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The Effects of SO, and Fluoride on Physio-ecological Changes
in Plant Leaves

HU Xian-cong5 ZHANG De-qiang!'* KONG Guo-hui! YU Meng-de'
CHU Guo-wei! XUE Ke-na? WU Zhi-yang?

(1. South China [nstitute of Botany, the Chinese Academy of Sciences, Guangzhou 510650, China;
2. Foshan Institute of Forest Science, Foshan 528222, China)

Abstracts: Multiple regression analysis was used for the investigation of the influence of air pollutants (sulfate
and fluorides) on the changes in physio-ecological characteristics in the leaves of 48 plant species distributed at 8
site in Foshan city and one site in Dinghushan Nature Reserve as control. The results showed that the changes in
leaf area (LA), total chlorophyll contents(Chl), cell liquid pH values(pH) and cell membrane leakage (CML)
(electronic conductance) exhibited significant correlation with pollutant contents in leaves. Linear regression
equation between physio-ecological changes and pollutant content in the air was Y; = 0.034X,,-0.011X,, + -
0.017X,; +40.0003X ,+0.034 (r=0.99, p<0.001) for sulfation rate, and was Y, =0.362 X;,+0.329X5,+0.814X,, +
0.024X oy, ~4.596  (r=0.95, p<0.03) for fluorides. The application of physio-ecological changes in plants as
biological monitoring indicatoss of air pollution was consistent with actual environment condition.

Key words: Biomonitoring; Physio-ecological indicators; Air pollution; Sulfation rate; Fluoride
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X%, EERHEA AN G ESE . H T ARRE
W pH B Ky 40 L RUBEE PR (R RO 1B A TR,
5535 7% AR AT X LU AR AT, BRUF R KR B
fom R AR . RIS KA MBS E (FER
SO, iBEESMEMNY) By (EELS[AEHF
KH MR g el 3 A F35 E X R A
8 BB 75 GAR B BEAT VR

1 HF5THb A

BT 7 #b 25 2 M AL BRIT. = £ o RS Hb 19 4 LT 3k
X, Z& B MiE 30 km, JKEEASTE KIX, JIsRET &R
BB EFEHX K IRy S8, SFE IR
S, HARHEHTEEKRRE, WlLREREE
50%, —tHaOAAENRUSKR, P RE TS
Wi, 7E R ML GRS T g R R K R R T
W, REBE KRS NG BEAFEENZERS
B K&FR R &4 T ENFE SN, T
HEBE I W =& (RS RE.REK BIrs 4, {F
YT 75 B B T 76 LA ST B 20 , 117 25 11 BURF
ABATHROTRIERKAERA AL TERE
EYLF . KR BANIE, 17 X B )R A5
Bk 86%. HEATHIMIRS K S W R BT 4T 3 4
LT RSB RERITIEN, B T2 | T #6H#
LTRSS BERERA, N AER =K —
85 L1 T B ER5E R < 3k T b A R A3 T ROl AR
LT B R 1 BRI IR
2 W
2.1 HEMigE

xS T AR, ISHRERFES M, F
B X KR SO, MBI R TS5 B /K i AT 1
BN AR SR TS IR R A S
BT EERRANESZEE, EARKEW F: KX
rIA LAk (HQC Jkm) 4t/ 22 (GUZ g
) AEKENK (DMG EH) A& ARGSW &
), HA NS (SC RiED , BE (WZ 8D , B
X A 70k 1LL(XQS), 5 L 7 AR R AT (LKS) #&R Ak A
b, 85 7 DX 0 v AE R 8 LI L 3R B SRR 37 X (DHS), 5
SYRE ST LI 1,

22 KEiGit 5% RE
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Fig.l Sampling sites in Foshan city
@ FREHh A Sampling sites
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FIHEEFIE (R D . TRERNEEASTERRE
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FabFE ARERMN pH ENEEMS (F8%R)
&, B TFERMIERES DA E S RKTEY
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wH R, BTE, LOREAN | om® fTILAREEL
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XS AR TN, BURE D £ o /i, TR RO R 24 WIRAE
H &L, BKstdrt A, 8T )5 F e E L1-3000 iR 4% 1 [B113 4> #7 T4 7€ Microsoft Excel 347
W RE - S et TRER#IT, XA TRELUM Office

B 1 FNI AN BB A1 M Fh 2
Table 1 Species sampled at different sites

HY ¥ Hit &5 Sampling sites

AEH AW BN &k BE O BEBL 4gT #RH KER RBIWL
SsC GuUz WZ XQs HQC  LKS DMG  DHS

S
Species

w
£

Life form

BRI Schefflera octophylla
WP, Heteropanax fragrans
BHXFH llex viridis

X I rotunda

KM M, Lagerstroemia speciosa
FHIEGIK Albizzia lebbeck

#3LE Aporosa chinensis

+ ## Bridelia tomentosa

P S Alstonia scholaris
A3 Manilkara zapota

Y LW Syplocos lancifolia
R Camellia oleifera

LWF Tk C. japonica

iR Schima superba

KR Gordonia axillaris

4T LR Camellia semiserrata
WA Viburnum odoratissimum
STk Lonicera japonica

H 2 Michelia dlba

L Jasminum amplexicaule
LIS Ligustrum sinense

FE BB Stauntonia chinensis
RM#H 3 Elacocarpus apiculatus
HA#HFE E. japonicus

4T % Syzygium rehderianum
/NHHE Ficus microcarpa
FEHHE F. benjamina

B F. diissima

ENRERE F. elastica

{8 F#S Ficus microcarpa var. fuyuenssis
JEVNK Khaya senegalensis

Ui ¥k Trema orientalis
{R#pH A ZEF Litsea monopetala
e Cinnamomum camphora
Bi% C. burmani

Heim i Machilus chinensis
#g#1E Pittosporum tobira

FABt Mangifera persiciformis
TR M. indica

¥ B K Dolichandrone cauda-felina
TR Kigelia africana

SRR Ardisia crenata

¥ A Erythrophloeum fordii

# 1k Rhaphiolepis indica

PR EFP® Prunus phaeosticta
£ \LWATF Garcinia multiflora
K #j Fagraca ceilanica

L3t 3H Vitex quinata

+: AR Sampling species; T: FfrA Tree; S: @A Shrub; V. #4 Vine

N e
T .

I e I IO e B B T B I B R B e B B B e B B I I B R B e N R N N R R R R R e R R R
B T T Il T T T T T e S e e I IR IRk I T T e
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2000 S . FokE T AR S R EUE R R et
1T % TRl 54

3 R

31 EMEXSFTRHXE

YR KT RN 2 % ), BIE SR
iR R FAER, LR E YA B AR ER
WA FRE AL O F1 SO, 1 40 B i A5 K
T, FB MRS N ZAOESEYF A
FRRI T 19 T AR LR ALY K5 B/
NMERETR, HYKHERESE . HERERESH
Fv/Fm T REEMARBEREE (HXBRS
) FEMEE 5K S KT R EE A

AN EE R XA A B A TR bR E 45 R K,
EYRH EAR H RS R . 4 pH A1
FA LR RSN (TR BRI E X
SIERYREEYMERX. L2 ZEXBAKUTH
VIR A ) A B A AR AR AR IR i X R AR AL 18
B, A X R AL 1 R b H AR P=U-L)/x
100%, X i) P, 258 i MEARFE) RIFERIARXT AL
IR, [ B2 | NMEPRTE T SR RSERME, L £
55 MEFRAET A KR SERNME . Py EER B XS H, (HEE
BURR FEARET A LA EFFEF B P LA . X% 2 1Y
SRBAHEREEREHRIFAITEZTRIA, EFRE
T ARV RIRE T AKKEY), HABLESEE
RIZUEE S KRR ERMBLHRER

BEMKGE 3), BRSNS A K 0.987 1 0.952,
£ STEA IR (1) . (2) Ko
Y= 0.034X,,—0.011X ¢, +0.017X,; + 0.0003X 5 +
0.034 (r=0.99, p<0.001) (1
Yr=0362X,+ 0.329X o+ 0.814X, + 0.024X g —
4.596 (r=0.95, p<0.03) 2>
HA Ys R KA ESE, Y A RARMN
WEE, XuXowXow S HIRTEYH IR HEE.
A0 pH EFEEX O TREE S, Xau
MABER (BRR) HEUBEBFEXN EATSE.
FHE (DL Q2) ARE, EYEEESEIRE
KRR EEARTRML, K5 RYKRER
K, £ BASHEIRRUEFEBER, RZBA.
MEBRTAIEE S5 KI5 RRBEAHEX D
P (& 3) RE, Y IR RRIBE S XS
R AL R X RE Y], HE A=A RARR IR
EEXRSEFEUYEEBAEHEENXR, X—RER
RH , SUAL P05 B 5 FE 0 B 3 M) BE K, B 5 S BB AR
TS B A AL (SO, Z8) Vs BB R ™E. H
AR am gk lL, HXKEREYEBEAR R
i, MEK — A BARERIHZE. BFE
FRENNE D, XFEELEARTHA AR THE
HLRIA %, BT RHEREH, HORXREAFBR
SRS S, Hil, EAEKKRES KK BR
SRR EAERN, XMEFERAKE TR
BEARE.

K2 ERRANXKSSRWARBREWERESEROELME
Table 2 Air pollutants and the relative changes of physio-ecological indicators of plants at different sites compared to the control

LR i i Ly MERREEY R pH T A
. = Sulfation rate Fluoride Reduction of Reduction of pH decrease Increase in
Sites (mg 8O; 100cm™d’)  (ngF 100cm™d) leaf area Chlorophyll %) conductance
(%) content (%) (%)
K8 DMG 1.518+0.43 47.47+£10.3 43931253 34.41+10.3 16.61+3.89 147.38+86.3
£ WZ* 1.234+0.42 38.97+13.1 34.81x19.6 34.47x15.6 16.56+4.12 177.05+92.7
477 HQC 0.947+0.38 33.50+12.8 29.72+21.7 37.72+12.7 18.55+5.33 183.69+85.6
Hit ¥ GZ 1.028+0.41 34.34x11.4 29.07+22.4 30.8118.61 15.29+4.15 89.36+65.2
mEd XQS 1.111+0.36 21.9249.32 28.62+18.6 15.9249.25 16.62+3.86 72.19+53.0
HEET LKS 0.685+0.27 17.31+6.76 23.65x15.7 27.121+7.57 9.92+3.78 89.52+32.3
BHR/NE SC 0.901+0.35 8.13+4.68 29.50+20.2 13.11£10.23 1.41+2.79 41.33+25.9
A ESW* 0.782+0.28 13.05+5.79 24.31x16.3 15.5318.94 3.02+3.58 62.93+23.6
1344 Control 0.067+0.04 0.73+0.42 0.00 0.00 0.00 0.00
H K b Standard**" 0.250 3.00

* KSR 4 FE 0 {E (B 5 1H{E ) The air pollutant contents were estimated values.

** [ ZHEF R it Recommended National Standard I

DRBEFRHFFF 1991 F (FHEEREHEGEAME) MR ERRERAE, FULYIRAE L GB3095-95
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A M U DA B S5 M RN R SR VR AT B B 2R A
B P B, DR HARIE L 22 57 . SE ST TR 72
Rz F s b L R M A W IR AR R VP
KAGHERA, BASIEFALHIE, HAZTES
TS R AR VPN 0 AR SR £ FEbR 2R AL
EOLE K AUMBRBRE R SR F 5 R YR i
ITHE X RAGRANY . ALY 75 RO B
ITERE VR, HEFE HEMR b I RS B B SEBR
UL, XX IF AR R A il A E RS
BRI B 4

xRS ROR B BEAT VR B B B I 7 k=

VLR, BRIV 4y % (single air pollution index,
SAPD) i F A= K18

SAPI= Ci/Co

Horp G s X s BB SRS X EYE
A SRR BAIERE, Co A5 R BEE K LK
PrAEE A E XY A B A SRR, X4
oA B FE bR VR U R AR B OIS B R M
(SAPD) , & X (DHS) & EH K 1 (A , HEIT
Qua X FIERE KT 1, AEABEAERIEFRZENLE
FERIERER A RE, HRENENEFMNLE 1. &
A 75 e 35 ¥ (multiple(or mixed) air pollution index,

MAPD) i & B IRV Re e BAR kB (R 4) . R\

£ BETHUEESASSRORENAXRY

Table 3 Correlation coefficient between the changes of indicators and air pollutant contents

SRYER H E R PR % R K% pH T [#% HF MM %
Air pollutant Reduction of Reduction of pH decrease Increase in
leafarea Chlorophyll content Conductance
R b1y 18 % Sulfation rate 0.977** 0.735* 0.735* 0.708*
(mg SO, 100cm™d™")
F4k 4y Fluoride 0.817** 0.900** 0.882%* 0.873%*
(ug F 100cm™d)
* p<0.05, ** p<0.01
R4 TAEHSREBRASFERR
Table 4 Air pollution index and pollution status at different sites
HY # #b f& Sampling sites
DMG wZzZ HQC Gz XQs LKS SC SwW DHS
KATGY BN TRMR Eh b 2 6.07 493 3.79 4.11 4.44 2.74 3.60 3.13 0.27
Estimation by air Sulfation rate :
pollution index E-Ri &) 15.82 12.99 11.50 10.78 7.31 577 271 435 024
Fluoride
BEREH 21.89 17.92 15.28 14.89 11.75 8.51 6.31 7.48 0.51
MAPI
W EER m I m m i I I i} Io
Estimated results
A g R FE AR VAT T AR . 1.44 1.35 1.30 1.29 1.29 1.24 1.29 1.24 1.00
Estimation by Leaf area
physio-ecology R E 1.34 1.34 138 1.31 1.16 1.26 1.13 1.16 1.00
index Chlorophyll
pH & 1.17 1.17 1.19 1.15 1.17 1.10 1.01 1.03 1.00
pH value
BeE 247 277 284 1.89 1.72 1.90 1.41 1.63 1.00
Conductance
BEBSRiE 6.42 6.63 6.70 5.65 5.33 549 4.85 5.06 4.00
MAPI
e R m 1| 111 m II II I II Io

Estimated results

IIl: Fj5 42X Heavily polluted area; II: S y5 HLX Polluted area,

MAPI=multiple air pollution index

I: 875 %X Slightly polluted area; Io: & X Clean area
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GV RIBEM KD KRG YRR HAT LSV
o HYHARERIRIS A
KE75RYIFEHIE: MAPL <25, i IX
2.5<MPI< 5.0, $2[&Fy5 4L
5.0< MAPI<7.5, vh B y5 4
MAPI>7.5, Ey54LX
YRR bRE: MAPL<4.5, & X
4.5<MPI< 5.0, BT Y
5.0< MAPI<5.5, th )5 4t
MAPI>5.5, &5 %X
R %o R MRS S5 e R H &
F,ATUBBARRERTIGRRMN (K4 . AH
PR T EBRINE R (BUE A RIBHD B
=B, SRR SEBRTT ORI B AR R .
RGP IR & R R E AR — 2, (HA
xR ARIVEN S RE R, B L RBLET AR N
EA R EY RS ARE R VR & BB KRR IT R
FRPERIMIR. FHRIE A, H AT KSR AR E

150~ ——- - = -
|

[ab] a !
2 ,
@
>
- 1.00-
e
]
E
@
w
,%;'! 0.50 y = 0.9807 x + 0.0113
B R2=0.9872

0 0.5 1.00 1.50

R ERAE (4% 0.25 mg SO, 100 cm?d™) {wj™, 3 H
LR YAF B, LA 0.60 mg SO, 100 cm’d” 4L IAH
ROPTRHE S 4 A SERR e 1 SR LG A o dm e B A
FERIVEN E RILFEE L — 8. AWM AR
FIME SRR (R 4 BATEATNERE
AR, & 5 H B3 AE 3K(r=0.918, P<0.0005). ML)
W 0B AY ) PR 45 R 5 KU R B T R AL
P S B (B EAT SR LA o R(B 2) AT L, K
SRR L (B 2a) FIEALY (B 2b) B34l
A FE A AR PR B A U RIER B 2 98.7%
F190.4%, 3B AR UL B VPN S5 R B IR
MRS . ARARRITS G DR E , b L AR X
K UATE (ERE, B 1) KEsk, i T2a
7 RS SR R TR AR, AR R R
bE AR R DO I, AR M TN VRO 45 R BTSRRI 7
i1 LRI S B KA OA B R BOR SR A ARTF . FIAAE
Wy B A A TR bR B ZE AL IR B AR O AR M) I B B FE AR
SRPEH A5 LT B K S R B2 AT RY

50.0 —
b
40.0 .
30.0 |
20.0 [
y=0.7417 x + 7.6828 '
100 - R?=0.9039 |
- W e e o e e -y
0 10.0 20.0 30.0 400 50.0

SCHl{& Measured value

B2 KU RYiE S SRR E R 0 # A nEHRs
Fig.2 The fitting line between measured sulfation rate (a), fluoride (b) and estimated by bio-monitoring model with physio-ecological indicators
a. RS FRRR AL E R Air sulfation rate; b. K 4] # 4L Air fluoride
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