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Qb R T R L R AR 26.1% 5 AR CKAH BL , 3250 AM 012 £l 3 Bl kb B 2K 8T 55 FE 35 00 28 & 540 1) L 3% 1l
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Effects of arbuscular mycorrhizal fungi and Pb on the growth and La uptake of maize grown

in La—contaminated soil

HAO Li—jun, PAN Liang, HAO Bai—hui, XU Jing, ZHOU Xin—-nan, YANG Liang, DIAO Feng—wei, GUO Wei

(School of Ecology and Environment, Inner Mongolia University, Ministry of Education Key Laboratory of Ecology and Resource Use of the
Mongolian Plateau, Inner Mongolia Key Laboratory of Environmental Pollution Control and Waste Resource Recycle, Hohhot 010021, China)
Abstract: Here, a greenhouse pot experiment was conducted to investigate the effects of arbuscular mycorrhizal fungi (AMF; G. versiforme,
genus Glomus, a species of AMF) and Pb(0, 50 mg-kg™" and 400 mg-kg™) on AMF colonization rate, biomass, nutrient uptake, and metal
uptake and translocation in maize (Zea mays L.) grown in soil spiked with lanthanum(La) at a concentration of 500 mg-kg™. The results in-
dicated that the average AMF colonization rate in maize inoculated with G. versiforme ranged from 20.8% to 35.9%, and it decreased with

the increase in Pb concentration in soils under La stress. The root colonization rate was significantly decreased by 42% under La500Pb400
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(La500Pb400, the soil spiked with 500 mg - kg 'La and 400 mg- kg™ Pb, the same below) compared with that under La500Pb0. Without
AMF inoculation, La500Pbh400 decreased the total dry weight, shoot La concentration, and La translocation rate in maize by 24.4%, 73.3%,

and 83.5% compared with La500Pb0. The root La concentration in maize was significantly increased by 101.2% under La500Ph400 com-
pared with that under La500Pb0. With AMF inoculation, La5S00Pb50 significantly increased the total dry weight and La translocation rate
in maize by 26.4% and 55.5% compared with La500Pbh0. The total dry weight of maize was significantly decreased by 26.1% under
La500Pb400 compared with that under La500Pb0. Compared with no inoculation treatment, AMF significantly increased the total dry
weight and mineral nutrient content in maize by 70.7%~128.2% and 30.2%~467.1% under the three treatments, respectively. Furthermore,
AMEF significantly decreased the shoot La concentration and La translocation rate in maize by 52.8% and 59.2% under La500Ph0, and sig-
nificantly decreased the La translocation rate by 28.6% under La500Pb50 compared with no inoculation treatment. AMF also significantly
increased the shoot La concentration and La translocation rate by 110.5% and 147.2% and significantly decreased the root La concentra-
tion, and shoot and root Pb concentration by 41.9%, 42.6%, and 28.2% under La500Pbh400 compared with no inoculation treatment, respec-
tively. The interaction between AMF and Pb had significant effects on the biomass, shoot and root La concentrations, shoot Pb concentra-
tions, and La translocation rate from the root to shoot in maize. The results demonstrated that Pb could significantly influence the uptake

and translocation of La(a rare earth element) by plants and its toxicity on plants; it was related to the concentration of heavy metals and

AMF symbiosis with plants.

Keywords: arbuscular mycorrhizal fungi; maize; La; Pb; uptake; translocation
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SR A N 5 IR A R T DGV % 1 TR AR R
13 (40°48'N, 111°43 " E) , BEALPE AN 1 i, &
AR 2 mm R3S 2 H . MRPEFRER Lo IX
Jii) ] 4 38 R A+ La SR 42 J@ Pb 52 Frovk B2 5 [, 9F
g5 A CE K 4 5335 o it A T |l A 38 5 g KU
bR G A7) ) (GB 15618—2018) FI#F5E H 1Y , ¥ it
BRI T La 1 Ph A8 v B8 i) b 38 rh S il R
[La(NOs); - 6H O3 V& Rl B2 5 [P (NOs )]V W LA
P [FIFREE La—Pb &2 A 15 Y 48 1 AR + La ¥R EE
(LLF+31) 4 500 mg- kg™, T4 J@ Ph A B 43 51k
0.50 mg-kg ' F1400 mg- kg™, 3 [ H Fp I A &
TSR 2 (NHLNOs) %5 W LA Rl Ph(NOs) o A & A 7]
P A BRI A R w2 5. AR Y A K
] 0 75 o B4, ) B ADL A2 67 e g vp i A IE
.30 mg-kg”' P 4.5 mg-kg Mg.0.009 35 mg-kg™' Mo,
3.42 mg-kg!' Mn,1.23 mg-kg' Zn.71.5 mg-keg' K,
0.54 mg-kg" Cu.20.4 mg-kg" Ca, Hf +IHILFFIR A
5], 7€ 18~21 C H Al HF7K £ 4 80% 2514 T & Ak 1 ]
SR EZEIRKE (121 °C,2h) , DL 2B 13 AM H
AL A P i S ), 3 il AT S e
1.2 XA 0

1 PR AR AR ) oK Gt 15 ) PR S At AE
Y (P FLEN S RBEFI R BRI ) . PhiERiR i
T /NS R A TR AN B L i 2F R SRR
1 B M 3% BR 2 B (Glomus versiforme, BGC GDO1C,
1511C0001 BGCAMOO3 1)1 A ki AM EL 77 (143K F
BT ARARBLEBE ) | L F KA =5 (Trifolium re-
pens L) A fE EMWERD 1R 121 09K Ly
LA R ARAF I 5 TR 22 BRI IE - DL AR AR B
G EFHAR AR BRAD IR G WV R, 3 S5 T )
Glomus versiforme WTHE 310410 gfl 5
1.3 g gt

AT TE N 5 R A BB I 2 Nl ) A )

Ok S e . BB 3 R RE L La—Pb B BG4 1
HEHE )T - 500 mg - kg 'La+0 mg - kg 'Pb(La500Ph0) . 500
mg - kg 'La+50 mg- kg 'Pb(La500P50) 500 mg- kg 'La+
400 mg- kg 'Pb(La500Pb400) ; B - &I S S AN HE b
X B8 CK 42 Fh AAKE B AR L BR ( Arbuscular mycorrhizal
fungi, AMF)G. versiforme , 3£ 6 A0 B, B0 HE 6 4~ H
52,331 36 45, BENLHES . 4% 2 kg BAL KR 1
R PR R AM LI, B 40 T 57 50 g, %) 1R
Ak PSR AR R 7 i A S5 9 KB TR TR ST IR A
ST BE B AR RLE A D, B 16.5 em (R
424 10.5 em & R 13 emo BEAAGFIMEZEER 1Y
FARFI T8, 7 d S5 E] L, PR 3RO/ — A 4
R A I % AR A IR A AR RO L 1R R 7E 20~
35 °C, A 1) B 7E 10~20 °C, AR X B 7E 20%~70%,
H 7€ I 58 25 8 1 /K fiff 38 5 K DR A ) e ok
Rk 80% , & WIFE AL E e AL G i 61
1.4 bl &R o ilE

FKRA K 60 d JFISOHR AR 28 TR K i S
T 70 CHEFF LT, 0 St B ARFIAR AR T it . X
B 1.0 g 247 ZEFLIR HHMVE R h 1 0.05% 5 W ik
Peto )5, MR BOARE TR AR R R M b
H IR B C RN G 2R S B c & 23 AT A (Vario
ELIIT, CHNOS Elemental Analyzer, Elementar Co Ger-
many ) € o HETAEPIRE SR LR 21 HNOS TR
I AT, 3 H R A B TR BT (1eP-
MS,DRCE, PerkinElmer USA ) Fll H JEFHR A 45 2 T4 K&
51 5% 3% A% (ICP - OES, Optima 7000DV , PerkinElmer
USA) I HE#H) h La . Ph AP K . Ca Mg VR EE .
1.5 ¥/

JIF A5 K008 I Excel 2013 TH53F- 0 R o 15
25, {8 SPSS 17.0 #XF Duncan 2 23 BT AS [R] 4k B 7] 1)
225 B EME(P<0.05) , W AR IE 70 A1 Y AR AR e A 22
1o SR SE R JE PR T o3 A o BB 3R 5 22 43
AM ELT P BE K — 35 (9238 FAE DRI G $8 BR 15
Wi, F1]FH OriginLab 2017 A2l 1R 5

La 5 Ph 1z =31 UL La 5 Ph 5L/ (s
EERHAR AR La 5 Pb (1 55

R T EEARE AR

Table 1 Physico—chemical properties of the soil

La/ Pb/ AL N AP 2K AN A HAK
mg-kg' mg-kg! P Organic matter/% Total N/% Total P/%  Total K/%  Available N/mg-kg"'  Available P/mg-kg™"  Available K/mg-kg™
26.49 8.65 7.44 1.39 0.08 0.07 1.83 40.50 3.93 76.00
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2.1 AMEBEFPbAMEX La i FEXRERESRZE
EYE RN
FERR AM EL I A1 Ph A2 3% La A F £ R E AR
YRR U1 TR o AR B8 CK AR HE, £k
HR 2R H R L 1) TR R LB 9 A2 4, T P AM LT .
versiforme 5 FOKEN T RAF AR IA R I
M2 YL Ky 20.8%~35.9%. 5 La500Pb0 #H I ,
La500Pbh400 4b BEAH 75 £ K AR R B AR (2 e oK 5 25 PR AR
T 42%(P<0.05) , La500Pb50 40 ¥ G i # 1k 25 57 . L
200 BT BT, 36 AMEC TR 1 Ph Ah B4 58 A FH
PR G20 2520 (P>0.05) .
FERD AM E 1 A1 Ph AL BEXT La i B E KW
UREM AR 2 IR o ANEERD AM BT A AL, 5

501

40

—_—

HH e

30+

——

20 |

10 -

B Y
Mycorrhizal colorization/%
o

La500Pb0 La500Pb50

Qb #H Treatments

B 1 PbAMIERS LafiE T EXEIREBRZEZM

Figure 1 Effect of Pb treatments on mycorrhizal colonization of

La500Pb400

maize grown in La—contaminated soil

LaS00Ph0 A £t , LaS00Ph400 4b Bi i 15 K Hb 35 AR
B AR T T 4 B R AR T 25.8% . 14.3% F124.4%,
A I8 8 B 2 M 22 K (P>0.05) (3% 2) . #2fh
AM L 4 B 4H | 5 La500Ph0 4 F , LaS00Pb50 4k Fi
AT F oK AR T B o BB N T 27.5%
F1 26.4% , La500Ph400 4b P {8 15 & A Hb b 35 F 54 T
JFR Y A B AR T 27.9% F126.1%(P<0.05) . 54
FERNG IR CK AR FL , 42280 AM L i (i 3 Ff b BE K Al
Pt b3 B AR T BT B T T R ) e
BT 61.7%~116.4% . 127.8%~227.8% F1 70.7%~
128.2% (P<0.05) . WK &= 43 Hr £ W], 50 AM H §
A1 Ph A B 22 HAE FA K BT R HAT 2
(P<0.01),
22 AMEEMPLAMEX LafpiBE TEREXZTER
W B9 2 Mm

FEFl AM EL I A P A0 FE X La pfl B EK NP
K, Ca 1 Mg WS (5% 0 AN 3 TR o ARl AM B
ALERA, 5 LaS00PhO A kb , LaS00Pb50 F1 LaS00Ph400
Ab B K H AR R NP LUK Ca Fil Mg 7 &1
TG 5 M (P<0.05) . #EFh AM B AN B4, 5
La500Pb0 #H H , La500Pb400 4b ¥ {15 £ K #b |38 N
Fl Mg 25 543 IR AR 32.4% F127.5% ; 5 La500Pbh50 4k
FHAH L , La500Ph400 i 15 £ K H B3 N P K Mg 7%
TR T 37.3%~44.2% , EKMFRN K, Ca Fll Mg 7% 12
FEAR T 27.3%~38.2%(P<0.05) . 5 A4F0 %] HE CK A
LA, e AM LB {3 3 o A 3 Kb 1 3 AR R N
P K. Ca Fl Mg % %t 43 7l i 25 5 1 30.29%~211.9% il

T2 AMEEMPhAIES LafhiB FEKREWME RN (g-pot™)

Table 2 Effect of AM fungi and Pb treatments on biomass of maize grown in La—contaminated soil (g pot™)

L Bl L Rt HUHF L R
La and Pb treatments Inoculation Shoot dry weight Root dry weight Total dry weight
La500Ph0 CK 1.55+0.14cd 0.21+0.01¢ 1.76+0.14cd
AMF 2.58+0.33b 0.49+0.04ab 3.07+0.31b
La500Pb50 CK 1.52+0.30cd 0.18+0.05¢ 1.70+0.34cd
AMF 3.29+0.19a 0.59+0.05a 3.88+0.22a
La500Ph400 CK 1.15+0.06d 0.18+0.01¢ 1.33+0.07d
AMF 1.86+0.17¢ 0.41+0.05b 2.27+0.20¢
B E VLS HT Significance
4t Lead(Pb) NS s
$Fh Inoculation (1) otk ok
PbxI NS ok

VE AR BO 6 YR ST AP (AR E LR 2 [F)— B A AN ] TR 3R A R TR] 59% 25 5 B3E K- #24 P<0.05, %424y P<0.01, **+)y P<0.001,NS

FoRLRERZESR. T,

Note: Data are means + SE of six replicates. Values within columns marked by the different letters mean significant difference according to Duncan s
multiple range test at 0.05 level. *P<0.05,**P<0.01, ***P<0.001, NS, non-significant effect. The same below.
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97.9%~467.1%(P<0.05) . WK ZE 4 Hr £, 350 AM
TL A Al Ph b BR A 52 HAE FA X 5K B35 RARSH A o
B IRICR M ICTE B 3 M52 (P>0.05) o
2.3 AMEB# Ph AL IEXT La BB T EKAE#K Ph A0 La
MR UL | F5 1T R 2

FE Rl AM B3 1 Ph AL B La 38 F oK 1
BB AR Ph Al La ¥R 32 2R (14 5% 1 4N 1] 2 F 3 4 fp
TNo TG HER AM ELIA , i 3 Ph vk B 3
JE K H b AR BB P vk BEOE MBS i, X
La500Pb400 F1 LaS00Ph0 &b BEAH o A5 35 1 25 57 5 AN
FEA AM ELIE A0 BEZ , La5S00Pbh50 5 La500PbO 4b BEAH
Lt Ph FR AR 1) M1 5 ) i ds R 2N T 56.6% .
EJANHE RO B CK A EE , #2810 AM ZL T i LaS00Ph400
Ab B K Ml R AR T Ph Mk B 3 ) R T
42.6% F128.2%(P<0.05) .

AN B Rl AM E B AL B4, 5 LaS00PhO A HE
La500Ph400 Ab F i 15 F K (1) b F- 5B La ¥ B (2 3 FEAIT
73.3% , H3FP La W B {0 2538 11 101.2% , La HH AL HE ] 4
AR T R B K 83.5%(P<0.05) . #ERD AM
PRIAD P2, AN [R) Ak B ] K b R AR La Wk B 1Y
Jo i F 25, LaS00Ph50 5 LaS00PhO A4b HAH He i %
BT La 9538 % (P<0.05) . S5 AR CK AL, £
il AM EL T fff LaS00PbO A0 Bl T KA Ak L F 358 La e BE
i 2 A 52.8% ; ff LaS00Ph400 4b B b | B La He FF
BN 110.5% , R La e i 0 2 FEAIK 41.9%; fif
La500Pb0 i1 La5S00Pb50 Ab ¥ 5 KA Ak La 155328 4>
) E R T 59.2% F128.6% , i LaS00Ph400 A4t 3 La
By %G 5 R B FE N T 147.2%(P<0.05) . W H & 3 #r
FEH, FEAD AM BT A Ph A B ) 58 BAE T oK M |
TR ES La W B M |35 Ph e % DL & La  Pb A %512

3 AMEEFAPb & IEXT La B8 T E K EEAMRELN P K. CaFl Mg EEMI M (mg- pot™")
Table 3 Effect of AM fungi and Pb treatments on shoot and root N, P, K, Ca and Mg contents of maize grown

in La—contaminated soil (mg+pot™)

it Bl Hb 13 Shoot R Root
La and Pbh Inoculati
weatments MO N P K Ca Mg N P K Ca Mg
La500Ph0 CK 56.89+3.94b 1.29+0.26bc 48.11+10.30cd 31.28+3.66bc 7.70+0.84bc 5.48+0.64c  0.08+0.00b 1.58+0.40c 3.1120.41c 0.59+0.10c
AMF 82.46+6.52a 1.68+0.23ab 105.91+17.07ab 42.63+3.44a 12.55+1.71a 12.50+1.04ab 0.26+0.04a 4.81+0.62ab 6.71+0.33ab 1.52+0.19ab
La500Ph50 CK 56.39+8.87b 1.07+0.36bc 41.50+13.12cd 29.01+4.12bc 7.32+1.53bc  4.88+1.37c  0.10+0.05b  1.63+0.74c  2.7120.49¢ 0.53+0.18c¢
AMF 88.88+5.01a 2.08+0.12a  129.43+9.32a  42.15+2.29a 15.70+1.00a 14.21+0.93a 0.28+0.02a 5.93+0.66a 7.68+0.63a 1.91+0.26a
La500Ph400 CK 42.5242.87h  0.62+0.05¢  24.73+4.67d  22.54+1.13¢  5.14+0.35¢  4.39+0.64c  0.06£0.01b 0.73x0.22¢ 2.82+0.37c 0.41+0.07¢c
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Figure 2 Effects of AM fungi and Pb treatments on shoot and root Pb and La concentrations of maize grown in La—contaminated soils
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R4 AMEEM Ph AR La B8 T ERAEHK A LaFl
PhESERAIRNT (%)
Table 4 Effects of AM fungi and Pb treatments on La and Pb

transport rate of maize grown in La—contaminated soils(%)

Rk 2 EE La iz % Ph 154
La and Pb treatments Inoculation  La transport rate  Pb transport rate
La500Ph0 CK 30.82+2.01a 49.30+8.53b
AMF 12.58+2.86¢ 68.51£9.77ab
La500Pb50 CK 27.38+2.04a 77.22+7.49a
AMF 19.56+1.36b 56.44+3.58ab
La500Pb400 CK 5.09+0.35d 63.45+1.51ab
AMF 12.58+1.89¢ 46.46+6.97b
B FHVES T Significance
5 Lead(Pb) EEES NS
$EF Inoculation (1) Ak NS

FIGH B E M (P<0.05) .
3 g
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kg'La W3l R REFD C. etunucatum FE KR HEHRAZ YLK N
26.48% , AW FEA LA, 53 ob, 45 R BoR b
A Ph U BB N AL R e 2 B 2 PR AL, SRUITE La i
18T SRR Ph I T G. versiforme X £ KR &R
Ry Y. WFEC RS , H 4 Jm Ph Rl il 1 5~ i & i
H 22 B K HE 3 456.2 mg-dm™ 14 157.6 mg-dm~Pb {5
Jefy L3 rh , AM ELE AL 7255 AN W BT
F 4R 145 (70.9 mg-dm™Ph)??,
32 EME

SR F W] AR B2 B A D o B AR 1Y)
BRI, 00 e Wk B2 s - DU RN o 4 ) A o ) g
PEFRUD, SR, H1 4 J X s e T A AR K M w3
YER TR AR . ABFSE S5 R B 18 La i
BT RN BE Ph b BT K 1 A2 KT 8 35 5
M), T el AML BT P I B Ph AR B 250038 1 oK

AR /T LaXt BRI EFEEM . &5REH,
AM BT 19 46 A AR T AIRHR BE Ph X R £ La Al 9 850k
52 W, AT BE 5 4% b AM L B I LaS00Pb50 5
LaS00PhO M Hb B A B 55 1 La 5%z 3, i A4 Fh ik B
A P SR KA . B BOR B La vl il i)
T 4 @ e is T 1 Gk AR EAE P b U LL i (A
SOD .CAT . AsA-POD) (5 8 A S i1 Ca™ i JH B T
2% S BSR4 R aa (e A 1 A
K2 S A A 4 AR BN v T 4R Ph R
Tt LaXfEP A K #EFEN, AT g FE2E A
La500Pb400 5 La500Ph0 4 BEAH HL , di 23 m 1T oK
XF Ph AW R R . BT SRR, Ph e AT AR 2R 40
LA 5324 SRR R AR s AR R I 3R 5 1, 52 T
P06 AR 15 R M E((ROS) R 8UE M1
T RS 0 A AR B, AEAN IR B ) La—Ph
HAMAT R AM B B E 2 T ROk E
K, B f# T LaFl Ph 245 Wi XA & FAE R, ol
AES AM BRI T FOKE S FRRGL , BRI T X La
FPh SRR AT 5. B 1 SEIE G & B, B2 Rl AM
H.I# C. etunicatum 1 R. intraradices B E WAL VE T La—
Pb & 475 4% (La200Ph200 , La800Ph800) +- 3 Hr £ K
FAR RS AM BB B 8 P A IR, BTG AR AR
C:PHRIN:PA &, CAMFRER, AM B34 n] 8 i {2
HERE ) 37 53 W, 5% ) B 4 i 1 MR A B R L R
WHUAM R G IR Y Fek A B 27 AT
4R Wi i B
3.3 HREFRK

W IR B AR Sy, R e E
A RS B i AT B SR ICE , WIN P K Ca Fll Mg It
R, R, BN ESREE TSR ST TR E
T3E G ERAR G A A 1 T S A X T TR )
W S i PR A K AR B AR, ARG
SR, La 36 F Bl Ph e B (36 I 5K i
TR T AR B AR GE B MEAKOE o 4R AM LR
HERMMREFRICE NP K. Ca Mg 5 L E 275,
FEH]AM B 0] 52 2 AN R R La—Pb &5 e
T AEKPEFRG . AL IREE H, AM LI W] A i
T8 FAHLYIX T FUE IR0 AW, TR A 4 A
PR C AR 2058 T UE S, AL 3 22 58 o 3
I 76 2 W T AR B T Ak T R BT 1 =X
FRATHER P,
3.4 Ph0 LaBIWRUL 51T

Fl X} B 4 WO RN R SR 8 2 31 HoAh T R



TR, 26 - AM T I G T 3 KA AR 9 50 1183

S, AE S 2R B AT 2 R e A P X B
ARSI RS w4, JFS2 M 1R B Fhas | LI RR IR A
AR R AR O S R B2 T, Wang
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