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Biological cycle and accumulation of lanthanum in the forage-mushroom-soil

system
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Abstract: Rare earth elements (REE) and their compounds have been widely applied in agronomic and medical fields for
many years. The bioinorganic chemical research of REE in the past few years indicates that REE play important roles in the
promotion of photosynthesis, root absorption, and regulation of hormone and nitrogen metabolism. There was an increasing
interest in the bioaccumulation processes of rare earth elements (REEs) due to the wide application of REEs in a variety of
non-nuclear industries and agriculture, resulting in possible environmental contamination. Investigations into the
bioaccumulation characteristics of REEs have been carried out in recent years as sensitive techniques such as inductively
coupled plasma-mass spectrometry ( ICP-MS) and neutron activation analysis ( NAA) have became available. Despite
extensive studies on REE uptake and transport in plants, few studies have been carried out on the REE fractionation in the
soil plant system via laboratory experiments. However, little attention has been paid to the REE fractionation and migration
in the multi-link food chain. In this study, three cultivation experiments were carried out, including the pot experiments of
Digitaria smutsii cultivation with La fertilizer and mushroom residue fertilizer, and the experiment of Pleurotus eryngii
cultivation using La-applied forages as medium. The distribution and biological concentration of lanthanum (La) in the
forage-mushroom-soil system were discussed. The results showed that the trend of La adsorption of D. smutsii were root >

leaf > stem. La concentration in all organs of forage increased with the increase of La application rate. La relative content of
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roots in La application treatments rose significantly, increasing by 10.76% —31.37% compared with the control. The yield
of P. eryngii fruitbodies with the La application treatment increased by 16. 10% compared with that of the no-La application
treatment, but there was no significant difference between them. The trend of La adsorption of P. eryngii were pileus >
stipe. There was no significant difference in the La concentration of P. eryngii between the La application treatment and the
control. La concentration in fruitbodies were 0.7 mg/kg or so, lower than the critical limit of rare plant food standards in
China (2 mg/kg). The results also showed that the bioaccumulation coefficients of La by D. smutsii increased with
increasing La dose, and that the bioaccumulation coefficient of root was the highest, ranging between 0. 443 and 0. 580.
Except for the high-dose La treatment( M, ) , there was no significant difference about the bioaccumulation coefficients of La
by leaf and stem among the other treatments, but that of root obviously varied. The results of P. eryngii cultivation with La-
applied forage showed that there was no significant difference about the bioaccumulation coefficients of La by pileus and
stipe. But La bioaccumulation coefficients of the control were 2.45 —2.61 times of that of the La application treatment.
This explained that the La bioavailability in forage was lower to P. eryngii. The results of D. smutsii cultivation with
residues showed that there were no significant difference about La bioaccumulation coefficients among different treatments.
This study revealed that reuse efficiency of exogenous La gradually decreased after several biological cycles. Only a small

amount of lanthanum was absorbed by living organisms, most of the La elements still remained in the environment.

Key Words; lanthanum; forage-mushroom-soil system; recycling; bioaccumulation; Digitaria smutsii; Pleurotus eryngii
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75 ( Pleurotus eryngii) X 24 Hil - B 4857~ ) Fa 75 @ ) E R B e 12 2 PR Jo A B | AR i 5E | TR
HOREIANIR A AR 20 20 90 AEAR TR Bk HF A A7 S 3 A A 0 2 e R R s A 4 T T 4 T
T BT E A AR A TR VAR T A I e R (AR SEPR AR R, DA i T 22 K
PR3 il 13055, R BUOR A TS Y AR B A A 3 A A 0 g R 4 7 AR A K R B B A 2 A O 3
BERIR B RIER ST YL A AR S 3 i S I A R AR R R D R S AR W O - 2R
BRI B A, 0 2 X AE A (HBCRE ) oA 198 WS AT R P AR B JEL 52 i 2880 6 5 (] s, 44 s s 3 [ A o e 2
KA, W50 7% 2028 5 5% BIR D, 434 0 0 3R 0406 20 1) 2808 S He 22 4, 8 A8 Jhy B 1 6 B8t FH FR
“ R - E R A ST AR LR 2R AR
1 #REFZE
1.1 Btk

@Eiﬁ%‘@ﬂﬁ%(Pleurotus eryngii ) Fh i 4 AL Bl 2 B B FH B T A I TR 8 A D R AR B A . RAR B9 /g
A 555 ( Digitaria smutsii) B AR G A B2 Be kA 58 T d R i
1.2 ik
1.2.1  HACHE

I T 2005 AFEFEAR G AR 2= Be R ML AR ST T 81T . B AE 5 JE ( Digitaria smutsii CV. Premier) T
2005 4 H 22 HBA , BADEM 3 A, Z UM . HAE 27 em, 5 33 em, 26+ 10 kg, HHEMILMLTEE B A
FEMAERB , HIEAFRALPRAR Sy . A S8 Rl RF7K i 28. 2% , AHLT 11.0 g/kg, pH 5. 04,42 0. 039mg/ kg, Tl Al
35.01 mg/kg, A 4. 71 mg/kg, HAE 69. 86mg/kg, XK ILBES A~4b #4351k CK, (0 mg/L LaCl,) 7k, M,
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(250mg/L LaCl;) M,(500 mg/L LaCl,) .M,(750 mg/L LaCl;) M,(1000 mg/L LaCl,), f/AbFRE S 3 1K,
JIFA AL BRI PR 2 1. 49 ¢/ 75 (N 120 kg/hm®) idBEFRES 2. 86 ¢/ #(P,0, 60 kg/hm*) FALEN 0.48 ¢/ #(K,0
50 kg/hm*) , FHE/rBERI (2005 4F- 8 H 16 H ) #E47 L tiAb B, AF 45 1 YRt A 45 Ab BRAF R & BE 1) LaCl, %5
TIL IRk B IR |75 d JElicEl,
1.2.2  Adfigik Tl

A 00 2 R B T 7 R ARKFE 38, 5% (RERY 33% (A MK 25% (FIME 1% (CaCO41% 41 JK 1% KH, PO,
0.3% MgS0, 0.2% ,pH 7.0—7.5, K55 3E FH 13800 10 B E 2 i ROBy VA g i AR k) 31k 2 S Ab 2
AT AR B RE R s B AN R AR R R, 2 AN BRIE SRR B B30 3. 64 mg/kg Fl1.32 mg/kg,
BRI SR G TR I 5T, SOK R 2 65% RS RIS R 12 48 A TR} 250 o, R R K, $% 2% H2 il
WM, BRI R 25—28 C  fFH 2 E AR AR = IREESITE 12—16 °C ., Y7V HI%E T 35 A
2 4—5 em BRI, BT 75 CHETAE ML TS B4
1.2.3  #HEEHAL

FIFH F 34 2 Folrsfle 155 5 i g b 3H %) 2 Y 4 S AR, SRR A R A B R B Al 5 . s it FH i S R34 50 ¢, 3k
At i 3T IR (CK, ) it 3 AN b BRANAb P E A 3 Yk, FgAE ST 2006 4E 3 H 30 HES#, ek 3
M, FEEEIRZ 1.49 g(N 120 kg/hm*) I WERRES 2. 86 g(P,0, 60 kg/hm?) G AL 0.48 g(K,0 50 kg/hm?) ,
T:2006 4E 8 A 1 HUGH], HEGCRES 40 25 AR HRIDE S67E 105—110 CTFARAE 2 h, RGT1ET5 C T4t
T &R R,
1.3 WEmH Sk

FEME T 6 mol/L ERFRVE W T 110 CoKfFE 24 h, FIFHEILRR /B ( H 37 835-50 Y, HAS) Il 7 2 JL 1R
Y RS TR B SR RO AR S MERIFREL 0. 5000 ¢ B TIE A, F HNO, A1 HCIO, 1RA W 1 i
BB IE R G AR E R R A T, A 20 wl/mL Re PRI HI BCRFINRR & | FH e JEGHE & e 40 55 5 1K
JEF RSB ( ICP2AES, JeE) MR Hoo R Mo '™ . S2CRAEMEYLICE, 23R FPUHE
%, AR VU R R
1.4 HdEabg

MAE DA E A La AW EEREH La R38BT La WRIEBR DL -8 1) La WRE VAT, BT
AR Excel 2003 F1 SPSS B H (9 BRI 2R 5 22 7347 (one-way ANOVA) #EAT4ETH /34T, >R FH e/ ik 2
2551 (LSD) LA RIS 2 1) 1) 2 57 b e
2 ZERE5HH
2.1 JtaBRAC X R A S A B RN T S e

H 2 1 AT LUE 6 - oe R B AR T AR R P B 1 RN R > > 25 &30 B P La YR EE S AEAE
B PR 2R S A A A R e o o R SR v AR S v R Ak B B L RS T 10. 76 % —
31.37% , FFAEHE i it FF v B AL 38 AR AR - 2% B e 348 ik 38 0 257K (B R =l R T ok 8 5 AL L 1)
o2 S ZET T B U M, AL B X IR Y 22 Sk 1 K

FHSHTC R AR A BT (1A Bt (BRI 45 50507 Hh i G 28 40 0 5 76 S v 19 43 i ER 81 ) Sfe il s B
TCRMATICAT A, Tl b F AR XS & 1 7T S A e K 1 A8 Re 3, ik 1 AT LAt M+t
FIOXF IR BE T 84% (1) La FUR TR R M HIZEA TR L 8% 1) La, HaHiAbFEARFLER La 1 HLAGIWE A $2 55
H 84.88% —85.57% , Herft M, Fl M, &b 3L 55 %) HR ] (%) 2 S5 38 1) 4 3 P AKF s I RIZE S AR B 7% —8 % 1Y La, Jifi
BRAL BRI La AHXT P B 00 BRE] A 22 S 80K B 2 KO BR T M, AR BRA 25 b La AR XS & & 55 60 B E] I
WEEER.
2.2 AR RR SR BEOGT A f A  A C A M)

P& 2 TT LU H | AR A0 35 35 55 2 6 2 190 7SI 7™ v A it 4 A e e Ach L R i ) Ak LA £
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i IR R AT AL PR 16. 10% (B 22 5 oRIB E K, o3 2 a8 T LAFE Y A5 860 4 1 S A v i ik
JETEAS AL PR AR AR, I BT CR P £t A 1 B T AR B o ) S ) SR VP R T M (2 mg/kg) , 1T
VLA 2 4

R1 EHEMHIEDEERESENE

Table 1 Effect of La fertilizer on La content of Digitaria smutsii

HRR AR AL
qbsE #R Root i Leaf 2% Stem
Treatment La La XS &4/ % La ¥ i La AR 54/ % La ¥R La X & &/ %
/(mg/kg) La relative /(mg/kg) La relative /(mg/kg) La relative

La concentration content La concentration content La concentration content
CK1 52.07Ac 84.34b 5.48Ba 7.80a 2.83Chb 7.86b
M1 57.67Ac 84.88b 5.66Ba 7.05b 3.25Cb 8.06b
M2 60.20Abc 85.57a 5.74Ba 6.58b 3.38Chb 7.85b
M3 64.03Aab 85.57a 5.94Ba 6.58b 3.57Cb 7.86b
M4 68.40Aa 84.90b 6.25Ba 6.35b 4.38Ca 8.74a

# AN KNG FREFR IR 4 B A AL BEE 7E 0. 05 K- 128 5 B3

R2 HEKKBNEREFIE~ENHSENXT
Table 2 Effects of La residue in plant on fruit body yield of Pleurotus eryngii

P/ (g/ ) BB/ (mg/kg) PR S HATR L/ (mg/kg)
AL Treatment : R X
Yield La content of Stipe La content of Pileus
T La application 34.91a 0.57Ba 0.72Aa
it 5 Control 30.07a 0.54Ba 0.64Aa

2.3 BT AR BT e AR T A e R A3 B

e 3 AT LU H B4 v 5% BA ) 25 A P e A T R T 0 EE A R TR R B A s 5k BEORE L vt 0 A
FUAS e B Ak 3 g JE 5 e T B E 40 4 0 1 3. 51% Fi1 34. 89% ; 25 T Wy L E 4» BIEE N T 13. 91% Fi
26.32% AR TP BIBIN T 8. 14% F128.05% ,{H A AL BRIR) 9 25 S AN B3, B AR T PR AR 45 30407 B0 vk 38
AR SI>ZE ) St B S I A5 R — S, P VR R0 Fg E R i 9 28 s Ak 34 e A R AR B0 5 A 1L
A it 5 2 A PR AT R e, {5 A P A R AR 4 S o7 B0 % k5 KT R 2 S S I 3 0 T 0 s Ak B X R
AV R R B A R MALAR N

®3 HEMEFEIETHRENHSENHZM

Table 3 Effects of mushroom residue on dry matter of Digitaria smutsii

AEREFRA Plant organs
e - Leaf 2% Stem #R Root
Treamen TR La k1 TR La k1 FORE La
Dry matter weight La content Dry matter weight La content Dry matter weight La content
(/) /(mg/kg) /(g /(mg/kg) /(g/#) /(mg/kg)
CK2 21.35Ba 3.22Ba 30.20Aa 1.40Ca 16.58Ca 41.00Aa
ﬁ@% Ifa 22.10 Ba 3.31Ba 34.40Aa 1.45Ca 17.93Ca 43.50Aa
application
e
KM 28.80Ba 3.27Ba 38.15Aa 1.43Ca 21.23Ca 42.50Aa
Control

2.4 FAR DRI B 25 0 T 3R A W AR R AL

TR ARG AT M R — AR A i A AT A 9 55 A2 R OC R AR PR S AR R BT A 52 , 7EAR
KRR FIEZ R A3 ARG SRR 291 A e B RO S A A A X R EE T R R TR
FERAAL BE DV LR LD R LI RGP RIE RS . T 3 RS SRR IR AR R -+ R
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HIEER R OL (B 1) o FSRRE G | m IR S R AR 25 8 4 e 2 B0 A 0 8 4 RO/ INAS — R 114 4
A=) e B B 0. 443—0. 580, IH7E 0. 047—0. 053 , 257£ 0. 024—0. 037 Z A8 S (e 4) . ARIFALAHA= 9
A R B IINITUE R R > > 25 | 33t 2 e 7 R AS [R5 07 4 o0 00 3 98k, B M AR B AL AR 1
I GG I FIZE (0 B AR ) AR R R/ INTE B R (EAR BT I AR Ak A R R R R A g R
A b 75 AN [ 57 o 9 T 3% A A 0 A AR RO S AR AL (AN it Ak B A A 0 AR R B it R A B Y 2. 45—
2.61 f5(£S5), #dEEEHALE T, A R b B R IE 1 5 A5 S X T K 1 E Y B RO T 2
F4 HRAREEDESEENATEENEERY

Fﬁfﬁﬁ Table 4  Bioaccumulation coefficient of La in Digitaria smutsii
L withLa fertilizer treatments
\ bR PR RE D, smutsii
Treatment 2 Root H Leaf 2% Stem
Al CK1 0.443Ac 0.047Ba 0.024Ch
M1 0.49Abc 0.048Ba 0.028Cb
M2 0.511Aabe 0.049Ba 0.029Cab
1 #HEE-FH-LREPHNEIRE M3 0.544 Aab 0.050Ba 0.030Cab
Fig.1 Cycle graph of lanthanum in forage-mushroom-soil system M4 0.580Aa 0.053Ba 0.037Ca

RS ARWAABRBLEFEIENETHAIEHETENENEERY

Table 5 Bioaccumulation coefficient of La in Digitaria smutsii and Pleurotus eryngii with different experiment treatments

QbR I HLE P. eryngii FAESE D, smutsii

Treatment B Stipe i Pileus R Root it Leaf 2% Stem
CK2 - - 0.352b 0.028a 0.012a
Jiti % La application 0.157b 0.198b 0.375a 0.029a 0.012a
ANt Control 0.409a 0.485a 0.366a 0.028a 0.012a

3 #ig5itie

KIILOK , T R A& 5L A A (TR o R B B K R AR B
SR LR E S AR EWEE TR ARG | A AR SR N Y AR R FERR TR
FERE S T LU R ALEE S | R A A AL AR A pd ek AR i 258 Lo Rk A4t )E , nT S 2/ A
JE o F R AEAH AR R, 500 22 Pl 1, DT 3 IS DR, R O P AR e B S i TR
PR T AR, A0 45 S JBH | it S A0 R 5% 5% 1 7 B 25 7 SC AR & B 7E 0. 7 mg/kg 247 IR TF IR E A
PEED S B R PRI A AR UE(GB 13107—1991) #L5E 19 Ao f 0 &1 (2 me/kg) .

[ N AP2EE A ALY e R SO 5T 280 B T F AR A MRS e R S R
it )5 HEEY R N Lo Z TR SE " . EATISIAN , KM P LT R SRR, F Y
FAER 0.0025% —0. 057% , HAEYIAR AR 1970 A0 B2 ] AR g b s Bk 5 22 A DG A - 8 vp A o A A 207
BT RN, B R 5 JH R g 25 25 B A B A A PR A AR , v i 7 R R R A T Y A A AR
ST >ZE BH7E A B P 043 A A T 35 > TN , X 5 2RI 45 R — s

- HERARY) T ) FEORIE BRI E R TR A, PR £ TR B R AN BEAE A ) X A 4 ik
hRe I BTR b, RA A SESKTHEII A SRR, AT IR, b it AR TR W B ARG N, rgE S R
WA TR 1w R R BRI, USRS Lk A 3R LU AN 3 e R A R e T
Fi 2 e R WA RT R, ARG IR S5 R B, B i T A BN AS 55 B 26 75 A B R AFE S JE AR BB X La 94
Ve B R B 3 S T AR B AR RE X T R W s R RS U AE KRB AR A E A i 22 5%, AR
T PR SER A EA RN B EN R EZ = aEE A PR AR A I SR A R
pH AN AR JFEIREE , 1 MR + o0 2 A996 shitk F o S e A SR RE RE A 5 i 2
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HAiA X oo £ LMY R D A A GERB A 1E SR 2A AT M O A — bt
0B (BT HAE P DL 2R A S B P o BORE B 5L AL B 7 R AR D Zl—‘ﬁﬁﬁﬁ%?'ﬁi@ﬂ SiF<y
s Bt P e A 388 T, R AR D R AN [A]RAL Y o0 3 e g T AR R B B, He X R i T
10. 76% —31.37% , Brwsla (M, ) ARSI, AN Ta) i 5 A BH 5 FE 25 55 i R 25 3R 5 i 19 2B 9 s 4R R AOE B 3
257 AR L TR S AR Ak 16 B R T B T 2R IR s RS BT R k. o {EUbt A A B Y A i S AR
T ARG O RS I S R AR A B B e S AN B A P 22 AR, ﬁ%%ﬁ{i’éﬂu% it Z W ARG,
HUA /D5 BB A AR, 26 AR BT 2 AT % B TR v, A DB FE O g AE I A B g 1 S0 ik
LR 3k s P AT AR TR 25 b HAR AU A TRHEABSE
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