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HE: RAKGRBRAFAEETLE CAG. 943 mg/kg) F £ T, EEEfAHERT 2 A% H 55 (/24 mm-87 =
CHENMBEDFE,CARESHARRIR CA B AN Hw, SRAN, EL2E P AHERE-RL SR EME 2 A0
FERRE. P, ERAMKRETRERRREIE I, ML 2.67%~38.42%; BB 2 FBAk 2 A& A b Ah ey
R vh, ZAMRMEY Cd AT 03, Biaik 4.59%~42.45%. vt R EAH Cd T E2MEHE, R LT Cd A&
RE . “E N AR CARREFR, AREXCA AT o4, REZAMMA Cd ERRFHK T Z4 mm8”. £
CdiF IR, AHEERGRNENFZEFZRBEFABRBR, TR Y LE P TLHESEXCCD, 88 %S (CAB-
Cd)» 4B EME (FeMnCDA CdAF, A F L3 Cd 4 FHMEIA 8. 65%~23.21% (“4£4 mm-8") = 15. 89 % ~
27.52% (“B N, FHFEEFCIREIHELETRIAREC], 4B ENMECIREIIHZMERTEEMERX
(p<<0.05). BAAB AR REZLFTNARBAS Cdygok, BAFRLEHAEAN T, LLECIdRESH
ECIBREZHEZ WM, 2 MEHRCAREIHALEZEECARAZTIH, ZF 22 F AR HE(p<0.05).

x # O TEAFE; AHEAR; SR Cd R RECAES

FESES: X171.5 XHkARERD: A XEHS: 1673 -9868(2017)04 — 0034 - 06

i (cadmium, Cd)Z—MREIFEICR, £ LD BAERMB I, HUEYRARETEEE, $500E
P HEE SR Y- . 2014 AF 4 T SREE LR A ORI A A A0 1 4 s YRR A A S B
N FR E B SRR S BRI, A AR R 19. 4% 5 Cd i Y S AR R Bk 7. 0%, 7 8 FhEHL
HgYE AL, L3 Cd 5 gl ™ d. SO RTE Cd 59 -3 ERMEAEY), Cd 2l id g eEdt A
AR R B S AR Y FAS (0B R g gl 2 S A (. PRI, R Cd V5 G4 3R B R B & I i 4 32 36
Be Rk 2 U Ay Ah 2 Tz R

G SZHARANE R — R 24 G O E Y HOR . BARAE T 20 SRR TR % T AR 92 il 55 10 450
NN BB EESEIGY F N R AR BE R (Lolium multiflorum 1.) J—4F A 8 2 8 4 5B
W, ARKEER, 2B, s, KW R E SR A ARORNE EEN, 2-FEEN EESREBER
WS, REMRgRE R, AEER (Arbuscular mycorrhiza, AM) BEHEELER BB ITHY N ESLE
36 AT A2 R 0, W A O R W AR K AR B S T I A RS N AT R I I e
SEHOCTRIEGY R B, DAEL LT AR AR BE— LB A XS Cd, Zn S5 4 I 1 WA

O WRHEH. 2016 -04-21
HAWHE . AL AR R 3 L I (Nyeytx - 25) 5 FK H AR #HE AT H (20477032, 31372141) 5 E KR8 RHH
(2007BAD87B10).
TEF A PRk #1992 5, L, WLHmE A, BEasA, FENF LIREESREMEY B EH RN,
WEIEE . R4, W, #2, WL S,
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Cd BTEG PR, HRFFZE RS EEFES Cd W B WA R E 2S00 Fih(Ly-
copersicon esculintum Mill. )& & 5 W 4E AR T YT, XA FEEAT Z R DR, J& 38 B A% 5 ol 3 i
MR Z —. MR WoR, Falidr Cd 3 F B MU, 78R Cd 15 3K L3 AR % i, HAR 2 Cd it
SO BCE R . X o B e T L BT, A SR YR AR ) 6 3 Cd Vg B A R
B, HARG 10 Wk, R TERTE BRI 1, R K B B A PR B Cd T Y SR
HHE b, WFST A ORI ARG TR AR B B — s A AL X F o L bubE . Cd R RO R R, DA
TR BR L35 CA IR E I, B 5 BE RAE B E 158 Cd 15 44 DL Ksi/b it Cd WWse s [ B B ff DA ASE 71 A L
X RAERAEE Cd {5 g2 B HA mAVER, LUBEN 30 0 % AR R A 1238 Cd 75 9448 2 12 A Bhg ik 4is.

1 #MRERE
1.1 ik

HEW (Lolium multiflorum L.) FhF R FRIE. Fihi (Lycopersicon esculintum Mill. ) i F 5 845 mm-8
VS DUEL, 2B i B T AR MRl 2 B T B At AR AR (Arbuscular mycorrhiza, AM) B HEEVIEREE .
WIAEPRPER | AN ERBE , FAP R AL T ARMR 2R B IR S B R T R P AR . R EOR R e, iR
PET 2% SCHRL2 .
1.2 RWigit

K 56 DS T Vi e B AU 3 A iEAT (2014 AE 3 A 20 HE 2014 4F 7 15 ). il ik & “Cd”
(XD, “Cd+BER(EF/R MDA 15d 5, TEMHRTF M Z B B2 AT, 40 K /70, “Cd+ AHE
AR CFE B i A PR AR PR e b 13 3 M AR 2% 1 g, L3 @), “Cd+ B R+ MBI AR V3L 4 AL B f4>
PRV 3 RE R, FEHLHES, NI 8 m*, AN FEAMAIE 16 Pk, FAHEIE 60 ke E N
(17-17-17), SF—VGEE GRS WD 10 kg £ E B, 8 WGBIE CGE — BRI KW 20 kg AHE, 5 =KA
B RS 15 kg &2 A A0, il A it 24 Sk 224 1 o Bt A Fit . Bl AL PRk 4 RR 7 SRR AR PR IC . UEE — IR &5 SR T
GiCs7, 2014 4 7 H 15 HUCER , (R B SR S0 7 A AR 25 1 R 22 B, O R A 0k R AR T it AR P - 4.
1.3 MEFHE
1.3.1 3R KTACHR

T AL bR S IR B e
1.3.2 #itk Cd L&l iz

FEAR A HR AL Cd i 2 BOR T HNO,-HCLO, (RBLUEL 4 = D&, R F IR 4> Y66 BE 3T (Perkin Elmer
SIMMA 6000, Norwalk, USA) """, R FIA AR #EY) BT (GBW # 08513) % 7 25 5 HE A7 B ik W 48 (R K
PR S F AR BEIE FT R A . Cd AR IER & 0. 005 mg/kg. FrA MWLM A Cd IR BT 95 %, A0 X by i
{22 (RSD) (ARG BE #E HIFE 10 %6 LA,
1.3.3 HRECdREHHACAdHBEMNZ

T4 Cd B AT PR Tessier 5582 1) 1D 2L 2 HUE Y . LB Cd it 43 804 HCI-HNO,-HCIO,
WS . FE %005 6% B 3 (Perkin Elmer SIMMA 6000, Norwalk, USA) N E. 5% ] 4 345 1 ¥ i
(GBW # 08303 ) Xl 7 45 5L #E A7 57 2 W 4% (IR b o 5 HOR B 52 42 A1) . Cd i A IR 2 0. 005 mg/kg. BT
A HERE S Cd IR E T 95 %0, MR IR 22 (RSD) B9RS B #5576 10 %5 L.
1.4 Sitam

K HI SPSS 21. 0 GE T4 A #E A7 804 T 22 43 fl 22 i LL A

2 HRE54HWH
2.1 BEHEYE

A5 Ah B2 i A W T AR i AR K AR R g 4 IR e onh SR S T R R MR T S R AE 2 A i A ) R 4% Ak B ]
ERAGITFE . SXBEE, BEEAMHER A —E A 2 NIRRT, i, 2 R R
R TR, 4038 14. 19% ~38.42%,10. 67 % ~16.81%,12. 98 % ~16. 80% ,20. 85% ~31. 49%
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Fe 14.28% ~36.63% (“fE4H mm-8") il 4.22% ~18.30%,2.67% ~7.62%,3.03% ~9.49%,8.42% ~
10. 26 % & 4. 50 % ~16. 85%“?%)“ LY, PLUCd-+ R 27 R+ DA B MR A AR i ok . DI 3 R AR T
MR — o 5 A AT, “FEAE mm-8” 5 ST T KA R T A A T DL, ) R Ak by DL
%%%Jﬁg&*ﬁ*ﬂ%%iﬁaﬁmmﬂ.
2.2 EXEAYE

A R A ] f N R AR Cd Wl 5 T AR RSO, IR Cd X HHFE R, iR 1AIFE
BN TLd [ SIERN A %i&?iﬁﬁb A R 25 AR Cd+ R 22 BRI Cd - J 22 4 DA T AR 4b 34
[i] 24 35 3] @ 3K, iﬁlﬂzilﬁ H R ES A S A G N, Ay R0 8. 32%0,18. 36 %0 & 11. 780 (5 1E
& mm-8 BAE) M 11. 96 % ,15. 34 % K 13. 10 % (5% ML EE).

£l MEERMNBZEEYBHEM

o EEBF AR/ (g e 70D HWFHFFFE/ (g 7T BTRE/ (g 7D
ik Bl 5 {84% mm-8 E{ﬁﬁliﬁ 5 {84% mm-8 E{ﬁﬁliﬁ S5 mm-8 53% DU
£ =1 E1E E1E =1 E1E
Cd+ Bz H 9.85+1.47b 10.124+0.68b  5.61+0.65b 5.154+1.04b  15.45+2.11b 15.27+1.71b

Cd+BEEH A+ MREMR  10.67+10.65a  11.33+1. 44a 6.64+1.22a  5.94=0.54a 17.274-0.58a  17.2741.97a

e 2P SR AR RSO R /NG R R 2R [ AL B 2 ) 25 A G B L (p<<0. 05).
2.3 BEWMCARENHERERE

5 4b PR it (dﬁ%ﬁﬁa\%@ﬁ S TR PR A RS A R TR AR Cd T A BRI T AR IRl
MLAR L 2R RS CCd+ MR RUE MR AR A B A AR S L i ZE AR Cd BT S O R AR BE A, 430
AR 6. 90 %6 ~37. 93% +5. 69 % ~38. 62% ,5. 63% ~34. 74 % F& 9. 80% ~42. 45% (“##4H mm-8”) Fl 11. 83% ~
40. 86 %6 ,12. 21 % ~40. 08% ,4. 59 % ~32. 65% K& 21. 69 % ~41. 37 % (“I& WL HL™), Hodr, “Cd+ B3 B+ A
HR” AL B REAR TR A I . 25 ARRIER SE Cd Bt B8O e W Bk, “Cd+ AR Ab B R R 2z A 2 TR ik
A, “PEAE mm- 8”*&15 Cd T 43 B8 T3 DU, i AR ST Cd 5T 43 25000 v T3 DL R,
2.4 EFXECARESBRREE

HaR 2 al L, R AR AR REJE E R TN Cd Wi, H Cd Br& s 8 Cd B R g i 2%, BEH
Hi F AR AL R Cd 5 A B8 i B2 4300 2 18. 01 %6 A1 27. 20 %6 (57848 mm-8 EAE) . 63. 46 %Ml 33. 32% (5
WHLENE) ; BAA T 3, H N Cd LR R & Cd 44 B3N 26. 09%,50. 00% & 36. 59 % (5 4% mm-
8 EfE) N 87. 50%,61 549 K 75. 86 % (5 i% NELEAE), 5“4 mm-8” K “1% N HL"E /X A B Cd i 5L
AREZW, Hrh 5 EE mm-8"EER R LA Cd Fia /8% Cd R R W8S T 5 9% " E 1k
()RR R R B R AR Cd B 7 8 m . T Cd AR R ) S b, b 3R .

2 MEHERMEZE WRESBERREZENTN

CAREM (mgr kg™ 1) CABEE/(mge 0 ) AR g )
B om L L L L
HERmm8  H5ENE HEEams  HEME SERoms  HENE 5EEons  SENE 5ERoms  HEIH
Eff Eff Eff Eff Eff Eff Eff Eff Eff Eff

C+EEAHE 2.28840.022 1.612+0.19b 3.22440.32be 2.61420.16¢ 0.023£0.001ab 0. 01640.002b 0.018=0.001b 0.013£0.001c 0.041£0.002b 0.029£0. 001c
CHHBHEE+AMER 2.70020.28a 2.635+0.02a  4.10140.25a 3.48540. 26ab 0.029+0.003a 0.030%0.004a 0.02740.001a 0.0210.001b 0.056+0.001a 0.0510. 002a
T AT I S AR AE S . RSB G NG TR R [ 22 R AR R b 3 2 (] 95 A e B L (p<<0. 05).
2.5 EMRERTECAHRSERRESH

AR B £ 3 Cd I 25 B 5tk 43 B00T 4 4l Wi 38 45 I o 4 SR . ARBR - 5 rh Cd B 25 03 82t 40 B0 K 310/
5 A (RES-CD , #4 Ab & (Fe-Mn-Cd) , ik R £ & (CAB-CD) , 1] 58 #:. 45 (EXC-Cd) » LA (OM-Cd).
+HE 4 Cd 7F A R el M AR B — ol 2 G A0 38 5% N B S AR, BRI GK 8. 65 %0 ~23. 21 %0 (“fE4% mm-8")
1 15.89% ~27.52% (“I DIEL”) ;. HIEh AT A2 28 Cd, B4R A AL Cd PR R EL S Cd B 70 Bt A [m) 7
FEWR D, H ik R 2R A Cd FEAIR 16. 9226 ~37. 76 %6 (“fE 48 mm-8”) Fl 31. 2526 ~34. 38 %0 (“I& DI3HL™) , 4
AALAS Cd FEAK 20. 58 % ~38. 12 % (“848 mm-8”) Fl 32. 02% ~38. 63 % (“¥ NN HL”) . B“Cd+ WAL H R &b
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T GG AR B - 8 b (0 R 0 25 Cd BT 43 B0k, “Cd 4 BB 232 B F“ Cd + BB 2 B+ A AR 7 ek T 440 ol AR B
FIE AR Cd 5 B A
2.6 B CdRENHEMERLE CAdRESHMBEXMES

e Cd BT 40 85 AR B 4 Cd 5t 20 BIOM DM 20 B ol A 4l Bk B 25 i g 4 1. BRI S A . SRS
5uphh, Cd B o0 B B A T A 3 2 W25 IEAR G, Hp R S| MR 525 o 2K ) S B A DG (R
9 0.943,0.792,0. 798, p<<0.01). 4 Cd, MREEA Cd, B A Cd Mnl 224k Cd Fi & 7 5 2 ()
FELER 0 35 A OCPE G &R . Fnti R 52 Cd B it 4005 T3 ] S8 400 38 Cd, BRER A Cd it 40 B0n) G4 ) i 3
FHEKF(R 7 0.594,0. 509, p<<0.05); FHAAMR . 25, M Cd it /0805 3] 5834 Cd i 43 5l 2
W IEAH & (R M 0. 785,0. 777,0. 747, p<<0.01).
2.7 B CARENBERZEECAREFHHNEXEDF

B A AL Cd Bt 73 505 R 22 B A ERAL Cd Bt it 20 B ng A DG HE W3R 3. JRAZ FI M b & 5 M T A =2 1A
Cd J5 2 40 B0 AR Se Mk B M 3% K SF M C R B 0,902, Tl 455000 Cd it & 7 505 B 22 R0 i 13
HR R Cd BT or B OR G, AR i Cd B 6 3 B0 MR A2 B B Cd B a0 BRik B & 35 kK
KRB —0. 722,

3 BENMEHMUCIRENBEEZEESBULCARESHHNEXRE

H A SR 5 A LIS A WA B ML R T
GRIE SO 1
A 0. 340 1
T it 25 0. 609" 0.798"" 1
AR 0.429 0.943" " 0.792" " 1
SASE WM —0. 335 —0.722" —0. 651 —0.592 1
SR RN S —0.237 —0.673 —0. 624 —0.595 0.902" " 1

H:n=8; * » FK p<<0.01, * F;K p<0.05, ZFHGEI%E L.

3 W i

18 Cd 1532 (5. 943 mg/ke) £ fE T . B2 B0 RN AR B0 — B 52 4 A0 B9 088 2 /1 6 7 A o 4 35 1 2
Wy, ELHLLCd -+ BB 2 B+ ARG A AL B R R A, %5 RS ITE R (B Cd 53 20 mg/ke)
B 2 AT FE I R RS AL Cd BB Z RS D, SR R D Rk )
S 0 T A Cd SR T AR N 7] 0 i ST BT AR B A A B R 2 AN R A
Col itk 49 50t B H A 7 ) R B R A6 3 15 91 S 542 5 A DA TR B — 52 & A BB 2B A Cd ok 78 0 21
W3t o [ S 8 Cd 35 e 16 5 R T B A 7= i % A R — 5 TR AT HOE 2 AN b R <A
mm-8” 9 55 Cd it 40 BRI Bt B bk 4 Cd St 40 KO i 78 T 0 DU B, T L, kst 2 A 78 i i 7
Col WS B HE A Cl T 1 7 T 7 A 3 PR 280 2 e

FHRIR L Cd A EENIRIEA ., T AT A8 AHLA Cd IR AM A%, %5550 5 1 1o s
BRoE 25 AT, (H5 A (250 B RS 45 SR A A — B0, TRl 5 00 IR L R R R GO R A RS R TR S8t
HE pH . (0 25 BF B S5 1 O AT 0 2 R R L, A b B 4 O R AR B 3 Cd 5 R % R A
R G L 2 BB 52 0 DA AR 52 b B SR A U B R AD PR L kU B S W Cd AT SRR R Sy, T
W AR B TP 43 Cd ST AR 3 Cd B 4002 . B S 90 Cd R A0 805 7 A0 402 Cd 22 g 3
EAISER R, BB LA e A Cd Bk AN BOR B2 0 B 7 SR 90 Cd R I A B | BN 22

Cd Whf 4P F o B Rl B AR BEUR Cd R IR 22 B 75 9, 03 SR 2 Ak e, PR32 B0 f i 1 302k )
il ) 2 S A e Ah . R AR AR PR B eh Cd B A B R BB RN, BB E AR Cd v
FE T B Pl AR AR, TR S B S B Cd MR R 2 DL S (iR 0 TR A K R 3k A 45T il B
AR B MR Cd RSB RS T Cd B LA b b A T AE L b b B i K
THF TS K HRI b, Bl Cd BRI AN B2 80 Cd R A0 B 35 0 M G E. T A 15 R 5 B AR 35
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ERMAR IS WGz B4R Cd, S8 Cd B 776 T iR i ag o B AR 28 6. M oemFos 45 S R 212
2 5 3 i () B AE T LA i 3 BRI 3 i % Cd A, DT K R 5 7 ih 9 B & At X R AE R IR Cd 5 G
+3E L F IR et A EEE Y

4 5

D fECdig e+ 1, BAEFRMMBER R —o0E & BEXT 2 A5 R 2am A Kl B0 S E T, &
R ML ZE L M BT R AR R B L R A AL BT . 2 A T b R A AL Cd A RO BEAIG .
“Cd+BAE R+ N HR A Cd F o> B R i 3, “Cd-+ AR AR AL PR 22, He % 19 4> 3 il o ol
U R —E R CAd R B, B2 Cd B /5 Cd B 2L T/ mm-8”.

2) B BRI A B AR B — B A A A B R AR AR B g rh Cd S DA R S e A5 L R TR h 2 RNk AT L
Cd i /8L, Fanashas Cd i8S 34 Cd R A S Cd, IR Cd, a8 Cd i 4
B 6]k B A e . MRPR LIRS A Cd, B AL Cd R 50 S Foan R L Cd Fis o8z )
KB 2 2 R .

3) H A AL P AR B AR K, Cd IR R B R i VE T, H R R 27 RERRAT AL Z At Cd X 3 i 1)
BFHEIMEH.
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Effects of Ryegrass and Arbuscular mycorrhiza on
Cd Absorption by Tomato Varieties and on Cadmium Forms
and Microbial Population in the Rhizosphere

CHEN Yong-qin', XU Wei-hong', JIANG Ling',
CHI Sun-ling's QIN Yu-li', CHEN Xu-gen',
ZHAO Wan-yi', ZHANG Jin-zhong', XIONG Zhi-ting”

1. School of Resources and Environments, Southwest University s Chongqing 400715 s China ;

2. School of Resources and Environmental Science ., Wuhan University , Wuhan 430079 . China

Abstract: In a field trial, two tomato varieties (“Defu mm-8” and “Luobeiqi”) were grown in a Cd-polluted
soil (Cd 5. 943 mg/kg) and treated with ryegrass (Lolium perenne L.) and/or Arbuscular mycorrhiza to
investigate the effects of ryegrass interplanting and A. mycorrhiza inoculation on the yield and Cd content
of the tomato crop and on Cd forms in the rhizosphere. The results showed that either single or combined
treatment of ryegrass and A. mycorrhiza increased, in different extent, the dry weight of the fruit and the
roots,s stem and leaves and the whole plant of both tomato varieties, by 2. 67% ~38.42%; and decreased
the Cd concentrations in their fruit and roots, stem and leaves, by 4.59% ~42. 45%. Cd accumulation in
tomato was in the order of leaf™>stem>root=>{ruitv In all treatments of the trial, cv. Luobeiqi had lower
Cd concentration and Cd accumulation in its fruit and Cd accumulation in the whole plant than cv. Defu
mm-8. In tomato cultivation in a Cd-polluted soil, ryegrass interplanting and/or A. mycorrhiza inocula-
tion decreased EXC-Cd, CAB-Cd, Fe-Mn-Cd and total Cd (by 8.65% ~ 23.21% for Defu mm-8 and
15.89% ~27.52% for Luobeiqi ) in the soil. The concentration of Cd in the fruit showed a significant posi-
tive relationship with soil EXC-Cd and Fe-Mn-Cd (p<C0. 05). Inoculation of mycorrhizal fungi significantly
increased the shoot and total biomass of ryegrass and its Cd concentration and Cd accumulation. Cd concen-
tration of tomato was in a significant negative relationship with that of ryegrass (p<<0.05).

Key words: ryegrass; Arbuscular mycorrhiza ; tomato variety; Cd absorption; rhizosphere Cd form
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