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B+ P A A E L B2 BRSSO RS CHR , ASATFSE ORI IR . i - | AR 2SR TR AR B R A,
MWL EANREFRRRIIE T ARE SR ARG T 5 pH, 2E ., FLBRSSH . KRR R IC R A B RN, IR T 45
BV 2 B T B T AR R R RS ) 3 R 7R R SR T T Ak B, DA RO AT Al R IR T T e B0 2
ERFH . BRSO RS pH MR EAE RN B3, BUEEY) o R R ERAME RO B . BARRRNG, By
FIEME TR B B EGE . SO, ARE AU EAGIERT AERFILT 4.68%~26.32%, SFLBERINT 1.27%~15.44%,
>0.25 mm KFME R RIS mHINT 1.85 £5~6.03 %, KFAPEHA BRI EZ LT M <0.053 mm LR IAR 0.25~2 mm KHAH
IRAEEAS s BT AR EIEIN T 1.41%~19.23%, HAIRFKEIEINT 22.14%~53.53%; [FE, B AP R & ml BRI
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PRAEFSARYE A A S

KBR: AREY; ABBE; BUVMRE; EEd; W00

PESHES: S156.2 XHERARRAD: A

Remediation Effect and Ratio Screening of Composite Modifier on Tailings Soil

YI Fu'?, XUN Jiangbo?, DU Changbo®", ZHANG Chengwei’, JIN Nianli®, GAO Zhigang®

(1 Beijing Jingneng Geological Engineering Co., Ltd., Beijing 102300, China; 2 College of Civil Engineering, Liaoning
Technical University, Fuxin, Liaoning 123000, China; 3 Heilongjiang Longxing International Resource Development Group Co.,
Ltd., Harbin 150000, China)

Abstract: With the shortage of global mineral resources and the aggravation of ecological degradation in mining areas, the green
disposal of tailings has become a common problem restricting the sustainable development of mining and environment. To
address the critical challenges of high bulk density, poor permeability, and inadequate aggregate structure in the ecological
remediation of graphite tailings, the study selected fly ash, bentonite, cattle manure, and biochar as amendments. A incubation
experiment was conducted to analyze the synergistic effects of composite modifiers on tailings’ pH, bulk density, pore structure,
water characteristics, and fertility. A multidimensional evaluation system based on comprehensive scoring and principal
component analysis was established to quantitatively compare remediation efficacy and screen optimal ratios. Results indicated
that fly ash alone most significantly increased tailings' pH, while biochar alone most effectively reduced bulk density. After
applying composite modifiers, all physicochemical properties of tailings were significantly improved. Compared to the control,
bulk density decreased by 4.68%—26.32%, total porosity increased by 1.27%—15.44%, and the percentage of water-stable
macroaggregates (>0.25 mm) reached 2.85-7.03 times than that of the control, with aggregate composition shifting from
microaggregates (<0.053 mm) to macroaggregates (2—0.25 mm). Saturated water content increased by 1.41%—19.23%, and field

capacity rose by 22.14%-53.53%, alongside substantial enhancements in organic matter and nutrient levels. Comprehensive
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scoring and range analysis revealed the following order of influence on overall efficacy: cattle manure > biochar > bentonite > fly

ash. The optimal composite modifier ratio was determined as 30 g/kg fly ash+60 g/kg bentonite+60 g/kg cattle manure+75 g/kg

biochar. The research provides theoretical and technical support for the utilization of graphite tailings as soil resource, offering a

sustainable strategy for tailings remediation and waste valorization.

Key words: Graphite tailing; Ecological restoration; Tailings improvement; Revegetation; Principal component analysis
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Table 1 Basic properties of tested materials

Egnw sl FEA AR X ] F B4R X A] F R/ pH HHLB FH S 28 e it EERC AR
(mm) it (g/kg) (g/kg) (cmol/kg) (mg/kg) (mg/kg)
AEREY 0~0.075 545.9 8.1 44.2 3.4 4.0 74
IR 0~0.075 965.0 12.5 16.5 1.9 207.4 77
Ji i 4 0~0.075 664.5 8.5 4.3 25.8 8.6 253
4-g 0.075~0.25 557.5 8.8 240.0 32.3 580.6 7072
L7/ )5V 0.25~0.50 608.8 10.7 239.0 14.6 410.7 13709

5 GB 15618 —2018¢ - HEFRbE i A& FH b 14
TGP RS AR EGRAT) ) PYIA L, BRSOk
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M4 JE S TEILE 20 i3k 2 I, bR Ry K
o Cd SRR 0.4 mg/kg, FRIRIE 55.6%, [FIFRFHAY
H4JRITE F IR WKL, R RSB E MR
AR5 IE AIEER

w2 NEFEHMERMNELSERE
Table 2 Total heavy metals in fly ash before and after treatment

GB 15618 —2018(pH>7.5)

HER FAB  FAA

Ni(mg/kg) 23.2 22.8 <190
Cd(mg/kg) 0.9 0.4 <0.6
Cu(mg/kg) 52.4 47.5 <100
Pb(mg/kg) 262 213 <170
Zn(mg/kg) 193.0 171.0 <300
Hg(mg/kg) 0.233  0.111 <34
Cr(mg/kg) 91.7 78.0 =250
As(mg/kg) 1.62 1.35 =25

1.2 Rt
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ANEEIT 10.00%)#HF7 E . B LI ngk
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#£3 B-HRRBIET

Table 3 Experimental design of single modifiers

R it FH 1 ¥ (g/kg)

KRR 10, 20, 30, 40

JiZi 4 20, 40, 60, 80

43 20, 40, 60, 80

AW I ¢ 25,50, 75. 100
122 EEuRiEE IR - RiEER I

FIRATRER , VePEA o R B B AT ite FH it AR IE
ZF L3 TR AMRIRER, HEEAS, ~A%E
ZHAEH . R E RS KA, 10, 20 |
30 g/kg). I (B, 20. 40. 60 g/kg). FF&(C, 20,
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HLOBILRREE . AR AR HEROKE R KR
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FIPEM AR AR o 55 AN AT fif el B2 5790 A A 21 Sy %ot R
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F4 EAURRAERIT

Table 4 Experimental design of composite modifiers

Ak A(g/kg) B(g/kg) C(g/kg) D(g/kg)
Tl 10 20 20 25
T2 10 40 40 50
T3 10 60 60 75
T4 20 20 40 75
T5 20 40 60 25
T6 20 60 20 50
T7 30 20 60 50
T8 30 40 20 75
T9 30 60 40 25

7o KRB IHREFRA (K 40.0 cmx 58 18.5 cmx )
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JRACSETC W25 55 BRI 10 g/kg Ry AR Ab B2
AL CK AbHTC B 22 b, Hp A b 2 o I 25 1
KT 5.26%~11.70%. Xt THZE £, BRitifn 20 g/kg 4k
H pH 5 CK Ab¥TC 22 540, HARALIE pH i
FEFE T 1.11%~2.35%; S TR CK AR 3%
BRI T 3.51%~15.20%. XFTF4-2%, BRitiin 20 g/kg
A3 pH 5 CK ARHRTC I 2525 Foh, HAR&ANH pH
WEAET 1.24%~2.84%, Hrp, jihn 20 g/kg 5 40
g/kg AFFABITC W F V2 HAFMMA TR CK
SRR EFRAR T 5.26%~20.47%, W THYIFR, %
AbH pH # CK AP E T+ T 1.11%~4.70%, [RIA}
KERERIET 9.36%~34.50%, % LRk, BBK
XA pH MR TR R ok, AW i et B 25 E Y
BAVK I e K o (H M B 1 K A 6 3 (pH = 9.00) 7 T 1
PRI AR R A AN Y, e A A W o i Y it
FHE A BB 30 g/kg F1 100 g/kg.
22 SEAURFIET WIEMERNZIT
221 A, SBALBE A& 2 AT%0, CK AbEERE
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Fig. 1 Tailings’ pH and bulk densities under single modifiers
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Fig. 2 Tailings’ bulk densities and total porosities under different composite modifiers
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Fig. 3 Tailings’ water holding capacities under different composite modifiers
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Fig. 4 Tailings’ water-stable aggregate compositions under different
composite modifiers
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Fig. 5 Tailings’ pH values under different composite modifiers
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Fig. 6 Tailings’ nutrient indicators under different composite modifiers
*5 TARLERT TIENEEES
Table 5 Tailings’ combined scores under different treatments
Qb3 CK Tl T2 T3 T4 T5 T6 T7 T8 T9
F -5.45 -2.07 -0.37 3.94 1.76 0.71 -0.31 0.93 1.48 -0.61
F 0.21 -1.05 ~1.24 —0.11 -1.76 227 -0.71 2.1 -0.69 0.99
1SQI —4.12 ~1.83 —0.57 2.98 0.93 1.08 0.4 12 0.97 —0.24
He44 10 9 8 1 5 3 7 2 4 6
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2 5 AIAH, CK AbBRZE G154 W3 T HoAh b
L, ORI BRI AAAESSIAR L BB L R
KRS 255 M, AR R AR . midsinE
AU RAG, HSABEAEM BT, Hfh T3
WPRZEAAY 2.98, HEASE —, LR AR RACR A,

6 WM RAHLE AR . v LA
W, B AP R AL 43X R S5 A A M Y T R
A SR R > I > HHEIR . Ry RER 30 g/kg+
& 1 60 g/kg+4-3€ 60 g/kg+ EWI TR 75 g/kg A
WFoE B A R A e R A

£6 WMESHER

Table 6 Results of extreme variance analysis

S K& 4 K& B W& C WZE D

K1 1.26 1.20 0.88 0.94

K2 1.48 1.45 1.17 1.19

K3 1.54 1.63 223 2.16

k1 0.42 0.40 0.29 0.31

k2 0.49 0.48 0.39 0.40

K3 0.51 0.54 0.74 0.72

W2 R 0.09 0.14 0.45 0.41
FAEEIE S C>D>B>A
RALEC L A3B3C3Ds

T R K RS RGBS I iR istr 2 F, k
H K BFEME, R SRR

3 e

48 pH. A FE AL BRI T f
febr . AT, B2 RIS R Y, Atk
K. Rt AR O BT pH A i Y
TR, xR A EA BE W IEOR, JE A
T P3N, pH $TH IR 025 T R IR A5 R 14 34
SR Hh, BYEKEILH S pH Eemi(R 1), TEKIR
BN SRR T, MRS pH T iR
TR o AW T e 5 o ) B RSO PR R | AR )
AR P2 Rt fin 2 AR TR A7 2 W i 2% 5+ Sheng 450
RIS A I, N 45 g/kg SRR AW R N8 1
HEZSE N 1.34 g/em’ FEARE 1.18 g/lem’, i RACRIFA
L MABER SRR, T 50 g/kg FKFEFAY)
TR B al B B A E M 1.71 g/em® (R E 1.36 g/em?,
MRARBE . AR RIRREREN, SAHWES
BRFBERKTRBYAE, WinTREY SFLER
B, BAEY ST R 25 AR L BRE 5 ) i K
FHIER, —Ff, £ 500~600 C FRAMMR T 2T
25 1) EORFEFFAE D) B s S5 M35 A0 , L R AL AT 3K

13.90~60.50 m*/g, fLERZAIT L 0.01~0.06 cm’/g,
~OH, -C-H SFRME AL, HE2fUp5%e
B IZ AR AT AR e L LR
— 7T, AR YT 2 BORAR X 8] (0.25~0.50 mm
R 7 HEIk 60.88%, F DAIXTESA, Jitihin)E Rl LAA
BoE s ARE A, 5 Ry Y ENR AR T EoE
AR b 50 2 240 U 1] 1) 5 2 HE S O X, el R 11
LB, NI SEVRO AEREL . SFLBREER .

FH [A] 4 7K B e 7 et - S R /K P BE Y E 46 A
WFoE 2 R R, A RAEME, B H R
HH IR B ERTE T 22.14%~53.52%(P<0.05), XAl
REVE T BRZE A AL 5 ML E AN P RIAE H
—J7 T, AR R3] S e O S e R
P KA N S R R T R, B R AR R
UKL 10 Y U S 1 ), A W e v A o B
K 1 22 FLE5 R (RR I 2 3 5 A L) SR i R He 3k
TR FL B A, ik e 1 B BB A% 30 3k 1 5 = 40/ FH A
FE 00 SR R B Rk M Ak, AR R
T & S B S EUE R (0 —OH . —COOH %5) HAT 58 3%
K, BENEIE i SR LB K o0 1, k2
SRR IR RK AR ). S — 7T, BA SR AL
ARG REAPRSE S GR 1), HiRnEsk
T TR B AP i, ALY 322538 R o
FIMACHER) —OH, —COOH %37 /K K138 i S ks &
KA T, = A RRRZS R NI RR i ) K s,
AP WK —PRoK” SR BT K o 0 O B gz
PR, M E T T B K Mg

38 A R ML R () B A BT, AR e M
- Hegh Ry AT e A E B R AR R B,
AR E T R KRR A R AR BT AR
(>0.25 mm A 5 A 7 b ) IR Ak B S o T
16.83%~54.95%), 1% 55 X137 A 25 DO 3 0 2% SR AH —
o R, HURIATIAS A VUL, | & it s
SRERERVIEN P EIER . H—, ) —OH.,
~COOH 45 BE Ml i {5 & P 5 2/ A e
TE BB 28 kL, R (i A1 2R 44(<0.053 mm)
R AR (>0.25 mm)¥efb; H =, 453 1 iy
Ca®" i B T Na®, FRRBURLEHER /7, 12
PR S50 = AR 2 ep i ] v M R R (A
CaHPO,)'5 B8 AT RS Fe /AL 2 b A B R Eh 1t
TEPY, A e S Ok

ANTE) I 52 A o3 B 00 X 3 2 M I 1) 5% T A7 A
WX, AR TD, EABRAMMNE, By i
(R0 Fr i B E R TR 6), SERBED IS
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R—EB, HRBA Y BOoR Ot A 26 B3 i e A il
B, AR AR RS AFERE, HE IRt
AR T AN i, AN S G i R it
T PR e T A R, XA (i B
HHUKFRD AR

TE LIRS, % B TE BE i 52 2 A AR L A
AR IR BN S5 AT T 2R T 2 A R
X A AR A4 IR P8O0, ek R FR, EL
KTWAY) . WGP R R L, 45 AR
FEHEA T Rt — AT AT, DLSEE R
7 BERA Hr.

4 e

1) PRSI . B 2R SRR R AR W R A
WA TRY pH, KT EY AE, HRmiEEY
Wit %5 it FH (R 388 AT 3458 . 4 Rl LRI ep, R RE ARG
A pH TR R 3, AW TR A A E R
ST S RTE IR 7 aY Ak =N (AL A A EE
SOy () e 4 5 B, o P s A A )

2) & A R A A A 20 2 %k B 4% B AL 38 b
S MR FE BN [A] o B O R pH 5% i B K,
A A E L LB | Rk R R
Wi e K, AR ZE X KRR AR . A ML . CEC AlAT
RO i R . 2R G R, BB K 30 g/kgt
i + 60 g/kg+4-2% 60 glkg+EWIFR 75 g/kg AT
SR HIHE A R A A

3) BAMRAERY TR T Bk 5 254
RSN R, &R T 2 A2 RN . ZA
R A AT T R 5 E LR A R
A SRR, BT R AE . BALBE . K
e A1 3R A S g IR 1 e s A 31 T B A

SE WK

[1] Chen R, Ding X B, Lai H P, et al. Improving dust
resistance of mine tailings using green biopolymer[J].
Environmental Geotechnics, 2021, 8(6): 382-391.

[2] WuSL,LiuYJ, Southam G, et al. Ecological engineering
of iron ore tailings into useable soils for sustainable
rehabilitation[J]. iScience, 2023, 26(7): 107102.

[3] Jin W, Wei ZY, Liu X Z, et al. Effects of constructing
farmland with large amounts of iron tailings as soil
reconstruction materials on soil properties and crop
growth[J]. Scientific Reports, 2022, 12: 20205.

[4] Wang Z X, PanJ W, Lu Z J, et al. Microcoleus vaginatus:
A novel amendment for constructing artificial soil from
tailings[J]. Environmental Technology & Innovation, 2025,
37:103939.

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Sahlaoui T, Raklami A, Heinze S, et al. Nature-based
remediation of mine tailings: Synergistic effects of
narrow-leafed lupine and organo-mineral amendments on
soil nutrient-acquiring enzymes and microbial activity[J].
Journal of Environmental Management, 2024, 371: 123035.
e, EARE, JE S, SEL ORTRBR ) X A £ 3 X
AR A bR KA P i R R I B S )). R AR,
2020, 51(5): 1172-1179.

L. DABERT A A 5 A A SR AR 1 ek R R LA A
[D]. WBH: 1275k, 2021.

Kang M W, Yibeltal M, Kim Y H, et al. Enhancement of
soil physical properties and soil water retention with
biochar-based soil amendments[J]. Science of the Total
Environment, 2022, 836: 155746.

Feng Q W, Wang B, Chen M, et al. Calcium alginate-
biochar composite promotes nutrient retention, enzyme
activity, and plant growth in lime soil[J]. Environmental
Technology & Innovation, 2024, 35: 103670.

Al-Lami M K, Oustriere N, Gonzales E, et al. Amendment-
assisted revegetation of mine tailings: Improvement of
tailings quality and biomass production[J]. International
Journal of Phytoremediation, 2019, 21(5): 425-434.

Sun B, Lyu C J, Bi R T, et al. Effects of polyacrylamide
molecular weight and mass concentration on water
transport characteristics of iron tailings[J]. Scientific
Reports, 2021, 11: 6252.

TS, B, 2R, .3 B A PUE ST
FER R A AV B S AR Y R s (1], B2

2016, 37(1): 301-308.

RAEL, FRF, X, 55 3 P ML R AR 2
038 AR MR I 7). AR B4Rk, 2023, 32(4):
784-793.

GE, Y, FRET, SF AT RN AT SR YR
B2 T]. M8 TARER AR 224, 2024, 14(3): 1015-1025.

Du C B, Lu X X, Yi F. Impact of modifiers on soil-water
characteristics of graphite tailings[J]. Scientific Reports,
2024, 14: 4186.

E, MR, BRI, 5. ARG VRSN R
WL BT PR ST AAE W A A 2 [T]. ol IR L2 2

2020, 39(9): 1946-1956.

EHIE, fUKEE, PR, 55 R EUR B ES I b2
PR K B/ NEGLT B A M 1], £l TR AR,
2020, 36(2): 95-102.

Shaheen S M, Hooda P S, Tsadilas C D. Opportunities and
challenges in the use

of coal fly ash for soil

improvements—A review[J]. Journal of Environmental
Management, 2014, 145: 249-267.

Atkinson C J, Fitzgerald J D, Hipps N A. Potential
benefits
biochar application to temperate soils: A review[J]. Plant
and Soil, 2010, 337(1/2): 464.

Mi J Z, Gregorich E G, Xu S T, et al. Effect of bentonite

amendment on soil hydraulic parameters and millet crop

mechanisms for achieving agricultural from

performance in a semi-arid region[J]. Field Crops Research,
2017, 212: 107-114.

http://soils.issas.ac.cn



534

Dy A A IR A MY i RAKCR B LT B

641

[21]

[22]

[23]

(24]

(25]

(26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

A6, 2P, AR, S RS A HLICATLIE B X
N[5 B - A S TR RN PR RN (0] R,
2024, 61(5): 1360-1373.

ARFL, fTARER, SR, G TLAMERS A AR W) ek R
4xJm PO L B Y LA (D). BERERR A S TR AR,
2018, 36(6): 993-997, 1009.

NIGEFT, BEERE. Aot b3 A 5 R W A R e 1Y
WFFEHERRI]. HESFREE24R, 2014, 23(3): 535-540.
AR, BET B EMAE. TR &
FH b A-3875 G XU B AR MEUAT): GB 15618 —2018[L].
Jent: v EEREE R A, 2018.

SRR, B, 2 AR, SE. RSO R R T
4 )R 15 YL R K I B PR RE B ST 0], ARAL T, 2024
53(8): 1931-1934, 1943.

BRI, BB, BRIE, % LRGN PAM Xt
SRR IR )], fOl TARR, 2017,
33(6): 240-245.

BB, TS AR N R R 5 — AR
1 o R e [D]. FEANTE AR NS R R,
2016.

XN, MRHATH, HSAFTAL. AR [) 25 J X KRR R A=
K m]. BIeirgl R, 2011(8): 27-31.

BRoE e, XS, TR, SE. A HLECR R KR Y ok
BT L R AE S I RIRTE[N]. MR
24, 2018, 38(12): 4769-4778.

TR, KA, 23R, . A EEL X 55 R TR 5
PR ESCR D], AES SR AR, 2022, 38(3):
383-390.

RERE, X, KRE, % AE LA I 8
3+ HOK AR FUR AR LS ALBREE RS []. Lt
%, 2002, (S1): 119-124.

HAE NRIEFE R ARAS . S 25 22 #f5: +
e R KR M E H I3 NY/T 1121.22-2010(S].
Jest: A R, 2010,

RE, BB, K, % A PL-TOHLE R X
BB s m ). A SR, 2021, 30(11):
2244-2250.

XN, AW, ZEEREAE, GF ORI RRDAE L B T sk
A ERFFE ). EER R, 2020, 36(01): 125-130.
WG, A, BA L, & AR BRI BT IL e
TRPR AR M+ T R B ORI T )], Bk S ERE,
2022, 50(04): 575-585.

20, BT, BT F O ERIKE XRE LA
T LRSI [)]. FHoA4R, 2024, 32(9): 2875
2883.

Varshney A, Mohan S, Dahiya P. Assessment of leaf
morphological characteristics, phenolics content and
metal(loid)s concentrations in Calendula officinalis L.
grown on fly ash amended soil[J]. Industrial Crops and
Products, 2021, 174: 114233.

Sheng M H, Ai X Y, Huang B C, et al. Effects of biochar
additions on the mechanical stability of soil aggregates and
their role in the dynamic renewal of aggregates in slope

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

ecological restoration[J]. Science of the Total Environment,
2023, 898: 165478.

F B, EL, 5. AW E 48 (Zn) 1R KRR
Kesh f1240). AL THER, 2019, 38(11): 5142-5150.
Alghamdi A G, Alkhasha A, Ibrahim H M. Effect of
biochar particle size on water retention and availability in a
sandy loam soil[J]. Journal of Saudi Chemical Society,
2020, 24(12): 1042-1050.

VR, FE, Kk, 5. EWRSEE XTI
RS+ AL BT R R AT SE )], T 5 X B R 5 R85
2022, 36(3): 143-150.

HASC, SR, W1, AE. OB L R R VR A
TR O A R A AR )], AR T ARAEAR, 2022,
22(3): 357-365.

Abulimiti M, Wang J C, Li C J, et al. Bentonite could be an
eco-friendly windbreak
Environmental Technology & Innovation, 2023, 29: 102981.
El-Nagar D A, Sary D H. Synthesis and characterization of

and sand-fixing material[J].

nano bentonite and its effect on some properties of sandy
soils[J]. Soil and Tillage Research, 2021, 208: 104872.
W5 ¥, SRAL, What B, SF. ORESOHE KRR AT AR
B B 3 X K FI R R M (], B
2024, 45(11): 6546-6554.

AW, SREE, WRET, S AR R P
W5 NI, JEHERR, 2017(5): 1-4, 25.

Ahmadi S H, Ghasemi H, Sepaskhah A R. Rice husk
biochar influences runoff features, soil loss, and
hydrological behavior of a loamy soil in a series of
successive simulated rainfall events[J]. Catena, 2020, 192:
104587.

E, WA, Bk, 5. AR R + 5 Rk
B AR RHER S ()], RIEAEHE, 2024, 61(6): 1714
1728.

SRR, EAREE, R, SE. IRINIZIE e LA AL
BRARZ AU m[I]. 3, 2024, 56(5): 1018-1026.
XU, Bocte, skR, % i AN E R oK
HI % 4 2 POC Fl MOC HI52MA[I]. 7K HARFE44H], 2021,
35(2): 225-234.

Zou C M, Li Y, Huang W, et al. Rotation and manure
amendment increase soil macro-aggregates and associated
carbon and nitrogen stocks in flue-cured tobacco
production[J]. Geoderma, 2018, 325: 49-58.

FRR, BA, TR & R R e ik R
PP REE R[], A58 TR 24, 2022, 16(10): 3402-3409.
Huang X R, Li H, Li S, et al. Role of cationic polarization
in humus-increased soil aggregate stability[J]. European
Journal of Soil Science, 2016, 67(3): 341-350.

Cao X D, Harris W. Properties of dairy-manure-derived
biochar pertinent to its potential use in remediation[J].
Bioresource Technology, 2010, 101(14): 5222-5228.
BRI, TR, PROKE, S5 AW SR O A HLAEXT
Ot SR AE BT I PR A0 T 5 A Y R T ).
+3E, 2025, 57(2): 333-341.

(REHEE: T )

http://soils.issas.ac.cn



