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Abstract: In this study, changes in root exudate components were investigated under three concentrations of pyrene (L0: 0 mg/kg,
L1: 500 mg/kg and L2: 2000 mg/kg) for a common urban greening tree species Magnolia liliiflora in pot experiments. Root exudates
were identified by GC-MS technique, total carbon (TC) and total nitrogen (TN) in root exudates were measured, and root activity was
also examined for Magnolia liliiflora under three pyrene concentration treatments. Our results suggested that physiological processes
of roots such as root exudation were more sensitive to pyrene stress than root structure features. The study provides scientific basis for
further examining the inter-mechanisms between root exudates and PAH pollutants, and continuously selecting effective plant species in
phytoremediation. Results showed that (1) the total number of chemical substances in root exudates decreased with increasing of pyrene
concentrations; (2) Under the influence of pyrene, the chemical constituents of root exudates was considerably altered; (3) No significant
differences were found in root absorption area and root acid phosphates activity in Magnolia liliiflora under influence of pyrene; and (4)
With increase of pyrene concentration, the content of TC in root exudates decreased, while TN content increased.
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R BECRES, BRI BTN IES @R, K
£ 24 ho USCAE 73 WA TR 25 48 TR i T v BE AL R
AT YRS B T UKF A (4 °C) {R1E, AR
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1.3 GC-MS
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X0.25 mm, &M E: 0.25 um) o HEFE IR
280 'C, FEiE 50 C, f&R#F 3 min, LA 10 'C /min
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Table 1 Component analysis of root exudate in different pyrene treatments of Magnolia liliiflora Desr.
oAl B
PREIT Il LR 4 7 -

/min LO Ll L2
5477 5t T }iH2 Isocrotonic acid 2.49% ARA ARA
11.880 2-Oxabicyclo[2.2.2]octan-6-ol, 1,3,3-trimethyl- 0.55% RArh AT
13.133 + IR ST Cyclohexasiloxane, dodecamethyl- 0.93% A H AT
14.059 A2 5 Kl Safrole 0.81% At th RA

5-$23k 4,7,7- ZHIEE TR [2.2.1] P -2- B 0 RN RN
14450 Bicyclo[2.2.1]heptan-2-one,5-hydroxy-4,7,7-trimethyl-, endo- 0.87% At At it
14.977 5L 5% T 7 5) trans-Tsoeugenol 1.87% 0.97% AT
15.349 3,4- —HE ALK % Benzaldehyde, 3,4-dimethoxy- 0.97% A RArH
15.385 —+ U B E3R-B Rt 4U5E Cycloheptasiloxane, tetradecamethyl- 0.69% AAr FR ot
15.549 1,2- —H4E I -4- )R 3£ 75 Benzene, 1,2-dimethoxy-4-(1-propenyl)- 0.67% A H A
16.039 3,4-( W H A 5 ) KT ER 3,4-Methylenedioxypropiophenone 3.29% 0.78% A H
16.221 5- M3 -1,2,3- = HI4FEZE Benzene, 1,2,3-trimethoxy-5-(2-propenyl)- 0.46% RAEH ARG
16.811 3,4,5- = H 42K H % Benzaldehyde, 3,4,5-trimethoxy- 0.93% 1.05% AAG
16.929 3,4,5- = H &I FKE Phenol, 3,4,5-trimethoxy- 0.40% ARG H AT
17.983 2- Bk -4- FEE -7- REIEER B =3 2-Hydroxy-4-isopropyl-7-methoxytropone 0.37% A RALH
18.546 8- R ILMENE -2- Ffi% 2-Quinolinecarboxaldehyde, 8-hydroxy- 0.83% A AAG
19.127 +J\H IR T4 Cyclononasiloxane, octadecamethyl- 1.57% A H ARG H
19.263 KM Longifolenaldehyde 0.69% RAEH RAEH
20.135 4,7,7- ZH & -2(1H)- ZEMli 2(1H)-Naphthalenone, octahydro-4a,7,7-trimethyl-, trans- 0.82% A H A

Y (1H) (1H)-Nap ) ¥ 7, yl-,
20.426 AR ER Palmitoleic acid 0.81% ARAG ARA
1-1,5- —HIE 23 -4.4- LR Ol o "
20880 Cyclohexane,1-(1,5-dimethylhexyl)-4-(4-methylpentyl)- 0.39% Ak AL
20.907 ZF¥t Eicosane 0.53% 0.59% At
21.870 %t Heneicosane 0.34% A H ARG
22.769 2,6,10,14- IYHEE+ )\ ¢ Octadecane, 2,6,10,14-tetramethyl- 0.48% At th A
22.869 JIfi -9- —+ =% 9-Tricosene, (Z)- 0.71% KA H A
3- FRBEIENE -N-2- =R ) ffiE o 0 0

23523 Pyridine-3-carboxamide, oxime, N-(2-trifluoromethylphenyl)- 0.55% 2.03% 0.58%
23.614 =%t Tricosane 0.70% 0.70% 1.84%
24.304 1- & -11- i+ —%% 1-Bromo-11-iodoundecane 0.77% 0.67% AA
24.431 “+ D94t Tetracosane 1.37% A H 0.32%

2,27 - WEHEEX (6- BT 3 -4- HE ) 2R 0 A
24803 Phenol,2,2” -methylenebis[6-(1,1-dimethylethyl)-4-methyl- 8.74% Ak AL
26.938 Ethanone, 2-(1H-imidazo[4,5-b]pyridin-2-yl)-1-(4-morpholyl)- 28.13%  2429%  35.73%
27.655 FERPENE -L- F AR Z R 1-Methionine, n-pentafluoropropionyl-, heptyl ester 8.65% A H AT
28.155 2,4,6- =B EH:M: Carbazole, 2,4,6-trimethyl- 10.41% KA A

Furan,2,5-bis(3,4-dimethoxyphenyl)tetrahydro-3,4-dimethyl-, o " "
28.527 [2R-(2.alpha.,3.beta.,4.beta.,5.alpha.)]- 847% A Atz
29.853 ZJEFEIE+ \f Octadecane, 1-(ethenyloxy)- 4.72% ARAE EN
30.462 A HE TS Cyclodecasiloxane, eicosamethyl- 5.02% A A
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Table 2 Component analysis of root exudate in L1 and L2 pyrene treatments of Magnolia liliiflora Desr.
ﬁ‘%’lﬂ [12]) UL 4Rk k=4
/min L1 L2
5.595 K~ HI % p-Xylene 0.73% A H
6.022 AR LJF Styrene 0.97% RAH
12.234 LA BEI% Caprolactam 1.99% RAEH
15.721 T RFRE K Butylated Hydroxytoluene 1.69% AT H
17.801 +-t%5% Heptadecane 0.67% RAGTH
18.882 1+ J\JE Octadecane 0.96% ARA
21.725 1- T /LJ# 1-Nonadecene 0.66% AT
21.743 4.4- SUPYSEEM 4,4° -Bis(tetrahydrothiopyran) KA 26.60%
22.188 Phenaleno[1,9-bc]thiophene 3.79% AAH
22.351 EE Pyrene 10.23% 34.72%
22.742 %t Docosane 0.74% ARAE
22.842 11- Z+=/% 11-Tricosene 0.64% PN R
24213 (2)-9- 1 )\ WS iz 9-Octadecenamide 0.87% A
24.431 P4 Tetracosane A 38.77%
24.540 14- — - JUIfi)& Z-14-Nonacosane 0.67% 0.36%
24.622 Cyclotetradecane, 1,7,11-trimethyl-4-(1-methylethyl)- 0.67% AAG
25.812 2,6,10,14-Tetramethyl-7-(3-methylpent-4-enylidene) pentadecane 2.36% AA
26.366 N’ -(2,4,6(1H,3H,5H)-Trioxopyrimidin-5-ylidenemethyl)-2-nitrobenzhydrazide 16.53% 9.59%
26.465 1- —-F7/5M 1-Hexacosene ARA 3.72%
26.747 T AR =1 J\B Octatriacontyl pentafluoropropionate A H 39.13%
26.774 4- (4- ) -1- )R O Cyclohexene, 4-(4-ethylcyclohexyl)-1-pentyl- 6.38% R
27.691 N-(6-Aminosulfonyl-2-benzothiazolyl)-4-benzoylbenzamide RArH 2.81%
28.100 4- LR IE -2- 7 AHIE ZBE% N-(4-Methoxyphenyl)-2-hydroxyimino-acetamide 9.61% A
30.407 17- =+ F/% 17-Pentatriacontene KA 1.16%
(5l e 13 st 14 bt 17 g 18 bt 33 sl - R
45.274 TN FFEIR =405 Cyclotrisiloxane, hexaphenyl- 8.76% 8.37%

EER (P>005 ; JERRIHFER Y 2.53 ~ ZTLEREERE (P>005 .

271 m’, LOAbFE R/, L2 B FHK, AL

HAKFZ AR EZER (P> 0.05) ; WATFKK

W T AR 4 B S A 46.68% ~ 52.38%, HirbF LI HIE 2 s, S8 22 A0 21 1 B I g v 1 v
AEFE KPR e/, Lo AERAKSF R iR, AN K FEl N 9.45 ~ 16.78 nmol/g-FW-min, L1 AtF/KFTF
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Fig.1 Influence oftotal root absorption area and active 2
root absorption area in different pyrene Fig.2 Influence of root acid phosphates activity in different

treatments of Magnolia liliiflora Desr. pyrene treatments of Magnolia liliiflora Desr.
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T3 1k Tl PR B T 1k B /N, LO AL PR AR R &0k, Lo
L1. L2 &#/KPZELREREZEEZS (P> 005 .

2.4 TC. TN

HE 3 AL, REZWESWYH TC &N
FEl N 9.38 ~ 24.15 mg/L, & & K/NFAN: Lo >
L1>L2, MHLO. L1 5 L2 =AAFEA4HEZE
P EREER (P <005 ; LE2HE R0
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TFEEREERE (P <005 , L1 5 L2 ZEATEE
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—
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Fig3 Influence of TC and TN in different pyrene
treatments of Magnolia liliiflora Desr.
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IIAR 28 73 WA VR 49 AR R St PR 558, S 15 AR o ik 43
WERI T HW R o 1 F5Ak, iR
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FIf 35 ik &9, f6 L1 ALBEFI L2 4 ¥ R H 4
SR I T 8RRl 4 B, FH—J5TH, A 20 AT 11
Rl 4 9 AE L1 AD L2 e Ab 38 N B, s
FELO MEHEE R B (K 2) , XA NI ik
— BT, HiE, —EMRERERE, ARY

BifhiaF, WRERSWIE AL, KEtE "
Fo AN [E S BB S5 AT TN AL R & B B AR R 2 i)
A4, ARG R, B FRpE. 48
P A0 PR L R R 3 4 Fl 36 BT SR &R 40 b
Y Fp AN R B i 2 T e s . R R
OV DL — 4 A5 (¥ 3 A 25 TR 05088 v R S AR T ONARL,
W T ARBEKE Tl RR - wm =5, 4%
EoRTEEE (M) FULEE (6 P AKFEHLER A
FREEWHEB QO s QM EE, i
RO U B A BRI R A, H
W51k A WA T B 2 FIAE 88.66% ~ 96.36%
BRI, Bl B KT BRAR, BRRILA D ) 2
M, TR L) 2 . Tk e
LT T AR R AR K G5 AR R 5 W A HL
BRI RE I, 45 R G 3 25 SR R WA AL
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RO ERR . FILE S R g n B, X ek
RERFFEML, BA AT IE B X AR R 5
AP ER 43 AH R S 3 PR o

TR 22 e T AR SR PR A T A % T 1 o
BTG PR PR IUAR RS M B B bR . ABEFLH, &
T 22 AR R IEPE B LA bR AE A [R] B IR FE AL 2K S
ZAEREER, YIHEPNERA E R E R
YR ARNAEK. AR, EHbE ARSI
VIR ZRIE 7], BREE TR R 0 23 0 5
BRACHE S ™, AW E SR RIS IEH %,
RREHK. WEDWEBHNIE L P, AR5
5 ERHALGRE EZR, WHEEHTEREANF
DA% A I ) AN [ o 5 e B

BE & BB FE 0 5 R AR R W)
FTC R TR, TN S EEIN . X SR
ML BB I M O, Y S BE MR RNk B M 2
B, PRI PR 2 3 0, A LA DT A4 K SRR
FHEEAIEE MR = FR R, HYE2ZE
BE I S0 WA IR 7 A A R 1192027 g
R\ —WRETREN, EEHEEMET, EY
R 2R 43 W B il 26 B A B R FE () 8 KT 3, H
TR, o E R .

ASLIGHF AL WKW, X B AR R
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