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ROOT EXUDATES AND THEIR ROLES IN PHYTOREMEDIATION
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Abstract Environmental pollution has become more and more serious in recent years, and much attention has
been paid to its effects in soil-plant systems. Phytoremediation, a technique using plants to remove contami-
nants from soil and water, has become a hot topic in the last decade due to its environmental safety and poten-
tial cheapness. It can clean up heavy metals and organic contaminants in the environment in four major ways:
phytoextraction, thizofiltration, phytostabilization and phytovolatilization. Numerous studies and several reviews
have been made on phytoremediation of contaminated environments, but reviews on the role and the mechanism
of root exudates in phytoremediation of contaminants are few. Here we sum up the varieties of root exudates and
discuss the internal and extemnal factors influencing the exudation of plant roots. These factors include plant
species, nutrient and heavy metal stresses, rhizosphere, soil microbes and others. The roles of root exudates in
phytoremediation of heavy metals and organic pollutants are also reviewed and illustrated by some case-study
examples.

In general, root exudates can affect metal absorption by plants through changing the physical and chemi-
cal characters of thizospheres. The modes of root exudates in removing heavy metals vary in a broad range, for
example, by modifying the pH of the rhizosphere, chelating, complexting and depositing with heavy metals,
altering the numbers and the activity of thizospheric microbes. Through these ways, root exudates can change
the chemical existence of heavy metals, increase their bio-availability, activate soil microbes and reduce the
environmental dangers. While removing organic contaminants in the soil, the ecotoenzymes in the root exudates
may degrade pollutants directly, or degrade them indirectly by stimulating the activity of rhizospheric microbes
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(which is considered to be the dominant process). Root exudates do play a key role in phytoremediation on
contaminated sites. Future research should focus on seeking and screening certain specific plants with high bio-
production and excellent efficacy, especially developing hyper-accumulators, and testing their efficiency in re-
moving heavy metals or organic pollutants by lab and/or field trials. Emphasis should also be laid on process-
oriented correlations between contaminants and root exudates of these plants. If so, more effective approaches
to ecological restoration of polluted soils can be developed and put into practice. For instance, we can attempt
to plant various kinds of plants, especially already-known hyper-accumulators on a large scale on contaminated
sites, and supplement treatment with additional forestry practices such as coppicing, to enhance the efficiency
of phytoremediation by speeding up the processes of bioremediation. The important ecological contribution and
wide perspectives in field application of root exudates provides an entirely new research area. A combined and
integrated study of pollution ecology and chemical ecology, and new findings and breakthroughs, are to be ex-

pected.
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AR E S R AA VLIS 3t 89 HE Y B
REEAE G E U KB I 9 IR E UV AL
LR RKERES . MYBEC BTG RATM
HEEE S FH RS, A THRXMEAE K%
BOMHGEBEX—REYG HRITEZA BRI,
i Anderson % (1993) , A F F A P76 5 F11H Bk
TIEF ALY A CHLE S5 R TS 3 A St
RENNERM AR TR, A5 N 4%
FK 3B FaE £ B A VLTS Ry sl 2R EA]
()31 (Raskin et al ., 1994); WA NI BB E
SR S R E R 3R KR R 4 4 SR R
BENIBAM SR, JR e Z 45y A&
93 2 1) K7W L (Phytoextraction ) , BJVE A5 48 47
W 44 SR TS e D HE AR IR PN, SR ISR A W A
SIS KR TS Y 2) MR A FH (Rhizofitration ) , B i B AH
YA 2 TS S TS ek i i B AR DTRRTLTE
2NN ERERBRAIIG Y, 2K iEMEH RS
FRAR A R B v Ak 25 3) M 4 A8 E 1 ( Phytostabi-
lization) , BV IR & SEAH W) B8 4 J@ Al 4 1 R Wi A
WA SR E 48 W s i, 80 A Y BOBCRAR
YR A PR B B PR B R SR i AK R
A4 B Y (Salt et al ., 1995), ILAEK, YIE
7% ( Phytovolatilization ) WA EM B EH AR F
(Bruce, 2001) , [ P ) F AR 0 AR 28 IR 75 9 )
Fd I & B R S LA N R S B,
¥ He? " A A IREE 3 He #5 & 14 (Bizily et al .,
1999), 5 FIE MUY B AR R ER DL ITEK Se
HITFFE 3 £ (Terry & de Souza, 2000), kK
LRI A B, A T E B E MY A LT 4RI
Z— BEMHEE P EEE FEE TR It R
WL AR 5 B A i R PR 0 A ML R I 5 B

R R B P L LA R T2 0 R R ) A B 9 A K
(Black, 1995; Shann, 1995)., EWNIME XEYEE
mIZER TR 22 (Black, 1995; Bruce, 2001; BHES,
1999; X EHELE, 20005 FEHE, 2001) ,HA KR
R iE B AR I R HTER B E
HOFE AL DA BEAR . ZEF Ik, ASCHNRESE T
FIAR 23 I (b2 4l i R A i A 7
H R S, BTEE T AR B R BRI R 15 b
PRV AE R FANE A0 L RIS, R R T AR
=B IT18] o

1 WA WY FEFARK

ARSI AL YR R A Al sl A ob
RIED WS ALY EFR | XHR AR
W (Rovira et al ., 1979) 6145 4 #2871 1) B 0¥,
BiAn it o 3 Sy O R I — R T B E Y
2) 43 Usdgy , B4 L E AR 7 P B sl B RO R
JB5 3) R , AL AEAR R 4 M R TES BRI A BE I 3R B
SRR B4 W ARG IR M BT s 4) ZRAB ) 5, B A
KR B 2 B 40 B A3 B TR ARSI ARE
FAIMAE 45 B SCROAR 2R 7 i) (RE T2 BH , 1993)
A B S E A LR A YL . B
it MR 2R 43 W A BLAL & 40— (e 200 DL L
(Elroy & Truelove, 1986) LR R AR/ o R RS
FRIES T, K3 Fouy EEARILEK.
B S R AR , 5 4 T WY E RIS
FEE RIS , Lo R B 2 1 A 22 B T TR (Marschner,
1995), —MIEBL T, RAR [ IRBE RN AP E L
TEYIE E BRI 1% ~40% , FoHH 4% ~ 7% 38
1A WAE A 3 (Lynch & Whipps, 1990) o ¥
SRR ILE 1.
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Table 1  Types of root exudates
AT Type S| Examples
¥ X BB Glucose S48 Fructose HENF Cane sugar 2 570 Maliose LA Lactose  #3 T¥ Melitose  HMf Ribose  ACHE
Sugars Xylose PUHI{E%E Arabinose FLZEHE Rhamnose SEH# Oligose
ZZEM Leucine 52 E MR Isoleucine -3 T B2 r-Amino-butyric acid A& BEZ Clutamine o-FI &M o-Alanine X
WHER ATEE, Asparagine {AE M Tryptophan 3 BB Glutamic acid KL M Asparagic acid BEE M Cystine PR ER
Amino acids Cysteine H &M Clycine KNP Phenylalanine 7% F8 Threonine % AR Lysine FAZ R Proline KR Methio-
nine #Z &R Serine  FHEPR Arginine
HHUR Wi 418 Tartaric acid  ¥ER Oxalic acid £S5 Malic acid 74K Citric acid &3k Achilleic acid  Z.B& Acetic acid
Oreanic acids THBAER Acetone T P Butyric acid [ Propyl-acetic acid HZHi#E Butanedioic acid FE# 2R Allomaleic acid 7
game aoids B Malonic acid Z B2 Glycolic acid ZFEM Glyoxalic acid 32 Glycolic acid 4 T B Hydroxy-butyric acid
el F2HE R Palmic acid  HER Oleic acid B4 B8 Arachidic acid WEBRER Linolenic acid 7E4E PUMERR Arachidonic acid JIH
Fatty acids [EBE Cholesterol & {§B¥ Stigmasterol 2 ff] i BE Ergocryptine
£ KEF =Y E Biotin - BiBZE Thiamine JE MR Niacin 2R Pantothennic acid ~ HAR Choline  JULFE Inose Mk T B¥ Pir-
Grow factors buterol  o-ZFF B o-Benzaminic acid
b ZS SEALES Tnvertase 25 {9 8§ Pankrin  JE¥) 8 Diastase RNA #§ Ribonuclease DNA fiff Deoxyribonuclease  M|Wk 2, BE ¥ In-
Ecotoenzymes doleacetic acid enzyme  BEWEES Saccharase JREF Urease
HE A Nucleoside  HEI254L & ) Flavone matters #i¥ 4= £ & Phytohormone £ K #EH Growthregulator % 1
Others Quillaja sapinin  $#F Glucoside HHFLHIJH Allelochemicals HIPIHTIHE#E Phytoantitoxin ~ #8%-5 ¥ Iron chelate

1 Elroy & Truelove (1986 ) FIXIHE T4 (2002) 45 & i3 After Elroy & Truelove (1986) and Liu et al. (2002)

2 MESDMEENEE PRI ESHA

2.1 NPT A IR TR S B
TIERALE BRI B R EE N
% (Bruce, 2001), R WYX AR, a0
AR AR/ pH 18 | BH 8§ 7384 & (CEC) K Bt ik
BIAEARFREZ W, SRR, R RSP Rk
JBE X - 8 ol AT SR AR i AR SRAA RIS A S B
HeJF A B 5 1 (Morel et al ., 1991), Fhfe @i
( Pisum sativum) . E2K ( Zea mays ) FI 2B 2 ( Secale ce-
reale) ) 13, KF 9.5 mm A B4R Bk, m
0.25~9.5 mm f BB B3 11 Materchera et al . ,
1992), HH5r W ER | CBRFI R RSF A HLIR RE
{iff + 438 pH {EFEAK, fn ek + HEAR 1k (Marschner et al .,
1987) , KA IE LBRIE 2K 1 B, A (R 5 1R
PR AR Y HY X+ 3 @A W B B AGVE T, bR
PH B3 13546 B S 1 i R IR 2l TAR R A i
KRR EEIR & A KR A, RN E 7
HeFL A (Oades, 1987),
2.2 SHET R A Y AR RS MR S B
WBR R TR AL S5 4, e B AR R 2 )
WIFEAE , B N (R THE M B i T A B0 B i
Mo SRR FE R S B SR TR
K (Bruce, 2001). BT R WY& A B WK
KAy BRI, R IR YR T K
U5, 8 SR Wy P B i i e e AR AR B (RS
1993), L2 M B B A KR LR & QR BH 5,
2000) . BFFRAI, HAEYA Y E W ZPURE TR F

43107 B B 75 (Darrah, 1991), JRUHR 3% ( Eickhornia
crasstpes)*ﬁﬁvkwqjﬁ"?%?m%ﬁ@@%ﬂ:%mﬁi7k
PR CRITTE4E,1987) , FEREAR R IE 1 ~ 2 mm +3Erh 4
BB ERIERPRH 10 ~ 100 5 (KBS, 1992),
RIS HEYEEMN T FE SRR WA L (A
FEF,1998) . AFAEY AR R 2 W) K6 52 1R
PR ) A Rl 2 R R SRR LA B T A R ARAE
(B HEE,2000) , ALY 53 W0 B 58 A HLR T #E T
It SR B JB 1 A (RITE 5%, 1997) , K 52 ( Glycine
maz ) FR 43 W0 AT DA S 2 48 AR B 40 2 ) A S, T 48
PR AE o] DA BE AR 2R B9 40 WM FH (Saeki et al .,
1996) ,

3 HMRAZ BB ER

3.1 PR

ANEEYIR R 2R K . ESME R AR
SrgI R FRASYHRNEE THECAITE
Wi, PR TR BKFER R T2 5 il
AFRS (Takagi et al ., 1984), M/NER R WY T
TRy BB . £ R A BR %5 ( Cieslinski et al .,
1997), EARIRR 5 W A BB . H SRR AR R %
(Tyler & Strém, 1995), Xt 10 MEHR .10 T EE5HEY
HRAF PTG DILER R 2 R T BB 9E , K3
A I TR R R B R T H R
Y, R R B ERAEY R R
(Tyler & Strom, 1995), L% R B, 45L& ( Nico-
tiana ) AEYIAR 2 MY REBE HE &8 Cd ROV, 1T
KA 4 W ASBE (Mench & Martin, 1991),
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3.2 HRia

L I B Ay AR RS N R AR )
H— Rl AS BE SN , & Fh T4 8 3% 1Y Bk Z 302 RIBOR
RIHE P RIK BBV RN . B P HMba L
{1H13% ( Brassica campestris ) "1 3% S BR 1) 43 Wb & 34 0
60 1% (Zhang et al ., 1997), K TEA KM L3 EHY
P 58 5. ( Lupinus albus ) AT BE K B AP B BR K T
1 P LA R A AT P & 2 (Dinkelaker et al .,
1989) , B 7% ( Medicago sativa ) FEHE P BT , AR 70 14
RO B PR 2 IE % it P B ) 2 4% (Lipton et al.,
1987) o TEE M XM T PR 243 BA PR
BA A E M B ITR MR Al B TRE (RSO
45 1996) , M Zn B R R W KB TEHLE 7 H
4 FH L&Y I E 5 R oK La Y fB 2R
(Jones & Darrah, 1994)
3.3 &/Eiha

WK, MYTEZ B &R T ER M
Ay B PR AR R R B, KRB &M T ANETE
Cd {8 F AR 4 iy e R0 & b3 B B A8k, 11k
YRBE (0.5 mge L™ ) AbFR, S ALER /- I B 1S, 75 T4
o7 B B, 23 R 43 I B RN IR AE AR g R e
H* (73 W R s 5 (k3 %, 2002). 3% % ( Cassia
tora ) TE Al BEIA T, 43 28 AT 2000 K R EL AR AL AP
BETE RSB, AR T AR AT
#(Ma et al., 1997), MAF, Al BB REFE /P AR
50 W 3E R BR (Pellet et al., 1996; Ryan et al.,
1995), 7KI%iRES FHH , 3€ & ( Phaseolus vulgaris )£ Al
HEIHO T RESWATERMGERE[ AP IRERA
[FA RN, SLAPY ] <50 pmol- L™, #7145
B4 B BB AP 103 it g hn , 24 [ AP 17E 50
~ 80 pmol « L™ "Bt , A B BRI [ AP+ 148 Kol G
£ 2002) .
3.4 RERIAE IR

BRI B JBIE  pH., 3 BRL /MR
AN B H A AR R AN RS RIECR . BN
Brassica napus FEK AT A T 247 W £ A PR
(Huang et al ., 1996), 3% % 3 ANAT LA ANAR
R g, L HE A A HLY) (Grolrau et ol . ,
1998) , R 9 ' 2 38 i 2> W A1 - S s B, o 3
SRR T, KBRS YRR LT
BRAECIRZS
3.5 1MUY

TSR YT AR AR R I B, I RAR
Ay S K B A VLB S W T AR A

A Mn.Fe fil Zn £ EEE, B4 LIEHEYIRER
AU H R B T RE 2 T AR 43 0 BE A LR, TR
TR Y A R A3 A B S IR A AR B X AR
R4 IO F P BN 2 AR I . BERE
BRI/ B AT UL N AR S I b S
&Y, B AR 43 W 4 /Y 43 W (Prikryl & Vantura,
1990) . A5 3 5 A Wy X AR 2 Wb 4 R A7 1 DA 4T
EHAAR, A NI A Py ] O AR B E SR
ARTEAEDR IE & BRI RN A Bl
3R AT S M AR 43 W) 19 4 2 ( Graham, 1988) .
VIS 1R I TR A PR R AT I R e B
FIAE 3 07 ThI < B W AR 40 M 2 8 R 1 (T
RE , AR 2334 o B B4k B 7 AR R, ERE AR B
EFEXHEYI R A S (TR 5, 2000)
3.6 HERERT

e B R T e A VR R A BOEE T
B A AR 2R ) & A A (Elroy & Truelove,
1986) , CO, 535 15 00 T B BROK R AR R 40 1B B &
CERAPREOBRESRH B (ERNE,
1999) , [} Hst R E A pH B A 5 S0RLAE o 0 23 X AR &R
53 WM 7 HE B (Svenningsson, 1990), TE CO, FL#h
ST REY AE RIS, 43 W b B R R A 2
MEEEE TEESM . BKPrHE YR 2R
B AR MR B B EIE H 5 (Eloy & Truelove,
1986) o

4 RESBMEEDEEFHER

B TR 2 I e TR Z (6] A 5 L
BAEY S 2z BB AL YOG R, I
AR R RS WY R o B+, AT R 1
B E h TR R EEEAEM
4.1 WRERMWYSHEERITRIEE

WESWYENE S BBENEREZSHEIE
M, AEESEEWRYRIR, SBERIEL, LIRR
A A T, A P e RS . H IR AR T
FEBHRBEREESESRNELESAEX
(E#%,1997), HEl,AREESBAEEES
H 5 A&, BN AT A RIREE A AR A G
B B EERRBES, RRBSIHINHARS
T4 B E A g H SRR . REXN A
JRiEEE LA 1,

WRZ 4y ¥ 8 4 1 AR B pH {H (£ &M,
1991) , ANAR BRI AN /> H* 43 i, BB A HLER Y
S UVERIER , TR K S RE TR 1S Y ER R LUK
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Fig.-1 Routes of heavy metal activation by root exudates

VEASAFTER) , HOAT VA PEAR KR B 32 3R 5% v BR B EE 1Y)
o, — B &, 43 pH R AR AR, VA A7 BB
R, IR, RZ WA S B e iR R, L
# pH M 7.0 TFEZ 4.55 i, &S 2S Cd 3, MERS
P Cd /b, RPR R A IR K pH 22—
ERE B ERY N ELSE MR (Xian, 1989),
WA WEA PR IR IR O A TR H AR (BRI |
RABRRAES AR LG AL Pb.Zn B RIHIE KIS
PP E SR Pb.Zn ., Cd. Cu, FFAPLERRT Cd
IS AL BE F1 B, T % Pb AYIE AL AE S 55, Hob iy
BERR TP 0 BRI S AR AT L RE ) J i, B AR BEMR 1)
B, B3t 4 R IR R B B3 K (R AF,
2000), HATCZAERBRIAEY) Fe BAK(PS) AT LA
1 CuZn M Ni R E AW, Xk R FIR AL 7
% (Avena sativa) b FPSC S W PS AEME R A A e &
SRR B Zn Cd A Ni K F i, AR R 3 A
N4 )& 8 ETH(Mench & Fargues,1994) Y
WA YLBR TS AL R G R I AT RERLIR (R ST S,
1996) 8 LA T LA 16 : 1) 45 A T fEAF I, TE VS AR IS
HRBRAMFERAE S S RBAE FER o REm
WA BEHLR T &8 Z B 4% -A R 5 3k
BA -+ R E R ) BRISIRVER , B THEY 2 W
AHLER, EARBS pH B B FEAR, AR 1 XERE
YIvA AR , 15 5 48 UG E B A 3) i JRIE AL
F AR AR B 3 P A M R T 3 B B R TR AR B
A3, AR PR 338 A STk A R R A T A T AR AR B
+3, 1 FEALR AR T R, - 40 Fe Mn
(KA & BB IR, = e A R

AYC REBAEATHR- - RE FREEXK
FUNER R h A BT B, 07 Co . ®Zn FI
SMn, 6 JH G KRR 3 MESBNE GRS HIA
31%,16% ,6% ,/NEKI 3 TEHN 31% . 15% 1 1%,
it IR HR 6.1%,1.99% F1 0.2% , UL IR &
A A DL REFI E &R B AE %A 1F H (Mer-

ckx et al.,1986), U HBIFREY, KM DT 0
WY Cd FIZSA 1R FRIRSR, XA F| T Cd mRERH
B, MEXRRFKEEEVY S Cd 457 35 128
pmol+100 g~ '(RHH,1993) . WASWYEASE
Cd.Cu.Zn 1 Pb MR KB A B EHH(K 2)H
S AR SE SRR ER AR

%2 ESESREGIMASNHBAESR(MBA)

T B8 (l0gK)

Table 2 Maximum binding amount (MBA) and its stability constant (logK)
between heavy metals and components of root system secretes

?fpf” Pfﬁer () Gu() cd() Zn(TD)
b= MBA 23.7 15.2 9.90
Mucilage logK 4.17  4.14  4.17
B
:]iéz—jolecular weight MBA 160 190 198 206

logK 3.65 3.40 3.35 3.5
&4

logK 3.80 4.10 3.40

Low-molecular weight

FZ AR B B Mench 25 (1987; 1988) F1 Morel % (1986) After
Mench et al. (1987;1988) and Morel et al. (1986)

MY x4 8 B F IR S B R R P BT
X BEYRIANER EER ZK EARS
eI AR B T R AR ARG B, AR R
%4 T EAVIBRTE S 8 B 7 st A stk
J5 T 173 1 5 B 8 (Mench & Martin, 1991), R B
WP e 4B B F ISR AN A 0 BIAR B 9 2 B R U E
e BERYE A, HIEERREK. AN RED
AR DA 5 T B LR 4 R TS e, (AR AR AN
T k. MESWHABRY KRS PP, G,
CPEERBB T RFHES 6, HENERERS,
REIBEIR ) 5 ) B R 2 20, 4 JR TR Il LA
BUR Ca?* Mg BB T VRN R IR EE A BT . th
AT LA ek E RS T RIS S . KR ELER
AN, T Y4 R AR R R L IR, PP
Cu* %48 B FER B P B 3 [N 48 5 A AT I 32
RH ., 443 ( Azolla filiculoides ) X Pb R IR WAL K
F Hg, G2 B ik o [ e A o 1R R 0 i 1Y
R A R A BT 7R AR S0 P AR AL RN (R 24,
1996)

FREZR 43 Wb 9 AT DA Ji 5 - 38 v A W A0 T
(Fernandez et al . ,1999), 3L F KB IEKRWHAEY
— A B KA TS WE AN TR Y,
XY bR E &R A B E N IEAE R 5
T A 4t vl A WS HE R A BILSE, SE  A AR
FREARITEMNIGEEES . AERER IR =
25 ( Trifolium repens )%t Zn. Cd RS, FEIR WX A8
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YIRS S B ST Zn A 8.1% ~22.4%,Cd A
13.6% ~ 63.6% (BJLLEESF, 1998), A MR K
BH, AR R AR P % B T R ARSI 2 Cu Zn IR
W (255 ,2000) o

KR Y A MR A 1L 5 B BRI A AR 4
JBEN i, BB 5 AR B T 45 A (IR, 1992) .
9T & K BRI S B BEBRT 0 16 SBE BT Y Cu? ™  Cd
I Ni2* HE AN F R R RE T (2R %5, 1998)
Tl Wyt R 7= B e Yy T S 4 TR ST, U 4 T
4 H,S 54 @ RV A AL TTE -

Z LR R BYEES BT RNENERE
AR XEHTONF IR R
WYNIE R B E 4B M AT TR T BIS AR AL
FRT#

4.2 MRS WYXTERA I R EH

R R Ao Wb 9y T O TR s AR R U R R PILTS S
Yy . B ARG LR AR A S 3G A M R R 3R
I R AR . BT — RIS O B LR T
HESE, A T AU TESN B B VE T T 2 g MR I
FE25 (Newman et al., 1997), R RBEHENLEAH
B 255 0] B4 AE A MLT5 Y9, 0 TNT, TCE 5%, iF
FT ITH R £6 38 IR B A B AR PR A% TNT S ZE IR
iy, L pa FERERR M 5 CL BYYE R4 TCE, ARk €1 |
H,O F1 CO,(Schnoor et al ., 1995) ., BFFEIESEA VLB
B4R S B R R WY P R VEBRER RS L K
B A TR e R T L LA R B 7 A 1 R
BERR G (1 58155, 2000) o

FR 2R 20 I 1 5 W AR s - 438 R TR B
RN SR R EERE, WA
W HE MR PR R A K B o R, B
e YRR IR AR B 3B P 10 ~ 100 4% (Lynch
& Whipps, 1990) , # b BEFE A HLT5 I Y1 W AR B8
MAFRBEHIE K (Crowley et al ., 1997), &
BT I U B S RHE Y AR BR A Y R AR
B MY YE R RS IAA R fed T L
r LA TS Y R R A (B 2 25 5%, 2000) . 7351
BRPAFE IR AT E =0 8 R LT R AR
B v 4E 3 B3 2 (Anderson et al ., 1993) , iX 634 A
TR By T A 2R 5 AR 25 5 LTS S M B R
A B SRR WA BRSPS e E R A K E SR
DA, (ELRR 2R 0 S0 90 A8 A 0 P A A LTS e O it
B E O RV L 3E R LTS e B A o R
C0O,.H,0. N, Cl, ¥ fai S L ALY, 20 & B ( Morus
rubra) 535 B B 2 400 T3 K BE R 8L PCB R fige B8 F6) B3 )

A 4E B (Donnelly et al., 1984), SEREMEY
(Malus fusca ) F1¥6 W J& #5497 ( Maclura pomifera VIR &
A=A A T KOE R B A 43 D, LR L RE
#F PCB [ 148 K (Fletcher & Hedge, 1995). #
PF G Y B, AR AR 43 W RE AR i A
f# PAHs (Olson & Fletcher, 1999), AW L P, A
A5 Y KRS 3 o B R B RUAE IR AR
TR R WA G 0L T A e e A sk B YA
K, X RIKARER R WY R TR E WA YE
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