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Abstract

To clarify the effects of wollastonite powder application on the improvement, nutrient availability,
and carbon sequestration capacity of two different types of acidic red soils (plateau red soils and
cultivated soils). This study established three treatments: no wollastonite application (CK), low ap-
plication rate (5 kg/m2), and high application rate (10 kg/m?2) to conduct pot experiments. Soil
chemical and carbon indicators were measured after the experiment. The results showed that: 1)
Under low application rate, TC decreased, while it increased under high application rate; TIC signif-
icantly increased with increasing application rate. 2) Soil pH was significantly improved, with the
magnitude of improvement increasing with application rate. 3) In plateau red soils, Caz+ and Mg2+
contents decreased; in cultivated soils, low application rate increased Ca%* and Mg2+, while high ap-

plication rate decreased both. 4) In plateau red soils, AP and NO; increased; in cultivated soils,
low application rate increased AP but decreased NOj;, while high application rate decreased AP

but increased NOj; . Therefore, wollastonite application can significantly improve the pH of acidic

red soils, promote inorganic carbon accumulation, and demonstrate good carbon sequestration po-
tential. The promotion and application of enhanced wollastonite weathering technology requires
optimization of application rates based on soil type and acidification degree.
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1. 5|8

bR B B A A P ) 5 AR A e A 1]-[3], FRIE B 77 LR X B IR G A R . BRAE S BT pH
PRICRE EREEREER R (4] MBIBZEMI[S], [FIRFPRARES . BE. B RUkL6], MIZTEMAK, RARE%e
(I DCBRERFLAS , Ak 5 R SHE IR 3 4 1R 5 PR B 3 2 (1) ] R B AR [ 7]-[9]

1 3 LR 25 XK. (Enhanced Rock Weathering, ERW){F 4 —Fi i M i S HEBCR A, @5 ) + 358 b 3 4cky
PERIRERR R0 4, NN 5 COL [N, KRS COr BeAb BRI AR A4, [7] H R Sl 1k P 8 -4 v 3%
pH, EHTRAE AN 33 0 B A XU ZLEE 101 [11]. FEAK A (CaSiOs) I HAG & & m . IEME R, A8 m X
KemE 4|, AMON ERW BFFCIOEIARS R 12]. COARFARR, HMaReE A KL R A B L3 pH, {2
e IEHUBR(TIC)MR R, BB E AL 0.3~2.99 g/kg [13]. 2RI, 3w A KALXT L3 H HLER(TOC) I 5
WA AELE S B2 BT 90 R B P R A A AT 2 ik TOC HIBE N[ 14]. Xu 25 A[15]38 5 0 78 AR bR 38 R B,
Jit FEE AR AR T TIC ¥h0. Yan 8 A [1638IE % b 12 AR bR R AR B, it P e K A S (gt 1
BANIRE . th4h, ERW [f] CO, BAFE 12 PHERAL, AR, i EMRAEZ R R Em[17].
S R 2 N 0 XA SR AP AE R 22 5, K FE e [ s 2R 3 v T S 50 == 18]

ERWLﬁﬁﬁﬁﬁﬁbuﬁiﬁai“”ﬁbuﬁﬁiﬂcj—am{ ¥ CO, LhFasE iR #6721 13 . DIREARCH
KA A, H NS REANTR : KAR COy it /K& T HoCOs, B G LB AR HCO; 1 HF, dnfb 05
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=

FERFTR[13] [19], BERAYE HRNBE Ca?t, Wik i fE Q) Fn, H98 A 2 hnid 5 #2200
CO, MER. R Ca2 ST HCO; [N, Az sRIRAEBRER $hyiie[13] [19], Witk 7 FER3) i,

M S COa Y EE -
2C0, (g)+2H,0(1) <> 2H,CO; (aq) «> 2HCO; +2H" (1)
CaSiO; (s)+2H" — Ca*" + H,0(1)+Si0, (s) )
Ca’ +2HCO; «» CaCO, (s) ¥ +H,0(1)+CO, (g) 3)

SR, BB E B /75 S bR R SE B 2 [T 75 e B 2 BHA A E ME: 1) BERRE I Kk % 5
RS2 L IEERAGE (9 pH I PR R 16] [20] [21]; 2) BEAAK T IRFR IR AIE R 241
ML, FERR ER AR Ca? RE i s g iy, (R TR0, RN pH A4 st vl B 350 . 3.

LICRA MM RS RA[17] [21][22]s 3) MaFHEZFM ERW JCRFI DGR R, i S T e
RORAN S, i v W] B S B0 4 R SR AR D UTUE S5 10 #1231 [24], H H T 3R 1 R 7 2035 1) B A
J BT s 4) AF AN ERW [0 RAFAEZE R o il FREACA R A0 AR AR 30 R H 1
B G A MUY AL A7/ B 5 22 57 [25], X9l 7 X AR R 3R M g B . 5) ARIERLFE
FERVE TR S g8, KRR TAEMIRETE SR RN R e, W BRI IR #h R AR N [ e
B A AR AR 22 [ 17] [26] 6

25 T B IR 57K P 3 Ak R ] M Y 2T R A AR X, X U K B L R L3 AR L R A 5K
AR, WRESEE: WRIIERKRARES RS FRSERAETE, AR SRR SRR Z;
FHE LARRK IR A T e ML, AR S &, ShAEBS TR i . BRI H . XX
FA4, BEREHE /N ERW X ARSI, R H BN RIEMEES%.

AT = r R A [R]— BRI B B WL R 2L (SR, AR B AR L) FMIBHE LRI, AR
349), I ARSI B B W A A (5 kg/m? A 10 kg/m?), RS A KA 3 5% FE(TC. TOC. TIC)
ALY (pH. Ca®'s Mg AP NO;)HIFENA, 575 78 AN [ CL 56 386 50 XL (1 i LA, 441X
I R SRR B R AR AR

2. RS RE
2.1. SEIEHBEER

AR R LI W E T = A TG B AR RBIB X A SO 7T T(25°84'N, 101°83'E), %X IFRLI AN
1210 m, J& T WA TR E, 35 H B ECN 2670.4 /M, G393 21.9°C, FEIF%/K 634 mm,
TRZES, BEACAREES, EVAKEERR S, & ETTF R AR

2.2. SEIGHAR

P RGEA BN e DR B BT 2 5T XA K EERUE(24°51'N, 102°53'E), BRI K
A, R IX ISR TR A 1L R 2D CR E RAE M 0~20 em ) 4= 398) DB X480 A ST EAT A 1)
BHELCR B RIIBHE AR T 0~20 em (19 - 38)E N BRI 1 H 38 . 1L IR 2D WL & BRI, AR
Yk =, FKEEIIFIFRIHERIGE ) 2% N EE(27]-(29], BHE Ll T RKIIBHHE IR 3B, k& &
R ECEANEZE30]. T IR IS BRI, Feo Al AU EER R, N PEGIGR S EK
%, FEKBEATRI PERLAE 1558, E R EACRARM L3 BHELOE TR A T3, 3%
AL S R A B, (BRI AR A TR0 A LSRR A A XU, 75 A B AT DAZERF 3R
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Table 1. Basic physicochemical properties of soil

1. DREREUMR

- HHLR B T e BRAE ACHOMECa AcHE Mg
ane: Eayit H
- P (zke) (cmol/kg) (%) (g/kg) (g/kg)
i 6.29 13.71 12.30 35.00 1.026 0.199
e+ 4.90 9.74 8.70 42.00 0.832 0.116

ARSI R IR A VE ASLIGAM R, Kt RSEE 2, H Ca iR EE HHLLN 68.64%, Mg L&
TR AN 03%. AT XA SHMEA, EEEAA TSR BA R A: 1) A& RS
HEJE, " EEATBURIX e KEA H), TRBING IR A 2) F5& &5 (Ca0 >40%), 1h
WAL IE AR, B s 3) w35 pH BRI T 75 9% 5

Table 2. Elemental composition of the materials

?2. LUMBFATESE

JTTER Ca Si Fe Ar K Mg Al Ti S Mn Ni Cu Cr Co v

ditk(%) 68.64 266 1.12 0.61 04 03 021 0.15 0.12 0.08 0.07 006 0.04 0.03 0.03 0.03

23. SRR ESMERE

SEEGE 3 AN EL: XFRE(CK, ANt HREAKA) KA &5 kg/m?, 50 tha) =it & (10 kg/m?, 2] 100
t/ha), FAMACEE 3 REE . KA RS IR MRS ERAERE (D42 37.5 em, 15 39.5 em, JERAE
29.5cm), HEIETL) 20kg. HEHEBRROCER MR —MIRGEEHN “28457), BE
3 bk. AEBEHINBREEGOK, (RIS /KB NHEFKER 60%A 4. SLIT 2024 4 5 HIFE, 8
H A TR RGBT IRE , BURERBE 5~20 em, XU Ml & T8 A

Z: 8 GB/T 7849-1987 H1(1)J73%, FIF{EHE X pH vHllE L IBAE S pH: SR A BRUBGRR & 55 B 114 i i
i3 (ICP-AES) I 52 - 35 FF i T A8 e e A5 (Ca2) . BE(M )& s KA LY/T 1232-2015 H i bty
SE IR S B R GB/T 32737-2016 H I M e e vl 2 HIE R A S R S & .

FIFH TC R AT AGIAT HIERR I 52, K 3R AE 80°C IS FHET T8, FREL 50 mg )5 HIHE
mi JBNT AR SRR SR S IR, (SRR TR C &AL CO,y RGeS A I 1k
J& . HENZAMEIBIE CO, &R, HHE M TC &R, SRJFHL 50 mg TR AL FE R k4T ER 1L,
FBERES S TIC WI5E TOC, TC Al TOC 2 ZHIN TIC.

3. ERE S
3.1. HiRERA S

T At FHA P Fh 3% TC S &R fAfE 2 (8 1) (L4, CK 4B TC 7 13.79 g/kg, 1K
Jiti FH AL (5 kg/m?)BE & 11.59 g/kg (187> 16.0%), =it FH B AL B (10 kg/m?) T+ 2 13.94 g/kg (B0 1.1%)-
BHELH, CK AbFE TC H9.77 ghkg, 1%HEFE4E 8.86 gkg (8D 9.3%), miltiFETHE 10.68 gkg (H
I19.3%). R BUEHEFH & FEP R L35 TC N F%, 1 s A &0 TC #5 .

TIC W4k 2 A e F PO 57 B 9 2 2 (1] 2). Ll JR2ndgert, CK ALFE TIC 1Y 0.08 g/kg (15 TC ¥ 0.6%),
fEGHE R T2 033 g/kg (M1 3.1 4%), BEMEAIRTIEE 1.05 whg (AN 12.1 9). BREL . CK 4b3E TIC A
0.03 g/kg (i TC 17 0.3%), MEHEFT % 0.06 kg (MM 1 i), M ETHE 1.21 gkg (#0393 ).
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P48 TIC 34 B8t FH & 3 i 2 & 527t st & R A L TIC SEMEsE oK.

TOC b5 TC —8. Wifh - it &= 33 TOC TR, st & Fug A [l FHH Sk gk
CK. X5 B 2 mT RO 7 BIBA WU b 2 R QEEOR RUN), T it F & TIC AR ME S ik
T TOC ik, f& TC a7,
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Figure 1. Effects of different wollastonite application rates on TC in different soil types
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Figure 2. Effects of different wollastonite application rates on TIC in different soil types

2. FEIRERAN R EX A E IR R S THER(TIC)#IF T

3.2. HIRUEMR

e 4398 pH P4 Bt Tk A A e FH B I T e (P 3). Ll A0 CK pH 6.29, K& T 7.09, =i
FETHE 7.55; BHEL CK pH 4.90, R fHETTE 7.44, miEHETE 7.55. BHELMR pH $RTHIEE
KOERKT T 2.65 AL, BRI O SRR PE 38 ot R AR B 35

AEHAE Ca? 1 Mg?* IR AR A it FH P o 7 D] L3 S R T 22 e B R (1] 4). Il BRZnsed, iR, &
it FH B8 Ca2tF1 M2 & BAK T CK: Ca** M 1.026 g/kg 73 I 42 0.998 g/kg #10.961 g/kg: Mg M 0.199
g/kg 73 AlBEE 0.136 g/kg 1 0.129 g/kg. HHELA, LM EAE Ca® M 0.832 g/kg THE 1.508 g/kg (3N
81.3%), Mg?*M 0.116 g/kg T+ 2 0.170 g/kg (31 31.8%); 1M =it FH &A% Ca? £ 2 0.526 g/kg (Y82 36.8%),
Mg> % %5 0.088 g/kg (I8 24.1%) o 3% & BIFFAE %o Fe AR A i N 1°) i 7 B UK, ARGt P+ T b 78 SR 56 35 1,
{H e it FH B BT 5 B0 4 R
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Figure 3. Effects of different wollastonite application rates on soil pH across dif-
ferent soil types

3. TEIERAKRBEXNFRELRER pH BRI
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Figure 4. Effects of different wollastonite application rates on Ca®* (a) and Mg?" (b) contents in differ-
ent soil types

4. FNEFERAEREN AR LIESLR Ca?* (a). Mg (b

PRt 39T S (AP Ak A A Tt FH PR A7 E 22 5 (1] 5). Ll JRZT3E Y, AP A CK (1) 0.027 mg/kg 77
I 2 At A 21 0.072 mg/kg (+166.7%)F1 it F &1 0.030 mg/kg (+11.1%), i A 2 /e R H B3 .
HHEL S, AP EARHE I EM M 1.353 mgkg FHE 1.422 mg/kg (+4.9%), il &N FFEE 0.941 me/kg
(—30.1%), FIAARGEH EGL3E, =i ).

P ol = A 25 U NO; )Xk AR A i FH P B A7 78 22 5 (1] 5). L JRET3E, NO; A CK 11 6.54 g/kg 4>
A 23,525 g/kg (+259.7%)F1 22.595 g/kg (+245.5%). Wit =155 et NO; B R . #HE L+, NOj
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A
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%01.0 2
D0. 81 o
=g 151 a
[2 ] o("3 i
=< = 104 a b
0. 41 107 =
0.2 a b c 51
C = - 0 —
o0 CK AR  EiEEE CK 1&%&&@1))1)%% o L
(a)

Figure 5. Effects of different wollastonite application rates on AP (a) and NO; (b) in different soil types
5. TEERARMAENNETIRLBEBYBAP) (2), FHSE(NO;) (b)HIFAE

4. g
4.1. HERFEERA XX 1585k EE RS2 I

Tk A A it P Stk - 3 e 2 4 9 S ) DR i P R S o AR T RR, R 381 TIC 5 b Bt ek A i
BN R E RS, S E(0 kg/m?) Nl R ZIBEABHE L TIC 433600 12.1 550 39.3 f5. X2
THEKATERR MBS A AR Ca?t, [FIRVHFE H3Em 4% pH; BH pH Fhm, HCO; WREESE, {2t
Ca?" 5 HCO; M A:z i CaCOs YLTE » AT SLITEHLAR FIFR B[ 13] [19] AR S256 TIC [ 52 59 0.03~1.21 g/kg,
5 Haque %5[13] (0.30~2.99 g/kg) & Xu Z£[15] (0.34~1.71 g/kg)kH ELAL THURAK T, W] AE 5 S 8 446
AT R 2 A R

TOC IS TIC M, K. miEHESSEM A LIE TOC & &R K. X—HEIRTFe2H
RIEBUR N, RIANEYI B IR T 5 A L 8eG MU 4 7 311 FEACH it F 8 32 s pH A s
TR, WS LIEBEYE M, (R R SRS, IR R A NUR R FIR, R
AT A NPT BE AR 3 2 23 i LR IO 1K, 2 v TSNP IG 6 [3 1] [32] IR SR SN 5 BRI B4R 2k 5 ERW
[F) B R E PR R TR N SE N . B9 - LT 25 B T AR B S [ B FE AP AR e 0 R, I LR )
AL BUR T X B R P . ARSeaerh, A & F TOC R Kbz, S8 TC TR miHE T
TIC KR RHEIH T TOC KIFJ, f# TC [FITt.

EAREERE, pH 24X TOC WIS MAF/EXE AN : — 7T, pH F v rl ik 5 i fuf A HL 2> T 17
AT, FE TOC FK[33]; S—J, 4 pH FHE 7.5 LA, Bim pH #HIRAED e, ke
TOC Fr i3, {f TOC #aTfe e Biig A B F . ASLidh w4 B~ TC &M, FEAKRT TIC
(KRR 22 B S TOC 43 i3 2R I 2% A HE R4 FH o

4.2. BERARET TR F N RAIR M

42.1.pH EEHREREBFEL
FEAA I BB T PR I pH, X T R S T B, FIRPRER Ca?t. Mg2tak
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BRPERHES 7, THFER IR 3 pH [19][23][34]. ASziery, 433 pH 1R THIEE N 1.26~2.65, =T Xu
E[141587H1 0.57, R A R VE LD HAT B35 (el R AR, JUHXT SRR IR L i el RER BE AR
Ho

FEWLFEAIEF, K. @it EAAE N Rt Ca's Mg S BT CK (&l 4(a), 1 4(b)). Mg
TR TTRES ERISCH &, FEERAH Mg & EUN 0.3%, A2 DAMEEYIRIBCRIR S . 384k
PE Ca® & 8 FEACAT e A T~ LA R LA 1) Ab22 e SO A BTN Ca?t 5 HCO; UM A H CaCOs Uit
VE[13], [ R A A 2 T 0 22 e ok 7 P R P B SC AR A2 8 [ 78 Ca?* [35] Buckingham 26 A\ [36 i it F A 5256
RINLT 15%~20%H) Ca? 4 L35G WU RS LA PN : 2) Fes AL S80I L LB : pH FHE RS Fe®'\
APKIRAE R R AR, @ L PR E E Ca2 [37]. 3) WUZEWIE E: B A XA 2 (R HERERR £h
MBI, KW ANRSKIS Ca B BIRINEEDT[38]. AELLt, KA Ca SEEIE
68.64%, K& Ca> PR Ntk Ca>* 5 HCO; RINA: % CaCOs YLIE, 456 5% pH 4 7.09~7.55 I 13834
Bk, RN 2 [ 2 3 EUR SIS Ca2t S B 1 3 AL

TERHE L, M ST Ca?ts Mg & & m T CK, I it A S AL EE MR T CK. 3% & R0
(22 5T e 5 AP I S BH S e R A oG, RIS R, REACA KALREIL Ca> . Mg?t & DLAMEAE
VISR R, RN ERFE B 430 = E T, JEERCH KB Si* e S Ca?ty Mg?
FERE LA R e S Y, RN pH 264F R Ca? 5 HCO; JR M AL CaCOs JiiE, FLIF S Es #utk
Ca*. Mg? F[%[16].

4.2.2. FNBEYHSHSEARNRI

48 pH X BEA A B A B RV T RES B Feu AL EALMDEIE, S908ME S 1F T A St i
B, HY pH > 7.5 B AT BETE AS BERR AR UTUE[39]. ASIG R, 1 JRLIE AP 7RG & N ARIER n(pH
7.09), it HE g EECN(pH 7.55), 5 BRI 2. PHEL AP R E IS A IN(pH 7.44), &
Jiti & R E N (pH 7.55). AP FRERITTRENLHIGHE: 1) & pH Z&AF T Ca? 7o & B AR Ok 13 P B 1 5 51
g ERASTRRRES[13]; 2) iR pH RHE CaSiOs BTk, 3R TH 2Rl Fl A sc #: e bt PO, [35]. Guo %
[3OIMIAEFRABIESE, AP 5 pH 2R ZEIEMHIE(r=0.62,p<0.01), {H4 pH i@ —&BER, AP BE pH T+
[T

+ 8 pH Fhm TR BE RS LA A TG 1, $2m NOS & & . Guo Z5[391 kL3 pH &7t 1 N4, Atk
RN 1.8~2.3 f5(p<0.01). ARSI, 11 JELIE NO; & S AEREK A MEH S8 n 2.5 f50A L, 5 M
BEARARF. AT, BHVE L NOS i B 2 RIS AN . I &~ NO; /b, s & NN, XrREs
pH BT SRS AR FH RS2 5G . BFF0R W], pH M 5.5 7+ & 6.5 I NO; #401 35%~40%, {H*4 pH > 6.5
I} S AL Bl S P A2 3], AL R BRAK[16]; Haque 2513110 A7 R LM HAESE, pH 6.5~7.0 &1F TR
TEA R 24 pH 5.5 I FEAIK 45%~50%. UEAL, REACA RN Ca? vl 5 LG NUR S &, i — L3l stk
IEFE[40]. BHE ARG 24 T pH FHE 7.44, NO; Wb FTRES AR FIOR A 5% it =0 T
pH F+2 7.55, AR 24, NO; FR R I .
4.3. PR ZTHEIRFE A X AL A0 R 2= 5

AW ST R PR L BB TR R, HR TR A AE, HRER R LRAEENR . B
B BEMR. S5t BHELAVUREBAR. BN S EEm. Mg, XUeZzE R S8 0 smE A A X
el AN E . HHEL pH BGBREE K, R HAIE pH K, WA HWE /K. (LJEZ3%E T Ca's Mg #f
I, RTRES R IR M E e 1A 0% BHE MR & Ca?ty Mg 38N, s &b, nrRe S Rk
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TR

=

X SR I SE A %o LR LD AP M NO; RGN, T Bk - b B R RO, T RES R
TR ZIEREZERA K. XL R [ AEHET ERW ORES, 05 18 R AN AGYE BT, A
i B A Bt

44. MRBRSRE

BT FUNLIEX ERW N IER A 1 SLRHACE , UERT 1 RE A 8 T R SR A i By T (R8s 0 (RIS
s T ANA SRR ERW WML [ 22 5%, Xl 22 7 R A SN E. 2RI, AWFFAAE LT RIR
P 1) LI — MRS, RIS AAE e 2) RIEMEWAEYRE, TEEED
PRI 3) RASINEEREIEL A A TR AR A B XS 4) RIS RCE VIR br,
TRt D IRRETR 0 AL o ARORAT DI JRAIISEER, 456 AL SR ERMBL A, 2 n At 1 5i X
PR AR 27 RS RO

5. &g

1) il REAR A B P i T AR ME LT3 pH, X SRR MERHE LI R BRI R H .
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