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Ecophysiological Responses and Sensitivity of 39 Woody
Species Exposed to Air Pollution
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Abstract: This study aims to test the sensitivity of thirty-nine 1 to 2-year-old woody species planted in pots and
exposed to heavily polluted and relatively clean sites for 5 months during growing season in Nanhai, Foshan,
Guangdong Province. Evaluation on possible effects of air pollution on plants and their acclimation strategies were
made on the basis of gas exchange measurements using LCA-4 photosynthesis system. Air monitoring data
showed that the polluted area received remarkably higher sulfation rate, fluoride concentration and total suspended
particles than the clean site, which significantly exceed the emission limit of National Standard. Net photosynthetic
rate(P,), transpiration rate(E), stomatal conductance(g,) differed among species and decreased for most species in
the polluted area. Pooled data showed that P, and E were linearly correlated with g, to some extent at the relative
clean site and polluted area suggesting that most species showed possibility to adapt the pollution stress by
simultaneously controlling photosynthesis and transpiration. The correlation of the P, with g, (or E with g) had
been weakened (or enhanced) under pollution stress, which demonstrated the unparallel and complexity in changes

of P, and E with g, and the diversity of acclimation strategies among different species. Based on the change in P,
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E and water use efficiency (WUE), plants can be ranked as follows by their sensibilities to air pollution species
that exhibited high sensibility included Lysidice rhodostegia, Manglietia glauca, Erythrophloeum fordii, Altingia
chinensis, Artocarpus hypargyreus, Manglietia hainannensis, Aquilaria sinensis and Ormosia pinnata; species
showing moderate sensitivity were lieritiera parvifolia, Magnolia delavayi, Fagraea ceilanica, Manglietia
insignis, Artocarpus styracifolius, Heteropanax fragrans, Saraca chinensis, Machilus salicina, Annona
muricata, Ternstroemia gymnanthera, Dolichandrone cauda-felina, Artocarpus nitidus subsp. lingnanens, Cassia
Sistula, Camellia semiserrata, Tsoongiodendraon —odorum, Osmanthus fragrans, llex rotunda, Elaeocarpus
Japonicus, Spathodea campanulata, Mesua ferrea, Myrsine seguinii; and those showing low sensibility were
Actinodaphne pilosa, Machilus chinensis, Kigelia africana, Gordonia axillaries, Camellia japonica, Ficus
microcarpa Vvar. fuyuensis, Ficus microcarpa, F. annulata, F. religiosa and Tuicheria spectabilis.
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Table 1 A comparison of air monitoring data measured at 1.05-1.47 mmol m2s’' 3

polluted and clean sites

Dustfall
mg m>month’!

Site Sulfation rate Fluoride
(mg SO; 100m™d") . g F 100m™d"

2.16 (0.52) 44.13 (16.46) 20.09 (9.34)
Polluted site
0.14 (0.10) 2.53(0.82) 7.27 (3.79)
Clean site
2002 6-10

Values are expressed as the mean from June to October, 2002, with

standard deviation in brackets.
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Table 2 Net photosynthesis (P, . mol m?™) stomatal conductance (g, , mol m?™) in leaves of plants growing at clean and

polluted sites and their relative differences AP, Ag, %

P.* g¥ Relative differences
Species AR Agt
Cleansite  Polluted site Clean site Polluted site
Machilus salicina 9.5(1.1) 3.6(0.8) 0.053(0.012)  0.025(0.015) -62.2 -52.8
Heteropanax fragrans 8.9(0.5) 2.1(0.2) 0.047(0.016)  0.016(0.001) -76.2 -66.0
Artocarpus hypargyreus 8.6(0.3) 3.2(0.6) 0.044(0.003)  0.046(0.005) -63.0 45
Magnolia delavayi 8.3(1.5) 2.8(0.6) 0.098(0.029)  0.042(0.003) -66.2 -57.1
Ormosia pinnata 8.0(0.9) 3.6(0.6) 0.051(0.020)  0.039(0.009) -55.6 -23.5
Manglietia insignis 7.6(0.2) 2.0(0.8) 0.064(0.014)  0.020(0.003) -70.9 -68.8
Machilus chinensis 7.0(0.8) 5.0(2.7) 0.068(0.021)  0.037(0.024) -28.3 -45.6
Annona muricata 6.7(1.3) 2.5(0.2) 0.063(0.013)  0.022(0.005) -62.0 -65.1
Artocarpus nitidus subsp. 6.7(1.2) 2.9(0.8) 0.057(0.015)  0.008(0.001) -56.4 -86.0
lingnanensis
Ficus microcarpa var. fuyuensis 6.6(1.4) 5.8(1.3) 0.079(0.019) 0.035(0.011) -12.4 -55.7
Osmanthus fragrans 6.3(1.0) 3.6(0.1) 0.063(0.012)  0.034(0.007) -43.6 -46.0
Ternstroemia gymnanthera 6.3(0.9) 2.4(0.7) 0.024(0.010) 0.027(0.006) -61.2 12.5
Lysidice rhodostegia 6.2(1.4) 0.3(0.2) 0.028(0.006)  0.014(0.004) -95.2 -50.0
Ilex rotunda 6.0(1.2) 3.6(1.1) 0.034(0.008)  0.021(0.004) -39.7 -38.2
Spathodea campanulata 6.0(1.2) 3.9(0.2) 0.061(0.011)  0.031(0.003) -35.1 -49.2
Cardllia branchiate 6.0(1.7) 2.8(0.3) 0.055(0.010)  0.030(0.010) -53.0 -45.5
Actinodaphne pilosa 5.6(1.4) 3.9(0.8) 0.033(0.011)  0.030(0.008) -29.9 9.1
Ficus microcarpa 5.5(0.7) 4.9(1.2) 0.031(0.013)  0.015(0.003) -12.1 -51.6
Manglietia glauca 5.5(0.9) 1.2(0.3) 0.040(0.008)  0.037(0.014) -77.6 -7.5
Altingia chinensis 5.4(0.6) 1.5(0.4) 0.039(0.012)  0.032(0.020) -72.2 -17.9
Erythrophloeum fordit 5.3(1.4) 1.4(0.2) 0.045(0.003)  0.027(0.006) -72.8 -40.0
Gordonia axillaries 5.3(1.1) 3.9(0.4) 0.049(0.017)  0.027(0.004) -25.7 -44.9
Camellia semiserrata 5.1(0.4) 2.5(0.5) 0.033(0.008)  0.017(0.019) -51.4 -48.5
Elaeocarpus japonicus 5.0(0.6) 3.3(0.7) 0.035(0.011)  0.027(0.002) -35.1 -22.9
Kigelia africana 4.9(1.1) 3.6(1.1) 0.039(0.011)  0.028(0.009) -27.8 -28.0
Artocarpus styracifolius 4.9(0.7) 1.5(0.3) 0.064(0.008)  0.037(0.006) -69.1 -42.2
Rapanea neriifolia 4.8(0.6) 3.2(0.3) 0.041(0.007)  0.020(0.003) -33.8 -51.2
Dolichadrone cauda-felina 4.6(0.8) 2.0(0.3) 0.027(0.008)  0.016(0.003) -57.0 -40.7
Fagraea ceilanica 4.2(0.7) 1.5(0.3) 0.015(0.009)  0.010(0.001) -64.4 -33.3
Tsoongiodendron odorum 4.0(1.1) 2.1(0.4) 0.034(0.009) 0.020(0.001) -46.1 -41.2
Artocarpus hypargyreus 3.9(0.7) 1.7(0.1) 0.038(0.010)  0.033(0.009) -56.4 -13.2
Mesua ferrea 3.8(1.0) 2.5(0.6) 0.034(0.013)  0.038(0.004) -33.9 11.8
Manglietia hainanensis 3.5(0.5) 1.5(0.3) 0.021(0.007)  0.016(0.006) -58.1 -23.8
Camellia japonica 3.5(0.8) 3.0(0.3) 0.025(0.009)  0.020(0.003) -13.6 -20.0
Heritiera parvifolia 3.3(1.1) 1.1(0.4) 0.021(0.005)  0.020(0.009) -66.8 -4.8
Saraca chinensis 3.2(1.0) 0.9(0.3) 0.038(0.015)  0.015(0.002) -73.4 -60.5
Ficus annulata 3.1(0.9) 2.8(0.3) 0.035(0.005)  0.029(0.003) -9.7 -17.0
Ficus religiosa 3.0(0.0) 4.0(0.9) 0.027(0.008)  0.034(0.006) 31.2 259
Tutcheria spectabilis 2.6(0.4) 3.9(0.6) 0.019(0.002)  0.034(0.005) 51.0 78.9
*P.( g) 4-5 . Values of P, (or g,) represent means with standard error in brackets (n=4-5).
* AP, (1 Ag) AY(%)=(Yp-Yc)/Ye x100% . AY ( ) Yp Ye

P,( g). AP,(or Agy)iscalculated by AY % =(Yp-Yc)/Ye x100%. A Y represents the relative change of P, (or

g); Yp and Y represent values of P, (or g,) from the polluted and clean sites for the same species, respectively.
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3 (E, mmol m™s™) (WUE, umol CO, mmol'H,0) AE AWUE %
Table 3 Transpiration (E, mmol m?s™) and water use efficiency (WUE, . mol CO, mmol'H,0) in leaves of plants growing at clean and

polluted sites and their relative differences AE AWUE %

E* WUE* Relative difference(%)
Species AE** AWUE**
Clean site Polluted site Clean site Polluted site
Artocarpus styracifolius 2.77(0.23) 1.75(0.16) 1.41(0.17) 1.06(0.41) -49.1 -39.4
Spathodea campanulata 2.77(0.14) 2.16(0.48) 1.24(0.09) 3.15(0.40) -55.2 45.8
Machilus chinensis 2.60(0.69) 2.83(0.70) 1.36(0.74) 3.17(0.92) -47.7 12.0
Artocarpus nitidus subsp. 2.19(0.40) 3.06(0.27) 0.42(0.08) 6.85(0.53) -80.8 123.9
lingnanensis
Machilus salicina 2.09(0.29) 4.55(0.26) 0.93(0.40) 3.62(0.76) -55.5 -20.4
Rapanea neriifolia 2.04(0.22) 2.38(0.23) 0.73(0.08) 4.45(0.72) -64.2 87.0
Gordonia axillaries 1.79(0.47) 2.99(0.43) 1.07(0.15) 3.74(0.80) -40.2 25.1
Kigelia africana 1.78(0.33) 2.75(0.45) 1.52(0.54) 2.37(0.38) -14.6 -13.8
Magnolia delavayi 1.68(0.32) 4.96(0.32) 0.89(0.20) 3.19(0.35) -47.0 -35.7
Ormosia pinnata 1.64(0.34) 4.88(0.32) 1.48(0.25) 2.67(0.30) -9.8 -45.3
Ilex rotunda 1.63(0.22) 3.69(0.51) 0.80(0.16) 4.63(1.58) -50.9 255
Saraca chinensis 1.56(0.65) 2.17(0.57) 0.67(0.14) 1.25(0.26) -57.1 -42.4
Artocarpus hypargyreus 1.54(0.08) 5.63(1.13) 1.63(0.28) 2.02(0.63) 5.8 -64.1
Ficus microcarpa 1.54(0.37) 3.68(0.55) 0.56(0.14) 8.81(1.68) -63.6 139.4
Ficus microcarpa var. fuyuensis 1.51(0.25) 4.41(0.68) 1.09(0.26) 5.38(0.50) -27.8 22.0
Ternstroemia gymnathera 1.47(0.58) 5.03(3.00) 1.07(0.16) 2.24(0.56) -27.2 -55.5
Tsoongiodendron odorum 1.45(0.61) 2.70(0.32) 0.72(0.05) 3.00(0.81) -50.3 11.1
Annona muricata 1.42(0.28) 4.72(0.11) 0.75(0.15) 3.55(0.98) -47.2 -24.8
Osmanthus fragrans 1.40(0.14) 4.47(0.41) 1.10(0.21) 3.23(0.55) -21.4 -27.7
Manglietia insignis 1.37(0.19) 5.56(0.62) 0.68(0.09) 3.10(1.50) -50.4 -44.2
Camellia japonica 1.35(0.44) 2.65(0.51) 0.70(0.15) 4.52(1.22) -48.1 70.6
Erythrophloeum fordii 1.29(0.07) 4.12(1.23) 1.12(0.19) 1.30(0.24) -13.2 -68.4
Camellia semiserrata 1.27(0.23) 4.12(0.75) 0.97(0.53) 2.55(0.18) -23.6 -38.1
Aquilaria sinensis 1.26(0.45) 3.29(0.95) 1.22(0.29) 1.43(0.32) -32 -56.5
Ficus religiosa 1.25(0.27) 2.49(0.59) 1.32(0.23) 3.05(0.87) 5.6 22.5
Ficus annulata 1.25(0.45) 2.48(0.70) 1.08(0.08) 2.59(0.56) -13.6 44
Altingia chinensis 1.22(0.18) 4.44(0.20) 1.04(0.55) 1.69(0.90) -14.8 -61.9
Caradllia branchiata 1.21(0.20) 4.87(0.73) 1.02(0.25) 2.90(0.93) -15.7 -40.5
Actinodaphne pilosa 1.20(0.40) 4.87(1.54) 1.12(0.14) 3.47(0.33) -6.7 -28.7
Mesua ferra 1.19(0.34) 3.27(0.57) 1.52(0.11) 1.65(0.29) 27.7 -49.5
Lysidice rhodostegia 1.19(0.50) 5.62(1.57) 0.54(0.17) 0.56(0.34) -54.6 -90.0
Dolichandrone cauda-felina 1.19(0.21) 3.87(0.07) 0.74(0.14) 2.69(0.10) -37.8 -30.5
Heterocarpus hypargyreus 1.16(0.29) 8.12(2.49) 0.64(0.04) 3.33(0.46) -44.8 -59.0
Manglietia glauca 1.09(0.73) 6.52(2.89) 1.63(0.61) 0.83(0.33) 49.5 -87.3
Heritiera parvifolia 1.08(0.27) 3.04(0.27) 0.70(0.19) 1.56(0.14) -35.2 -48.3
Tutcheria spectablis 1.05(0.12) 2.44(0.25) 1.29(0.19) 3.03(0.23) 229 242
Fagraea ceilanica 0.92(0.21) 4.75(1.50) 0.41(0.17) 3.47(0.87) -55.4 -26.9
Elaeocarpus japonicus 0.80(0.03) 6.32(0.65) 1.10(0.11) 2.96(0.34) 37.5 -54.7
Manglietia hainanensis 0.63(0.22) 5.85(1.25) 0.66(0.17) 2.37(0.81) 4.8 -59.5
*E( WUE) 4-5 s . Values of E (or WUE) represent means with standard errors in brackets(n=4-5).
*AE( AWUE) AY(%)=(Yp-Yc)/Ye x100% . AY E( WUE)
Yp Ye E(  WUE). AE (or AWUE) is calculated by AY % =(Yp-Yc)/Yec x100%. A Y represents the

relative change of E (or WUE); Yp and Y¢ represent values of E (or WUE) from the polluted and clean sites for the same species, respectively.
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