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Effects of Arbuscular Mycorrhizal Fungi on the Growth and Rare Earth

Elements Uptake of Soybean Grown in Rare Earth Mine Tailings

GUO Wei', ZHAO Ren-xin', ZHAO Wen-jing', FU Rui-ying', GUO Jiang-yuan' , ZHANG Jun’

(1. College of Environment and Resources of Inner Mongolia University, Hohhot 010021, China; 2. College of Chemistry and Chemical
Engineering of Inner Mongolia University, Hohhot 010021, China)

Abstract: A greenhouse pot experiment was conducted to investigate the influence of arbuscular mycorrhizal (AM) fungi Glomus
versiforme on the plant growth, nutrient uptake, C: N: P stoichiometric, uptake of heavy metals and rare earth elements by soybean
( Glycine max) grown in rare earth mine tailings. The aim was to provide a basis for the revegetation of rare earth mine tailings. The
results indicated that soybean had a high mycorrhizal colonization and symbiotic associations were successfully established with G.
versiforme , with an average rate of approximately 67% . The colonization of G. versiforme significantly promoted the growth of soybean,
increased P, K contents, and decreased C: N: P ratios, supporting the growth rate hypothesis. Inoculation with G. wversiforme
significantly decreased shoots and roots La, Ce, Pr and Nd concentrations of soybean compared to the control treatment. However,
inoculation with G. wversiforme had no significant effect on the heavy metal concentrations, except for significantly decreased shoot Fe
and Cr concentrations and increased root Cd concentrations. The experiment demonstrates that AM fungi have a potential role for
soybean to adapt the composite adversity of rare earth tailings and play a positive role in revegetation of rare earth mine tailings. Further
studies on the role of AM fungi under natural conditions should be conducted.

Key words : arbuscular mycorrhizal fungi; rare earth; mine tailings; soybean; revegetation
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1.1 3SR

LA + R R R 2 55 R A N5
kT E = SR £ X (N 41°47709. 17, E
109°59'41. 4"). i1 JBW 1 pH K 7. 8 (RBH P 5K
BT Lo 1:2.5) , AHLE & i 0.30 %, &= N
0.65 % , AN 6.08 mg-kg ™", BH HHFE + H s
TR g R R 1 (CRA ICP-OES i€ ). £JZ
s 3 pH N 7.30( HHES KA EE R 1:2.5),
HHL &2 0.36% , 2% N 0.02% , &84 0. 13% ,
HEEE N 22.9 mg-kg ™' HAHE N 8. 16 mg-kg ', JE
WS F - 45T 2 mm LR AE 121°C S PR
ZEVRKAE 2 h, IR K EE AM B

®1 RIETHREIFBRIAERESELENEE" /mg-kg™!

Table 1 ~ Concentrations of rare earth elements and heavy metals in rare earth mine tailings and topsoil /mg-kg~

1

JLHR La Ce Pr Nd Sm Eu Gd Th
By 12460 £263 26956 +500 5199 £116 7800 £168 544.4+£12.8 83.04+1.91 91.92+3.50 40.85 +1.74
[ E 629.0 £22.4 1417 £25 243.6+£9.6 409.3+18.2 41.55+3.39 11.27+0.43 14.21 +1.07 12.04 +1.51
JLE Dy Ho Tm Yb Lu Y Fe? Al
Ry 8.92+2.08 3.90+0.12 8.76+0.80 7.79+0.15 3.28+0.05 140.1+3.3 125.0=x1.4 6789 £99
Ht 2.89+0.11 4.09+0.06 7.22+0.97 4.23+0.09 2.16+0.06 18.75+1.70 25.58 +0.75 2356 +34
LR Cr Cu Ni As Ph Zn Mn Cd
b 16.42 £0.35 38.45+1.73 7.41+0.13 3.15+0.07 172.1x25.6 1076 £24 13389 +189 17.28 £0.76
H+ 44.06 £3.71 17.34+£1.05 16.50 £0.47 3.40 +0.25 8.27£0.32 39.98+1.12 462.5+10.7 0.96 +0.03

1) KB 3 MEARATIIE £ RIEZE; 2) Fe HA Nmg-g ™'

1.2 HEEY R R

G RHEY K 5 ( Glycine max) Fh 1R F N5t
PR A B R ST BT. R SE X R 2R 1w
THEE , SR 5 16 BT T 0 O 2R A0 8% 3% 0L 0B 748 2R Ab
FHOFhFEE A S BN el #E Rl 50 AM B R BR
# % ( Glomus BGC  NMO4B,
1511C0001BGCAMO008 ,438 M1 F/10 g) b5t T

MR B IR -5 TR IT Bl A ) 2 B AR, 12 TR )

versiforme ,

HMLLE K (Zea mays L.) Fl H = M F ( Trifolium
repens L. ) Hia FY KEF RGN T HEA T, |
22 L) Kot iz g hE AR Be S SRR AR Prad 1R
a).
L3 Xt

TR 15 AN 452 o X BEAL B (CK) A A 6.
versiforme 2 FRALBE ERACPRIE 4 NEE. LIEIE
R ( A48 14.5 em x P H4E 10.2 em x B5E
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12.5 em)MERIG IR AR 4, NS A BHIERLAR. 43 4%
Kt LR 1 kg, JRELA N T em, K EEH K
P 3 350 ¢, JEEZ R 3 em, R Z ) 0K 50 ¢
BRSO w5 T B By R AR
250 ¢ JEEEAR 2 em. AEEFP AL ER AR
TSR KA. A IR IR RE RS 78 2
AR Y, TR T LA WO 2 ) i L R4 10 A
o A AR R N N 60 mg-kg™', Py 30
mg-kg ' K H 71.5 mg-kg™', Mg & 4.5 mg-kg™',
Ca N 20.4 mg-kg™', Zn  1.23 mg-kg™", Mn Ky
3.42 mg-kg™',Cu N 0.54 mg-kg™', Mo }0. 009 35
mg-kg .

TEPEURL AL 1) R SR 1, 1 2R Fh 6 Rz, HY B
10 d STV E, A0 B 2 BRSARIT i), 1l
TERSE R = AT, IR 1) B 2R ROL, %
FHPRE AR R E I AP A K e 5 A N 1 ek
Jo 5 7K R o TR B KRRk R 80% . A B 2 H
YK 12 JF R BOR.
1.4 FEEL & B o b E

WOARIN A bRy F 2R R 2R IRK
Ve, T0°CHET R SE M A SR K e R 28 R A
T35 ARG 2R K ok 3 K, 70°CHET B . 7E
PRI BEHLIER 0. 7 g B EARBLRAT T 50% 19 LB
I R AR AR YR I B R AR R A A
0.05% & Wy i T LB H i W e o, PR A7 Tl
Fr 22 R AR BT R IR T S AR AR e R

FEYIRE SHE TR SR 8 , B PRI S mg
ZEA R FICE 43T ( Vario ELIT, CHNOS Elemental
Analyzer , Elementar Co Germany ) XJ A9 F£ i Hb [ 1
A C N JCR & REHATIE. FRI0.5 g 2241
FEES A 5 mL 2% 40 HNO,120°C 451F T IFi
A, Wl DR A S & 5 B T K
556 1% 4% (ICP-OES, Optima 7000DV , PerkinElmer
USA)JME P, K, Fe, Zn, Cu F1 Mn (975 i, iR
TR L IT R A i, A B S S e T
PR EAL (1CP-MS, ELAN DRC-e, PerkinElmer USA)

e AR TP M 0% La, Ce, Pr, Nd FIE 4
J& Cr, Cd, Pb W& &, R M 12050 6O EE T
(AFS-930, b5t 35 KA Hr A A2 |] ) e #F b iy
As &,
1.5 B

AR IR R Excel 2003 HEA7 Y {E FIkR #E
TRZEAYITHE  SPSS 17. 0 Seit-ak #4707 2250 ¥
O 0 A A 2 B 25 S B M B OKE 5% .

2 HERS5HH

2.1 HRRPEFMREAEYE

R L, M AM B G. versiforme X}
KGR YRGB AEY IR 2 s, K
FERP AL PR IR 2R b B R LR AR A A= 4 | i 45 A
G. wversiforme 5 R T INEN. T RAARILAE R WA
PR AR YT YR 5 T 67% . i 2 KT A
HRHE - E R, 5 X0 BRALERAR L, B2 G, versiforme
WERE TR BRI YR (P <

0.05) , 3 b FBFIAR - H 735 5 T 809% H1 65% .
R2 EMAMEERNXERRELERMEMENHM
Table 2 Effects of inoculation with AM fungi on mycorrhizal

colonization and biomass of soybean

AR S YL b 3 3
Rl P AR AR e i ﬁﬁflﬁ *ﬁﬁﬁﬁ:;i;
/% /g-pot / g+ pot
CK 0.00£0.00  2.337+0.413 b 0.167 £0.030 b
G. versiforme  67.46 £3.05 4.217 £0.102 a 0.275+0.019 a

1) P 4 W S IO + AR 2% | A — 31 R R 5 5
RERBE BEKTH P<0.05, F
2.2 HREFEWICIL C:N: P A SIE TR
S5 BAC AR LY BT G. versiforme WG T
KEH F3H P AT K A& LA SARER P A& (32 3,P
<0.05) M F3 P AT K By & 5251 T 220% Fi
152% AR F P By & &3 T 144%. G
versiforme WAT SR GAERR Y N B & 12 SRR
K & (3R 3). SXTIRACEAA LY  352F G. versiforme
BERNT KRG FERARARAY C: N b, B 3 FRAIT
THb EEBRARES C: P AIN:P L (524,P <0.05).

£3 EMAM EEMKEH EEBMRE N, P K 22850/ mg-pot ™'

Table 3  Effects of inoculation with AM fungi on shoot and root N, P and K contents of soybean/mg-pot =

Mo B HRE
A b
R N P N p K
CK 59.06 +£9. 44a 1. 364 £0.225b 13.84 +5.31b 4.746 +1. 184a 0.088 +0.017b 3.333 £1. 006a
G. versiforme 69.49 £5.35a 4.368 +0. 654a 34.94 £0.71a 4.090 +0. 463a 0.215 0. 041a 4.182 0. 794a

2.3 MMRPESESE
XEFREHL L, 5 RIER AL BEAT L, 5 6.

versiforme b3 AR T b - Fe Fl Cr (& 5 (3R 5,
P <0.05) , MiARE LA E S EA &R 0T
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Table 4  Effects of inoculation with AM fungi on shoot and root C: N: P ratios of soybean

Hb B
b ARy . .

C:N C:P N: P C:N C:P N: P
CK 16.65 +0.72 b 735.5 £106.3 a 43.81 £4.95 a 15.26 +1.42 b 941.9 £40.6 a 63.75 £15.49 a
G. versiforme 26.70 £1.60 a 446.1 £59.6 b 16.77 £2.18 b 28.69 £3.06 a 488.4 +62.7 b 17.49 +1.25 b

®5 EMAMEAERMKEH FHNRTESESEMNHM /mg-kg ™'

Table 5 Effects of inoculation with AM fungi on heavy metal concentrations in shoots and roots of soybean/mg-kg

HEYIEAL b E Fe Cu Zn Cr Cd Ph As Mn

i 1 CK 235.3+17.5a 9.25+0.41a 180.5+2.5a  1.666 £0.636a 0.449 £0.033a 1.824£0.542a 0.706 +0.042a 254.6 +24.0a

d 3]
G. versiforme 112.9 £11.9h 10.31 £0.30a  169.54.9a  0.430 £0.080b 0.377 £0.053a 1.293 £0.151a 0.637 £0. 1452 202.5 £15.2a
CK 1451 +534a 33.23+0.50a 633.5£33.7a 40.48+5.23a  0.560 £0.011b 59.58 +8.37a  3.473£1.074a 903.4 +168.8a

AR

G. versiforme 1261 +17a  35.68 £0.89a 535.7 +52.4a

36.52 £4.17a

0.684 +0.002a 43.86+5.62a  2.613 +0.084a 705.6 +49. 8a

1) FPEHh 4 WHE R0 « bRfEse22, W — 30 b — SRR PR TR M 7 B em 2252 35, K P <0.05

KGR, SRR BEAR L, 3D G, versiforme
EHEIN TR GARER Cd M E R (P <0.05) , % HA
BN RRA RERm.
2.4 HEERTHLOCER A

55X HRALBRA L, B2 AP G, versiforme T 3 AR

45

" 40 | a OCK BGV

g5t

30t

ﬁ 251 4

R 20t

e 15F 2

ﬁ 1.0 . b

2 o,;- , . I—aI—I_L , b
La Ce Pr Nd

tons

TR G M EEBFIARERAG + 0K La, Ce, Pr F1 Nd Y
FE(E1,P<0.05). Hi ¥ La, Ce, Pr 1 Nd ¥
SR T4 77% . 81% . 80% F176% , R
La, Ce, Prfll Nd & 53 il FEAE T2 52% . 45%
37% H146% .

180 2
ol +
120 |
100 f b

80 | %
6ol 2 a a
40

i b
20 b
0 .

La Ce Pr Nd
WL

M LI H A it /mg kg™

FIh i A 4 YA I 318 = bRifER 22 R ) P REFROR 28 5 3, W /KFh P <0. 05
Bl1 2 AM EEXAEM EEAREHELITE La, Ce, Pr 0 Nd K ERFM0

Fig. 1
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fRYLRIERIN AM HIF 515 T Z [\ 6 1) 1) &
TS hR, e A SE M. EEAR LR
LR G versiforme J5 R KL EL A B 1) AR A7 4L
FORWKEE G versiforme WIUJEES. T WAARILA
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