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Responses of Garden Greening Plants to Air Pollution in
Guangdong Province and the Accumulation of Pollutants in Leaves
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Abstracts : One hundred and twenty-five woody plant species (including infraspecific taxa) grown in pots and in
the wild were investigated to evaluate their sensitivity responses to air pollution in Foshan and Guangzhou.The
investigations were based on the differences of plant growth parameters (plant height, basal diameter, crown area,
leaf area, number of new leaves increased and leaf cast), physiological characters (including net photosynthetic
rate, chlorophyll fluorescence characters, leaf cell membrance leakage rate and chlorophyll content) and plant
injury tolerance. All the plants studied were exposed to polluted environments with combined pollutants such as
acid rain, sulphide, fluoride and dust in industrial area, heavy traffic density area and residential site. As results all
the plants were classified into three categories: (1) most tolerant species (35 species); (2) less tolerant (41
species); (3) most sensitive (49 species). The accumulation level of S, F and Pb in leaves of 48 species were also
determined. A list of garden plants concerning sensitivity response to pollutants is given. The results can provide
useful information for urban greening in similar atmospheric environments.

Key words Urban forestry; Resistant plants ; Environmental purification; Accumulation of pollutants.
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Table 1 Measured data for atmospheric environment in investigated sites
SO, NOx (n gF
Cities Time of Environments Site (mg m?) (mg m?) (SO; mg 100cm™d ") 100cm™ d™)  (mg m™ month™)
measuring Dialy mean SO, Dialy mean NOx  Air sulfation rate Fluoride Dustfall
0.15%* 0.1%* 0.25%%* ek g
* 1992-1998 1. 0.04 0.095 4.62*
Guangzhou Clean LH
* 1992-1998 2. 0.06 0.123 14.12%
Guangzhou Industrial GY
* 1992-1998 3. 0.05 0.199 8.18*
Guangzhou Heavy traffic MS
2001, 4. 1.518+0.43 47.47+10.3
Foshan Oct.—Dec." Ceramic industry ~ DMC
2001, 5. 1.234+0.42 38.97+13.1
Foshan Oct.—Dec." Ceramic industry ~WZ
2001, 6. 0.947+0.38 33.50+12.8
Foshan Oct.-Dec." Chemical industry HQC
2001, 7. 1.028+0.41 34.34+11.4
Foshan Oct.—Dec."¥ Residential QzZ
2001, 8. 1.111+0.36 21.92+9.32
Foshan Oct.—Dec." XQS
Scenic area polluted
by ceramic industry
2001, 9. 0.685+0.27 17.31£6.76
Foshan Oct.—Dec." Suburb LKS
2001, 10. 0.901+0.35 8.13+4.68
Foshan Oct.—Dec!"* SC
Residential area
2001, 11. 0.782+0.28 13.05+5.79
Foshan Oct.—Dec." Park SW
2001, 12. 0.067+0.04 0.73+0.42
Zhaoqing Oct.—Dec."! Clean DHS
2002 13. 2.160+0.523 44.131£16.463  20.090+9.34
Foshan June-Oct!"¥  Ceramic Industry WX
2002 14. 9.978+1.205 54.368+11.303  9.013+3.07
Foshan June—Oct"  Ceramic Industry ~ DC
2002 15. 0.142£0.101 2.532+0.817 7.265+3.79
Guangzhou  June-Oct!"? Clean SCIB
* 2001 (1992-2000)
Cited from Guangzhou Environment Monitoring Center, Technical Report for Environment Quality in Guangzhou 1992-2000 2001.
*x National secondary standard (GB3095-1996)
ok 1991 National recommended standard
[20-23] 2
2.1 S & (P
48 S F

Pb
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234
DC WX

2 (g kg DW)
Table 2 Sulphur accumulation (g kg' DW) in leaves at DC and WX sites

S in leaves DC/WX
Species DC WX DC/WX ratio
Ficus religiosa* 16.985 4.06 4.18
F. microcarpa var. fuyuensis* 15.063 11.364 1.33
F. microcarpa* 14.581 3.284 444
Heteropamax fragrans™ 12.897 7.992 1.61
Gordonia axillaris* 10.463 1.085 9.64
Camellia semiserrata * 9.653 4.856 1.99
Rapanea neriifolia* 8.984 1.973 4.55
Camellia japonica* 7.551 1.551 8.48
Artocarpus hypargyreus*® 6.864 0.768 8.94
Ficus annulata* 6.449 1.644 3.92
Manglietia hainanensis* 4.56 3.841 1.99
Trema tomentosa** 10.432
Symplocos lancifolia** 12.453
Schefflera octophylla** 14.507
Eucalyptus urophylla*** 13.331
* s 150d; ** s 150-250 d;

HHE 150-250 d
* ** and ***: Leaf samples were collected in polluted sites from potted plants grown for about 150 days, from wild native plants

grown for about 150-250 days, and from cultivated exotic plants grown for about 150-250 days, respectively.

3 (mg kg™ DW)
Table 3 Fluorine accumulation (mg kg' DW) in leaves at DC and WX sites

F in leaves DC/WX
Species DC WX DC/WX ratio
Ficus microcarpa var. fuyuensis™® 4917.42 2015.73 2.44
F. microcarpa * 4630.00 1810.42 2.56
Rapanea neriifolia* 4603.1 1382.38 333
Ficus annulata* 4433.67 2207.21 2.07
F. religiosa* 4135.41 1568.86 2.64
Actinodaphne pilosa* 4157.93 1976.98 2.1
Mesua ferrea* 3522.51 2059.67 1.71
Gordonia axillaris* 2711.67 606.42 4.47
Artocarpus hypargyreus™® 2135.06 1029.92 2.07
Kigelia africana® 1886.88 602.73 3.13
Camellia japonica* 1622.22 263.08 5.04
Trema tomentosa** 3774.2
Symplocos lancifolia** 2152.72
Schefflera octophylla** 2296
Eucalyptus urophylla*** 3375.27
Aporosa chinensis** 4201.61

*oRE L kRk 2. For* **and *** see Table 2.
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4 (Pb) *(g kg™ DW)
Table 4 Lead accumulation contents in leaves at

heavy traffic density site* 4201 mg kg'l DW

3774 mg kg' DW

2296 mg kg' DW
Species Z;;Iglll ?;V;)S ( ) 33 70
Crateva trifoliata 2.627
Ficus elastica 1.673 36
F. benjamina 1.670 200 mg kg' DW
Sterculia lanceolata 1.412
Nerium indicum 1.301 181.43-960 mg kg' DW °
Magnolia delavayi 1.30
Elaeocarpus apiculatus 1.240 (3 ) 1a
Ficus microcarpa cv. colden leaves 0.998
Schefflera arboricola 0.862 (12 ) 2104
Tristania conferta 0.737 ( )
Mimusops elengi 0.533 4 >lgkg' DW
Fagraea ceilanica 0.514
Ficus altissima 0.496
Michelia maudiae 0.467
Heritiera parvifolia 0.452 2.2
Acmena acuminatissima 0.405
Elaeocarpus hainanensis 0.317 ( )
Kigelia africana 0.253
Ficus microcarpa 0.224 ( ) )
Swietenia mahagoni 0.190
Manglietia hainanensis 0.101
* 210d  Leaf samples were

collected from plants grown in polluted area for about 210 days.

4.62 1.23 23 DC
WX
(1.33-9.64 1.71-5.04 ),
2 DC
WX
WX
DC WX WX

1 000 mg kg' DW
1 000 mg kg’ DW

1 810.42-4 630.00 mg kg' DW 5 50%—40%

50%
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Table 5 Comparison of measured relative difference values in classification of plant resistance

(%)
Levels (%) of relative difference values
o and number of species Inferior value of Number Source of
Measuring items Mean
relative difference of samples  references
Most tolerant ~ Less tolerant Most sensitive
>50, 15 >30-50, 12 <30, 8 7.12 37.92 +24.67 35 16
Growth increment
=70, 7 <70-40, 8 <40, 20 0 44.26 £28.70 35 16
Crown area increment
=80, 6 <80-50, 11 <50, 22 4.8 54.21 £29.21 39 17
Net photosynthetic rate
=70, 11 <70-50, 13 <50, 11 28.81 62.00 +20.60 35 16
Basal diameter increment
=70, 11 <70-50, 14 <50, 10 12.5 64.22 +28.65 35 16
Height increment
=70, 16 <70-50, 9 <50, 5 4.7 70.47 £25.55 30 18
Leaf area increment
=90, 18 <90-70, 9 <70, 3 59.05 91.12 +12.14 30 18
Photochemical efficiency
<60, 5 >60-90, 10 >90, 15 147.9 93.20 +30.26 30 18
Leaf cell membrance leakage rate
=90, 19 <90-70, 8 <70, 3 50.54 97.89 +26.81 30 18
Chlorophyll content
<20, 14 >20-60, 9 >60, 15 100 70.48 £25.93 38 19
Leaffall rate
=90, 11 >70-90, 5 <70, 12 12.53 80.76 +41.66 28 19
Increment of new leaves
* WX All data were obtained from WX site.
** =Yi/Yox100 Yi ( ) Yo

Relative difference value =Yi/Yox100, where the Yi and Yo are the data for crown area (or net photosynthetic rate, etc.) obtained from polluted
sites (Y1) and control site (Yo), respentively.

35
40%
40
49
76 31

16 17 18 19

31
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47-76 7
3690 mgkg!' 6500 mg kg

( ) 14.7-18.1
«C )
(WX )
125 8 12.388-19.692 g kg'
1645- 45152 mg kg
g kg
1-15 )
35
41 49 4
4.1
32
(Fv/Fm) pH
20 22-24
WX 54.21%
/
WX (BG) 70.47%
64.22%  62.00%
(44.26%) ( 5)
33 4.2
11
864 (WX ) 399 (DC ) WX 30
150 d 70.47%
3.856 gkg'  10.36 gkg' 4.7%( 5)
12.897 -
16985 gkg' (DC ) WX (WX DC) 18
7
10.432 -14.507 gkg'
WX 45 cm 65 cm 105 cm
11 150 d v

1 41122 mg kg' (WX ) -
352326 mgkg' (DC ) WX
(2 152.72 mg kg* ) (2 296)
(3774.2) (4201.61)

9

4.3

(Cerbera manghas) 9

95 70w molmsT) 7
(Cleidiocarpon caralerer)
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Appendix: Sensitivity responses of garden plants to air pollution and pollutant accumulation in plant leaves

) Life  Plant
Species

form  source

Growth

vigour

* %k

Habit and

characteristics

D

Sensitivity responses

F4%2)

Accumulation
levels of
pollutants in

leaves

Suitable for

Most torelant

N,C
Ficus
altissima

N,C

F. annulata

N,C

F. microcarpa

F. microcarpa

var. fuyuensis

E,C

F. elastica

E.C
F. religiosa

F. microcarpa cv.

Golden leaves

F. hispida
N,C

F. benjamina

F. hirta

Broussonetia

papyrifera

8)
23

(13 14 3)

11)

(13 14)

(13 14)

(€]

(13 14)

12

458

M

23

(58 13)

(45 8)

4,

@-

S0.05(3),
pb0.489(3)

S1.644(13),
$6.449(14),
F2082(13),
F4309(14)
S0.606(3),
$0.522(2),
pb0.224(3)
$3.284(13),
S14.581(14),
F4630(14),
F1810(13),
S11.364 (13)
S15.063(14)
F4917(14)
F2015(13)
S0.013(3)
pb1.673(3),
pb2.685(2)
$4.060(13),
S$16.985(14),
F1568(13),
F4135(14)
$0.020(3)
$.0.333(2)
pb0.998(3)
pb0.018(2)

$0.333(3)
0.019(2)
pb1.670(3),
pb14.722(2)
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#ox

Hokk2)

. b Accumulation
Species bife - Plant quWth Sensitivity responses levels of Suitable for
form  source vigour )
pollutants in
leaves
N,C v S1.551(13)
Camellia S7.551(14)
Japonica 73 F321(13)
(13 14) F1622(14)
N,C v S4.856(13)
Camellia S9.653(14)
semsierrata 71 F352(13)
(13 14) F1560(14)
N M-V S10.531(13)
Tutcheria (13 14) F747(13)
spectabilis
N M-V
Eurya 459
chinensis
N M S3.045(13)
Actinodaphne 500 m F1976(13)
pilosa (13 14) F4157(14)
, EC \% S0.641(3)
Nerium 234 S0.640(2)
indicum F2043(13)
E,C M S9.149(13)
Thevetia (13
peruviana 14) (13)
N MV S15.873 (14)
Caradllia F5289(14)
brachiata 10 m
(13) (5 13)
E,C A% S0.018(3)
Mimusops 2 3) S0.351(2)
clengi pb0.533(3)
N M-V S12.453(13)
Symplocos F2152(13)
lancifolia 2-10m
(8 13)
N M F4201(13)
Aporosa
chinensis 3-12m (4,5,13)
N v S14.507(13)
Schefflera F2296(13)
octophylla (458 13)
N,C M-W (7 S7.992(13)
Heteropamnax 10) S12.897(14)
[fragrans (13 14)  F1752(13)
N M-V (5 S0.103(3)
Schefflera 7 8 10) S0.049(3)
arboricola 23 pb0.862(3)
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% stk
. . b Accumulation
Species bife - Plant quWth Habit ar%d . Sensitivity responses levels of
form  source vigour characteristics )
pollutants in
leaves
N,C M
Osmanthus (13 14)
Jragrans ™
N A%
Jasminum
elongatum 458 13)
N,C M
Ligustrum (7 8)
sinense
N,C M-V S0.212(3)
Mangifera (2 6) S0.275(2)
persiciformis
N A%
Syzygium 2-5m(5 8)
rehderianum
N \% S$10.432(13)
Trema F3774(13)
tomentosa
45238
N,C M-V
Celtis
sinensis 3-7m(4 8)
E,C \% S0.681(3)
Swietenia 23611 S0.484(2)
mahagoni pb0.190(3)
N,C M-V S0.236(3)
Pittosporum (2 S0.115(3)
tobira 36) pb0.02(2)
N M-V
Helicia
cochinchinensis (13)
Less torelant
N V-M ) S1.085(13)
Gordonia S10.463(14)
axillaris (13 14) F606(13)
F2711(14)
E,C M-W
Cassia (11) 7 s
Sistula
(13 14)
N M-W 2
Lysidice 3) 7
rhodostegia 10%-30%  90%

(13 14)
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Hokk2)

. ’ ” . b Accumulation
Species bife - Plant quWth Habit ar%d . Sensitivity responses levels of Suitable for
form  source vigour characteristics )
pollutants in
leaves
N V-M 8)
Erythrophleum 7
Jfordii (13 14)
N,C M 2311 S0.309(3)
Ormosia 10%-60% 80.287(2)
pinnata (13 14) }S:? '172011((11;;)
N M
Archidendron 3-6m (8)
lucidum
N M-W 7 , S0.768(13)
Artocarpus (13) S6.864(14)
hypargyreus (14) F1029(13)
F2135(14)
N,C w 60%
Heritiera (13) 60%
angustata (14)
N,C M-W 7
Artocarpus (13)
nitidus subsp. (14)
lingnanensis
E,C M-V S0.252(3)
Tristania 23) S0.205(2)
oo
E,C M-V
Lagerstroemia (7 9 10)
speciosa
N M-W 7 S5.064(13)
Artocarpus F2030(13)
styracifolius (13) (14)
N M-W ()
Machilus 7
chinensis - (13)
(14)
N M )
Litsea (8) 4-
monopetala 6m
N,C M-W S0.270(2)
Ilex rotunda (5 8) pb0.662(2)
(2 3) S14.526(14)
7 F617(13)
N,C V-W S2.561(3)
Fagraea (2358 F987(2)
ceilanica (13) 80.239(3)
S0.488(2)
(4 pb0.514(3)
(13 14) pb0.645(2)
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Hokk2)

. ’ ” . b Accumulation
Species bife - Plant quWth Habit ar%d . Sensitivity responses levels of Suitable for
form  source vigour characteristics )
pollutants in
leaves
N A%
Laurocerasus 8 m
phaeostica 25 cm(5)
E,C M-W 7 S4.888(13)
Spathodea (13) F1667(13)
campanulata (14)
(14)
N,C M-W 7
Koelreuteria (13)
bipinnata (14)
(13 14)
N,C M-W
Dolichandrone 9)
cauda-felina (13) (14)
(13 14)
N,C w 7 S6.23(13)2
Manglietia (13) F1454(13)
glauca (14)
13)
E,C V-W F602.6(13)
Kigelia 3) (13) F1886(14)
africana (14) S1.568(3)
(13 14) S1.399(2)
pb0.253(3)
S3.035(13)
N M-W S1.973(13)
Rapanea (13) S8.984(14)
neriifolia (14) (13) F1382(13)
(14) F4603(14)
E,C M 7 >
Magnolia
grandiflora
N,C M
Murraya 6 8)
exotica
N M 6
Acronychia 79)
pedunculata
N M 469
Evodia

lepta
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. . b Accumulation
Species bife - Plant quWth Habit ar%d . Sensitivity responses levels of Suitable for
form  source vigour characteristics )
pollutants in
leaves
N,C M
Viburnum (8)
odoratissimum
N C M
Ficus lacor 4 (11)
N M
Castanopsis 3-8 m(8)
hystrix
N,C M
Syzygium
Jjambos an
N M
Bridelia O]
tomentosa
N,C M S0.371(3)
Cleidiocarpon 2 3) S0.286(2)
cavaleriet pb0.452(3)
N,C M S0.343(3)
Bischofia 2 3) S0.266(2)
Jjavanica
N,C M
Cinnamomum ®)
camphora 4,8)
N M
Litsea glutinosa (4,5 8)
EC M
Albizzia (11)
lebbeck
N,C M S0.889(2)
Bombax 237
cetba
N w
Garcinia (5,8)
multiflora
N,C M-W 18
Michelia (13)
chapensis (14)
N M
Schima ®)
superba
Most sensitive
N w
Pinus ®)

massoniana
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*%%2)
% stk
. . b Accumulation
Species bife - Plant quWth Habit ar%d . Sensitivity responses levels of Suitable for
form  source vigour characteristics )
pollutants in
leaves
E,C M-W
Michelia 6 9 10)
alba
N,C w 18 40% S0.563(3)
Michelia (13) 1.426(2)
maudiae (14) (14) pb0.467(3)
(13)
N w 18 40% (13)
Photinia
serrulata (14)
N w 18
Tsoongiodendron (13) (14)
odorum
N,C w 18 S3.841(13)
Manglietia (13) S4.560(13)
hainanensis (14) (13) F1676(14)
(14)
N w 16 30% S21.093(13)
Manglietia (13) 50% F1536(13)
insignis (14)
N w (13,14)
Elaeocarpus
chinensis
N W 18 70% (13)  S0.296(3)
Magnolia (14) S0.092(2),
delavayt pb1.300(3)
pb1.530(2)
N,C w 18 10% -20%
Michelia (13)
macclurei - 50%-70%
(14)
N,C M-W
Cinnamomum 4,5 8)
burmanni
N w
Machilus 8)
velutina
N w 18 98%
Machilus (13)
salicina (14)
13)
N,C w
Crateva adansonii 3)
subsp. trifoliata
N,C W 18 90%
Aquilaria (13) (14)

sinensis
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Species bife - Plant quWth Habit ar%d . Sensitivity responses levels of
form  source vigour characteristics )
pollutants in
leaves
E,C 90%
Dillenia (11) (13 14)
indica
N
Syzygium (13)
tephrodes (14)
N,C 16 S0.458(3)
Acmena (13) S0.14(2)
acuminatissima (14) (13) pb0.405(3),
pb0.283(2)
E,C
Eucalyptus 4589
exserta (13)
E,C 16
Terminalia
superba (13,14)
N,C 16 S0.877(2)
Elaeocarpus pb0.317(3),
hainanensis (13,14) pb0.754(2)
N,C 16 S0.121(3)
Elaeocarpus (13) (14) pb1.240(3),
apiculatus pb1.320(2)
N,C 16
Elaeocarpus (13)
Japonicus (14)
N,C 18
Heritiera (13)
parvifolia (14)
(13)
N,C (2, S1.157(3)
Sterculia 3) S0.923(2)
lanceolata pb1.412(3)
E,C
Hibiscus
rosa-sinensts 237
N,C 16 10%
Adenanthera (13) 90%
pavonina var. (14) (13
microsperma 14)
E,C 16 30%
Delonix
regia (13)
(14) (13 14)
E,C 16 70% (13)
Cassia
nodosa (14) (13 14)
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Species bife - Plant quWth Habit ar%d . Sensitivity responses levels of Suitable for
form  source vigour characteristics )
pollutants in
leaves
N,C w 16  90%
Cassia (13)
siamea (14)
N,C w
Acacia
confusa ®)
N w 40%
Ormosia (13)
semicastraca (14) (13)
E,C w 18
Pterocarpus (13)
indicus (14)
(14)
N w 16 20%
Altingia (13)
chinensis (13,14)
13)
N w
Liquidambar
Jformosana “ " ®) 16
(13)
(14)
N w (13,14)
Myrica rubra
N W
Melia
azedarach (6,7)
N,C w 16 (13,
Toona sinensis 14)
N w 16 50%
Sapinus (13)
mukorossi (14)
N,C w 16
Dracontomelon (13,
duperreanum 14)
N w 16
Styrax (13)
macrocarpus (14)
N,C w 16 (13)
Choerospondias
axillaris (14)
N,C W-M 16
Alstonia (13,14)
scholaris 3,6 11)
N,C M 16 2)
Allaemanda 3)
schottii 2,3)
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Life  Plant Growth Habit and
Species . o Sensitivity responses levels of Suitable for
form  source vigour characteristics )
pollutants in
leaves
E.C w 18 (13,
Jacaranda 14)
mimosifolia
E.C w 18 80% S2.888(13)
Mesua (13) F2059(13)
Jerrea (14) F3522(14)
13)
N C 18 90% S4.353(13)
Saraca (13)  F1612(13)
chinensis (14)
(13)
N C 16 10% S16.128(13)
Annona (13) 90% F2167(13)
muricata
(14
E.C S13.331(13),
Eucalyptus 13 F3375(13)
urophylla
*N Native species; C Cultivated plant; E Exotic species.
Hx 3 (%) Growth vigor are classified into three categories: vigorous (V), moderate (M), weak (W)
HHE S Pb mg kg' DW  Units of accumulation content of S and Pb are g kg'DW, and that of F is
mg kg' DW.
1) Arabic numerals

in the brackets are code numbers of environments and sites (see Table 1), to show the record of the sensitivity responses of the plants concern

or to indicate the environment and site where the samples were collected for analysis of pollutant content.

2) 2313 14

Accumulation of pollutant

contents in plant leaves in study sites of 2,3,13 and 14 is expressed as pollutant content in leaves at polluted site minus that at relatively clean



