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Abstract: For understanding the leading mechanism of arbuscular mycorrhizae (AM) mediated alleviation of cadmium phyto—
toxicity, and investigating on the possible application of mycorrhizal symbiosis in bioremediation of contaminated soils, the
role of arbuscular mycorrhizae in metal translocation from soil to plant was studied under simulated contaminations on a sandy
loam soil. Mycorrhizal effects on plant growth and Cd uptake by Lolium L. inoculated with AM fungi Glomus mosseae, Glomus
intraradices were determined in pot experiments under three Cd addition levels (0,15,50 mg-kg™). Plants were harvested three
times at 70 d, 105 d and 210 d respectively after sowing. Only shoots were reaped at the first and second harvests, but both
shoot and root were harvested at the third time. These two AM fungi showed some endurance to Cd contamination in soil,
since the addition 50 mg-kg™ Cd in soil didn” t decrease mycorrhizal colonization. P concentration in shoot of ryegrass plant
was not significantly affected by inoculation with AM fungi, so did the dry weights of ryegrass plant, implying low mycorrhizal
dependency of ryegrass on AM fungi. In Cd contaminated soils, AM fungi didn” t increase Cd concentration in shoot, but
strengthened the bio—fixing of Cd in root and reduced Cd translocation from root to shoot. The distribution proportion of Cd in
mycorrhizal plants shoot was lower than that of non—-mycorrhizal plants. AM fungus could adjust the distribution proportion of
Cd in host plant and protect host plants against heavy metal contamination. These functional characters of AM fungi could
play a great role in the melioration and the quality keeping of Cd contaminated pasture soil.
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BEETSHE | 5 P MBI IS5 i ) L3P Cd
R KL S A e A YR RO R H £ 1,
XRIAE Cd ARG R —Le Ay Wi
TEVRN B AR A R B E SRR L i T, X 8h
LR PN S WOk S (U = €S I R W % G
TRz, i H RN E SR RS
R I B b BT ST AR TR FH 2235 (24 R Ry
TR R E 155 LIl U — b IR EOR . I
PRHREAEY 5 MR AR LR (Arbuscular mycorrhizal
fungi, AR AM ELTE ) JE 3L R , AM BT 19 T 22
e BN L S AR TN Y B T 1, WS
R, N bR A AR AM R R YL REIE IR
RAEI RN Cd HRBED ), /D AE Y 3 L Cd 11 2
R T A Cd B 3 9 PTeEs, H 32 4L
il e AR 2 F (5 A ) AR 2R R R AR T 22 1% ) %o o 453
JRICR B R Y, RARHRL SR —AF s 4R
TR JEH SIS ORISR IE Y, RA B R4
DA B, H R TR T8 32 2R e T 2
TiETT D, WHCRE 2 A 7= AR R, JE R X T AM
LR R AT IR PN B 4 O 2% R B ) 28800, T 3 e 3
A A A o T R CH TR T e g ] A ke = T
ATl o P AR a6 Ve ) e —— R A
(Lolium L) 15 FAHY)  BIFFE T HEAR ISR R 0
A2 B BB IR Cd WO SR, LU R A
ARCRTAR B X FB A R AR K R T B R TR AR
Yok A1 A PR BER T

1 RS

1.1 ke

IR NPT fid AN 9 R H (Lolium
L), 2 AR AR EL 1 73 3 Glomus mosseae
(Nicol. and Gerd.) Gerdemann and Trappe H1 Glomus
intraradices Smith and Schenck , 15 37 5& it by + 438 55 ]
W 11 eOIRIR Y, 2RI aTHT 6 XA
AR BERDIE £, HEA B PR A LT & 1 3.0
mg -kg™'; 2% 0.018 mg-kg™'; HALWE 3.4 mg-kg™;
BT 33.6 mg-kg; 425 0.015 mg-kg™; pH 8.67 (/KiZ
e, Kkt 2.5:1), HEAAIEE 1 mm fii, 78 120°C

1.2 iKW 7 %
1.2.1 it

B34~ Cd K, B 0.15.50 mg kg™, Cd iR
i (CdSO,-8H,0) 5 T HEFEIME & 192, Bt 7K

FT ol AR (-M) 3R/ Glomus mosseae T4
F Glomus intraradices 3 ML B EE 3K,
B4+ 280 ¢, &R Ay it K AL 300 mg N -kg ™!
(NH,NO;) ., 125 mg K,0 -kg™ (K,S0,) .20 mg P,05-kg™
(K;HPO,) . TEAEIAACIBIE], B 100 mg N-kg™ |
50 mg KO kg, PASRBEAR AR AR K A2 HoA S 2038
1.2.2 HEFP R AR EL TR

FERDAL IR I AR FP R 30 ¢ (=M E R TE
Y, Bh8 4 A Ja, AW 22 T AR BORIAR
B HEHIAS )  AS T b B A 300 2 TR A L ) 2 ol )
30 g M FHUER 15 mL DLARIE - BERE P IX R —3
PE.
1.2.3 #&Ff

BB A 10% H0, R 10 min 173
TTH R G MEEF . A TG 30 A, Jf A ok
B 0.5 em JEHITEY)Z LIS K 078 % , IR TE
PSR 2 TP T IR AEREAE 20 °C~25 °C, AT ]
K 14 h-d™, 5K 07:00~08:00 £ F1 17:00~21:00 2k
PIHAT AN ST AR [R5 A 2RO
1.2.4 WERFNI 2

B REFE 10 JA (5 1 IO (15 /(5 2
YOS ) A1 30 J (55 3 Wlleak ) B4 3 W4 SR,
55 1 UORIER 2 RIBURE AT UM ZE AR A 4 A DA T BT
Hh 1B 5 27 3 YRIBURERT (RIS k b AP RIAR 22, HBCH
HIAR R P , PRI 0.5¢ S AR T4 HL 5% Phillips F1
Hayman [ 775 GL 0, J7 % 38 SO0 A PR AR (R e 30,
R ZR AR A UK ) b - BRI 28 i1 | BB 40
Je , FHBUBH B b 0 0 o 5 i 5 P W A A
PR Cd 2t AT H 35 5R HH R0 ik, R
SAS6.01 R GRS B AT S 134T, 5% 7K
LSD £ # ML A4S 56 45 b BESF- 34 {1 22 6] () 22 5 B 3
P
1.2.5 TR Ik

3T A A AR R AR AR G R AR AR ] Cd
WAL AR50

IR YR (%) =(FMR KM )x100% (1)

FRARA IV (%)= CIEFEARIEYI Cd 2 -FR
TP Cd ) /RARFEYIH Cd £x100% (2)

2 RS

2.1 HIREBEMERERRSR
M T A Cd K- AR M 2 T R
A FILEARIR DU AR IR AL R A , nT LU 7
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AP RAR B AL, BRI Cd 50 mg-kg™ b3
(AE AR b A A D V5 Gehbh SR A R AR AR e
FhE it Cd KBS0, G. mosseae F1 G. intraradices
X FRAZ R AR YL R AT W B ke R PI A
REEX Cd 23 HAMRBAmZ M, &2 A% 50
mg- kg™ Cd 154, X5 Leyval S5 50 4,
AL

M3 IRIBGRIEE R (£ 1DE, TR MR A
545, AT Cd ZKFRy3gn, B2 w1 AR AR
B E G, EARR Cd K22 8] 22 53 5 3, B
H Cd 75 YRt RAE R BEE AR YRR I R

B AR HPP PR AR BT X R A A A ROR R
FH RO HEVERT, BRTESS 2 YORRANES 3 iRy, 15
mg kg™ Cd ZKFAEEE T G. mosseae I T FRZZ B
My B ER AR S, UL TEAR Cd ok BE I R G
mosseae X} Ja A7 B AE KT B A — 2 I RIAE A1,
AR LR BRI AR T JE A2 Rl AR RAE K
i, R —E YA AR

WEAN TRl —Jit Cd KT, b B2 48 hn 1
AR (PRI, XERUIFEET Cd KRR
1R, B OR T AR AR AR IS T A D55 1%
AR, R R AR s 1 X 200

R 1 AENE Cd KET, AEEF(-M) f M1 i8R M2 £HTEZENERRAMERERLE

Table 1 Inoculation rates and root dry weights of Lolium L. plants without inoculation (M), inoculated with G. mosseae (M1) and G.

intraradices (M2) under different Cd levels after sowing 30 weeks, and shoot dry weights after sowing 10, 15 and 30 weeks

Cd KF e B g% W EIRTH g RTH
/ mgkg? 1% ERRIIE S 52 Bk 53 Ik 3 IR /g
0 -M 0 2.88+0.10 1.40+0.01 5.33+0.20 9.62+0.12 6.10+0.23
G mosseae 342 2.74+0.03 1.33+0.10 5.07+0.19 9.14+0.23 4.99+0.25
G intraradices 38+6 2.52+0.04 1.16+0.09 4.50+0.19 8.18+0.31 3.82+0.38
15 -M 0 2.65+0.13 1.17+0.04 4.77+0.17 8.59+0.07 6.05+0.19
G mosseae 41x2 2.40+0.04 1.36+0.02 5.34+0.17 9.10+0.19 5.30+1.08
G intraradices 42+1 2.32+0.09 1.08+0.12 4.49+0.31 7.89+0.47 3.88+0.38
50 -M 1+1 2.51+0.05 1.21+0.05 4.41+0.20 8.13+0.22 5.11+0.24
G mosseae 49+8 2.22+0.02 1.18+0.08 4.21+0.05 7.61+0.14 4.01+0.16
G intraradices 61+1 2.08+0.07 1.10+0.14 4.43+0.19 7.61+0.08 3.45+0.50
Cd s s s s s s
BIAR 5 5 s s s s
Cdx R ns ns s s ns s

TR R 3 WO A EFIbRIELR 2 ;s TR 7 220013k 5% 0 #KF, ns FomARE, T,

2.2 HEHRHIBFE IR
2.2.1 AHARBAIR BE

B 3 Cd ACE RS8N, 2% 3 Ak B ) 2B 22
b LA B Bl B O C 3 AR Ak, FEAHTE] Cd
KT 5 1 ORI, $2 0 Ak 3R AR A b1 S 5
SRR T AR R (0T BEAL 3 5 55 2 YISO | %8 A
B 205 3 IR I Cd 7K (0,15 mg-kg™) , 454%
Fpb B AE AR B A LTS TTT7E 50 mg-kg™ 1)
15 Cd 7KV, $E Ak B %) JR A7 R b | i i 2
THARL AT BRAR S (3 2) o FT UL FE R SRR L
A B FAEYRISCE SR T E B, TN Cd 5 75 6 AR bR
P S T R

Ay UM BA S B b - M A BEAS B B S
CR T RE SR AR A N B O R BEE 3 WRIGIR R, I
R 1.2 Wlksk, FEARIT B © T 4 22 80 Bl iie
NS
2.2.2 AR W

MR 3 ATLLE Y B il Cd 7K 14 e, A4
Fofr Kb SRR Ao bt S RUARL B8 Bl S Y 0 AR 5 A [m) 42
PR BRAEER 1 USRI, Heh b BE A AR A I T e il
I ERRAR, MITESE 2 WHIEE 3 YOBGRIT , Al bk |
IS R At A ST RGN AEAS S 3 AR TS WA Tl 00 R X
%, R 15 mg kg jifi Cd Zb¥IEFP G. mosseae 151
Hho

FEARIADIE Cd ZAF R, 55 1 ISR, 32 b 2
AR - PO Al B T AR, B0 BRAR 3L, 555 2 YN
55 3 YRR, Fe i b SRR I S R ot 3t =
FAEEREIRE) , BA G. intraradices 767G Cd 7KFE T
(911471 5 TR P IR At i 52 R B s | 6 W TR AR ) 1l 7
— R B T W R O IR . SiAb,
PR G. intraradices ALFRIVHE 22 WK i v g 5 AIK T4 A
G. mosseae ALFH
2.3 HEHIT Cd BRI 5 5L
2.3.1 FEARIR Y Cd kBB 1L
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F2 AEME Cd KET, AEM(-M) Ef M1 S M2 ZHTEBZENERE
Table 2 P concentration of Lolium L. plants without inoculation (-M), inoculated with G. mosseae (M1)

and G. intraradices (M2) under different Cd levels

Cd K S Ak o BB E % MR e
/mg * kg 5 1 ek 55 2 YTk 5 3 ik 1%
0 -M 0.24+0.01 0.34+0.03 0.14+0.01 0.09+0.01
G mosseae 0.23+0.01 0.37+0.01 0.14+0.01 0.10+0.01
G intraradices 0.23+0.02 0.36+0.01 0.15+0.01 0.10+0.01
15 -M 0.26+0.01 0.32+0.01 0.14+0.01 0.09+0.01
G mosseae 0.21+0.02 0.36+0.01 0.14+0.01 0.11+0.02
G intraradices 0.21+0.02 0.41+0.01 0.15+0.01 0.09+0.01
50 -M 0.25+0.01 0.35+0.01 0.13+0.01 0.09+0.01
G mosseae 0.23+0.01 0.38+0.01 0.18+0.01 0.11+0.00
G intraradices 0.23+0.01 0.39+0.02 0.17+0.01 0.10+0.01
Cd ns ns s Ns
BIAR s s s s
Cdx R s s s ns

ANitE Cd F54 T, 355 A H o A A PR A R
P Cd e BT I 25 25 57, 1 I B 542 0 ) B AR ) A4
PERAK, BEE T Cd KR4 e, i M 5, 44k
P PR B R AIAR R Y Cd IR Y 2 T e
(%4),

TENE Cd 24T, #EFhAb BRI 38 Cd g S
AFUE AR XeF B AL B 22 S IS d 2 | (L ol Ak BB ) A ARAR
b Cd WRIE B E S TR (% 4), ULEATE
CAd VG Y BB T, HeFh AR AR LR AEHS Cd [R5 7
TR 8 TAR R A Cd B AR 1 SR 22 i
EB Cd WAL, A R B Cd XRZ
O R
2.3.2 FEBRIAR NI Cd 7721k

5 AT AE 1, B Cd A H 3, A iph

(M) $ZFl G.mosseae T, G. intraradices )23 511y
EERFIR RN Cd AR, HMR AR Cd &
TEE i THb EAR . RUIBAE R Cd E2RRT
MR,

At Cd Z50F T, $mp b BRA A R b 13RI Cd
AR R Cd 2 B AR T AR B 0 R AL B

Jifi Cd Z51F T, FERhAb IR AAR MR Hb 138 Cd FH 2R
KSR T AR IR, HATE 15 mg-kg™'Cd 7K
Vo, HR G mosseae IE 1.3 WWERFIHEER 6. in-
traradices W55 3 IR B FF (25 5 A 1.3 ) 5 i FEAR
ZH A AR BIAR R Cd ) I 3 i 1A L R X B
RbFE HE 15 mg-kg™ Cd 7KFER 327D G. intraradices Ab
PRAYHR 220 Cd 5 22y 6 FRAR BRI K2y 3 A 10
P2 o AT AR L AT S S 1 I 1 AR ARORE Cd i, BB

%3 AR Cd KET, REEH(-M) HEFh M1 3 M2 B ZERBIE
Table 3 P uptake by Lolium L. plants without inoculation (=M), inoculated with G. mosseae (M1) and
G. intraradices (M2) under different Cd levels

cd 7J<T’~_1 R b - - i{ﬁi%ﬂ%iﬁi‘i%img : S— AR B EL
/mg * kg ERR/CIE S 5% 2 Rk ERR/CIE S MRt /mg

0 -M 0.70+0.05 0.48+0.04 0.73+0.07 1.91+0.03 0.56+0.04

G. mosseae 0.63+0.04 0.49+0.03 0.74+0.03 1.85+0.06 0.52+0.05

G intraradices 0.59+0.05 0.42+0.03 0.69+0.02 1.70+0.09 0.36+0.05

15 -M 0.69+0.04 0.37+0.01 0.65+0.04 1.72+0.02 0.56+0.06

G. mosseae 0.50+0.06 0.49+0.01 0.77+0.01 1.75+0.08 0.57+0.09

G intraradices 0.48+0.06 0.44+0.04 0.70+0.04 1.62+0.10 0.35+0.03

50 -M 0.63+0.02 0.43+0.03 0.58+0.05 1.63+0.03 0.45+0.02

G. mosseae 0.51+0.02 0.44+0.03 0.75+0.03 1.70+0.04 0.45+0.01

G intraradices 0.48+0.03 0.43+0.04 0.73+0.02 1.64+0.02 0.34+0.04

Cd
PR
Cdx i

N

N

ns

ns

N

N

ns

N

N

N

N

ns

N

N

ns
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s/t [5F 3 YRR Y3t L3RI Cd /(5 3 YR i
FERIE Cd BE+R R Cd ) [EERE ) BEA T Cd
AT, A R AR EL T ] T Cd ey
BRI HC , AEARMIC Y Cd 90% LA I SEFRAERRHS , Horfr
15 mg-kg™ Cd ZK-FIf, B Ab BRI Cd [m)AE PR |
HRA L R e o B 3, JEHR AR 6. intraradices
AYALER, 5 HX AN EEAH H, Hb b A 20 BC He A9

11 %FE5E] 4% (% 5) .
24 BIREFEXNEZERI Cd ME £ TTME

Wi w2 TR A (B 1), RN Cd
BF, F2 0 TR AR L R X AB AR A Cd Y T 22 BTk 3 17
B, FRUAEHITRE AR GINE THEXT Cd TRk,
Jiti Cd 254 F, FERh TR AR LG A TR 22 STRR O IE(H,
VLI B AR Cd, 7E 15 mg-kg™ Cd

x4 AEHE Cd AKFET, AEEF(-M) Ef M1 5 M2 WEZER Cd iRE
Table 4 Cd concentration in Lolium L. plants without inoculation (M), inoculated with

G. mosseae (M1) and G. intraradices (M2) under different Cd levels

Cd K BT L3 Cd W g + g AR Cd R
/mg « kg 51 ol 55 2 Yol 55 3 Yol fug g’
0 -M 1.70+0.32 2.09+0.31 1.80+0.39 4.43+0.38
G. mosseae 1.09+0.60 1.66+0.47 2.10+0.21 4.72+0.28
G intraradices 0.77+0.67 2.49+0.84 1.91+0.84 3.57+0.39
15 -M 3.25+0.36 3.97+0.95 2.81+0.36 17.50£2.06
G. mosseae 3.88+0.31 3.26+0.71 3.79+0.95 72.67+8.33
G intraradices 3.51+0.55 3.08+0.17 3.81+0.84 104.55+10.06
50 -M 7.20+1.01 4.62+0.76 6.17+0.41 109.13+25.58
G. mosseae 6.81+1.18 3.93+0.48 5.04+0.48 196.35+13.70
G intraradices 5.88+0.77 4.73+0.62 5.55+1.20 246.10+£29.08
Cd s s s s
B ns ns ns s
Cdx R ns ns ns ns
#£5 AREMECAAKET, REM(-M) Efh M1 5 M2 WEZER Cd £
Table 5 Cd uptake by Lolium L. plants without inoculation (-M), inoculated with G. mosseae (M1) and
G. intraradices (M2) under different Cd levels
Cd /J<Tl~ e S : ﬂﬁf:asﬂ& Cd E{/p‘g . _ AW Cd i o
/mg-kg 1Rk 2 Gk 3 ok MK Cd R lug
0 -M 4.88+0.75 2.93+0.42 9.64+2.40 17.08+3.75 27.05+3.11 26+4
G. mosseae 3.00+1.62 2.18+0.50 10.60+0.68 15.75+2.29 23.53+1.05 31+2
G intraradices 1.94+1.69 2.91+1.02 8.47£3.51 13.35+2.81 13.64+2.02 37+7
15 -M 8.58+0.59 4.66+1.17 13.43+2.16 26.04+4.35 106.15+15.88 111
G. mosseae 9.61+0.37 4.42+0.95 20.19+4.62 35.56+4.40 379.84+40.08 5+1
G intraradices 7.98+1.31 3.33+0.49 16.98+2.91 30.48+3.21 406.15+56.14 4+1
50 -M 18.08+2.55 5.60+0.82 27.24+2.96 50.73+2.77 554.76x£114.96 5+1
G. mosseae 15.12+2.75 4.66+0.87 21.25+2.15 41.64+4.68 786.54+60.08 3+1
G intraradices 12.23+1.50 5.19+0.94 24.44+4.27 38.95+1.22 850.55+171.25 3+1
Cd s s s s s ns
BRI s ns ns ns s s
Cdx i ns ns s s s s

TE: o/t FRH = URUCRAY R Cd 43/ (5 = ISR A B R Cd E+AR— AR I Cd 4,

IKEHT, G. mosseae A1 G. intraradices W 22 51k Sy
IR E] 68%F T0% , WP AT AR L TR B K b fie ik
TREFXESE Cd NI, T 50 mg-kg'Cd 7KF-
I, B 22 GTRRER Y BN 279% 0 32% , TR 22 BTk % H
TEAK Cd AP AT RS, R ESE Cd X RHRE
WA —ERARIER . ZEARIR] Cd {59250 T, PiFh

PR AR LA (0 DTk R0 5 25 5, HURE AR IR Cd
90% L b BREVEARTS, 1l WLAE Cd 15 YLME LR | TRAR
BRI AT Cd ZEAE AR P B 20 B L 3], 38 in 17 B 3
HRZ Cd i 2R, MR 38 Cd A3 EE, 98]
Cd XM R
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G.mosseae 01 G.intraradices
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Figure 1 Effects of AM fungi on Cd uptake by Lolium L. plants
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TEFR GBI R RN R LA = e X HE
YIrTRE P EVFZANRIRON, X 518 FAEYAE 18
HRECTR RIS Rt SO EREE 250 (an 3 A AL PR
AR 42 Jm PR MR BESE ) B UIAHOC ARk F Y
iR AR AR B G. mosseae M1 G. intaradices %o 2
Az w R YK A0 R TR AR LR = e x PR A B
K AVEFHBEAS [A] & A AN [F) Cd ¥ B2 7K AN ] 1 B2
W, ZEAIG Cd WK 42 G, mosseae X ERZZ Bl I
PR LR R T BRI EN], — e R gk 1
TR W, 7T DL TR AR B G o GBI TR
PRFEAEAR AR KORIS SRA MR Cd FEF RYRE ST, AT BE L
HARE AR | Cd W PEEARAT G, HARHERP AL BN T
Az mEACEL R L T A RIVE ] B AT R R A
AT TR LR R 555 , 1B R A L R W A
FH Al | DR, TR B B 4R G I o 1 AR 1 DUk
ANTHE EARNBROK A S P R B THAE, 7 e i
JRCHER AL B AR R A 152 B A A

T H N AR L PR AR B R R
PR AR LR A T R AR B SR AR (A ) A= )
S, AT AR 4 IR TR I R RN, BR DR
LRI, WARE RN TR c i
It H MR AR LT I AR S D 22 0] 8 4w A BB B
VER, RIAR R 22 45 B REAE [EI R AR S T H 5 T3 3% 1Y
Cd™, AR rh B2 R FAREY Cd & 5T R A
R B MA W20 R AR Cd e AMERA
BEMR ST mir 2 . SRRAAE Cd 15 Qe 56 T Hfh
SRR FC  [R]B REAR FoK B RIR & rh Cd &
A IREAE RN 58 4 — 2, R Al e S A A B Al
PRIAR LT 9 7 T A R 28 G, B BB RAS B X AR L
MBI EAS =, B 0T 5 46 e A A ) W A

I1, AR NAEAE— PR E L] A I 320 19 7 4
Koy RREFEMMRIR R, 53— 71, BeRh B AR 2L 1A
ATREE N T 4 Cd mAEARIR AT RS i B, [ A
T BRI N B Cd R4 B E AR 2 h | i
LR T Cd )t 3B 2B Ee

Zr LR, R A BRI AE K T TR AM L
PRI PEAR /I, (H R AR AT A 75 AR RS Cd 1
e ) L 3 3¢9 ol 1 R A N T R O
SHEUREEE O e g7/ LA P

S 3Lk
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