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Effect of Nltrogen on the- Phytoremedlatlon of Cd- PAFS Co- contamlnated Dump51te

Soil'by Alfalfa (Medlcago satufa L. ) and on the Soil Bacterlal Communlty Structure

Ll Yldla MA Jun-wei ¥, LI Yu-gian, XIAO Chen SHEN Xln yl XIU Yun CHEN Jia-jun
(School of Emlronmerlf Beijing Normdl University, Beijing-100875 "thmd'}

Abstract ; Th/e key point ifrfacing the demand for the disposal of waste slorave in rural areas of China is to manage informal landfills. However, limited studies have heen
conducted fo evaluate the phytoremediation efficiency of heavy metal and polyeyclic aromatic hydrocarbon (PAHs) co-contaminated dumpsite soil with high ammonia nitrogen
content. Tn this study, we selected the tolerant plant legume alfalfa ( Medicago sativa L.") for a pot experiment to investigate the effects of nitrogen (N) (0, 10, and 50
mg+kg ™" ) on plant growth, the removal of pollutants, and soil bacterial community structure in Cd-PAHs co-contaminated soil, so as to evaluate the role of N in the process
of phytoremediation of dumpsite soil. The results showed that the biomass of alfalfa under high co-contamination conditions (Cd: 10 mg-kg ™" and PAHs; 400 mg-kg™")
increased with N supply and was 6.0 and 6.3 times higher than that of the treatment without N supply, respectively. Furthermore, the lower N level promoted the growth of
alfalfa in the low-contamination group (Cd; 1 mg+kg ™" and PAHs; 100 mg-kg ™" ), but the difference was not significant, and a high concentration of N significantly
inhibited its growth. In addition, the phytoremediation efficiency for Cd in the low-contamination group ranged from 5.58% to 7.49%, and N significantly increased the
efficiency in the high co-contamination group from 0.95% to 3.02%. Compared with the removal of phenanthrene, N had a stronger influence on the removal of pyrene.
Meanwhile, alfalfa could promote the removal of them in soil, among which the degradation of PAHs by microorganisms was dominant, whereas the contribution of the plant
uptake pathway was less than 0.21%. As reflected by distance-based redundancy analysis (db-RDA), PAHs and Cd were the main factors affecting the structure of the
microbial community; moreover, N had a greater effect on bacterial community composition in the single Cd-contamination and high co-contamination groups, promoting genera
with bioremediation effects as the dominant soil bacterial communities, including Arthrobacter, Microbacterium, and Novosphingobium. This study will provide a theoretical
basis for the remediation of dumpsites as well as informal landfills with contaminated soil.

Key words:open dumpsite; phytoremediation; co-contamination; ammonia nitrogen; community structure; distance-based redundancy analysis (db-RDA) ; alfalfa

Bt T FELR T A AR A IR AN N R AR T AP BE R Rk 30 B A K sk . &k,
AN T R AR AR T b T AR e RIS, HAJR (HMs) . 2 305 %8 (PAHs) R 2 R R ik
“ B3R IR XS AR 2 e TR E IR A (PBDEs) 55 F 5 M RICHLER SN0 By
F S A IX, BT ISR A B = | 598 R F fii
Gy SO 5B P J 320 37 R - 7 26 3 S RS EEE: 2021-12-01; f&ITHHE: 2022-02-22
jﬁ’ Efﬁjtifﬂfﬂiﬂiﬁiﬁﬁlﬁ%mfﬂ“’ZJ. Sk TR E£WH. %E,&iiﬁﬁiﬂiﬂlﬁﬁ(2017YFA0605003); EEAER/S N

234191 H (2012BAJ21B03-01)

ORI ARSI B B8 5 05 PR R FARHE(1995 ) 40, WB-LBFIE A B 7 1 L4
V5 YedB 52 F-mail; liyijia_2018@ mail. bnu. edu. cn

g%lgji(él\&ﬁﬁ , ,\)ﬁ:éE E/J (;%{)f: /ﬁl et ﬁZ: Iﬁl %%J;f E/‘J + * JB{FEEH , E-mail: jwma@bnu. edu. en



4780 ®

GRS A W BE 2 A, S BORT B by 0 HE Tk 3 1
TR R EST . DR A, A A B SR HE i S Ak
S Q1 Rt ER L M - T o = A i BUR =0 5
PR TR IR B AR R B, i) BRI 3 3 S B A
Z | BRSO RS, H 80% LA - (Y d 3 HE
YRR B Ja SR 2 100 m, F A 2 fd FE AR I K i
el 7 L
TG AR Iy AR | a7 5 i 2% LR B Ao
R A, AT DL I R AR %ﬁuﬁcﬁ%ﬁ%iﬁﬁé
ERIG Y, B TR E SRR+
VO R g, I 2 B Mﬁ%xﬁtlﬂ:
ﬁf&zﬁniﬁf&%*ﬁﬁﬁﬁﬁ HMs-PAHs 757 14 3
185 PAHs M K 5 BE %R 3k 81.3%, % Cd &
%?%iﬁzﬂjjt?l—‘“ HE(N)1EN kA K m)
FEEFICER, CAMRERY], N Al 5 1 15
W HMs (RAAIE S AUAE DA 20 . Bomka s B9
AT A AR A R SO A AR R X M T
Pl N B o A R AL, B T A
MLT5 GL ¥ (4 [ ##% | Johnson 251 BRSE 2 B AE M 4

ﬂs*i’ﬁii&%qﬂﬂiﬁ N A K BRI TE‘E’JM

2l A 4, WL F T 5% AR
ﬁmJHﬁLT A e 35 ey S
L R e s A s b A gl
N TR AE B AR 2 B0 1 S T

ﬁﬁ%@%%WTH%Nm¥ﬁm%i%ﬁ%%,

Exﬁ(ilﬁ S 1 5 E— A BT L4 L 5 BT
Hir .

Zl—‘ﬁﬁﬁiﬂ:EUE%kLﬂth@?ﬁﬂ’]ﬁ%?ﬁjﬂ'&
AP HEAT 2R, T AN [FIEE N OKOP X 78 2
K1 Cd-PAHs Z A5 HHHE R RCRNE M, IR
H Mumina MiSeq =y &2 P H A T8 2 5 1%
AR A O U@Wﬂ?ﬁl%ﬁﬂ]iﬁﬁﬁ%%ﬂ
B HE i g+ A S B A R

1 HREH®

1.1 Hb g kL

P 3R B TAE A DR E T PRK B A A 16
W ARG YR R E £(0 ~20 ecm) , £ FTLL
WRIRELW T VUA RS 1o | HEEAR AL 1 ot
W1 R AT Pk e W 2 mm JE
e i i b AR g .

PR B 75 ( Medicago sativa L. ) #1114 F b
SUETE A SR A BR A AL e BUBURLARH | K/
SIRYRRT22 3% BYH,0, I H0R I 20 min {2240 B,
FTCHK thise 3 Uk AR 24 h 546 R0 T 3
b Trgh KB S, PRk K HAH R 55 2T

B 43 %
FHE B R EAZ D HT KRR, 5%
15 k.

A B % B JE ( phenanthrene, Phe ) F1 £&
(pyrene, Pyr) i PAHs 83 (3 A Aldrich-Sigma 23
H) B R T 98% . CdCL,-2. SH,O (40474l 1
H AL B R A B A BR A 7.

®1 gl tEEEERY
Table 1  Physicochemical properties of the tested soil

Eistuy Al Eisn e

pH 8.53 w(7Zn)/mg-kg~' 26.51 +11.79
o () /% 7.89 w(Cu)/mg-kg™" 16.56 +0. 81
w (kL) /% 92.11  |lw(Pb)/mg-kg ™" 35.51 +8.82

w(AAHLE) /g-ke ™ 4.47 £0.54 |w(Cd)/mg-kg~" 0.11 +0.04
w(BHE)/gkg™! 0.66 0. 15 ||w(As)/mg-kg™" 8.25 +0.37
o( BB /g-kg™! 0.40 +£0.02 ||w(Cr)/mg-kg~! 41.78 £0.37
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Table 2 ‘Desl.gn of pollutant concentration in CdLh treatment

il ‘.f. a Sl/mgkg T

NH,' -N Cd Phe Pyr

PiL] Sscpl 0 1 50 50
(XHE4)  scp 0 " 10 200 200
NOSC1 0 1 0 0

N1SC1 10 1 0 0

N2SCI 50 1 0 0

NOCP1 0 1 50 50

FikEREY)  N1CP1 10 1 50 50
N2CP1 50 1 50 50

NOCP2 0 10 200 200

N1CP2 10 10 200 200

N2CP2 50 10 200 200

A E 3 ANEE. B CACL, 3R R
AR 8, FE B, AR 4R )RR K
60%, Pk 10 d. BUDHE Cd 153 + 5 179 B % i 0
Phe F1 Pyr {R G35, N 5¢ 25 & )5, AW A
Cd 154+ T d, FEMRI TR 1A,
B 1 kg AR ALBAY R K75 Yed] b £ 1
(B Cd) BILRAE 590 R (10. 05 +0.02) mg-kg ™' Al
(1.03 +0.05) mg-kg™", w (Phe) %) 1A 43 51 Hy
(200.15 + 0.03) mg-kg™" # (50.11 = 0.04)
' (Pyr) WA 4 514 (200. 04 +0.02)
mg-kg ' F1(50.02 +0.10) mg-kg . A% HFruk
FELA NH, Cl K T 20 A 38| B 5 85 4k 2546
EfE O 7E 10 ~ 16°CHE N H RO IRAMF T4

mg - kg
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Fig. 1 Root and shoot fresh weight of alfalfa grown in Cd

and PAHs co-contaminated soil under different additions of N
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FIKF-(P <0.05). 1AM, AN[F] Cd-PAHs 5 447K F- Xt
B AR A 30 AR = A B R, 5 CPL
TS YAEFRA A HE, CP2 AR BRLH Hh R ER AN N A N K
R ETE A K AZ RIS RIRR EE 0], I BAEASTR N
N BRI B A 5 (P <0.05).
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e HRAECD) o HCd)

2.2 AKX 5 Y A 30 Cd Lk
FIAEL ) W WAL P 552 i)

Bl2(a) P RIS T, REEARES Cd &
HRE N EE MRS TR HEF AR E; &
TGYSME T AN N Ab B +3E o (A 3GS Cd) 1E
fIlX N Fim N IKSEF, 409 K 1,53 mg-kg ™" B AIK 2]
1.40 mg-kg ' F11.09 mg-kg ™", BFWL9.07% Fl
28.57% (P <0.05). 13 Cd MATEIE S HIE LR
HAYAE BN ZE S RO R AR BE AT £
BAMAS Cd A Cd FEMEETEE N 0. 14 ~
0.21. K75 Yedl b, N ZKSF- 1] 5 38 375 e 41
AR Cd S a b, SRR N AL,
N2SC1 1 N2CP1 Ab B 241 34 & 23 5] Jy 26.96% Fil
8.08% ; HE TG4l N AU N2> B AR £ 56 5%
5 Cd 5 o, NLCP2 Il N2CP2 b 3 401 16 55 31 4
4.77% M1 22.23%. | { ]

e
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Fig. 2 Concentrations of available Cd in soil and in alfalfa grown in Cd

and PAHs co-contaminated soil under different additions of N

TP 2 (b) TN, Bl 5 R B 3, 7 b
FIHEL T4 Cd & it B . dbah, ARIR N KFAb
BT RV YA A B S RN Cd & A AR,
TR/ UK 7 : NOCP2 > N2CP2 > N1CP2. Hir,
NOCP2 AbFHZH A b AL R34 0 (A 5REAS Cd) 43
54 24. 10 mg-kg ™' A1 10. 71 mg-kg ™" SR, AW 15
ST AR Y - HERE T 1 RN T AE R N
4R O AR A YA O ME B AR Tl
T AT A F Y TR 4 R e R R
AR A HES S A, @5 YR N &
T Cd MBERCRE BRI 0.95% (NOCP2
AFRR ) e FH s 2 3.02% (N2CP2 AR ; K95
PRMTR  BTEBERCRAES. 58% ~7. 49% .

2.3 ANFEREKFALBEXT 5 Y £ 458 PAHs 19 & BR
VA 4 W AL P9 5% )
3 K65 d Ja AR FE AT 13 PAHs 1

FBEAE fE D PAHs 0. 7RIS YL 46 0F T ik
fei 148 Phe 1 Pyr (9 L BR 2653 51 Lb IO ) 0] HE 21
F219.99% F117.80% (NOCP1 Fil SCP1 AbFi4]) ,
GG g R B AR R BN (NOCP2 4b
FHEH) | FRAE E T 3 Phe Al Pyr BYZEBRRAIIR B
Fm T IR B E Phe A Pyr V54 + HERUR
W1, 5340 AR IR AL 445 b Phe B LBRFEHIE & T
Pyr, Fike & 45 195 P Phe AYE R R4 1E 95.00% L)
b FEBIE N1CPL AR FRZH A N2CP2 AbEE4 , Phe 1
RS H K E] 98. 00% F198. 01% ; 1fi Pyr BBk
FAMIE AT 78. 10% ~91. 44% Z 8], BAKTI 7
N2CP1 b B2 Pyr 1 25 B % 1 2 X T NOCP1 Al
NI1CP1 ZbBEAL, i N (it fin & 25 02 1 T 15 v5 Y 4
Pyr B ZBR(P <0.05) & N 7K-F-F1E N K-F-4b 2
HEWE S 5M 7. 05% F119. 15% .

Bifi + 3 rh Phe £ Pyr MR EE 3R &, B A6 AR Flib
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#B53 Phe Fl Pyr 75 it W 34 M (P <0.05) , H Pyr %
#H U KT Phe. t4b, [A]— &b 3 (1) H1 |- Phe F01
Pyr /N TR, PAHs LSETEMR R P AR A Phe
A Pyr B3 i 5 HAE - R B R L 2 B I
(P <0.05) , W3 4. HiP e vt -5 Phe 1 Pyr
(R B S BRI AS T T < ALY L R CTS Ye  A

=3

TR T SR 0T T e i e iV . Sl A AN G
FEY) 1 3Erh Phe FI Pyr & ZBR 1 AH LL, FHAR 48 Fh A
EfE 1 PAHs Wi, /T AR BAE AR N 044 F,
195 Y b FRZH AR P WSO RE A 2 32 Phe T Pyr 25
B STERI R 0. 078% F1 0. 207 %, w15 Y Ab FRZH Jy
0.025% F10.019% .

L5 65 d EARABEE T TR LED PAHs iKE ., XBRZEM PAHs BigE"

Table 3 PAHs concentration and removal rate in contaminated soil and PAHs absorbing capacity

of alfalfa after 65 days of phytoremediation under different treatments

e HHEE i/ mg kg ! LR/ % YR &/ mg kg ™!
Phe Pyr Phe Pyr Phe Pyr
SCP1 7.19 £0.81 13.19 +0.98 85.66 +1.62d 73.64 +1.95d — —
scp2 24.56 +1.80 87.07 +1.77 87.73 +0.90c 56.48 +0.89¢ — —
NOCP1 2.18 £0.31 4.28+0.27 95.65 +0.61h 91.44+0.54a  0.0809 +0.0158b  0.405 1 +0.043 6d
N1CPI 1.00 £0.01 3.13£0.36 98.00 £0.01a 93.74+0.42a  0.0309+0.0017d 0.3598 +0.0147d
N2CPI 1.53+0.37 8.21+1.39 96.95 +0. 74ab 83.58+2.78b  0.0369+0.0033d  0.61100.091 0c
NOCP2 5.02 £0.91 43.80 1.30 97.49 £0. 46a 78.10£0.65c  1.2289+0.0149a  1.7810 £07027 la
NICP2 4.68+1.09 29.70 £2.27 97.67 +0.54a 85.1521.13b  0[098420.0147b .19 3 £07049 5b
N2CP2 3.99 +0.26 25.50 +0. 60 _98.01 +0. 13a §7.25+0.30b " 0.0602 £0.0074c 076596 +0. 0%7-8c
m HEPI 13 /g kg ) U7 PAHs W pg - 7 F =
Phe Pyr | Phie i W i
SCPI — — L 4 Fy
scp2 Iy — - s f o ¥ . B 2 H
NOGPI 0.0257 £0.001 4c 0.073 0°£6. 050 7T ed 5.90%0.78b ; 18.48 £2.47bc
Nicel 7 0.0169 £0.001 6d < J0/0857,£0,005 8. 1.69 +0.06c % 17.79 £0. 46bc_.
N2cpl 00193 £0.003 3 700585 £0.008 24 1/1440.22¢. ¢ 16.47 £2,76¢
NOCP2 /" 0.0486£0.004 4a 04073 4 04602 6¢d 5.6941.03a 8.26+1.51d. 4
ANTCP2 0.040'8 0.004 11 /0,249 8":.0.028 2a 3.34 £0,23b 38.81 £4.020 4
| ygcrd) 07022 1 £0.000 7c 10.208 0 £0.005,0h 2712 £0.42¢ 22.84 £4.08h

D Bl R A T R (0 =3) 5 SIS S I 25 52 B (P <0.05) ; *— Fem XU MBI AR

F4FHRTBESEYER PAHs &2/ Pearson X547
Table 4  Pearson correlation analysis of PAHs content

in plants and contaminated soil

R b1
Phe Pyr Phe Pyr
T Phe 0.565 — 0.744™ —
Pyr — 0.930 ™ — 0.400

1) " FURAE P <0.05 KF ERFMN, = FRAE P <0.01 K L5
FA; “—" FoR A E

2.4 RIRVEUKFAb BEXT A 398 40 B R 9 205 4 (40 5 i)
2.4.1 BIEANEREE ZHEE

AW BEAFE S AT RO 5 EGE R 15 861 ~
23 3984 XK EE N 377 bp. FEMEJG 4 51 45030
6 414 ~10 503>, ASV #H 4 240 ~ 354 4,3
WP 3550 99% , 2 B I J &5 SR 2 3 FEAS h s
YIRS SR SEPR IS B0 A AL B A F T 3 rh i
W o ZREPEFE BN 5 FT7s. ACE I Chao 5%
J WA WA 0 = B 0 R R SR D R R
1515 Shannon F1 Simpson $5 %1 5z Wit i A= 9 1 V% 1) 2
%, Shannon #8 £ K | Simpson $8 £k /N BH 2

FEMEB . 45 R, SC1 Al CP1 {5 YL kbR v | +
BEANTAY ACE H1 Chao $5EXBETE N 2 3G fin, 22 30
JeIG S PR RS TN BN R PR T CP2 154
AbFRZH - IEA A Y ACE F1 Chao 484U 25 HEAS IR
Shannon I Simpson 8 $0 22 55 A K. b4k, 15 G2 K
W 2s 5 SRR YR TR Z R0 FEAN TS I A B XF
Mg v, Bl & 75 Y B2 B9 34 i, ACE, Chao Al
Shannon FE44 2 80 H 390 A9 #a 3, Simpson #8580 TC
W] i 25 5.
2.4.2  LIEANREETE RS TUAR

FIH Ternary —JCAHHIE LA T ARG N 4544 %
(] — 5 YL 7K1 - M8 4 I 5 21 AR J& K- B 52
). AH R AN [R] A AR SR T 40 B8 R — B KRR
[, s R/ MR IR ZEAS R R AR 24 - 4 40
YR, S BACER TR E R AR A 8 o A
Fel (18 3, B R 4R K532 ) . AR SCL AR
LB 3 (a)], RILHTEB N L IHEFREE
( Nocardioid ) , FiXT 3= BEF-Y{E R 5. 71% , FHR &
Z I PR Bf TR & ( Sphingomona ) | A X} = BE S Y (H Ry
4.70% A TE N2SC1 ARAS b W2 14 J 20 A1 L 491
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Table 5 Diversity index of bacterial community in soil under different treatments

JGBL ACE 6% Chao $5 4 Shannon 5 %% Simpson $§%%
NOSC1 258.18 +14.28¢ 258.00 +11.71¢ 5.24 +0.18b 0.006 3 £0.001 Oab
N1SC1 318.41 +14.51ab 318.08 +13.86ab 5.50 £0. 10a 0.004 8 +£0.000 8b
N2SC1 272.19 +18.83bc 272.00 +21.90bc 5.33 +0. 14ab 0.006 0 £0.001 4ab
NOCP1 285.48 +29.12bc 290.50 +27. 18bc 5.22+0.11b 0.008 3 £0.003 5a
N1CP1 299.82 +15.51b 299.62 +13.38b 5.35 £0.13ab 0.006 7 £0.002 Oab
N2CP1 261.70 £27.32¢ 261.50 £2.27¢ 5.25 £0.09b 0.006 6 £0.002 3ab
NOCP2 354.11 £23. 11a 354.88 +25.86a 5.50 £0.07a 0.0057 £0.002 1ab
N1CP2 240.00 +26.29¢ 240.00 +27.63¢ 5.15+0.11b 0.008 1 £0.001 8ab
N2CP2 290.46 +23.44bc 290.06 +26. 70bc 5.28 £0. 19ab 0.007 3 £0.001 2ab

1) FFAR R ING 1 R A B TA] (1) 25 5 .35 (P <0. 05)

NISC1
(2) SC14bFE 100

e 0.1
®02
@03

100
N25C1
RO 20 40 60 80 100
NICPI
100
(b) CP14bHR
N
.2
.3
40
100 -
NOCP1 N2CPI
20 40 60 80 100
NICP2
100
(¢) CP24b 5
e 0] 80
®02
100 .
NocP2 20 40 60 80 100 N2CP2
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Fig. 3 Relative abundance of bacteria communities on genus-level in the same polluted soil under N addition
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B, 430 44.02% 1 57.98% 5 ik R K &
( Nocardioides ) [F#EJE CP1 ﬁfﬂ?ﬂ*é@%ﬁﬂ%@[
3(b) ], HARXS F R 8. 51% , KRR 72K
AOTHER B (unclassified Micrococcaceae, 7.94% ) , H.
7E NOCP1 BEA H A0 A LU B 7, o 44. 719% . e 4,
Y 2 I M B 8 ( Sphingomonas ) F1 41 FT T &
( Microbacterium) FAX} WA 5, 70 3 K 4. 68% F1
3.44%, A~ [A] kb B8 53 A5 L 49 A 6], 75 N1CP1L A1l
N2CP1 REAR oA L B imi 5 £ CP2 AbBRZL [ ]
3(c) ], ZHEAMIFFEE (Bacillus) 38 , FXTF
FEF BI{E S 10.70%, H Rk &K R R E &
( Nocardioides, 5. 15% ) Fll Gaiella (3.37% ) , HJSik
RICH & ( Nocardioides ) FEAS [ 15 4 K - + e 4H 1
FEVR 2 s AR R ) R 3 7E 8 N A AR A rh
R E. AN, 0FFE 8 (Microbacterium) | 3R K &
( Thauera) . ¥ 50 16 J& ( Sphingomonas ) N KT
I BR T (unclassified Micrococcaceae ) | @JEE
(Ensifer) . Brigia # & Novosphmgoblum) ﬂ] E] FF ]

J& (Arthrobacter) % TE N2SC1 Fil N2CP2 #zleiﬂéﬂﬁ

P .

RDA)%’%%%&% 'PAHs il Cd 5(1‘/5 Yt B
%éﬂﬁiﬂﬁﬁ4ﬂn<lﬁl’4) ZE TR A5 A

i B9 387429 . Folh PAHS A Cd g/
iiﬁﬁﬂi%ﬁ%ﬁ?ﬁ(l’ <0.05), ﬂﬂ;”ﬂﬁﬁiﬁ?ﬁ >

H&m?éﬁt 2 33 0. 92 1 0. 88. IR 2 B

S8 AR R A B B K (P = 0. 367) ,fH R N 7K
SEARFEXF SC1 AT CP2 {75 Y 21 4 38 20 1) B 5 40 i
i) B A BRI ISP b 38 200 T T 9% 205 A 52 Wil S K
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Fig. 4 The db-RDA plots of correlation between the bacteria

communities and environmental variables of polluted soil
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WFFEHANTR] N2 it FH 7K X0 B 18 A 1K 1) 52 i A7
FEZES. A6 Cd-PAHs B RT3 Y 56N W& it N
TN A R R i PAHSs FIT Cd XA
KB E VR . 7EA% Cd A1 Cd-PAHs 5759 4
R AR N KPR 3E TS A K AR R N K
HARKZ I H. 224665 fRFse o R R,
TE—EVu BN BES It N K B98N 6E 0 35 Mo 3 =
BRI Y e RS TUR RIE SR, 308
X Cd ByWl. AR B it N ARG,
BREES 7k¥i§%¢ﬂ@§ﬁ$%gthﬂlﬁkﬁi§%_f
JEl T ARG E M C: N ‘ﬁ T
it PAHS 52 FRBUEICBERR L, 3 4 2305
LIRSV SRR j:% THEEY) E/JHKJ/J?LZZJ Thomp§on
e ZHE/JHJL%%BE i e Pyr 15 9% 3R g Je L
AW whE g M c o N, T O
( Cynodonddctylon) A= 11 35 035 . 3ot 42 1) NH, &
SR, L P 9 AR 7 K
EAR VR IR 2L RIS A e 2P i
N R AL 30 e 5 172 Ak BB S o B A 1 AR K R

H, o g B B G, 3 n] g R
WP W 4 R S TR e AR EE B B | RIS
R BE IR PAHs 38 &8 77 A= 2o B M AU T AL N
P, TR 0¥ G A S 58, 3 I PR R R% th mT B
SIS Ge Y AE Y s T BUMEYI A K RS,
SEHAY R TFHE.

T I RS 4w T i T AT AR TR L
WOF P E X R R fe R R R E S EIsYt
e AT ARG, R N KA B S R
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HA @S ER, M5 J 4040 F, B N B3R
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NH,” 5HE4 R & R4 AR, TR 4 Xt
4 BB R A R NH, ST
Herp R AR R EALVE T, Bk H T IR A AR R il
Jo il B H BRI 39 pH {E, 5l +3E Cd
A AR IR R A RS od R B0
1, N Z LA BRI Cd A s, B2 AL
SR AEEXT Cd AL R E N X Cd 1B
A SEVE AP B8 1 Cd WSy 2 [R] 4
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e FIVAR B Gl A 4 37 P 388 5 2 iR A A ) 2 B 4 )
T S (TR S 1) S A 281 B (U S I
( Bacillus ) #1773 ¥1 1 J& ( Arthrobacter ) J& X%} 8 43 J& H.
AP B AR PR 42 A B ( plant-growth-promoting
thizobacteria, PGPR) , ] DA 2% 52 M it 34 5% 1 841K 1)
R R JF B RBER R K P ESRES
FR I g SR TR R R R 0 AR, M SR AR X
4 T 0L (TR A2 P RN 43 33— 55 SR AR AR 5T
A ENIESE, i Y EAE AN Cd o R R N,
Xof B 4 Ja ELAT i i T A2 AL SR TR 0 4 R
15 e BB B R T LR G 5 R AR KB BRI
4 ARSI AR ST T B TS YA N it
N AT LR E B R, X 5 Shen S ABF ST 45
R—5 MR N AT LS A s v B 75 e b an T AR
HLRY A7, DT 1 465 T W e, BB Ak
BT A A A AR W) e R A A
Wy AT | PR AR ISR A R TR
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O 4 A R S T e T g
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Pyr FEAREIIIEAE I 5. 45 75 e 40 L £ 48 =Phe
922 % 2 5 T Pyr, JX 0T BE A PAHS 10 4 A1
S PAHSs 7E 38 i (Y RE RN 5 24045 A ) R
fif . oAk, R PR ORMAR I DL S & R R
MEYE SR X T 4 B R EES T E
PAHs 45 & AF HI 0] LLZ AT Wik % PAHs 19
WA BTk /N, R AR AR (5T R AR
WA SEAL ) e UE 13 R Phe AT Pyr Z2BR A £ 2R
,HTTH N T 0. 54% , SR TR 45 2R — 2, KRtk
A R E 00 10 e S VE T T BB AT 5T PAHSs
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B A e A LTS Y B AR AR ) 55—
T, 2F il FF 5 U8 ( Bacillus ) . 5 2 B 20 M0 3 R
( Sphingomonas) . 2595 K J& ( Nocardioides ) #1461
%E(Enslfer) BIE 52 B B fit PAHs 19 BE ,C%%IJ
JE 0T LAAIFH Phe 5 S ME— A B URFITBER'® . 55
b, db-RDA FKW], PAHs il Cd BBfS i & 5w 11
B HETR Y4548, & N 7K AR BRAT B — Cd 75 YL AN
=G Y 4 A B9 AT B R (Arthrobacter ) . KT B &
( Microbacterium ) FHT 5 B8 1 J& ( Novosphingobium ) i,
IR A B R VR, BT TS g R IR AR

15 v R HE B O R, AR A R A KA R
9 50RO B ) A K A Bl Wi 5 i O T
W A BEEUKE (C: N JE D) 7T LG TS G W) &
SRR B AR T, TR ik i e R
TEVE S5 B2 %t Cd 1 PAHs PME SRR (HJ2(H
FHER R BT & @R M AR IE MU 3 o) k7
PR s e A e Fe b, AN BE faf S oRE & ] T —
P AR el — b g L RS DU B A B R
R AIAS R RE L 75 G - 39, b 201 T JRE A 7 3t 5 40010
5, sl il B A R R R A 7 U4 | DL A OR
N

4 it

(1) N 7K (10 mg-kg ") fEAE AR TS Y 518
T K, Hrp L — Cd V5 e kb R 4 2
YR, TP N KPR EE (S0 me-ke A D
LA s A1 A 15 e A 1 T, A KT
AR TS R0 50 T B S (P S
0.05). [ "/ ‘ s A

(2) N B9 I 2 % 5w e 20 Cd otk ) B
A 0 A R T A 0 0 5 R M
0.95% Hfj£3. 029  1EY5 He 4514 T oy s .3
HAE 5. 58%~ 1. 49% . =

() MI5 Y54~ , 145 PAHs 19 LB N
RN S BT MRS TER BTG TN
Xt +38 Pyr (9 5B B — 2 AR SEVE T, 1R N K
FIE N AKE b BRI R 3594 7. 05% F19. 15% . #64)
{EiE -8k PAHs 19 25 BR B FE AN J7 1. A9
ELHZ T PAHs R W) AR 33 A 0% PAHS f % fie
YERL. b SR W W B A AR o 5 S A, TTAR )
F ISR 5 /N T 0. 21% .

(4) LA s PAHs Fil Cd 25200 + 3300k
WIRETE LS B B 2R, BEAh, 8 N K- b B X 3
— Cd 75 YL FTET 5 Y 4 v 20 B TR 5 0 A S O
P E ELA A 16 52 A I B i Ry - 3 1 A A P
%, W A @ B ( Arthrobacter ) . 40 KT H )&
( Microbacterium ) F13 #5 JE 7 J& ( Novosphingobium )
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