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ECOPHY SIOL OGICAL RESPONSES OF 30 GARDENS PL ANT SPECIES
EXPOSED TO SHORT-TERM AIR POLL UTION

WEN DaZh' KONG Qo-Hui' ZHANGDe Qiang® PENG ChangLian' ZHANG Rui- Fengf and L1 Xu?
(1 South China Ingtitute d Botany, the Chinese Academy o Sdences, Guangzhou 510650, China)
(2 Guangdong Ervironmental Protection Bureau, Guangzhou 510045, China)

Abstract Air pollution is a mgor environmenta problem in cities. Much progress have been achieved in air
nonitoring and quality assessment at regonal and national level based on emisson inventories and measure
ments of ambient air concentrations taken by physical and chemica methods. The results of ambient air mea
surements make it possble to decide whether or not to limit the emisdon of certain pollutants. However , they
do ot permit direct conclusons on the dfects of the measured pollutant concentrations on living organiams.
The purpose of this sudy isto tes the sendtivity of 30 2-3 year-old garden gecies tranglanted into pots and
exposed to differently polluted dtesfor 4 months during the growing season. Measurements on gas exchange pa
rameters were made by usng L CA-4 photosynthes s sysem. Based on these measurements, assessments of pos
shle dfects of air pollution on plants and their tolerance were d made. Monitoring data showed that the
heavy tréfic area received a much higher concentration of NOy than the indudrid dSte, and both stes had high
concentrations of S0,. The stes can be categorized from heavy to less pollution level in the order of heavy trd-
fic area, indudria area, and relatively clean area by usng an integrated pollution index. The P,, E, gsdif-
fered among goecies and decreased for nog goecies under polluted area. The P, and E were closdy linearly
correlated with the gs under the relative clean ste and polluted site ,suggedting that most goecies had the ability
to adapt to the pollution gress by adjuging someta operation. The evidence that the corrdation of the P, and
Ewith gs had been weakened under the pollution dress d showed the unpardle nature and corplexity in
changesdf P,, E and gs. Based on the change in P, , plants might be ranked asfollows by their sendhility
to air pollution: oeciesthat exhibited high sendtivity included Michdia maudiae, Allemanda schattii , Crate
va trifdiate, Magndia ddavayi , Bischdfia jacanica, Lysidice rhodostegia, Michdia macdurei and Hibiscus
rosa-sinensis. Species sowing noderate senstivity were Tristania corfera, Bombax ceiba, Schefflera arborico-
la, Haeocarpus hainanensis, Manglietia hainanensis, Haeocarpus apiculatus, Swietenia mahagoni , Sterculia
lancedata, Fagraea cellanica, Manifera persiciformis and Ficus macrocarpa, and those showing low sengtivi-
ty included Pittosporum tobira, Ficus altissma, Ficus microcarpa, Kigdia dricana, Ficus benjamina,
Mimusops dengi, Ormosia pinnata, Ficus eastica, Acmena accuminatissma, Nerium indicum and
llex rotunda.
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Table 2 The conrparion of net photosyrthetic rate ( P,) and somata conductance ( gy in leaves of plants growing under different polluted stes

Relatively dean area Heavy trdfic area Indugtrid area
Species b o p . b o
grol-m2sh) (m-m?%2sH  ml-m2sY) (ml-m2sYH)  @ml-mZshH  (ml-mZs Y
13.08(1.37) 0.098(0.00) 11.04(1.26) 0.083(0.02) 11.25(1. 24) 0.087(0.02)
12.60(0. 89) 0.126(0.03) 5.87(0.65) 0.057(0.02) 8.76(0. 86) 0.089(0.02)
11.89(1.45) 0.098(0.08) 9.99(2.10) 0.089(0.02) 10.87(1.64) 0.95(0.02)
11.48(1.07) 0.090(0.08) 8.92(1.33) 0.070(0.02) 8.23(1.61) 0.064(0.01)
11.05(1.12) 0.090(0.01) 7.68(2.07) 0.066(0.01) 6.56(1.42) 0.064(0.01)
10.27(0.47) 0.098(0.02) 3.27(0.89) 0.024(0.00) 2.87(0.78) 0.022(0.01)
10.02(1.43) 0.098(0.01) 10.08(1.61) 0.092(0.02) 8.48(3.25) 0.095(0.02)
9.84(0.85) 0.086(0.01) 9.02(3.01) 0.078(0.04) 8.57(1.81) 0.071(0.12)
9.70(2.51) 0.077(0.01) 6.52(2.65) 0.047(0.03) 8.05(1.86) 0.059(0.01)
9.57(1.00) 0.084(0.03) 7.70((2.37) 0.052(0.01) 5.93(0.78) 0.043(0.00)
9.14(1.28) 0.065(0.01) 8.75(1.13) 0.054(0.01) 8.52(2.19) 0.048(0.01)
8.88(2.07) 0.089(0.01) 4.56(1.25) 0.041(0.01) 2.53(1.14) 0.022(0.01)
8.84(3.42) 0.073(0.03) 4.54(1.12) 0.043(0.02) 4.11(1.08) 0.035(0.01)
8.73(1.53) 0.072(0.01) 7.92(2.51) 0.077(0.01) 6.38(1.62) 0.044(0.01)
8.52(1.31) 0.071(0.01) 7.46(2.32) 0.066(0.02) 7.15(1.30) 0.062(0.01)
8.39(0.45) 0.093(0.02) 3.45(0.57) 0.046(0.01) 5.99(1.01) 0.055(0.01)
8.35(2.68) 0.072(0.01) 5.08(1.09) 0.053(0.02) 4.09(1.25) 0.042(0.02)
7.39(0.67) 0.079(0.02) 5.78(0.71) 0.052(0.003) 5.22(0.74) 0.049(0.01)
7.25(0.63) 0.078(0.04) 5.35(0.57) 0.052(0.01) 4.90(0.71) 0.044(0.01)
6.92(1.83) 0.055(0.02) 5.22(1.60) 0.049(0.02) 6.16(1.87) 0.051(0.02)
6.85(2.02) 0.075(0.02) 4.50(1.23) 0.042(0.02) 6.40(2.43) 0.070(0.03)
6.80(0.31) 0.058(0.01) 5.24(1.71) 0.038(0.01) 6.36(1.32) 0.055(0.01)
6.66(0.74) 0.035(0.01) 5.66(0. 36) 0.04(0.00) 5.89(0.38) 0.043(0.01)
6.12(0.99) 0.066(0.01) 5.45(0.09) 0.057(0.01) 6.15(1.82) 0.079(0.02)
5.21(0.46) 0.055(0.01) 5.10(0.11) 0.052(0.01) 4.40((0.50) 0.048(0.01)
4.83(0.83) 0.052(0.01) 4.87(0.07) 0.051(0.00) 4.31(0.28) 0.045(0.01)
4.38(1.21) 0.04(0.01) 2.97(0.37) 0.030(0.01) 3.22(0.23) 0.032(0.01)
4.06(0.77) 0.035(0. 00) 3.29(0.75) 0.026(0.01) 1.70(0.73) 0.022(0.00)
3.90(1.72) 0.043(0.02) 2.97(0.93) 0.03(0.01) 3.54(1.67) 0.035(0.01)
2.52(0.58) 0.028(0.00) 1.97(1.40) 0.02(0.01) 1.39(0.30) 0.021(0.00)
*, 1 TheLatin namefor each peciesisligedin Tablel * *. P, g 6 ,
P,and gsare indicated by the mean of gx leavesfor each ecies under each corregponding treatment with sandard error in parerthess, re-
Pectivey
P, , 11 , 11.0% 22.8%;
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2.3 (B (WUE)
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: , 60 % ;
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Table 3 The rdative differencesin P,and gsof plants groning under polluted dtes and those under reaively clean stes

Heawy trdfic area Indugrid area Heawy trdfic area Indugtrid area
Fecies " Percent in changes Secies Percent in changes

. o . o P o b 0

-68.2% -75.5% -72.1% -77.6% -21.8% -34.2% -29.4% -38.0%

-58.9% -50.5% -28.6% -40.9% -21.8% -28.6% -44.8% -25.0%

-53.4% -54.8% -30.5% -29.4% -19.5% -38.1% -38.0% -48.8%

-48.6% -53.9% -71.5% -75.3% -19.0% -25.7% -58.1% -37.1%

-48.6% -41.1% -53.5% -52.1% -16.0% -9.2% -86% -3.1%

-39.2% -26.4% -51.0% -41.7% -15.6% -15.3% -14.0% -11.2%

-34.3% -4.0% -6.6% -6.7% -15.0% 14.3% -11.6% 22.9%

-32.8% -39.0% -17.0% -23.4% -12.4% -7.1% -16.1% -12.7%

-32.2% -25.0% -26.5% -20.0% -10.9% - 13.6% 0.5% 19.7%

-30.5% -26.7% -40.6% -28.9% -9.3% 6.9% -26.9% -38.9%

-26.2% -33.3% -32.4% -43.6% -83% -93% -129% -17.4%

-246% -109% -11.0% -7.3% -4.3% -16.9% -6.8% -26.2%

-23.8% -30.2% -9.2% -18.6% -2.1% -55% -15.5% -12.7%

-2.9% -34.5% -6.5% -5.2% 0.6% -6.1% -154% -3.1%

-2.3% -2.2% -283% -289% 0.8% -1.9% -10.8% -13.5%

* 1 The Lain name for each peciesisliged in Table1 — **. P.( 99 Yi(%) =(Yi- Yo/ Yox100%

’ A Y\ i Pn( gs) 1Y\ YO Pn( gs) Pn(or gs)

iscdcuaed by  Yi(%) =(Yi- Yo/ Yox100%. A Y, Y; Yorepresert the relative change of P,(or go) , the P,(or gs) obtained from polluted stes and
relatively clean stefor the i ecies, repectivey

4 (B (WJUE)
Table 4 The conparion o trangoiration rate ( E) and trangpiration eficiency (WUE) among plants growing under different polluted sites

Relatively dean area Heavy trdfic area Indudrid area
Spedies E”(mol. WUE“@ml @y  E”(mo. WUET@mol QO  E"(mml-  WUE” @nol 0Oy

m 2s Y mmol ~ * H0) m 2sY mmol ~ 1 H,0) m 2s Y mmol ~ 1 H0)
3.84(0.36) 3.10(0. 36) 3.16(0.22) 3.16(0.63) 3.53(0.38) 3.08(0.35)
3.72(0.19) 2.69(0.34) 2.33(0.37) 4.33(0.51) 2.15(0.51) 3.94(0.89)
3.67(0.45) 3.43(0.49) 2.45(0.34) 3.11(0.21) 2.92(0.37) 3.00(0.42)
3.27(0.53) 3.14(0.52) 1.28(0.41) 2.56(0.95) 1.25(0.45) 2.30(0.49)
3.20(0.22) 3.45(0.53) 2.58(0.34) 2.98(0.55) 2.55(0.34) 2.57(0.35)
3.12(0.30) 3.15(0.56) 2.67(0.73) 3.38(0.57) 2.44(0. 36) 3.51(0.58)
3.02(0.56) 2.78(0.42) 2.42(0.28) 1.43(0.32) 2.49(0.28) 2.41(0.38)
3.01(0. 66) 2.41(0.398) 2.23(0.43) 2.40(0.34) 1.70(0.14) 2.88(0.57)
3.01(0.33) 2.95(0.47) 1.32(0.79) 3.45(1.52) 1.08(0.28) 2.34(1.00)
2.92(0.30) 3.93(0.82) 2.33(0.49) 3.83(0. 36) 2.03(0.30) 4.05(0.59)
2.86(0.35) 3.39(0.83) 1.78(0.71) 3.67(0.14) 2.21(0.40) 3.64(0.43)
2.74(0.59) 2.50(0.52) 1.76(0.45) 2.56(0.08) 1.73(0.25) 3.70(0. 80)
2.55(0.40) 2.90(0.67) 2.12(0.09) 2.73(0.40) 1.72(0.25) 3.04(0.16)
2.54(0.66) 3.48(0.86) 1.96(0.56) 2.32(0.34) 1.65(0.39) 2.49(0.24)
2.52(0.11) 5.19(0. 50) 2.33(0.75) 4.74(0.85) 2.36(0.55) 4.77(0.53)
2.35(0.43) 4.07(0.54) 2.20(0.27) 3.50(0. 85) 2.29(0.41) 2.59(0.59)
2.33(0.62) 3.66(0.44) 2.15(0.42) 3.47(0.66) 2.32(0.18) 3.08(0.55)
2.32(0.52) 3.60(0.05) 1.69(0.74) 3.01(0.69) 2.18(0.25) 1.88(0.85)
2.31(0.28) 2.65(0.44) 2.19(0.79) 2.49(0.79) 2.38(0.45) 2.58(0.34)
2.31(0.28) 2.94(0.22) 1.42(0.25) 3.69(0.64) 2.37(0.40) 2.68(0.08)
2.23(0.31) 2.34(0.35) 2.09(0.32) 2.44(0. 40) 1.95(0.23) 2.26(0.28)
2.11(0.24) 2.29(0.47) 1.93(0.10) 2.52(0.17) 1.82(0.21) 2.37(0.63)
2.07(0.35) 4.22(0.65) 2.00(0.18) 3.96(0.42) 1.84(0.21) 3.47(0.73)
1.98(0.45) 3.49(0.398) 1.71(0.38) 3.05(0.42) 2.12(0.55) 2.91(0.44)
1.72(0.48) 2.27(0.42) 1.40(0.34) 2.12(0.45) 1.60(1.03) 2.21(0.66)
1.57(0.17) 4.24(0.33) 1.49(0.26) 3.80(0.44) 1.70(0.31) 3.46(0.42)
1.52(0.18) 2.88(0.56) 1.30(0.21) 2.28(0.80) 1.25(0.17) 2.58(0.21)
1.51(0.50) 6.05(0.59) 1.56(0. 26) 5.61(0.57) 1.41(0.47) 6.04(0.72)
1.17(0.18) 3.47(0.83) 1.19(0.29) 2.76(0.57) 1.05(0.20) 1.62(0.63)
1.00(0.16) 2.52(0.24) 0.89(0.54) 2.21(0.55) 0.76(0.03) 1.83(0.42)

* 1 TheLatin namefor eech peciesisligedin Tablel **. E WJE 6 ,

E and WUE are indicated by the mean of sx leavesfor each ecies under each corregponding trestment with standard erron in parenthes's, respec-
tively
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Table 5 The relative differencesin E and WUE of plants growing under polluted Stes and those under reatively clean dtes

Heawy tréfic area Indugtrid area Heawy treffic area Indugtrid area
Secies Percent in changes Pecies” Percert in changes

£ WUE ™ £ WUE ™ £ WUE ™ £ WUE ™

-60.9% -18.7% -61.8% -26.9% -16.9% -59% -32.5% 4.5%

-56.1% 17.1% -64.1% -20.6% -14.5% -20.7% -17.8% - 10.6%

-38.5% 25.4% 2.6% -8.8% -14.4% 7.3% -21.8% 11.4%

- 37.8% 8.0% -2 7% 7.4% -13.6% -12.7% 7.1% -16.9%

-37.4% 61.0% -42.2%  46.5% -11.0% -12.2% -240% - 27.4%

-35.8% 2.3% -36.9% 48.0% -8.5% 10.2% -13.7% 3.5%

-33.2% -93% -204% -125% -7.7% -5.1% -0.4% -15.7%

-271.2% -16.5% -6.0% -47.9% -7.5% -8.7% -6.3% -8.2%

-25.9% -04% -435% 19.7% -6.4% -14.1% -26% -36.4%

-22.8% -33.4% -350% -28.4% -6.3% 4.4% -12.6% -3.4%

-20.2% -26% -30.5% 3.1% -5.2% -6.1% 3.0% -2.5%

-19.9% -48.7% -17.5% -13.4% -5.1% -10.5% 8.3% -18.3%

-19.4% -13.8% -20.3% -25.5% -3.4% -6.2% -11.1% -17.8%

-18.6% -6.4% -7.0% -2.4% 1.7% -20.3% -10.3% -53.3%

-17.7% 2.1% -8.1% -0.6% 3.3% -7.3% -6.6% -0.2%

*, 1 The Latin name for each peciesisliged in Tablel  **. E (or WUE) Yi(%) =(Yi- Yo/ Yox100%

, A, i E( WUE) Y Yo E( WJE E

(or  WUE) iscdcuaedby Yi(%) =(Yi- Yo)/ Yox100%. AY; Y; Yorepresent the rdaive changedf E (or WUE) , the E (or WUE) obtained from
polluted stes and reaively clean ste for the i ecies, regectively

ot
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