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Abstract: [ Objective | Rare earth mining has resulted in severe ecological and environmental problems ,
such as soil erosion, nutrient depletion, degradation of soil structure, and difficulties in vegetation restoration.
Soil remediation is a research hotpot within the context of ecological restoration for rare earth tailings. This
study investigated the efficacy of composite soil amendments comprising attapulgite (A) , biochar (B) ,
polyacrylamide (C) , and humic acid (D) on enhancing the physicochemical properties as well as enzyme
activity in rare earth tailings soil, thus providing theoretical guidance for the remediation and ecological
rehabilitation of rare earth tailing. [ Method ] Through the pot method, a four—factor and four—level orthogonal
experiment was conducted. With the soil physicochemical properties and enzyme activities as the evaluation
indexes , the soil improvement formula was systematically optimized by the comprehensive scoring method.
According to the optimized improvement scheme, the plant growth experiment was conducted, taking the
emergence rate, plant height, main root length and ground diameter of Cassia occidentalis as the evaluation
indexes to verify the promoting effect of the addition of the composite soil amendment on plant growth.
[ Result | The addition of composite soil conditioner significantly improved the physical and chemical
properties of rare earth tailings soil. Compared with the untreated rare earth tailings soil , the addition of the
composite soil improver reduced soil bulk density and significantly increased the contents of soil pH , nitrate
nitrogen , available phosphorus , available potassium, total potassium and organic matter, with increases ranging
from 10.05%-54.03%, 36.40%-65.60% , 488.53%-1415.31%, 40.50%-164.75%, 25.44%-38.48% and
78.64%—-396.21% , respectively.In terms of enzyme activity, urease activity increased by 45.65%—122.78% , but
acid phosphatase, B—glucosidase and sucrase activity decreased, while protease activity showed no significant
change. Through the comprehensive queuing scoring method, the optimal formula for soil improvement of rare
earth tailings was A,B,C,D, (attapulgite 10 g/kg, biochar 0 g/kg, polyacrylamide 3 g/kg, humic acid 3 g/kg).
Further plant validation experiments showed that Cassia occidentalis grew well in the soil improved by this
formula.Compared with the unimproved rare earth tailings soil, the seedling emergence rate, plant height, main
root length and ground diameter of Cassia occidentalis were significantly increased by 149.97%, 464.88%,
364.16% and 241.92%. [ Conclusion | Attapulgite, biochar, polyacrylamide and humic acid can be used as
effective materials for soil improvement of rare earth tailings.This study can provide a theoretical support for soil
remediation and vegetation restoration of rare earth tailings.

Keywords : rare earth tailings ; soil amendment ;soil physicochemical properties ; enzyme activity

(AF 5 2 S e J— AN AP A 0 B G A 0 0, WAL WL 3 A i A A5 A K ke
HERHEEMMEN . FE A WL EE"HRFRS , ACUR IS LR 4 i 5 i E 2, R 2 L
b2t i = B L 5, R TV 4 it e 1 DO TR T L A SR A X S A A T R AR 2 IR
AR T EREFFUHEL, (AL 0 LA R PR R TARK AR . i A PRl 3 rp IR 9 8 5%
WIS R R D YA E IR R (R R , X 6 R R EE R T R AR A K
ST AR SIEOEAL IR B AR EE H AR B 1 AT 1 A IR A A K — B
I ] LA REAS B W] W p el . DAL, A iB B A AT o KR AR AR KR R LR RSB R
AT R s (A AT ST i ] ek R )2 —Fh BE 6% o R b HE PR B, £ HC B 35 S ) AR K O WL
T8 L HE R S RGBT 0 23R4T 1) N M R R — BT B JZAR A 00 5 K B R R AR
AR 07, AT B A B8 1 SR I AR OK RAE BE 1™ A WFFE ST, M 42 1 5 0 8 43 L e AT
SEAE, HE N SRR K RE T, P FIR UK itk MR A R B AR R — MR IR HLYI T, B
A AW R SLBR S , T m AR R B RE 0 3R, %k ROz S DX R R SR AR S ROR R
RN S — N TS MLt R TG, HABEER BRI S5 2 F) B, 75K AL B 5



F1 FHE AT E T R RN A S B S5 R T 4 5 e - 257 -

B, R RAF A CROK RN K PR, 24 T b 7 A8 R e R ™ MR & —Fh Ko Ty, &
FRIE PRI Pk FHIL AN AL B AR, nT R T R e A i MY pH L G A,

(AW OIA G HHT, 5T MR+ Aok SR D9 M Tk i A B B A i vt + 3 A ole B &8 A — 7 R B
5%, G5 AR AP R M R R HESR A BEFHEY) T R B A RAFRRCR (AR LR e S R e
sk Se A kLS D . X R AR Y R, B D) S R ek B SR A R A
A IAEE ELAT 200 S [ UM D 1% G () 0 ) A A 5 o o o T e AR e 3R D s TR e A A R
R FIE ARG T, 45 A AR, R Qo A6 - R W e B Ab P o A il 106 7 () 27 A eI R SCR , O
i e e R LB, o AT s IR LR 2R A
1 R 5FZ*E
1.1 i 5e Hb AT

XG0T 2023 4F 12 H 2 2024 4F 8 H 7RV 4 ™ B VLI LMV R AFpRy Be v 241l (28°69” N, 115°50" E)
FREAT I M A R G RS, H IR FE L, FRK FE Tl AR FE M &0 1 600~1 700 mm, — 4+
HAZRK FEKEH ARSI N 17~17.7 °C, TR . -5 H TP SN T T80 B 8 B A )2 A
SE S 0T RBAPPE (26741 N, 115°86" E) , iz (i T &R B VG ALK, J& v 7 By 20 XU i <4 X, 4
R FR I AE 1 600 mm LA_E MO DALt | BB oh =, AP T AE w7 5 AR, R ™ 5
1.2 Rl

PR R\ VLPE A SN T T A B BB AL E AR £ R X, SR 2 SR A IURE TS 7E 0~40 cm
- JZERE K SRR SR A 25 IR 2 mm FLAR A , 25 5k A 49 v %) 2% SR - B, BEAILIGES 43+ FRE
17 HEFRALHE B oA, A B AR AT 2k 0 . A AR Y pH ol 5.30, B A 11.33 mg/kg, fild
DA 4.74 mg/kg, &5 0.31 glkg, 2 3.48 mg/g, 281 2.85 mg/g, SHALE 12.87 mg/g, A 54W5 0.87 mg/kg, H
PLIT 2.34 g/kg, i TR A T IR ABME ARG MM B b AR e 3R DA T e RS A IR, [0 s B oy
200 H , W [ VLI 5 M TS oA R B AR YR AR LB K UNEE AR AR A 052 57 W
B0 TR, 2B S 200 B, HEE AR 1 000~1 300 m¥/g, K> &N 3%~10% , W4 [ 3 15 1L T 3 =2 P55 P
AT BRAN T RIS BERE (BH 2 ) W B R HETT K230 ) 5 AR R K 43 it 10% , 7K 53 8% , % Bk i
0.3% , 1 B RHE T BOm R A BRA A . Hhilel B A S8 AR v e 2R 1.

F1 HHRBR FIEA R

Tab.1 Basic properties of the test improvers

B A A EY g ) AW/ AL/
R H (mg-kg™) (mg-kg™) (mg-kg™) (g-kg™) (mg-g™") (g-kg™)
Improvers P Ammonium Nitrate Available Total Total Organic
nitrogen nitrogen phosphorus nitrogen phosphorus matter
M1
8.25 7.69 1.62 6.72 0.83 3.58 3.57
Attapulgite
ER7//
7.66 216.54 10.29 1026.61 2.61 9.83 1093.92
Biochar
RN
6.31 21.43 72.61 19.33 12.47 2.62 192.86
Polyacrylamide
JE AR
4.62 5.89 32.55 9.13 6.48 2.50 569.75
Humic acid

1.3 TEHRIKE

MRYEH A A7 AR IR B B e SR, AN IRER 2B T 1M1 4% £ (A) AEP IR (B) VRN M
MM (C) MBS HE IR (D) 06 R TR AR, SRITIESSIRE BT (L, (4°)) , 4 FhAP R L E 41
KA 316 A, BARIREG 22 HE AR 2. - HERk RO A A I 2 IR T A OGP e Be g, e M
i 0,10,20,30 g/kg 4 MK AW L E 0,2,4,6 olkg 47KV 5 05 i I e AR A 1 18 ' /KO —



- 258 - RN AN I 3 o416

B 0,1,2,3 ghkg 407K DIARTRINECE T T, X B (CK) , B b B4R B 64 7, +35
2T H4£26.5 em JIAE 20 em =1 FE 21 em PSR, B4 %6 5 kg BAE(DIXCT 2380580 . Tl ss
90 KUEE B - FE B H T W Ak e a0 , FF ik — 2 2047

F2 EXRIGRHEE
Tab.2 Orthogonal test schedule

g HZE Factor o AR/ (g kg™) Improver dosage
e 1 2 0 2 1 - T T TR T Wi
Attapulgite  Biochar  Polyacrylamide Humic acid
T, 1 1 1 1 0 0 0 0
T, 1 2 2 2 0 2 1 1
T, 1 3 3 3 0 4 2 2
T, 1 4 4 4 0 6 3 3
T, 2 1 2 3 10 0 1 2
T, 2 2 1 4 10 2 0 3
T, 2 3 4 1 10 4 3 0
T, 2 4 3 2 10 6 2 1
T, 3 1 3 4 20 0 2 3
T, 3 2 4 3 20 2 3 2
T, 3 3 1 1 20 4 0 0
T, 3 4 2 2 20 6 1 1
T, 4 1 4 2 30 0 3 1
T, 4 2 3 1 30 2 2 0
T, 4 3 2 4 30 4 1 3
T 4 4 1 3 30 6 0 2
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Fig.1 Effect of composite soil amendment on soil Fig.2  Effect of composite soil conditioner on soil
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23 EGITEURFGESUMSH

K EREVEI Ik TP A HEBAVE 2005 R AN (5] S8 05 R A BB I 60 ) BEAE A AL S 48 B L B 1R 4 B 25
174 AR AR TR PN XS, X B — I bp A Bk S EAT 255 0 B, TR L BEAT HE RS, AT 45 3 3T
O3B KRR BT BT A 4R bR 09 o BORIN BIAS 255 PP 03, An3R 3 Bz, T AR A I A 5245 13 IR AR 5%
EIFor i o 83.32 4%, BNREG 44 ALB,C,D,, T Ab FE A 2545 7 43 51K, O 51.66 43, RV 36 2% 14 Hy
AB.C\D,o ARG AL PRI (L5 0 , BEAT IR 22 20 #r , G5 SRR, & IR XS ZR 517 20 5 i R BE AR /]y
WU BN IR (C) W5 (B) MM 4 4= (A) MUEAERR (D) , & 3R 255 V770 1Y~ B fe R0 51l Ky
19.06.18.95.19.18 . 17.91 £ B FTid, X5 i b Fe ™ b e B BT | A2 P JB R BB P52 iy e O P 42 45
e R AIBCTT N ALB,CD,, BT MR + 10 g/kg A=W 0 o/kg RNIRIBENE 3 o/kg FIIE IR 3 g/kg.

F3 EXRWHBTDERED TR
Tab.3 Range analysis table of orthogonal test queuing scoring method

JEE TR HRAHR

MBI SRINKRBEG AHE HASE S OMESAE AR _ 2R el
Qb H (D) Rapidly
(A) (B) () Bulk  pH Ammonium Nitrate Available Total Total
Treatment Humic available
Attapulgite Biochar Polyacrylamide density nitrogen  nitrogen phosphorus nitrogen phosphorus
acid potassium
T, 1(0) 1(0) 1(0) 1(0) 1.25 141 6.80 4.18 1.00 1.69 8.18 10.00
T, 1(0) 2(2) 2(1) 2(1) 5.08 1.00 7.17 1.96 4.77 1.30 7.71 9.43
T, 1(0) 3(4) 3(2) 3(2) 6.95 3.77 7.43 2.11 1.92 1.00 2.87 6.62
T, 1(0) 4(6) 4(3) 4(3)  10.00 3.31 7.55 2.24 3.10 1.94 4.85 5.03
T, 2(10) 1(0) 2(1) 3(2) 372 463 5.72 156 10.00 4.86 6.50 5.03
T, 2(10) 2(2) 1(0) 4(3) 3.21 10.00 4.62 4.69 3.01 3.73 5.15 5.38
T, 2(10) 3(4) 4(3) 1(0) 821 525 10.00 1.00 2.717 3.84 10.00 9.97
T, 2(10) 4(6) 3(2) 2(1) 5.66 9.16 7.63 5.22 4.11 3.87 4.13 8.95
T, 3(20) 1(0) 3(2) 4(3) 6.71 253 5.69 6.46 2.28 6.62 7.90 8.31
T, 3(20) 2(2) 4(3) 3(2) 555 1.00 6.31 4.38 4.20 6.14 5.54 8.08
T, 3(20) 3(4) 1(0) 1(0) 274 3.87 1.91 7.41 3.63 5.67 6.05 3.49
T, 3(20) 4(6) 2(1) 2(1) 328 397 1.76 10.00 5.00 5.89 1.00 4.29
T, 4(30) 1(0) 4(3) 2(1) 447 204 7.79 3.19 1.74 9.39 4.80 3.39
T, 4(30) 2(2) 3(2) 1(0) 356 278 4.13 9.27 3.19 9.09 4.56 2.69
T, 4(30) 3(4) 2(1) 4(3) 282 5.70 1.00 8.26 4.71 10.00 6.62 1.26
T, 4(30) 4(6) 1(0) 3(2) 1.00  1.15 1.24 6.58 4.17 8.40 5.39 1.00
JEE TR BT Ak e
ML AW RTREERL 2f AP BRI - ) o
i (D) , : 1 BkEE EAm R S
(A) (B) () Total ~ Organic  Acid
Treatment Humic B-glucosi- Urease Protease Sucrase Overall
Attapulgite Biochar Polyacrylamide potassium  matter  phospha-
acid dase score
tase
T, 1(0) 1(0) 1(0) 1(0) 1.54 1.00 10.00 8.77 1.77 5.13 4.06  66.79
T, 1(0) 2(2) 2(1) 2(1) 4.72 3.96 7.92 1.66 2.90 9.74 325 7256
T, 1(0) 3(4) 3(2) 3(2) 1.46 6.72 4.36 2.79 6.40 9.38 277  66.54

T, 1(0) 4(6) 4(3) 4(3) 3.39 9.23 3.11 1.94 7.32  10.00 2.53  75.54
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gk
s o gt Gid
I T U B e g A
Treatment ) () (© Humic Fotal Organic Acid B—glucosi- Urease Protease Sucrase Overall
Attapulgite Biochar Polyacrylamide acid potassium matter  phospha- dase wore
tase
T, 2(10) 1(0) 2(1) 3(2) 2.72 4.00 7.14 5.97 5.62 584  10.00 8332
T, 2(10) 2(2) 1(0) 4(3) 1.00 10.00 2.77 4.34 2.32 2.36 176 64.34
T, 2(10) 3(4) 4(3) 1(0) 1.77 6.57 2.79 2.56 10.00 6.54 1.62  82.90
T, 2(10) 4(6) 3(2) 2(1) 3.27 8.37 1.00 1.10 5.67 5.10 1.10  74.34
T, 3(20) 1(0) 3(2) 4(3) 5.11 3.25 451 4.78 4.83 6.36 1.33  76.68
T, 3(20) 2(2) 4(3) 3(2) 5.21 5.82 3.70 1.69 5.20 7.53 172 72.07
T, 3(20) 3(4) 1(0) 1(0) 432 6.66 1.17 1.00 154  6.63 1.19  57.29
T, 3(20) 4(6) 2(1) 2(1) 7.13 8.22 1.17 2.53 2.51 5.88 1.00  63.61
T, 4(30) 1(0) 4(3) 2(1) 8.73 2.79 4.40 10.00 5.11 7.10 143  76.36
T, 4(30) 2(2) 3(2) 1(0) 8.35 4.04 2.03 4.83 5.51 4.99 1.91  70.95
T 4(30) 3(4) 2(1) 4(3) 10.00 5.93 2.03 1.62 3.55 5.45 1.14  70.08
T, 4(30) 4(6) 1(0) 3(2) 7.67 7.94 1.33 2.46 1.00 1.00 133 51.66
K, 281.42 303.15 240.08 284.25
K, 304.90 279.92 289.57 280.55
K, 269.65 276.81 288.50 273.59
K, 269.04 265.15 306.87 286.63
k, 17.59 18.95 15.01 17.77
k, 19.06 17.49 18.10 17.53
ky 16.85 17.30 18.03 17.10
k, 16.82 16.57 19.18 17.91
R 2.24 2.37 4.17 0.82

24 EHITIEAKKIERE

MR LR BT 07 2 1 1) B U0 20 & 04T B VL R AR R SO E i o ph 2 4 w0, B ol 1M1 8 1 10 g/kg
W% 0 glkg RINIETHERE 3 o/kg JEAIIR 3 ofkg MC M RLAHY 2 4 L4k R B2 020k T BVER A 1
HAE R 2B K R R A TR Y R bR L AR AR 25N 16.67% .10.08 cm 6.1 cm .,
1.67 mm; M ZESCR Py % bk AR AR 53510 41.67% .56.94 cm \28.36 cm .5.71 mm. 5K
2N R AT AT L SR P A R bR AR AR R R IN T 149.97% ,464.88%
364.16%.241.92% (P<0.05) . FRWIASAN M4 A=W ¢ SRR ISE MG T AL 4 b B4 I i 2 1
SRR AT LA RS R 1) LR (R TR A A

x4 BIFEARTEFHHERRERER
Tab.4 Comparison of seedling emergence rate and differences in different soils

in the south of Cassia occidentalis

Kb H R 1% R /em FHRK/em AL /mm
Treatment Emergence rate Plant height Main root length Ground diameter
B LR L | | | |
16.67+2.70" 10.08+1.60" 6.11+1.08" 1.67+0.23"
Rare earth tailing soil
R , . .
41.67+5.77 56.94+7.92" 28.36+3.92" 5.71+0.77"

Improved soil

F PRI R E AR 22 5 [R5 B 5 /NS P RER R AR BRIEITE o=0.05 7K 19 25 5 1 #4

The data in the table are mean + standard deviations.Lowercase letters behind data in a column indicate significance of differ-

ences between treatments at the 0.05 level.
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3 3
3.1 ERTEMNRAINHELEY TEBA MR EEEERF M

TSR BT S B VA —E AR L RE S E SRR EHARDL . e, AR e M e A
Yy p R NG TR AB AR IR 2 R 5 3k RGR) R 3 kst 1 L R B A o Sl . e
LIEY o o B JESPIH LS R 0 S | RO g a2 8 DTN S8 kNI e T e b S S L P e w o L
RGN 5K B B RERRER B LW, A B RO, Rl A 1 O A Mo ER PR Hoite
A S Al DU S B 3R pH (R S 5 BH B St 6 b e B SN, B i
s, dEvi e I+ GG R R B BT R A IS R NI — Bl TR S
FUA B rBE SR M RAE R, e KR , o1 & R - S0 AR R A BUAR K i 2R A fi
TIRE AR ERL IR B RRAR AT ASOR™ BANRITTE SR B, SR A ] e - X 2N B i i
W55 R, (H 2058 X B BTS2 o T e AN S b B, SR IO G A0 A oot A 88l A e
i R BRI 4 2 ] RESE DR AN S v BTt FH 4 P 8 1 B SR N e B 5 PO, B TR AR I
S, DR MO AR A SR A T i il A S8 oA B N - SR R g R

AT HLTORE A - SR HEIR D A AR bR 2 — , L IR AR AR AL 2 P AR AL S0, P EA A K TR 2306
R FEAER T, AR W N AT WL BRI PR R PR R . AR A B S A2 Bk T R SR AT L
JoU B B YRR SR D O AR 5 O R AR, B AT AL i A SRR A e LA R L
77 A FLA A SRR 5 T BB 1) B P A SRR AL, DRI A A o P A ML R el RO
b o ARAEAIRERS T A B, AR ROV NS S0 v I AR A B — AT 4 AR R RRE A 0 1 AT 2B Y
MHAERL, xa] ReJe 5 AR MR T BE T A5G o A BIFFE SRWI A= M) B AN RE M B S 17 e, [] et RE I
B> 107 H AW pAS IR e I DA B 1O T, Sx AR BE LU0 S b A RE AT . e B R 23
s, AT ALY B AN BRI R fee e
32 ERIBRYURANELIEVEMERNZIE

FY) 2 BT AAERG R EXELUE R A K RO R IR B2 SR IRIERE 155,
SyMRAE A5, e R HL IR o B B =, XA A A KA AN . RAEEBFTE R, M A £ AR
R DR T R B LI P T 8 R 9 A A SRR T, S 0 - e o, T 8 P AR ) 2
RO BT TE R AR AT - e S i A 4 5 A AR R RE A6 K i - S RE ) e ik PR AZ A AE AR
AWFTELEREI U AR RN G TR B RIS | 0 s T R R e R A
Ve SR, LSRR A TR, o B 3 2 0, CROK CRAL RO RE T AN BT 4 T, i
T S b M A ORI Gy AR g TR T A R [, 98 pH B T R o AR B A R
BRI TN A RIS teAh, IR IR S AR N, R n] A O TR TR
Pt TR A KA SR S IR ORI B BT, A A T R M A 5 3R IR
O R HE TRV AR A A KR T, s b AT ML XA AR A SR AR T R S HE

4 4 it

25 SRR AR AT B A ORI M i ek B BRI E T eI b, 4 B Lk
RS 9 B A A A R R P ok R AICR I B2, b M i R AR IR 0 LR pH AT
RO A R E WA N DK | A 0 R R AICR B 5 AR s 3 pH A HILBR R LR R W L B %
R T A L ASCR A 3 5 SRR OGS - A il A LB RACR B o HEBAPE A SRR A +
Sk R B U C 7 o ALBLCLD, (MY A 1 10 g/kg, A=W 9% O glkg, TN MATEN 3 o/kg, JRHETR 3 g/kg) o HH
PR e 4 R L] BVC R e RS i 3 AR R R 28 b e LR L 2 sk 2
A RE MY R AR AR RPN T I LB R R A SR ek R

BUM  VLVGA B T RHE I (G1J13279) [RII XEABFFE 2457 1 % B 80
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