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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. Foresiry 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 ofricana, Cassia fistula,
Ormosia pinnata, Manchamia cauda-felina, Ariocarpus 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
ferrea, Tsoongiodendron odorum, Aquilaria sinensis, Elaeocarpus japonicus, Jacaranda mimosifolia, Heritiera

parvifolia,  Piterocarpus indicus, Machilus salicina, Saraca chinensis, Manglietia hainanensis, Michelia
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chapensis. The results could provide scientific basis for selection of plant species for urban forestry in the
environments with similar air pollution in tropical and subtropical regions .
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DC BG 2160 9.978 3
0.142 mg 100 cm™d"! 44.131 54.368 (Vigorous, V)
2.532p g 100 cm™d*! 20.090 9.013
7.265 mg m~month™! 1316 20%
4.48-4.51 76.3%-88.2% WX DC (Medium M)
BG 1521 70.27
8.64 3991
BG 1743 21.47 20%-50%
14.71 18.12 (Weak W)
2.51
113 50%
2 138
21 Table 1 Plant species for experiment
38 (1) 32
No. Speci Famil
6 ( 1 9 10 11 32 33 34 ) ° pecies amy
1 Manglietia glauca
3-5 1-2a 2 M. hainanensis
2002 3-4 3 Michelia chapensts
4 Tsoongiodendron odorum
5 Actinodaphne pilosa
( ) 6 Machilus chinensis
6 3-6 WX DC 7 M. salicina
8 Aquilaria sinensis
BG 9 Camellia japonica
10 C. semiserrata
11 Gordonia axtllaris
WX DC 18 BG 12 Tutcheria spectabilis
13 Mesua ferrea
14 Elaeocarpus japonicus
2.2 15 Heritiera parvifolia
16 Cassia fistula
1318 17 Erythrophloeum fordii
18 Lysidice rhodostegia
19 Ormosia pinnata
20 Prerocarpus indicus
21 Saraca chinensis
22 Artocarpus hypargyreus
23 A. nitidus subsp. lingnanensis
24 A. styracifolius
5 25 Ficus annulata
26 F. microcarpa
27 F. microcarpa var. fuyuensis
28 F. religiosa
29 Ilex rotunda
( 30 Koelrcuteria bipinnata
) (IRL) BG 31 Heteropanax fragrans
32 Rapanea neriifolia
(BGL) 100% 33 Fagraea ceilanica
IR L:WXL( DCL)/ BG,x100 34 Osmanthus fragrans
35 Manchamia cauda-felina
WX, DC, 36 Kigelia africana
37 Jacaranda mimosifolia
38 Spathodea campanulata
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Table 2 Injury symptoms of leaves one week after the potted plants were exposed at air polluted sites
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I, 3-5 . 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
(%) Leaf cast %
A* B**
No. Species bC Wwx DC WX Mean Injury symptoms
9 0 0 0 0 0 18
10 0 0 0 18
27 - - 0 0 0 B. 16
34 4 - 0 0 0 B. 16
11 0 0 0 0 0
25 0 0 7 8 7.5 B.
26 0 0 13 11 12 B.
12 0 0 15 13 14 B.90%
5 0 0 37 16 265 DC B.90% WX B.
19 0 0 9 0 45 DC B. 20%-60% WX B. 10%-20%
18 0 0 9 5 475 DC B.90% WX B. 10%-30%
29 0 0 98 5 515 DC A B. WX A.
B.
33 100 9 545 DC B. WX B
2 0 0 100 14 57 DC A. B. WX A.
B.
17 + o+ 95 30 625 DC A. B WX A
B.
3 0 0 100 31 655 DC A. B. WX A.
B.
7 0 0 100 40 70 A. DC B. WX B. 98%
32 0 0 95 48 715 DC A B. WX A.
35 0 0 90 59 745 DC A B. WX A.
B.
22 0 0 9 60 75 A. DC B. ; WX:B.
23 0 0 100 50 75 A. DC B. WX B.
36 0 0 100 51 755 A DC B. WX B.
28 + + 93 60 765 A B
6 0 0 95 70 825 Al DC B. WX B.
24 0 0 100 70 85 A. DC B. WX B.
15 0 0 100 70 85 DC A. B WX A
30 0 0 100 70 85 A. DC B WX B.
31 40 20 9 80 85 DC A. B WX A
B.
13 0 0 100 75 875 DC A. B. WX A.
B. 80%
21 0 0 98 80 89 DC A. B. WX A
B.80%
38 0 + 98 80 89 A. DC B. s ; WX: B.
4 0 0 100 80 90 A. DC B. WX B.
1 0 0 95 95 95 A. DC B. WX B.
16 + 0 100 94 97 DC A. B. WX A. B.
14 0 0 100 95 975 A DC B. WX B.
8 50 30 100 96 98 DC A. B. WX A. B.
90%
20 0 0 100 98 99 A. DC B. WX B.
37 0 0 100 100 100  A. B.
+ Leaf cast appeared sligltly and only in some individuals ; No data
*HE 3 18 ( 2002 6 27-29 2002 10 15

Represent the plants exposed at air pollution sites for 3 weeks on June 27-29 and for 18 weeks on October 15, 2002, respectively.

A

16 The plants exposed at polluted site for 16 weeks.
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3.3 <50% 3
WX DC 3
4 DC =100%
WX =100% >80% =50%-80%
11
=80%-100% 16
9 <50%
=50%-80% 11
4 3 3

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

BG WX DC Growth vigour*
No.  Species No. of new leaves ~ No. of new leaves  Increment No. of new leaves  Increment BG WX DC
increased increased (%) increased (%)
21 0.4+0.89 1.0+1.00 250.00 0.4+0.89 100.00 \% \% \%
1 5.0+0.71 5.8«1.10 116.00 3.4+1.52 68.00 \% \% \%
29 7.6+1.52 8.842.49 115.79 5.843.35 76.32 \% \% M
16 3.8+1.79 4.0+0.71 105.26 2.6x2.7 68.42 Vv Y Vv
30 4.6+1.52 4.8+0.84 104.35 3.0£2.8 65.22 \% \% \%
32 6.2+1.79 6.4+2.07 103.23 2.8+1.64 45.16 \% \% \%
18 3.0+1.00 3.0+1.00 100.00 2.3+0.58 76.67 \% \% \%
36 3.8+0.84 3.8+0.84 100.00 1.8+1.48 47.37 \% \% \%
8 3.6+2.07 3.6x1.14 100.00 1.8+1.64 50.00 \% \% \%
7 7.2+3.56 7.2+2.59 100.00 2.6+3.71 36.11 \% \% \%
6 6.8+3.03 6.8+1.1 100.00 4.0+1.00 58.82 \% Y M
19 4.2+0.45 4.0+1.73 95.24 1.6+2.3 38.10 \% \% \%
14 5.8+5.36 5.4+3.05 93.10 2.8+3.83 48.28 \% \% \%
28 5.6+3.21 5.2+1.3 92.86 0.8+1.3 14.29 \% \% \%
17 2.0+0.71 1.8+0.8 90.00 0.8+0.45 40.00 \% \% M
23 4.4+0.55 3.8+0.84 86.36 1.4+1.95 31.82 \% \% \%
20 4.4+0.89 3.8+0.84 86.36 3.4+0.55 77.27 \% \ \%
25 7.0+1.00 5.8+1.3 82.86 5.4+3.03 77.14 \% \% \%
3 3.4+0.55 2.8+0.45 82.35 2.0+1.22 58.82 \% \% \%
31 2.0+1.22 1.6+1.14 80.00 1.2+0.84 60.00 \% \% \%
5 4.6+2.61 34+2.7 73.91 2.2+1.92 47.83 A\ \% A\
24 6.8+0.84 5.0£1.22 73.53 1.4+1.95 20.59 A\ \% A\
38 4.2+0.45 2.8+0.45 66.67 0 0.00 A\ \% \%
37 5.2+0.84 3.2+0.84 61.54 2.0+2.12 38.46 Vv A\ Vv
15 3.4+0.89 2.0+1.00 58.82 1.0+1.00 29.41 A\ \% M
33 2.8+0.45 1.6+0.55 57.14 1.4+0.89 50.00 A\ \% A\
26 5.0+1.00 2.8+1.92 56.00 3.4+2.07 68.00 \% \% \%
2 5.6+1.82 2.8+2.77 50.00 3.4+2.61 60.71 A\ \% M
35 3.2+0.45 1.6+0.55 50.00 2.8+1.64 87.50 A\ \% A\
11 3.2+1.64 1.6+0.89 50.00 1.00+1.73 31.25 A\ \% A\
22 6.4+0.55 1.6+0.89 50.00 1.00+1.73 15.63 A\ A\ A\
4 2.5+0.58 1.2+1.1 48.00 2.2+1.3 88.00 A\ \% A\
13 1.8+0.45 0.4+0.89 22.22 0 0.00 A\ M M
10 1.4£1.95 0.2+0.45 14.28 2.4+3.29 171.46 A\ \% A\
9 0 0 0.00 0 0.00 \% Vv \
27 - - - - - \% Vv \%
34 - - - - - Vv Y Vv
12 - - - - - \% Vv \%

* V:  Vigorous; M:  Maderate; W:  Weak;
- No data
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14 WX 29
>100%
DC WX <50% 9
17 4 =100% =80%-100%
2 11 DC 5 >50%-80%
WX
18 5 8 <50%
5 3 18
Table 5 Growth vigour and new leaves increment during 18 weeks at 3 experimental sites
BG WX DC Growth vigour **
No Species No. of new leaves No. of new leaves  Increment No. of new leaves  Increment BG WX DC
increased increased (%) increased (%)
9 13.6+8.08 24.25+29.51 177.40 18.5+£25.09 135.33 A% v \%
18 30+16.09 48.33+16.26 161.10 Sd \% M W
17 6.67+2.08 9.00+7.45 134.93 Sd \% M W
36 10.67+0.58 14.25+6.55 133.55 Lf \% v Y
16 21.5+10.61 25.00+14.14 119.05 Sd \% W W
21 5.33+2.89 6.33+0.57 118.76 Sd \% W W
23 * 9.00+3.00 10.33+4.73 114.78 7.5+2.74 83.33 \% A% M
19 20.5+5.00 23.50+7.59 114.63 Sd \% M M
35 10.33+3.06 11.33£1.53 109.68 Sd \% M W
10 34.67+12.06 32.20+11.82 92.88 33.33+14.29 96.13 \% \% \%
28 41.0+£10.13 92.68+8.49 92.68 Lf \% M M
12 22+5.57 19.6+2.97 89.09 - - \Y% M M
20 61.00+19.29 53.00+18.38 86.89 Sd \% W W
23 15.00+15.72 12.00+4.24 80.00 Sd \% M \Y
33 43.33+6.03 34.25+11.24 79.04 Sd \Y% M w
27 * 53.00+3.61 40.00+7.00 75.47 38.00+10.58 71.7 \% v \%
25 64.67+41.86 47.20+12.56 73.00 84.33+44.00 130.4 \% A% \%
15 53.33+2.52 36.33+16.50 68.12 Sd \% w \Y
3 61.00+2.00 34.75+6.6 56.97 Sd \% M w
5 65.67+31.88 36.50+21.79 55.58 23.5+7.33 35.78 A% M M
29 95.00+12.99 52.33+£24.58 55.08 Lf \% M W
7 113.5+17.68 61.5+49.29 54.19 Sd \% w Y
32 76.33+12.42 37.75+17.50 49.46 49.67+38.18 65.07 \% M Y
22 80.25+5.32 38.00+27.70 47.35 16.50+6.61 20.56 \% M w
13 23.5+5.32 10.5+£5.20 44.68 Sd \% W W
8 77.67+11.24 30.00+14.14 38.62 Sd v W W
26 95.33£31.90 344473 36.09 43.00+32.59 45.11 A% v \%
24 93.33+13.32 16+1.00 17.14 Sd \% M w
11 20.75+14.41 2.6+4.34 12.53 6.0+£5.79 28.92 \% M M
30 20.67+8.50 Le Sd \% w Y
37 Le Le Le \% w w
38 Le Le Le \% W w
31 8.67+1.53 Lc Lc \% M M
1 Le Lc Sd A% w Y
14 Le Lc Sd \% w Y
4 Le Le Le M W w
2 Le Lc Sd \% w \Y
6 Le Sd Sd v w Y
* 16 Duration of the experiment was 16 weeks.
** V. Vigorous; M: Maderate; W: Weak.
Sd: Shoots dried ; Lc: Leaf cast
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Injury symptoms of leaves in complexly polluted environment under

acid rain , fluoride and sulfide.
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Explanation of plates
Plate I

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 ( HF ) ;

5. Two compound leaves of Kigelia africana 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 I

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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