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Effects of Different Concentratlons of Lanthanum on the Growth and Uptake of

Pb by Malze Grown Under l\}odetate Lead Stress "y €
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Abstract A “greenholise pot experiment was conducted. to ufvebtlgdte the effects of different concentrations of lanthanum (0 mg-kg™",
50 mg- kcr , 200 mg-ke ™" and 800 mg-kg™') on growth nutrient uptake, C: N: P stoichiometry, and La and Pb uptake by maize
(Zea mays L. ) under moderate lead stress (200 mg-kg™") and evaluate the interaction of rare earth elements and heavy metals in the
soil-plant system. The aim was to provide basic data and a theoretical basis for the remediation of rare earth element and heavy metal-
co-contaminated soils in a rare earths mining area. The results indicate that the concentrations of CH; COONH,-EDTA-extractable La
and Pb significantly increase and decrease, respectively, with increasing La concentrations of the soils. The shoot dry weights of maize
significantly decreases by 17.90% to 81. 17% and the root to shoot ratio of maize significantly increases by 21. 74% to 86.96% with
increasing La concentrations of the soils. With increasing La concentrations in soils, the root P contents of maize significantly decrease
by 19.16% to 89.68% . The shoot P and N contents significantly decrease by 65.51% to 91.98% and 48.27% to 76.58% ,
respectively, when the exogenous application of La is 200 mg-kg ~'and 800 mg-kg ™", respectively. The increasing La concentrations in
soils significantly increase the C: P and N: P ratios and shoot and root La concentrations of maize. The shoot and root Pb concentrations
of maize significantly increase by 52.61% to 99.01% and 15.99% to 44.34% , respectively, with increasing La concentrations.
Overall, the increasing La concentrations in soils significantly decrease the K, Ca, and Mg contents of maize. The results demonstrate
that the presence of rare earth elements aggravates the phytotoxicity of heavy metals to plant and ecological risks. Further research
should focus on the effects and mechanisms of rare earth elements on the heavy metal uptake by plants.

Key words:La; Pb; maize; growth; uptake
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Table 1  Physical and chemical properties of the soil
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Table 2 Effect of different concentrations of La on the biomass of maize under the Pb stress/g-pot ~!
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2.2 Klﬁl?zﬁfﬁﬂﬁa&iﬁﬂ%ﬂﬂj} TEXRC, NMP  WE N &S0 A0 B ERIK T 48.27% |

E’/ ﬂr]

KH/@F%LEX}“%’L%LTE* C.NHMP&H
WA LR 3. 7ETPEE Ph AT, B 13ET La

WL ARSI, E KM B C

i 5 0 BEAH L 21
FREAR T 19.36% | 59.92% H182.19% ; 44N La
W K 200 mg-kg ™' F1800 mg-kg I, ERMH C
S BIEAR T 48. 74% 1 65.85% .
e SN 200 mg-kg ™' F1 800 mg-kg "}, Hi FFB AN

AR La

76. 58% Fl1 40. 44% .
200 mg-kg ' F1 800 mg-kg "B}, i EF P HFES
Xof HEAH EE 3 53] 8 25 B AR T 65.51% #191.98% ; Bl
g La VREERYE N, AR P
X7 19.16% . 70. 02% H1 89. 68% .
FER 50 mg-kg 'HF, EOKMRAF C &, HL L EB A
i 550 IEORE L 34 G

N &
EHR1k.

i A R P

65.66% .

AN La W BE K

R 2

AN La ¥

K3 FRREHGEIEMBTER C. NP SEHFNI/ mg-pot -
Table 3 Effect of different concentrations of La on the C, N and P contents of maize under the Pb stress/mg-pot ~'
5 b B AR
C N P C N p
Pbh200-La0 3992.50 +246.0la 279.92 +18. 80a 20.21 = 1. 56a 850. 89 £76. 06a 64.19 +4.37a 4.07 £0.30a
Pb200-La50 3219.44 +£367.72b  248.73 £27.6la 17.93 +1.6la 834.27 £109. 71a 68.88 +6.73a 3.29 +£0.42b
Pb200-La200 1600.22 +114.05¢ 144.81 +11. 10b 6.97 +0.41b 436. 18 +24. 06b 38.23 +2.38b 1.22.£0.05¢
Pb200-La800 710.99 +49. 63d 65.55 4. 10¢ 1.62 +0. 10¢ 042 +0:02d

22.04 +0.90c .

2.3 RIEIKREEHALIXTETHNE T £ K K Ca%ﬂ Mg

R IR

AN [ e B 4 b G s A0 i F %K KL Ca I Mg
RIS D2 47 TERIE Pb e R, =¥ Ld{Z,’EV

290. 55 +15. 15h

-"'“ rd

mg-kg ™' A1 800 mg-kg ', iﬁi%ﬁ*ﬂﬁ%ﬁ K &

X L 4 50 6 S8 M A6 T 40. 16% 4783, 54% i

33.85% .

63, 36% ,

Hu s SR Ca_ir 50 0 3%
WA 17 28, 83% . 51.23% F145.64% . 71791% , i

050 mg K 7Y, Xffﬂéi&ii&%ﬂﬂﬁ%ﬁ K7 Ca FI BRBAICRE Mg B B W AIE T_55. 91% N
Mg & B4 J B E . Y Ta E’M&Jﬁﬁzoo 82. 189 Fl0, 16%]59 72% .
k. x4 FH mﬁ*ﬁﬂﬂi%ﬁi"MLTE* K. Ca fl Mg-& 8IS0/ mg - pot ~' o
Tahle 4 Effect of differént dongentrationsiof La on K, Ca and Mg contéhts ofénaize under the Pb stress/mg-pot ™'
ALTP : ik 7, T
K Ca™ == Mg K Ca Mg
Pb200-La0 291.45 +21.63a 97.86 £7.524  69.68 £6.09a 25.79 +2.58a 53.61 +4.55a 16. 61 £0.95a
lP}.)ZOO—LaSO 279.42 +16.97a 100. 82 +5. 44a 64.59 +8.03a 31.49 +3.42a 63.00 +7. 11a 17.68 1. 83a
Pb200-La200 174.40 +13. 36b 69. 65 +3.39b 30.72 +2.28b 17.06 1. 07b 29.14 +1. 68b 9.94 +0. 69b
Pb200-La800 47.97 £5.87¢ 47.73 £1. 68¢ 12.42 +0. 69¢ 9.45 £0.29¢ 15.06 +0. 64¢ 6.69 +0. 30c

2.4 OR[RIEEBRA T ETIIA T FK C: N: P 520N

AN ) i B A0 FEGH T 38 R oK C: N: P R
Mg U325, FEHP B Ph AR, BEE T La WREEY
B, 550 BEORH B R OK M B C NSRRI, X
HEHS C: N Tl R M. 24 La W E R 50 mg-kg ™',
SRR L, X K Ml AR C: P C i

%E/

5

Table 5 Effect of different concentrations of La on C: N: P ratios of maize under the Pb stress

Wil 5 TIREE T35 La W B RORFEEIG TN, Hb b ERAAR
WC: P B EREAN. Y La YN 50 mg-kg AT,
XA LG, X FOKHE 38 N: P o 5, Y
La %~ 200 mg-kg ™' #1800 mg-kg ' i, &k i
Y EoKH FB N: Py B - La WRBEAGHE N,

b ZEHEIN T FORARS N: P,
x5 AREREFLEHEETEXK C:N:P LEAIMm

. Wb - e
C:N C:P N: P C:N C:P N: P
Pbh200-La0 14. 35 £0. 68a 199. 08 +6. 39¢ 14.03 £0.77¢ 13.17 £0. 48a 208.96 +11.25¢ 15.88 +0. 75d
Pbh200-La50 12.94 +£0.21b 177.98 +6. 53¢ 13.79 £0. 62¢ 11.99 £0. 79a 253.55 +11. 70¢ 21.50 £ 1. 28¢
Ph200-1L.a200 11.09 +0. 25¢ 228.96 +6.73b 20. 66 +0. 43b 11.46 £0. 33a 358.49 +13.03b 31.33 +1.05b
Pbh200-La800 10. 84 +0.23¢ 438.56 +16.24a 40.60 +1. 85a 13.28 £0. 87a 697.89 +47.29a 52.83 +2.78a
2.5 OR[EIMREEGAL PRXT TG R K La Fil Pb ¥ Ph R WA 1. 7 EE Pb IO T, MiE +

JE B R

AT e B B Ak B Bk R KRB R P La FI

SErh La WePE RGN, FORMAR La v B 4 1 35 3

s AR5 X5 BEAH LG, XY La W JE b 800 mg-kg ™
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B 40 %

b, ToKH F3 La R WE 3N, B 11K La Mk
FERRE AN, E KM B Ph YR S X B AR 4 )
ERINT 52.61% | 93.97% F199. 01% ; 4 La W&
41800 mg-kg ~'AF, Hi B Ph IRIE S La WRIE N 50
mg-keg 'BFAT L B EE RN T 30. 419% , HAYALPRE] TG
WEXES. M La ’EH 50 mg-kg ' 1800 mg-kg ™!
F, TRMEER Ph v BF 5 %5 BEAH HE 20 ) g 2 16 1
44.349% F137.10% 5 24 La ¥ H 200 mg-kg ™" A,
5T BEAH LUAR S Ph MR BETC W 252 M, 15 La MR
950 mg-keg ' BFAHEL, ARFR Ph vk AN AL T
19. 64% .

2.6 AN[] v B B AL BE X 3 2 BREE-EDTA $2HL
A% La 1 Ph ¥ B 550

AN [ B 9 Ah B 4 vh £ R B -EDTA 2 B
% La A1 Ph ¥R EERS2 UL 2. BB AMIRIR N La ¥R
JEMBEIN, L3 L TRE-EDTA $R UGS La W B4
F ) S 3. B SMIRER N La VR BERY RN, 1458
th OB -EDTA HEEUE Ph He B 5 %) BEAH L 20 90
EERT 3.68% . 9.94% F14.57% ; 4 La WRE N
200 mg-kg "B, LI LR E-EDTA $2EUE Ph
¥ 5 La ¥ JE 4 50 mg-kg ™' F1800 mg-kg ' A L4351
WK T 6.50% H15.62% .

- - 50 F
s [ Pb200-La0 =

B Pb200-La30 fo 40

£ 5 =

= B Ph200-La200 B oy |

® £ Pb200-La800 ¥ ab

3 4l £ 20+ b 5

7 = ¢ 000t

- b b b S0b

® L7 e o R

= 100 - b P 25+

g & 50+

£ 200 b £ . m

=2 Bt T

% 300 | e % c 1 i

= 3 I 3 £ 100 + be *

E 400 | E a ab

- @ a 2125 - ®)

500 150 -

[ E 1 Tﬂiﬁﬁﬂﬂ&bﬁiﬁ"%LTi*qﬂ La iFlJﬁ'b ,ZQFFH’J '
A ““Fig. 1 Effect of dlfferent wncentrjtmns of T'a on La and Pb concéntrations of maizé under the Pb stress ‘.-"'H
.f.—'q f _..H
i - 160

- 1000 - [ ] Pb200-La0 T 140 a b
2 L2/ Pb200-Las0 5 r / c

2 200 L B Pb200-La200 o 120
= f] Pb200-Lag00 = B
® £ 100 |
;?;, 600 fé
& =80 b
S 2

Z 400 | = 60|

2 )

5 =
k- &40
& 200 | b &

d ¢ T, e
0 A7 -0 (@) 0 ~{ (b)

2 REREHLLE LB ZB$%-EDTA {2 La 30 Pb iR E R0
Fig. 2 Effect of different concentrations of La on the concentrations of CH; COONH, -EDTA-extractable La and Pb in the soil under the Pb stress

3 itig

His + 0 F A Y 4 ) T R A
B AR =0 1) Homesis %, HAH M 24+
TS RGRUKREB 55 5. A 22354507 %
FKEE B0 98 & AR VR BE ( <0.4 mg-L™") 95
RERE M HEAY (0 ~300 mg-L~") A F 5 o 48 0 4E
K, IR FNZER 03 T 0% ~ 68.97% Fil
2.63% ~62.26% , FfFETIIEEFERNY ; HY La W
BEIRE] 1.2 mg-L™", Pb ¥ JE KT 200 mg-L ™" A,

La RN Y Pb X8 5 4 A K B 88 35400, i HAR
KAZERK B EFEMK T 5.08% ~6.06% F17.35% ~
25.76%. £ Cd Wrif (5 mg-L™") &, @ 10
mg- L™ REFM +, X5 AU AR T8 T
Wi WS40 mg-L~" I, Hb 150 F0 A ) o o 1) 1
T 19.26% F116. 18% ; 4 >40 mg-L™ "}, M I

T E AT T 2.57% ~15.50% F1 0. 67%
~14.72% " AR EE R B, b5 3 ANE

TSI La MeFE RGBT, Y30 F Bk A9 &
BERLT 17.90% ~81.17% , FWH + La gl
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THEAE Pb X ERARK AT FEEM; 1w [F A%
RN La F1 Ph AU EEY R EHE N, 8 FRC R M
W i B A, R #R + La MIE 4R Pb I &5
PR PO AR, SIS Yot & 2 A f A 1
YERME AT Y s — T R T R i £,
SEREDIWRE M HHAAXR MY, BT
VEH MR RRRO 2 R A . ik, X+
AV 4 @ Z (B 52 G800, 52 PR 2% DA RO A ) A=
KRR B9/ AL A A Tt — R A BB 5E .
TIERE N, PRI K S8 R A e R
FEMA NS, B ERK & T bR K R
%, UZMIEAZ 5P ERK K E MEBRICEH SR
[ AR AE AL AR R, B A Qa2 A 0 i DA A A7
FORRAR 2 RS e - 4 R 2 A5 YL i XA
YR I SR A R i B B R AR
FEAER R, M BEPAMERIN La ¥ E KT 200
mg-kg A, MEAHG T E R N, PUK, Ca
Mg S50 JT 8 55 70 2 9 Wk i 5 R A8 T 28, 83% ~
91.98% . XUVK&E sk KR B2s R 2R, Wit 20
mg- L~ it La {515 100 mg- 1/ Cd Wi AR A4)
2T Ca Mg ‘E@ﬁ%ﬁ%ﬂﬁ%“ﬁ%@zé}ﬁ% il
45. 43% <IN IF) e LR -89 (2.< 480" jumol = 17" ) Jib 18
{878 6 piol 1! C ity T & 7 A Mg KA Ca
EEE AR RE T 0.21% ~(15/30% | 0580% |~
10. 85% f14. 55% =17, 13% . AR D550 AL
e A ST S R RE T R 25 0 E 2R 0l
VR R U B MR AR, KIS T, R E La
(0 ~10 mg-L~") fif5/NE2 L B3 N P A9 & =505
HAINT 3.09% ~15.46% F1 5% ~25% ; 124 La ¥
& >10 mg-L_llﬁ‘, M EF N, P RIS SRR T
6.16% M 5% ~7.5% " . W58 KPR, w5 He i Bl b
PRI ] BE 2 AR 60 A AR RS TR, R R
M B T RO e a2, AN TS AR P8 S C R
E N YRR TR e, R
b A R AR AR B A, oA I A R
BB ENE , SE GBS SR 0 AT
F4h, Fit La Al AESBHWT K* Al Ca®* BY3HIE , MM
R R 22 B+ La B T2 Ca M)
Y1, T La Fl Ca XAEPIAR PN B WSOFNZ i 1Y 5%
WAAHL, La of LRI MEEE P A Ca® ; BT
EETHEGREEEET G, B L’ i
T Ca™* FEAMRE AR AR L A9 85 A 008 0 H AT,
AL AR 2, At — 2 uEsE.
AR A S T Elser 250 8 S B
e, RS EMASHEAER B 2R b2Et
RAReE TR, BEREEAFRIMITE CN

P ZE R, A KER BB AR BT R
AR AR, DR RS A R A R, AR
N FI P & BB, m P mAFER, c:P 5
N: PH2x bl 2 BRAR. ABFFE 45 3 s, 78 Pb b
T, BAEPINE La WE KT 200 mg-keg ', &
FHADH TAEYIN T P osR AW, BN T &
KAERRAY C: P HIN: P, RWIFEE La F1 Ph PplE) 253
VEFH AR IN F AR R A KRR, e A K
WA AR B R, FFA KRB £
FET AR R, B LR L ICE Ce
TSR RSN, RGN T EOKAEARAY C: P A
N: P, 5045 R A —2.

AREFFELE R BN, P H BN 200 mg-kg ™' i,
AR La BT NS TR MR LSRR Ph e
BEHINT 37.10% ~99.01% . KIEHAF T, 4k
B 100 g1~ I 4 i 40 5% 6 B P15 ~ 20
mg- L") (AN 8 NSO AR o R 8 4 50 i
{16 39. 3496 ~ 97. 41% A1 63. 03% ~ 83" 8% , Wikt
Hm%%%%@mmu%%,ﬁWEmjﬂkuo
mol-L 7" )\ €d (6 pmol - L~") X7 ks i 1)
% , MM G W 5. 819% - 26. 6370 -ATjs
WE%E?>MMM¢”VﬂHFiﬁE§%ﬂ%
HRERT Gd AN T 5. 95% ~12.39%, fdi f 4
TS| ok 25 KU ) S 2R Ta®t (20
mg-L ") Fl Pb** (500 mg-L~") % W AL H A K i 4h
B, 50U Pb AbFRAH LLAE AR Ph 2 B s/ 1
2940% . IR I BRIR AR + (10 mg-kg ™' | 40
mg-kg ™) HI R EHAN THE (5 mg-kg™") il
2 Cd By Ea, BEEREICRID Cd &S T
W T B IR 2 7 £ (140 mg-kg ™', 200 mg-kg ") Ml
BERIN TR Cd AR I, B
Y R 4 )& s e, ] RE 32 B 7 2 (R B
T 1) | e E S m AU | B LI R A YRR
AlA EREESFMHXCH R, AR R
Pb BF AT LUER) Ca B FiHIEH AFEYIA0M, Ca &
38 3 41 i S BELAT Ph E A4 ZE 2100 i LaCl,
TES2: Ca B30 AW 5] oh g —Fh 73X i T A
TR AT SN AN La 25 IAE %5 Ph BRI, 53
Hb, TE—E W Pb AT, BT La #1 Ph HATAH{
Rkt | La 55 Ph 7EAE AR A0 M BE vh 77 A T G G
5 KB AT RERBUEYI A Ph &R FEAL. R
T, R T AN - B VAR AR S A 0 VA M 46 s 124 W]
REML i R ARSI, H AT, A S X4k
WA 45 R T 2R 1 B e S AR FH AL 09 B 58 i AR
A BRI AR ) W S 43 i 7 A AN [ 5%
M) By == A 2% AR FAIL .
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