - - 0 0 0 B l6AEBIRLGE
34 #EES - - 6 0. 0 B. 16 R ¥ AN E
11 Ak 0 0 0 0 0 ARIMLBKHAERL KA K E
25 Ik o o 78 .15 BABICHRGASS, FEORZY ARERE
26 riEE o o 13 11 12 B F#ESEEMBREE. THFER
12 A[EKR 0 o0 15 13 14 B.90% g IR BE . AR TR
5 EENME 0 0 37 16 265 DC:B.90%@M HBGFS. 34+, WX BigH 2%
19 WA 0 o 90 0 45 DC: B. 31 20%-60%, WX B. 221 10%-20%, LA R &, mH2e. T
18 %7t 0o 0 90 5 475 DC:B.90%/pHZE. W RFR; WX;B. 10%-30%5% &
29 H%EFH 0 o 98 5 515 DC:A. L¥rseim b RSk B KRB, 2FE T, WX A B s it BERRER
B.gg £ LK
33 &K 0 0 100 9 545 DC:B M. .34+ WX:B. FRERZHFFHEE, EHKE K
2 wEAE 0 o 100 14 57 DC:A % +,B. %M T WX A #r R BLK SR LS KRBT
B. ARk £, FORT
17 #A + o+ 95 30 625 DC: A @MEHT. AMTHFET.B. £ FRUBH A WX: AZrt RN IR,
ot T . B PRI 2%
3 RBEEK 0 0 100 31 655 DC.A »5#HEF B H2%, T WX A LB BUKBIREE A,
B. 8t St A ml bk 2 E
7 I 0 0 100 40 70 A KL HE. DC:BETF, EELHKT . WX: B. 908%H 2 &, M FlEk &%
32w (U 95 48 715  DC A ARIMHT . o EME.B AR E WA D RINRT, B bBEF, @nhR.
BT
35 BEA 0 0 90 59 745 DCA HHREBE@UHEZE.B LHEH, FXOT. WX A SREBH R,
B.mE&g2ZE, KBREHEE
22 gEA 0 0 90 60 75 A DB EMHHILR, DC.B. RN IR, MR F T WXBEEHHEZE,
2 i vk
23 aEXK 0 ¢ 100 50 75 AL KEBRFHMN, £HGFEER;DC:B. F 2T, WX, B. b BuBH A
36 MK (U 100 51 755 A KWAE.DC.B. @2, S & T4, £ 1, WX B. S HBMH iR %
28 ER + o+ 93 60 765 A TEHEHLEEE: B g EELRE
6 ey ¢ 0 95 70 825 A EEeb IR, HURERBE: DC:B. S8kt 4. WX B. FE A EFHL,
REFHRZE
24 AR 0 ¢ 100 70 85 A KRAHE.DC:B. F M2+ . WX:B. @ 2% FAN S, iFREM
C15 BSERY ¢ o 100 70 85  DCA LEEHHEAY, HE.B. 2HMZE, FT.WX:A XthE B 1t HFEZE,
W2, T
30 FPRMER 0 0 100 70 85 A bEEMERT: DC: B B EFES T WX B K35 IR, 2R E i E
31 e 40 20 90 80 85  DC;A-mehsem T, OB BE. B b KBRS TR WXL AL AN SRR
B2 E 5 4, (ifr 2w d
13 #&AhK 6 ¢ 100 75 875  DC A BB HREE. B o 8 T WXe A D50 IR ERBE,
B. 80% - th B KERERBE, 3FF B
21 EMM 0 0 98 80 89  DC:A S¥wtT&, BREEM, TFrhE Ty WXe ALt EhER,
B.80%nt th BLERBE, KB %
38 kIR 0+ 98 80 89  AAGHILHMFHBIAKEIRE: DC: BARE M HZE, B ET WX BOCHIS
LI 151o% N ¢ o 100 80 90 A AmlErHBBBCRIESE, DC:B. #f 4 WX B. Jitt &%, M RIBE T
I RKE o 0 95 95 95 A AT ek BUKEUIRBE AL DC:B. XEAE T WX B. KBS ¥ T, FoEHY
16 fEfam + 0 100 94 97  DC.A.bEEMERT, B 0 3F MELT: WX A B EER, B, K3 FRE
14 HAEMK (Y 100 95 975  A.nfRFET,DC;B. 285 WX:B. B8H 2%, Mgt K
8 BAE 50 30 100 96 98  DC: A BHMMHMRMHET,B 2T WX A B HRMET, B. - Wil HRE,
0% IFEF
20 EHEEHE 0 ¢ 100 98 99 A AHlgrtstis+.DC:B. &8kE. 3T, WX B. S 8K S £, 2 S E
37 BB 0 0 100 100 100 A LB B SRR
OB R B Leaf cast appeared sligltly and only in some individuals ; - #:¥48 No data

L RREMBHEAT SRS AR I8 BOREH RIS 5142002 48 6 5 27-29 FIF1 2002 4 10 A 15 F)
Represent the plants exposed at air pollution sites for 3 weeks on June 27-29 and for 18 weeks on October 15, 2002, respectively.
AP RTLEISH S 16 /4. The plants exposed at polluted site for 16 weeks.
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WX 5, B KR =100%1MAa: Lk
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AE AR B AR A A 11 ME ).
Z80%-100% P B g 4L 5 H AR E IR
G AR P SN IS -3 - REE NN = T o & Ry
filt, =50%-80%F)H B AME S EEASE 11 Mg

1 <S0%H A MACA Bk TIAR AL 3% 3 Fh: Rk
TH .

7t DC &5, FHH K HE=100%18F 2L
e A >80% M MAEAR R A ; =50%-80%
I : ENRE A BRI TE VR A F B # . i
M IR ARTE RSP H 2R VK T IR N L
MRBEE AR KHFA BARE FHEAK 16 F
Y <S0%MF HAME. BHAM. BAK KR
PR OER EHAM BB . EPELI. 0

x4 3MEBA 3 AREYKENTHERNL

Table 4 Growth vigour and new leaves increment during 3 weeks at 3 experimental sites

BG WX DC £ 3 Growth vigour*
FFs Yt B Fit R RSt S TR ML
No.  Species No. of new leaves No. of new leaves Increment No. of new leaves Increment BG WX DC
increased increased (%) increased (%)
21 FTEHA 0.4+0.89 1.0£1.00 250.00 0.4+0.89 100.00 \Y v \'
1 KA 5.0£0.71 5.8+1.10 116.00 3.4+1.52 68.00 \Y \Y4 \'
29 HkATFH 7.6£1.52 8.8+2.49 115.79 5.8+3.35 76.32 \' v M
16 B 3.8+1.79 4.0+0.71 105.26 2.6+2.7 63.42 \' v \Ys
30 FPIHInk 4.6x1.52 4.8+0.84 104.35 3.0+2.8 65.22 \Y \Y4 \'
32 EER 6.2+1.79 6.412.07 103.23 2.8+1.64 45.16 \Y v \'
18 {3k 3.0£1.00 3.0£1.00 100.00 2.320.58 76.67 \Y \Y4 \'
36 FJRK 3.8+0.84 3.8:0.84 100.00 1.8£1.48 4737 \Y \Y4 \'
8 axE 3.6£2.07 3.6:1.14 100.00 1.8+1.64 50.00 \Y v \'
7 - # 7.2+£3.56 7.2£2.59 100.00 2.613.71 36.11 \Y4 v \Y
6 £k 6.8+3.03 6.8+1.1 100.00 4.0£1.00 58.82 \' A M
19 WOy 4.2+0.45 40+1.73 95.24 1.622.3 38.10 v A% \Ys
14  HEHH 5.8+5.36 5.4+3.05 93.10 2.8+3.83 48.28 \Y% \Y% v
28 iR 5.6£3.21 5.2+1.3 92.86 0.813 14.29 \' v \'
17 $&K 20+0.71 1.8+0.8 90.00 0.8+0.45 40.00 \Y v M
23 gk 4.4:0.55 3.8+0.84 86.36 1.4£1.95 31.82 \Y \Y4 \'
20 ERprges 4.4+0.89 3.810.84 86.36 3.410.55 77.27 \Y v \'
25 7.0+1.00 5.8+1.3 82.86 5.4+3.03 77.14 \' A \Ys
3 RESE 3.420.55 2.8+0.45 82.35 2.0+1.22 58.82 \' A% \'
31 B 2.0£1.22 1.6+1.14 80.00 1.2+0.84 60.00 \' A% \'
5 EX L0 4.6+2.61 3.422.7 73.91 2.2+1.92 47.83 \' \Y4 \Y
24 SRR 6.80.84 5.0+1.22 73.53 1.4£1.95 20.59 v A% \'
38 kiBAK 4.2+0.45 2.8+0.45 66.67 0 0.00 v A% \'
37 B 5.2+0.84 3.210.84 61.54 2.0+2.12 38.46 v A \Ys
15 i 3.420.89 2.0+1.00 58.82 1.0£1.00 29.41 v \Y4 M
33 KEH 2.8+0.45 1.60.55 _ 57.14 1.40.89 50.00 v v \'
26 HER 5.0+1.00 2.8+1.92 56.00 3.422.07 68.00 v A \Ys
2 HwEAE 5.6+1.82 2.8+2.77 50.00 3.412.61 60.71 v \Y% M
35 MWEK 3.22045 1.6£0.55 50.00 2.8+1.64 87.50 v v \'
11 Rk 3.221.64 1.6+0.89 50.00 1.00+1.73 31.25 v v \'
22 BEk 6.4£0.55 1.6+0.89 50.00 1.00£1.73 15.63 v \'s \Y
4 A 2.520.58 1.2x1.1 48.00 2.2+1.3 88.00 v \ \Y
13 #&Ak 1.8+0.45 0.420.89 2222 0 0.00 \Y4 M M
10 aiemz 1.41.95 0.2+:0.45 14.28 2.4%3.29 171.46 v v v
9 %7 0 0 0.00 0 0.00 A% \Y \Y4
27 EEkE - - - - - A% A% v
34 7 - - - - - Vv v Vv
12 HZEA - - - - - v vV v

* V: & Vigorous; M: & Maderate; W: 2% Weak;
- &ﬁﬁ No data
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M L TR LN AR L EEAR L E IR AE 14 M
Y1 BRI RIER KGR R A K.

DC 155 WX sith 82, Hrim K Lh R <50% iy
HA TR, J5E A 4 M, = 100%K 57 E R
B2 a5 EWA 1 H, R DC qmx®
oLt WX ™,

e 18 ARKREME, ERNES fir.

WX S AR S i B 3R 29
P, e 1 KR >100% 9 : 2818 AXTE K.
IR = 7L 2 I o R A R AN A X (o ) ==Y N
Fhy =80%-100%MF: AL . ERB . AEAK.
ENRESETE VAL EEAR S H, >50%-80% 1 - ZK 5 - 8
PR VBIRR . RE X CERAM.BREF M
WA 8 Fh <SO%IMA : BAEA . OEARBRIIAR. AR

£S5 I3MRRAIBANEYRKENFHEKTL

Table 5 Growth vigour and new leaves increment during 18 weeks at 3 experimental sites

BG wX DC 4 K Growth vigour **
B HYA F Fr ke oMK mMEE
No. Species No. of new leaves No. of new leaves  Increment No. of new leaves  Increment BG WX DC
increased increased (%) increased (%)

9 ¥*1E 13.6+8.08 242512951 177.40 18.5+25.09 135.33 \Y% \% v
18 XL 30+16.09 48.33216.26 161.10 sd \Y% M w
17 KA 6.67+2.08 9.00+7.45 134.93 sd \Y% M w
36 B TR 10.67+0.58 14.25+6.55 133.55 Lf \Y v w
16 BBk 21.5x10.61 25.00+14.14 119.05 sd \ W w
21 Tt 5.33+2.89 6.3310.57 118.76 sd \Y w w
23 it 9.00+3.00 10.33:4.73 114.78 7.512.74 83.33 \Y% v M
19  @HwEgg 20.5+5.00 23.50+7.59 114.63 sd \Y% M M
35 BRA 10.3313.06 11.33x1.53 109.68 sd \Y% M w
10 AR 34.67+12.06 32.20+11.82 92.88 33.33£14.29 96.13 \Y \Y \Y
28 = 41.0+£10.13 92.68+8.49 92.68 Lf \Y% M M
12 FEA 221557 19.6+2.97 89.09 - - \Y% M M
20 B AF 43 61.00+£19.29 53.00+18.38 86.89 sd \Y w w
23 FAR = N 15.00+15.72 12.00+4.24 80.00 sd \Y% M w
33 KE 43.3316.03 34.25x11.24 79.04 sd \Y% M w
27 R 53.00+3.61 40.00+7.00 75.47 38.00+10.58 L 717 \Y% \Y \Y%
25 f7 9> 64.67:41 .86 47.20+12.56 73.00 84.33144.00 130.4 \Y% v \Y%
15 Pof Ly 53.3312.52 36.33+16.50 68.12 Sd \Y% W W
3 REA&%E 61.00+2.00 34.75:6.6 56.97 sd \Y% M w
5 EX Vb 65.67+31.88 36.50+£21.79 5558 23.5+7.33 35.78 \Y% M M
29 AT 95.00£12.99 52.33224.58 55.08 Lf \Y% M w
7 i 113.5:17.68 61.5+49.29 54.19 sd A w w
32 T 76.331£12.42 37.7517.50 49.46 49.67+38.18 65.07 \Y% M w
22 BEA 80.25+5.32 38.00+27.70 4735 16.50+6.61 20.56 \% M w
13 gHhAk 23.5+5.32 10.5+5.20 4468 sd \Y% w w
8 HAS 77.67+11.24 30.00+14.14 38.62 Sd A W w
26 ISR 95.33+31.90 344173 36.09 43.00132.59 45.11 \Y% v \Y%
24 NG 93.33:13.32 16x1.00 17.14 sd \% M w
11 RkF 20.75+14.41 2.6+4.34 12.53 6.0£5.79 28.92 \% M M
30 5P 2k 20.67+8.50 Lc sd \% w w
37 WEE Lc Lc Lc A% w w
38 KIEAR Lc Le Lc \% w w
31 -Rog ] 8.67+1.53 Lc Lc \% M M
1 KAE Lec Lc Sd \Y W W
14 HAMHTE Lc Lc sd v w w
4 A Lc Lc Lc M w w
2 BEAE Lc Lc Sd A w w
6 R Lc Sd Sd v w w

YRR 16 A,

Duration of the experiment was 16 weeks.
** VAL f#fY Vigorous; M: th Z ) Maderate; W: §§ ] Weak.
Sd: B 4T Shootsdried; Lc: 7% M- Leafcast
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N R ORRTE T R HR 9 AT
MR TR TORE, X R R
RIS BB L KAAAR IR KA EE  H A T R
JEAR g R AGE | IR 9 Fi.

DC & iRt 27 Fp BT sk T8
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B i 3t FH
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Injury symptoms of leaves in complexly polluted environment under
acid rain , fluoride and sulfide.
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fEAR:
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Explanation of plates
Plate 1

Surrounding environments of the experimental sites (pictures were
taken after 6 months of the experiment)

1. Wuxing site (WX): air pollution from the north and the east;

2. Dongcun site (DC): pollution source from all aspects;

3. South China Botanical Garden (BG): relatively clean site;

4. Leafinjury symptoms of Camellia japonica at WX site suffered for
10 months. The symptomps are similar to those polluted by hydrogen
fluoride ( HE ) ;

5. Two compound leaves of Kigelia dfricana with the same age from
DC site (left) and BG site (right) suffered for 10 months. Injury
symptoms are similar to those polluted by HF.

Plate IT

6. Young leaflet injury symptoms of Cassia fistula suffered at DC site
for 2 months, symptoms are similar to those polluted by sulfur
dioxide (SO,);

7. Leaf injury symptoms of A ctinodaphne pilosa suffered at DC site for

2 months, with symptoms of complex pollution by HF and SO,;

8. Injury symptoms were small holes induced by damage of necrosis
after exposure to complex pollutants. The compound leaves of

Koelrcuteria bipinnata after 3 months at polluted DC site;

9. Injury symptoms were small holes induced by damage of necrosis
after exposure to complex pollutants. Two shoots with compound
leaves of the same age of Lysidice rhodostegia exposed under
polluted atmosphere for 3 months at DC site (left) and BG site
(right) ;

10. Two potted Gordonia axillaries exposed at DC and WX sites for 18
weeks , and then transferred to BG site for continuous growth (the

left two). The right one grown at BG site for control. The pictures
were taken after 28 weeks of the growth.
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