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Effects of different fertilization treatments on soil physical and chemical properties
and enzyme activity of rare earth mine tailings after planting king grass

OU Xiang, LIAN Hai, CHEN Rong-qiang, QIU Jing-yun, WU Li-juan, CAO Xian-hong, ZHANG Qiang,

LEI Xiao-wen’

Ganzhou Animal Husbandry and Fisheries Research Institute, Ganzhou 341401, China

Abstract: The aim of this study was to determine the effect of different fertilization treatments on the growth of king
grass (Pennisetum purpureumXPennisetum americanum cv. Reyan No. 4) planted as a strategy to rehabilitate soil in
rare earth tailings. A field experiment was conducted with six treatments, namely chemical fertilizer (CK) , biogas
slurry (Z), decomposed cow dung (N), decomposed cow dung-+biogas slurry (N+Z) , earthworm castings (Q) ,
and earthworm castings+biogas slurry (Q+Z7). The effects of the different treatments on soil physical and chemical
properties, soil enzyme activities, and the patterns of enzyme interactions were determined in three consecutive
years. The results showed that: 1) In each group, the soil bulk density showed a downward trend over the three

years, and the maximum moisture capacity, capillary moisture capacity, porosity, aeration, pH, and contents of
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organic matter, nitrogen, phosphorus, potassium, alkaline nitrogen, and available phosphorus showed an upward
trend. In the third year of restoration, the Q+Z treatment had the strongest effect to improve soil bulk density,
moisture capacity, porosity, aeration, pH, and available phosphorus and available potassium contents. 2) The
activities of soil urease, acid phosphatase, and sucrase showed an increasing trend in the N, N+7, Q, and Q+7Z7
treatments over the three years, and their values were significantly higher than those in the CK group in the third year
(P<C0.05). Soil dehydrogenase activity was significantly higher in the N-+Z treatment than in CK in the first year.
The activities of soil urease, acid phosphatase, and sucrase were higher in the Q treatment than in the other
treatments. 3) The activities of soil urease, acid phosphatase, and sucrase showed highly significant negative
correlations with soil bulk density, and highly significant positive correlations with soil pH, organic matter, available
nutrients, moisture capacity, porosity, and aeration. The dehydrogenase activity showed a highly significant
correlation with total phosphorus content, and significant correlations with total potassium, alkaline nitrogen,
available phosphorus, and organic matter contents, and capillary moisture capacity, porosity, and aeration. Through
a comprehensive evaluation using a fuzzy mathematics membership function method, it was found that the application
of earthworm cast+biogas slurry was the most effective treatment to repair soil over three consecutive years.
Therefore, this treatment was identified as the best fertilization treatment for cultivating king grass to repair the soil
of ion-type rare earth tailings in Gannan.

Key words: rare earth tailings; king grass; fertilization; soil physical and chemical properties; soil enzyme activity
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Table 1 Physical and chemical properties of tailings and non-tailings soil

Iji H Ttems

R £ 4 Tailing soil

4k B 4" 1 3% Non-tailing soil

pH

F HLE Organic matter (g-kg ')
4% Total nitrogen (g-kg ")

4= Total phosphorus (g-kg ')

428l Total potassium (g-kg ')

A% A Alkaline nitrogen (mg-kg™ ")

AW Available phosphorus ( mg-kg ™)

B Available potassium (mg-kg ')

AT Bulk density (g-cm ™)

it K5 /K B2 Maximum moisture capacity (g-kg ')

T FiK i Capillary moisture capacity (g-kg™")

[ 7] #% 7K & Field moisture capacity (g-kg™ ')
+HEFLBUE Soil porosity (%)
+ 363 S Soil aeration (%)

4.20%0.29
2.30£0.44
0.06=x0.01
0.15£0.01
10.5340. 89
3.7840.29
0.92x0.12
56.68+£3.95
1.3740.24
266.86+28.91
147.45416.98
139.71+17. 46
36.54+£2.08
19.7641.39

.86=0. 10
.39£3.56
.6340.04
.3840.60
.664+2.55
.67£15.53
.55=E7.37
.504122. 39
.1440.05
.27£5.76
.06£10. 17
.80+22.97
.164+4.55
.16£2.09
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1.2 XA
256 o ALt ORI 45 B (P, purpureum X P. americanum cv. Reyan No. 4), {8 J& 238 ik 1] 3%
H o P B B POl A RS A 4R R R S Wk 2,
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Table 2 Nutrient content of biogas slurry, decomposed cow dung and earthworm cast ( %)

Iji H Ttems YA W Biogas slurry J# 24 2F 3¢ Decomposed cow dung i 5] 2% Earthworm cast
7K 43 Water content — 30.93+2.17 50.81+2.11
A HLIFE Organic matter 0.7940.04 47.8044.13 42.34+1.10
4% Total nitrogen 0.6240.04 1.81+0.12 1.87+0.06
41§ Total phosphorus 0.0940.01 1.54+0. 30 3.15+0.07
44 Total potassium 0.0840.00 2.2140.27 2.2640.22

T TEWOR > & i DA B 28 i FE RO S ik LT T
Note: The nutrient content of biogas slurry was calculated by wet weight, and the nutrient content of decomposed cow dung and earthworm cast is

calculated on dry basis.

1.3 Xkt

K FH (A Bt AL X 2H 38 56 14 31, 1 6 At AR Ab BE . CK(FR B ) \Z (VR NOB A28 ) N+ Z (2% + 3
W) QUi H51 3% ) Q-+ Z (Wi 5] 2%+ VE W), ZH A 28 Pty 1 om, B 20 54/ IX, HE 31 30 /N IX, B/ IX 30 m* (5 m X 6
m) , £5 i AL Ak B it 2 44 0 1000 kg-hm %, AR NS 5 & A MUIE i A &, CK 4Lt A AR I (N P,O,: K,O
14:16:15, M I =45%) , H AL W 6 2438 iz ] 30t FH & 0L 26 3. 20204F 5 H B#F £ M 4% A7 #RIE 1.0
m > 1.0 m P AE £ 5, BT A it 0 Ak 27 b A AT A B AT Y 2E AR R 1Ok 5 LAR X R 3,56 2 3ARE X E A . BR
FRAE IS —FE AN, B AE N ) 5 B 06 38 R 1K .
1.4 EEHLRE

A ERE S 3 T 2021,2022 2023 4F 3 A it AEHlT ) >R 4 F A4S /N IR 5 s URE R BE LT 20 em -3 AE i,
FEASIURE RURAE 3R JT SR A b B 000 2, A [R] — EURE G50 B SRR i 1 kg TR G 3850 SRR A1 B R A SR AR
BARYIG ,— B B A BEARAE T A CCURAE P T RS M L ) — BT E N R S i 2 f10. 25 mm
O Ak 2 v B o R 53 BOR A IX ) i R 20T & ARt 3 R 20 em 38 JFUIR 4 FH T ARG I AR R 4 S Rk 1 R
1.5 MEIHFLF &

Y P, A E KRR R B RKE K S AL GESE BRI E 5
T 12 2 15 Ml b v CRR AR 58K 2 — W B B A I %2 (LY /T 1215-1999)) ¢

A M A Dy 1 2 B BV R A A AT ), v 4 pH R R R I, A LR R
T2 S A o AR T, 48 4 R 2 S L I, - S R o 2R P R e v R R, g Al AL
B R FH AR BT L ik D, - 38 A 0 SR A5CE R A OB B I

b R R T A T 9 S R OGRS LI 5 i), H vl PR SR P i T W L €9 R TR P R
il 9 P R FH KT R SR R B R A L o iR A, TRE OB A S MR A 3, 5- RS JE K A R e e vk D e I AU N PR R
TTC(2,3,5-5 b = 45 U UMk ) L4832 00 2 o
1.6 35 R x4 710

FI FH Microsoft Excel 2013 #EA7 4048 45 3120 H1 , SPSS 24. 0 #EAT BA K = WK E 7 2243 Fr i & 1k 0 b7, 45
DL B (H = AR #fE 22 (mean®SD) T /n , $T 4 & AE 0K i 1 Microsoft Excel 2013 2l , ¥ 47 Pearson #H 3¢ 44 70 #7
AH S PE 2 1 38 i OriginPro 2021 24l o

SR PR B30 S5 T v BSR4 it I Ak B ) + 05 S ROR AT 25 50PN . Horp pH AL L2 AL 2 2R
e 2R R O A e KK R B KR K R ii%éi‘Llﬁ?f“ - A IR TG T R R
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R4 ARERLENHELIET T EEXERNNEZFESTER
Table 4 Two-way analysis of variance results of different fertilization treatments on soil physical and chemical properties of rare

earth tailings

- A T 2 Group £y Year 21 X Ay Group X year
Soil physical and chemical properties F P F P F P
pH 64. O7#x* <20.001 45. 04k <20. 001 6. 04k <20.001
A HLE Organic matter 1.93 0.114 82. 23#xx <20. 001 1.55 0.163
4% Total nitrogen 7. 28%x% <20.001 36. 18 <20. 001 2. 54x* 0.020
4B Total phosphorus 6. 5% <20. 001 7. 54%% 0.002 0.49 0. 886
424f Total potassium 13. 96%** <20. 001 101. 49#xx <<0.001 2. 34% 0.030
i f# & Alkaline nitrogen 47, 32%%% <20. 001 93. 26 <20. 001 9. 91 <20.001
HALHE Available phosphorus 113, 87 <0.001 4. 55% 0.017 1.85 0.087
A Available potassium 54. 93%xx <20.001 45, 79#xx <<0.001 1.56 0.160
%51 Bulk density 113. 02 <20. 001 62. 85 <20. 001 3. 29%x 0.004
e K#E7K 5 Maximum moisture capacity 153. 58xk* <20.001 104. 89#x* <<0. 001 3. 24%x 0.004
LK Capillary moisture capacity 183. 223 <0.001 89. 43 <0.001 2.52% 0.020
[ 7] #:£ 7K £ Field moisture capacity 62. O1#x* <0.001 7.47%% 0.002 2. 97* 0.008
FHESLBRE Soil porosity 101. 75%#:* <20.001 70. 65 <20. 001 1.72 0.113
+ 3L S Soil aeration 31. 78k <20. 001 57. 60 <20. 001 3. 44xx 0.003

T *3) 0. 01<CP<C0. 05, #*5& % 0. 001<<P<C0. 01, ***3 ;x P<<0. 001, F [l
Note: * indicates 0. 01<ZP<Z0. 05, ** indicates 0. 001<<P<Z0. 01, *** indicates P<0. 001, the same below.

W B e T CK4H (P<0.05), Hih Q7 21 1% 4L 3 4F 1 3a,  020210202282023
¥ 0 B LB KRR K B B ) CK LR T T g 130

48.24% .57.32% 45.55% , B8 K i 43 5 R Wﬁﬂ%:ijz led

CK 4L ## J 7 97.09% . 94.79% . 76.02% . k& Z 4 5200 |

20222023 45 41, FF A7 A 3141 I K i 45 254 0 "2 10

¥ E R T CK41(P<<0.05),Q+Z 417E 2021 F1 2023 2 1.05

G ECE Y ) B K 414 T T 54.66% e 7 N N G 0
35.83%0, 2022 4F Q 4 Fe i, B ) CK 4142 T 7 43 Treatment

B2 AEMBEELESTEFENHI

25.47%
’ Fig. 2 [Effects of different fertilization treatments on soil
ELEIFEQTZ.QNFZ NALHALBER B | gy

T CKA (P<<0.05) , K Q+Z 41 34F ¥ d5c i, 43 3 CK: ft I Chemical fertilizer; Z: ¥ ¥ Biogas slurry; N: Jif ¥ 4 3%
B CK 4L TH T 35.00% .40.90% ,28.42% . +  Decomposed cow dungs N-+7: i # 4 3¢ ¥ it Decomposed cow dung
0.05) , 2T+ IR Ny 28. 7200, 2022 M1 2023 4FBRZ AL sywi 22 % 2. % (P<0.05), F . Different lowercase letters indicated
S HA AN B BT T CK 41 (P<20.05) . FAE4 that there were significant differences among different fertilization
Wk Q-7 2 N7 415 5 43 90 5 [/ 39 CK 40 48 T+ treatments in the same year (P<C0.05). The same below.

T 80.54% .40.97%

2.1.3 ANFBEACA X HHEpH M R X R AE B+ pH 8 5. 86, 8 Ttk 1 B st X
T HEpH A 4. 20, )8 THRGRERYE RIE (R 1) An1& 3BT, 26 IR T R b AN W] AE AL 35 L Bk CKLZ 4140, HiA
NS AL BRI FEARN R AR BE B4R A T 1 pH, QHZATEBE S A pHIk B 5. 77, /- Gk B R PE + 58 i dE 2
WX 3 pH, I AR5 34EN A LI N+ Z QAIEBE S = + 5 pH L 5. 5, 0 Pk B MR M + 58 N 4175
&5 55 3 HH R T okt + 3
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R5 FEEELENTEFKEALBEMBSENZ N

Table 5 Effects of different fertilization treatments on soil water holding capacity, porosity and aeration

Jib B A R Ff ok B KR HES ¥/ s L B AR
Treatment Year ~ Maximum moisture ca-  Capillary moisture ca-  Field moisture capacity Soil porosity Soil aeration
pacity (g-kg ") pacity (g-kg ) (g-kg ") (%) (%)

CK 2021 293.58=£11. 16¢ 173.7446. 83c 151.69410. 16e 38.83+£1. 44c 18.77+2. 39bc
2022 314.73£12. 06e 201.90=£5. 58e 180.7649. 45¢ 40.68+1.61d 17.32£2.79d
2023 350. 71£9. 44d 233.70£11.90d 176.5046. 92d 45.5040. 92¢ 22.60£1.03c
z 2021 303. 31£30. 89¢c 182.72416. 34c 167.3243.93d 39.96£3.63¢c 17.9043. 71c
2022 329.55+4. 12¢ 214.54£3. 80e 194.74+8. 44bc 42.6241.13d 17.42+0.68d
2023 350.85+19. 29d 230.88£23. 06d 171.8843.97d 44.94+1.72¢ 22.90+2.58¢

N 2021 368.19£11.08b 261.60£15.29b 190. 5047. 09¢ 46.90=£0. 80b 22.63£0.62ab
2022 380.04£17.59d 268.13+12.50d 211.61£21. 50ab 48.14+2.29¢c 21.35+3. 80c
2023 425.4043. 33¢ 317.82£4.01c 192.91410. 90¢ 52.37+1.16b 28.63£1.99b

N+7Z 2021 389.53+9.65b 276.43+12.53b 209.69+4.22b 48.8041. 23ab 22.53£0.69ab
2022 407.214£7.77c 286.51£8. 68¢ 207.24=£6.99ab 50.33£1. 08¢ 24.72£0.60bc
2023 486.184-4. 0lab 365.48+6.58b 214.64=+11. 30b 57.05+£0. 56a 31.86=+1.54a

Q 2021 377.05£15.09b 290.08=£15. 00b 219.54£7.44b 47.5541.81b 19.87+2. 15abe
2022 432.0347.21b 334.38£13.11b 226.80£7.39% 53.15+0.73b 25.25%+0.28b

2023 483.3049. 24b 386.12£10. 46ab 224.50£4.32b 57.02+£0.63a 30.53£0. 65ab
Q+Z 2021 435.20427.82a 342.42+37.15a 234.60£7.62a 52.42+2.99a 24.16+2. 56a
2022 495.12414. 27a 393.28+7.88a 225.10£12. 31a 57.32+1. 26a 31.27+1.13a

2023 510.45+22.76a 411.37428. 06a 239.74+11.70a 58.43+2. 36a 30.99+1. 37ab

TE « R SAS [) 5 ik 2 7 ] — 45 453 A [) Ak B A ] 22 53 W 3% (P<<0. 05) , T 1] .

Note: Different letters in the same column indicate that there are significant differences among different treatment groups in the same year (P<<0.05) , the

same below.

2. 1.4 ARFEMIAIX LFHSMER k6 Rl R

AT, 8 35 4 56 R T e Ak B 14 0 1 A 8 K 25 S R —

A LR A RS 34 Q2. QN Z N4 B B | 0

BT CK4L(P<20.05),2021.20234F Q 418 8 , 4> 4t >

7 1] CK 208 1 T 493. 94% . 270. 9% ; 2022 4 Q+7 a3

b, BRI CK4L$2 T+ T 188. 84 % . e 2021 2002 2023

e A S A - . A Year
F A A i 2021 R A AR FRALE B R T CK 4l 3 R ANE X + 5 pH B

(P<<0.05), M J5 BR 2022 4F Q-+ Z 4 %8 CK 4 g F T} Fig.3 Effects of different fertilization treatments on soil pH
T 33.96% (P<C0.05) 4h, 2022 Fi1 2023 4F 45 kb B4 5

CKAHI W FH 25 (P>0.05) . HHE2HEE & 2021 4F Q N+Z A8, 40 3 & H 3 CK A4 T+ T 80.00%
53.33% (P<<0.05) ;2022 4F 4% 4b B [a] 24 JC 8 % 22 5 (P>>0. 05), 2023 4F Q-+ Z . Q 4% , 43 W42 IRl 3] CK 21 #2 7
T 100.00% .108.00% (P<<0.05) . T34 &L SR M4 5 CKA LRI AR E(P>0.05) . T HEM
fift A 2021 4F QFZ QAL i T CK 4L (P<<0. 05) , Horp Q 4 d5e i, ¢ R ) CK AL #2774 T 98. 09 %0 52022 4 B
ZHAN, AL PR ) B 2 T CK AL (P<<0.05) , Horh Q+Z 4 e, BRI CK 412 T 17 302, 184 5 2023 4F 45 Jifi
JIE Ak B 2 m T CK AL (P<<0. 05) , Horh N+ Z 4 fe iy B A CKZH$2 71 1 170. 33% 0 L3 B0 25 5 2021 4F
A5 A FRR) T B 35 25 5+ (P>>0. 05) , 2022 A1 2023 4 [k Z 4141, HoAx Ab 3R 41 35 18 25 5 F CK 41(P<<0. 05) , 24E 43 51l Ky
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QHAMQ+ZH B,/ M F W CKAETH T 290.26% 443.40% o 4 s 5040 & B BR Z 40 4h , Hi 4y ik PR 2 3% 45
S FE E T CKAL(P<<0.05),2021 4 Q41 i, B A CK 4 #8 7+ T 354. 49% 52022 F1 2023 434 Q+Z 41
B i, 0 B A CK 4 #2 + T 350. 8096 .320. 16 % 6

K6 AEMIEAES HIERSH I

Table 6 Effects of different fertilization treatments on soil nutrients

Jib 2 A A HLBE o X Kl A R R R
Treatment Year Organic matter Total nitrogen Total phospho-  Total potassium  Alkaline nitrogen ~ Available phos-  Available potas-
(g-kg ) (g-kg ") rus (g-kg ") (g-kg ") (mg-kg ") phorus (mg-kg ') sium(mg-kg )
CK 2021 2.31£0.33b  0.27£0.09a  0.15%+0.03c 10. 9140. 99ab 7.34+1.39 4.28+1.90a 60. 84=+3.60c
2022 7.3541.16b  0.5340.03b  0.17+0.01la 12.884-0.93ab ~ 15.6044.82b 4.9341.42d 75.40£9.10b
2023 6.17£1.76b  0.47+0.11a  0.25%+0.07c 13.814+2.14ab  25.7842. 32¢ 5.00£2.00d 72.67+8.62¢c
z 2021 3.00£1.75b  0.1540.06b  0.16+0.02c 9.45+1.20b 9.67+£0.83ab 5.37£1.92a 83.40£11. 13¢c

2022 9.65%+2.91b  0.4940.04b  0.19%0.04a 9.35x3.46b 38.5129. 98ab 6.51

H

1.78cd 85.54=x14. 82b

a1

2023 8.3541.93b  0.4340.18a  0.22+0.08c 10.4942. 49b 46.72+£14.01b 8.

w
S
H

1. 82cd 76.33£10.69¢

N 2021 13.1941.20a 0.1240.03b  0.19%+0.04bc  11.48=+2.37ab 13.01=%3.07ab 7.

o
Y
H+
—

. 60a 189.56423. 57b
2022 16.0742.38a  0.5140.12b  0.23+0.12a 13.6743. 16ab 56.72£19.37a 12.6942.46abc  227.37£39.49a

2023 21.1043.04a  0.6440.19a  0.35£0.06bc  15.72+1.99a 66.32210. 53a 14.58=21. 92be 194.67427.59b

N+7Z 2021 11.9241.57a  0.1240.03b  0.23£0.07ab  12.01+1.07a 13.9143.73ab 6.07+1.87a 242.68+23.71a
2022 19.4343.00a  0.5840.09b  0.21+0.07a 15.0941.98a 54.09118. 84a 13.9242.40ab  272.84=£37.78a

2023 19.4844.07a 0.6340.15a  0.34+£0.07bc  15.10£1.97a 69.69+10.76a  21.57-£4.31ab 191. 67430. 75b

Q 2021 13.7241.37a 0.1240.05b  0.27+0.03a 13.0641.17a 14.5444.92a 9.16x1.76a 276.51£56. 17a
2022 18.1343.15a  0.5140.04b  0.25+0.04a 14.8541. 52a 51.12+£12.07a 19.244-2.87a 262.30£35.82a

2023 22.8942.13a  0.5440.19a  0.52+0.09a 14.8141.74a 65.5244.41a 24.70£2. 29 275.67=£9.07a

Q+Z 2021 12.1542.54a  0.1440.04b  0.19£0.0lbc  12.9541.53a 14.3544. 66a 8.40+2.28a 269.25+8.68a
2022 21.2342.45a  0.714£0.05a  0.17%+0.07a 14.31£2.20a 62.74%12.01a 12.26=41. 88bc 339.90£43. 62a

2023 21.7043.50a  0.6840.17a  0.50£0.12ab  14.78+1.82a 61.45-+£5.59ab 27.17+2.15a 305.33+£27.79a

2.2 R FIEA TR 3 £ B P 6 R

P 26 7 AT, AN ) it AR Ak 38 i) it A Ak 8RS ) 4 433 TR0 S ) i S Ak 38R AS ) 47 49 58 B A FH T 4 9 R il L 2 1
T2 Tt TR R 0% M 2 A B3 25 S (P<T0. 01) , 4 48 it U 7l 0% M 7 S [ 4F 43 ] 25 57 B 35 (P<<0. 05) , AN [ Ab R4
Ak B 2H FNAE (7 R 5 W0 26 5 R Wi 2 (P>>0.05) .

WA 4 BT 7R S [a) it AE Ak 380 %0 A 4 R A F B S - SR A M RS A R 25 . IR A M R Z 4141
HAR AP % 22 34E Y B T a3, 2021 4F Q+Z H fe e , BRI CK 2042 T 17 36. 36 % (P<<0. 05) , 2022 1 2023
ERR Z41Ah , oAb b BEA ) B 2 T CK AL, AR Qdl B w40 B IR 1 CK 4 W 3 T+ T 66. 67,
100. 0096 o HE R P B 1% Wl 05 1 2021 4F Q+7Z . Q N 41 18 2 & F CK 41 (P<C0. 05) , 2022 F1 2023 4F- B Z 21 &h H A
Ab IR X B 3 e T CK 4 (P<<0.05) , # 2L 34E ¥ Q 4 &y, 4 TRl I CK 41 2 7 1 32,9726 .66.73%
86.98%0 o - I VS M 2021 4F Q7. Q4 /B CK Al B F 2 T7F T 19. 70% . 13. 56 % (P<<0. 05) , 2022
2023 4F 5 7 41 A0 Ho At b B 4H 44 3 5 T CK 41 (P<<0. 05) , 2022 4F N7 241 f 5 , 2023 4F Q 21 fe v, 43 591 %% [) 341
CKAHRTT T 52.69% .49. 10% .+ 3 i S M6 7E 2021 4F Q+7Z N+Z 44 CKA B FE T 17 13.71% . 14.52%,
2022 F1 2023 4 45 Wb FR AL 20 6] S 5 CK 414 T8 W % 22 5% (P=>0. 05) ¢
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R7T FREEELENH LR LEBEENNERFTESN

Table 7 Two-way analysis of variance of soil enzyme activity of rare earth tailings under different fertilization treatments

g il 24 2l Group A4y Year 2l X AFEAy Group X year
Kinds of enzyme F P F P F P
iR it 3 14 Urease activity 30. 76%x* <<0. 001 48, 175 <20. 001 4. 57k <20.001
% 14 8% 2 T 075 7% Acid phosphatase activity 110. 03 <<0.001 80. 63 <0.001 7. 28k <<0.001
TEEBE A 15 % Sucrase activity 39. 40 <20.001 13. 25%xx <20. 001 3. 29%x 0. 004
M UG 5 1 Dehydrogenase activity 1.08 0.39 3. 55% 0.039 0.78 0.648
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Fig. 4 Effects of different fertilization treatments on the activities of urease, acid phosphatase, sucrase and dehydrogenase in

rare earth tailings soil
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Fig. 5 Correlation between soil enzyme activity and soil physical and chemical properties

TN: 4% Total nitrogen; TP: 28§ Total phosphorus; TK: 2 4J Total potassium ; AN : B fift /0 Alkaline nitrogen; AP : S 2 Available phosphorus; AK:
M AL A Available potassium; OM : 4 ML i Organic matter; BD: %5 5 Bulk density ; MMC : fiz K $:F 7K & Maximum moisture capacity ; CMC: B % #5 /K &
Capillary moisture capacity ; FMC : [ [A] ¥ 7K & Field moisture capacity ; SP: 3L B & Soil porosity ; SA : 338 < J¥ Soil aeration; S-UE : - 5 Ik fif§ 1%
P Soil urease activity ; S-ACP ; + 5 2 5 W 2 8 7% 1k Soil acid phosphatase activity ; S-SC » + 3 % /i 55 7F Soil sucrase activity ; S-DHA « -+ 3 it % i 1%
£ Soil dehydrogenase activity. “**”, “*” 43| 3R /R E 0.01.,0.05 /K- 1 W E A G, L B R 1 S WAl 5C R B/ B0y IE AR SR IEAH G B0y 1
R G SE, “*+”, “+”indicate significant correlation at 0.01,0.05 levels. The depth of the circular color reflects the size of the correlation coefficient. A

positive number represents a positive correlation, and a negative number represents a negative correlation.
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Table 8 Subordinate function values of soil remediation effect of rare earth tailings under different fertilization treatments

AEA5 Year CK z N N-+7 Q Q+7
2021 0.1188 0.0899 0. 5466 0.6075 0.7546 0. 8897
2022 0.0722 0.1134 0.5238 0.6428 0.7455 0.8379
2023 0.0841 0. 1065 0.6265 0.6898 0. 8710 0.8976
F¥I{E Average 0.0917 0.1033 0. 5656 0.6467 0.7904 0.8751

HEFF Rank 6 5 4 3 2 1
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