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Role of Carbon Cycle in Soil Acidification and Its Inhibition

LI Kewei'?, XU Renkou"*"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In recent decades, accelerated soil acidification has caused serious harm to agricultural production and ecological
system in China. The inhibition of soil acidification is of great significance for improving crop yield and quality and ecological
protection. Soil carbon cycle plays an important role in the global carbon cycle, is closely related to global climate change, and to
soil acidification and its inhibition. In this paper, the roles of carbon cycle processes such as soil respiration, root secretion of
organic matter, soil carbonate reactions, and accumulation and transformation of organic matter in soil acidification were
reviewed in detail. The inhibition of organic materials such as animal manure and chitosan on soil acidification and the
amelioration of soil acidity were summarized, and the inhibition of soil organic matter on aluminum mobilization in soil
acidification were discussed. This review can provide reference for the further study of soil acidification mechanisms and provide
theoretical basis for the research and development of soil acidity amelioration by organic materials.
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Amelioration of soil acidity

THEROR A A S R G AL A B BN BRI AE BRI B A B O e BRI AA FA A H A
oy, R IEES R ALKy, AT LI 1k R A JRER Y, JE L ER Bl M AR 2 R G T 2 A R R AR I
Sl . REANFRIIA . RIHUEHIBRER T BRI, AR A AR R AT LU R E 0 CO, ME ek
Hwhf it 2R T AR AR SN £ B, AT BRI ST, I R
SRR A A BRBRAG P A 3 E AR . IR, SRR R AR W, RO HLBRAELE R
HAE RIS, Ky MEEE e ek P RS RGN Ry Th A 4% B2, Rty
DA R R BR SAEAEAL T ARG R . IR PIAE. R Y R e R A LB
X BHEEHLRSOO)MTEHLER(SIC)™ Y, i IR HLBRIEA L HOFE L3 A Y (BUE PR3 )
HLBR S R 2970 2 000 PP, LA HLBREME R S5 T AL AL B o A HLBR AR £

OFRATH . o ER BRI G R L I(A 28T £ T)(XDA0440404) 75 B
* Sl VE#H (tkxu@issas.ac.cn)
EEFAN: ZRMH1997—), B, ZHuER A, M1, Rl R B, FENF LIRS RTEAPLEIISE . E-mail: likewei@issas.ac.cn

http://soils.issas.ac.cn



486 +

e %57 %

FEAH P A S Py sR AR , S 2 Ag HLA7E 3 b A ff R Ak
IR LG IR, AL, SRR %
AR . MR RIS, HHE KRR CO,
LRI, R 1Y R A —,
A BRI T R R EAEAY, TR, W
FAEHEREAL ., g e eEwEHER, -
BERARRF B L, Mok isz 8] AT 56D,

it B RN TR 11 A 3 S B AR b AT R & R
PR 2 4 (R T SERE T O - SR R ) 24 A
RESRETH A it R 28 22— , Bk RS IR AL X Al A 7=
A ASIRBT B E A E Y MR R AR B SRR . A
BRI A W 7E L3 i s &, T E R+
BRI K, 20 22 80 AFEACIRERTE +
(PH<S.5) W I FLZY N 1.69 {2 RT(15 Bi=1 hm?),21 fH#d
e s nE] 2.26 42", M 20 42 80 4EACE 21
204), FEAH 3 pH X FRET 0.5 A Bfl
T HERRAA R — AR R A SRR BRI, T
JUHAEkK, BT RIS SRS i SR b A AR K
K, JEHI AR FH 4 He s /U R i it e,
SRR R ET Ay, X e R FGE o HHEREY)
A SIS RN A R H, s e e, 4
A ENE 3 15 it FH 3 25 5 350 A AR 9 7= 4 i T AR
BN, GERR AR AL BB TR A TR R R RS+
B — A E R R, 35 AR 7 it AR
FIZE SRR, A AL AL B 35 pH b 5.08, HuifiJR
ZACFRAY 13 pH FEARE 4.19, Hift i TCHL AR b 2
(13 pH LR EMK(pH 4.24 ~ 4.78)%, 1988—
2013 4% 25 4F (0], FKERG/KAE 1 pH F3FBE 0.59
AT, b2 I it Pt 2 3 SOK R - in s R
B F BRI S A0, R () A 4 S R A T 3
TR YR BE T e A0 4 pH AR, b
B AR AN AL 4 R T . o A E AR R
BEEMERE MM R R WL fE T AR T
2l st e H ANARMEERE . 55—, Rk
P FE R H Sl ad B T A i A N A e T sS e
FRERIEBHES T(Ca™ . Mg* . K', Nah)itkdk, X—
IEFR A R A I A, 3k RS B S AN S it
— AL N AR ER P R, S AR S WS 1R
PEA 3B T3 4057 0 - BRI TS R R o R
FAF TR 58k AR IE T TE TR A Rk R R
i, AT SRRt 13855 | BRI S TR IR s R
@%2[24-25]0

HR A 1= AR AR B (AN ], R oR F AR TR] A
Jr ok R WA K AR, B

B VLSRRI BR A VR 9 it R B SR AL 1) R
POl R MR R (AL A o i R 4R
ey LA pH, e SRR A ) S B LA 2 80 TR
FIERTE L pH Zenpgsis o il ] L e f i e v
WIS, TRURRR R, e R Hoh
AT PR 3R T A ML & R AR I 2 IR
P [ AR 505 T b A4 AR

BIRAG P AE - HER A L2 0 2% - SR A v 45 R %A
A, BRI NSRS T IERR AL R SR E
THRE ST, (AfD R E S, ALk
TRRAEPAE LR A5 4 T RO, AT R BRAEER 2
T IERRAC B TR AMTFE | LR AL I P it ) 40
SRR E S OO R B IR AR R LA
P 4R LS A .

1 BESAELERERER

1.1 TEFRE TSR FRIER

1 pH 2P HHERRE MR IR E AR R
M4 pH=6 B, CO, ET/KIEM HCOs, HEfif
PR R T4 B g R R Y TH AR T T B 3
PHES RO R, T H,COs 7RI EAT
BRI B 58U (pKay = 3.76), TE T3 CO, 43 T+
ik, B AT AR —Fh i 1 CHL IR R 1k 3 25
i CO, 44143 R 0.000 3 KA (0.03%). Hi T
HEYIRTES), TS ST CO ML KT 0.03%. A&
HHHEZ LS P CO, WIEMEMA R 0.1% 48
FEEIE KA 0.5%; 76 H 4R At AR R AL AY -3
B RIEMEW CO, WAL IA 1.5% ~2.2%., i< h
CO, Fi ARSI 3485 ~ 70 £, XF 14 pH /"4
R, T HCOs MR, Xt -+3EmAb i {2 s A
TR ARSI A

HHERPI TS FIE T IR R, BEEY .
FLA AN R AE A TR RIS o, WERER LY, ok
CO, M FEP, IR e A 28 R G 5 KA Z AR
TR P, BRI AT Ak S SRR A SR IE
W, 3 A HLTT Y A R AR 2R L JRVE i
SRS T R IRIR Z A SRR AR AR 2 7 A CO,,
CO, V& JE T i 2 L AE K T s A P 3, DA i £
Heui R K pH BEMG, SECEHEMM R KAERIL. +
HERFIRAE AL ARG 3 AR R (R AR T . £
A= Wy O 1 R0 - S Sl ) R ) Rl — A R AR 2 it 7R
(i L B A= Ak . ISR 3R T ST R il
) CO, 1 30% ~ 50% K A ARMFIZ SR F F2IFNE, Higy
WAy E Tk A A A M A LR A 43 A 1R

http://soils.issas.ac.cn



534

RS BRGPAE LR 5 I T R ] 487

TR AR IR,

IR A L R A 2 A, — I
TR R, pH ANWIREAR, XA s
g iR S A R A 1 I INTTITRA < (3 e L 3 @ N
BEo — i, R R R S R R R
SIANWIRIN G, S8t SRS E R AW . +
BRI AT X R AR B A AR SR 1 B A
A, X2 (R AR 3R A A FH A2 204
1.2 HEYRRSDEVNERE T IERUHPHNIER

HPFEA KRR Pl AR, LR, ) 1 ek
A—RIUEEY), XA PIERR IR R ). R
ROIWA YRR A LR | B BEE , B A
[ 2 BRI AR , JeAE A 08 1V A A R8T T B 1)
T AL o MR ZR 5 IR (A7 S 2 5 T AR B+ 41 )
B R U3 A 3 sk ) SRR 2RI
B R AR BRI ST, AR/ B sl ok b e S R 5
R LS S S 22—, R ) e A
A FE RO SR AT B A PR X0, 7l i 2k 25 R SR Y
YRG5 OB AR . H, TS
Dy, AR EAR Z2 5 WA 1) 0T o R/ IV R34 hy
=2 KT ERAESY . B TRESYME T K
SRR R EE R TR . &R . K
SN o AT T AR R 4TI S EOR AR i a4t
fitf, HorPEh R 2P 2 PR . BT EE AR
TRE PR LR HY A OH B3 il &
S3IIAE - ST B BE BRI , (R fE R AR R
i RE AR R, R A BRERAE P Y B2 G
51 o MRS IR T B A B BB LSRR 4, i
SECAE R 5% ~ 21%59 MR R WE H I
A HLR J2: - HEmR Ak 1 R TR

FHgEmR AL A b T H/AL B0 S BUE AR T AL
=R Z TR TR, T ST PR XA Y (AR R A
BRI FEEAE . FAAR R BT 0 IR O AR PR 4
e, AP RS0 A HURR BT T 2 AR PR L4 pH
FEARG, Ik TARPR H R R Ik, feadt 3R EE -0
RALF Fe/Al FALPIR AR 59—, S4hEe i
Z R AR A ] AR R B ML 2 — LE R K
U E M FEHLHE 8RR i R4 T
AHLRRUSER R . AP . N R MRS, 7E %
)38 pH &0 F E 2 LA WL A B 7 A7 4P
DA WL B AR PR S 40 & A B AR > T
PEAAEYIIR R AAR R, RRAC Tkl
Jorge Al Arruda™ R R, BRbESAF R AP S
FORMR P IRR | TR AR R AT, X 2 PR

SEEEZGERME AV BFIERER, F TORRA
AT AT AR L, SRR ALY SRR R AR
L FEREEGHLIRT, ERMERS AL KA1
J1 e,

WF5T 2 B, S LA AR 2R BRI %) AR 2 43 BA 0 %o il
Al S AT T R e 2 RO A s A A R 7 A
TR A - R A LR, BOX PR AR R
I3 IR X+ HERR AL ) AR £ e A B AR P L X Rl R
FE B R 0 W) B AE 0 A Ak A 5 (BNTs) . BNIs AJ
AP A1 o) i A fol A 4 B T 2, DA T 0 o - 3 ep
S RIEAC IEFRER W SO N R . H A4l A JE AR
B RS OKFERNZ R R h &L T 5 Fh BINs,
B X BNIs B BEHGH A AR ML A A R Tk — 2
fF7ERs44,
1.3 HEHAETEREPIER

+ SRR AR 5 Rl bR R 1/4 DL E 3R R p
I RAD R . H IR R (EEN CaCOs)
TERHL R 1| m + 2P 750 Gk, 782 m )2+
B R 2 300 Gt, JLT- 54 PURRAE AT 2410, B
MR ER B AEAE T R 1 e S
FREREE, UEALHEM H 100 SRR & A s v s
M+ 3 pH<6.2 I, LI IR ER T FESR L, LA
H™ FZEAE T 2REERR SR 1 0 KA AN 5 £ L BH 2
FRAEFZGN . AT, IR IR 7 2%
ik R HEAE . IR SR X TR R SR 1 %
e

CaCO;+2H"=Ca*"+H,0+CO,

SR, o BEEILHAEN, LR AS B
XoF - S 1R Ak Y A A 3R 2 A R R Y O i
BRI, B 9% Sk g vl g K e P s R, 3%
Srfifi AL 80 ~ 90 AESFER K Z HHERIR L™, Raza
SRR RFFY R, ek 40 4EH, P 700 77 hm?
A H A CRRRBRIRER , %1 2100 4, 5547 3 000 J7 hm?
A FH A AR RE B IR £ o 3 AN fil 398 TEA LA 2 ik
N, EL S R Y 2% P e ) W R, BT
Huang Z5P%% A Science L IUMFIT4ERFEH, Kok
30 4R, SUIEE 5 1k ) 1 SR Tk i 4 ek 3 TE L
(0.3 m FJ2)k/b 230 {2mdi,  FX A FIED B 9 52
M) d5z Ry ™ B

- AR TR ER X IR Ak I VR S A I
oo bt FH AT s R P Bl R A 39 A kel
A1 IRAE B R AR B [l R i T SR
FIARCE, BGE T e Bk A AE ) Ak
FERERREARAR IS Y H O P R4 R s Y, FEmR
b3 Lt AR BRI HY L AT R Mn®

http://soils.issas.ac.cn



488 +

e %57 %

RREPE, JFPRE Ca®. Mg™ SERIEMHE T . IARERE
e SH AR VR A 5, SO T T AR 2R 0% AR o3
W bt P A AR A 1358 pH 3, IR AT 2
AT X BH 85 35 40 (1 PR P A AT i s Y Bt
Z b BRE - pH 3R e SRR M R e
AP A S T R s 2
1.4 TEAYRERRNELE T ERUPNIER
AT HLBI O i v L HEAE ) R 4 R I AT
R SO g P A LR 2 A4 o 2 2 K
TAHBUL . A=Yy B MESF PR R, SR, &
VT AR5 R A R At 2 H AT DL R ARy o5 —
AEEFHP, L3RR, pH MRS
S i PR, DT80 22 - A LI i A
AERT, AR T LA PR R
AT L E AL, X A
5 Y e 3 v (0T R e (A 4 TR J 9 R
o7 RHEA BT 85% ~ 90%, B 5 I YL AU HL
THUE A, JE R 8 | st HIEas A SR iy
HEY T, Wi HIEIET KT R R E AR —
PEA TSP IUTERE T T
SRW A R, P RRA B g AL 2 D5
Wilo AP ANLUTREL COy FITCHL B R bR
AR AR, Xl R R A L IR R Y
oo HHEA LR A i 12 322000 KA PR FTA LA
B AE . AP AL 1 e F B — A, HiTSC
EAEN 4. AHLERE L= ER CO, fieit 1 P AIm
PEIE IR . TR PR i R B Yo AR g2
A, AR T, A IR A M E, (HEE
IR R BITH A R R T o A ML ) L 3R
R 7 1 AR 2R E T B3k 2 Al X
T BIAR X TR
TN, AR SR SR E REA , R A
AT HILIH T RE G W R R ER L o 1, 3 S 4%
mERERT s S —Jm, AAUB P A LB T R
BESRIGEEFIRE ), AE S RRRIE LI P IR AP TR
ROEEY), BT APT Wi SR L A
BRI B U AT AR R R, S 5L B Y 5 B
FPRACRRE BRSO R T M A B,

2 BHYRNTERENKERER

2.1 FBHERMENEFYX TERENNRER

T 5% [ B AR ™ A R AR AR WU RS AR S5 A R
FEPO Ll T RAEMI R AT O — i B A B SR
TR RIS T, TR SRR EE i B RO
HHAC VR 5% Bt 10 AR A U] v 5 IR RV - 3 L 28

FREN 2 W57 i A A KA R b A -3 g
AR HEFR A FHES F(n Ca®' L Mg™ R K" )i £
TIHAE T, o T AREAE AN B fer -1, A2
AR AR ) I8 H, AR S A ML T,
PRI pH FRAR, AR MR R T —E B A
VI (A ML RS 7)o AR IARTR R AT ) 5 n] AT K
Pk ALY, Wang SIS 45 R KW, th T
FHEYIE A KOS B ERASBHE Y T 2 1 ER
ST, HCERHE RS RS R AR, SR
VERIRSAT h A & B L AR SR E Y, e L s
T R EIRSAT IS, th T HLA A AL FIB S A
eI R HY, 4RI T HAS B B3 B8 AR
DR, SRR ATt T IR Pk St ] Ve S A Ak
1) 750 TS 45 Tt P DA T S e il A 3 S R W A A R R
P A FE T, Pan S5 NA RIAVE VIR AT 15 16 %
FEPIITFE O LR E A RATE . WFFEEE R,
58 GG T 0 AP R £ B TR R W R e,
UCIRAC ARG FT B I 00, I 5 R £ PR P AR
PO TR A SRR AR 40

ZHIBIWIFE R, TP A5 L5 pH 247
AR, pH T, pH BRIl pH STt
o5 BERAIRIOTOST2TO) e b 1 eI IR pH A G, A
T AR AR S P R AT i T 2 IR 0
pH", i 3R AL, FEAF Sk B v A A AL
W2 S CO, HEfifE ™ Az A BRTTR 2 3 248 - SR A A4 ot 5 UL
(B 255 TR TR S B R AL FHAR A R 0 T
fi pH AN [R] ATRE -4, it RS A1 0% i R o o D S
T L4 pH AR ARy )RR EE TS RS AR T R
HUE 5 pH A ALY T 2 N R A A A 5 1A A T
R R R | R A AR S R AR RO, e
2135 pH 1 DL Pt BRI AR STkl U0 B,
AR R M8 A4 R B 5 3 A9 AL B R T B A
S AR - R R A ek RAT

Tt A DI RS AFR T L3 pH A4 32 28 R BUR AR )
JIr 8 BB 1 JBONS - SRR Y AR, el = AT LB
BT R T ST R 4 B B R SRR
R F2 R 1 A o3 A S OO0 e R M 38 Pl ARG
F, AUt T RF R IR BOEEA R, 0 EL RS AT
HA BB 0 o R R B 8 R 3 M, DA 4 T 1
pH, HN-EHERER LA, SR RIS,
AL R AR, B & 3R 0 A ILIT B 7 i s o5
SN, TEAT AR SRR it R rpads m] L™ A — 5 i B IR
RIS DRI, R ik A kg R S0 B RBCR
LT REAT B

FEFTHY C/N SEZIEIRT LRI R R, %2

http://soils.issas.ac.cn



534

RS BRGPAE LR 5 I T R ] 489

I EIREFE O/N At - HERA s CHLARIFIR, B
A RETRAR 1 RN , 3X — i R T 4 7 438 pH,
PR [EIE 1 mol FMRAR AT ATHAE 1 mol 21, FEFF
XF - ETCHLA Y R4V 2 it RS A el B - SR
B3 — A EE ML R, RS FE XA R AR A [
PR - HE PRSI ER K, D8 P e | RS 1 - 45
0I5 PH B 4 i bk R

22 EEHEFEFENEMTEBRENERIER

T E W T Z AR A e i A ML Y
SR, Rl AR AR 2, TR R
RERIE B S e =1, s> 1A LI At
SR, TEGEIRAAZ X, T K AR JEHL R R 7] R
Bz, SOE AL R R AR S . R
B IR K FEAE 1 A A FE A R 35580 1 5 4 b P
) B BT BT

BERE— e AL T 5, AR
FE A PR A AR T | IR kG
TR BRI E IR 25K , IS VR A = 1
RSB PR R AT R RTS8 g R, i % &5 3%
A ML A 20 B R R P70 Cai 2
W R, SXREAH L, it A% 2S00 - 58 pH 25
0.2 ~ 0.4 BT i FORZEFRAE Y IE N 4.7 15 ~ 7.6
o it R A R B SRR AL, LRSS
B, X RGN R IR, A AUE R
YA Yi RPN TR, it A 2 M A 5 el
+3E pH M 4.94 425 % 6.10, FRA% T 25k 38 ,
A = . Hue a2 2540 T R g 144
W AR RIS T XS 3E  T5Ue FlA JK (Ca(OH),) X ik
FRtELT IR AR o 255380, Wi ORI HLAE
IR0 AR S R 1 pH I REAT SR AR R 3 Y
IR EMEN; 5 g/kg F 10 g/kg WX LTI IR B 1k
RS 3 9IAH 24 T 3.4 F16.7 cmol/kg A1 IR IR . 2%
RIS TRAHY T 6.5 cmol/kg A1 KRB R AR it
ATRAHEG 7 HILAE A B S8 A1 0 1 g v Ly g ) 5 £
W, 3 B it F A MLAC X 43 pH BT R iR A 1K A
HEAE LR G R Figle M k.

Ty — 71 i R 2SR e S B T R
A, A AR TSR . BEXIX A, Cai &5
NSO AR . FEFE S ISR A M . K
FRHE I +3EmR Ak , K B & 208 5 AT Bt g 20
eV, R IERRILP T, 27 AR e
FH (1305 2R B, AR AE 508 28 Bl it g A 28 7+ 3 pH,
[l i 8 B e 1 e R E M R A
FHEEARBHLT 3, 20 AFR 15 (o FH EAI 25 R, A7

HUAE 5 AR it R RH 1F - SRR b A s e =P
BEIMED A, XL BT 3 A
U TR A, SRR PO ™25
HAe e RIEh 245 57, Ml 4% pH FHir. [6]
W, &R EEAYIEERE R LR AR T,
T S SR S B T A, AR R s e
i o X ST LR RE S R M 39 P A TS PR AR A AT L
APEERE, BT PR R, SRR
SHEYIMEE, BEEMEY AR S AP0,
23 MAEVEINEEY TIERENYMRIER
MIAM 55 W (EPS) &4 7 I i A= e AR AR ok
R AL . EPS Y E B ARk K b &
Y. EARAERR, Kok S H R EPS
(4 75% ~ 90%, HAE +Herh JLT-Toab R7e! 10,
Nkoh ZEUSIBFGE T EPS Xf 5 Fha] 48 By fif + 45 i%
JERIRE . ZLAMEIESS R, EPS T Bkt 5
TR ER AL ITE K T Fe-O-P 1 AI-O-P 4,
X —if AR OH i 358 pH #2155 . iX 15684 EPS
FAAT LB B T 7E - kA0 S b R i & A Bk
W RN o SRR AR A S R BT % S W R SR] Bk
FR ALY B B R ) 3T EPS (I B RO
Bl OH B2 , i 43198 pH T oy Ay i s U1 O+10)
EPS 4B 5 + 1A HLES A AR A ILER 1Y EL il i
MACHAPERR & R, Uil EPS fif T 14 sc s
BRI HLES B AR AR AR SRS MR 0 Ak, Beg
TRE PR R SRR B A H Y
K5y EPS #R & A BIE TR BB R 3E . AL
I8 S V(1 U I L @ =] 5 - e = e i e e 3723
WP T 256, MK AR e 041051071981 B iy
AP E F(Un-Co0 ) 5i%1E A" JERA ML &
Y, BRAR T LR TR MR B, Rl
24 ERBSEMBNYNTERENSRIEA
FERMEE — P R AT AL YR 20, v T —
FAAk 2 b I ARAR U A e R
Ty, b IFEESEEAURR TR WA,
SRIGM 0.5 mol/L NaOH AbFHA: s LT i, FFHH
NaOH LT Fids LmEAb! O SEIRpAE Toll Fiige
Ay B 2 8 Tz N anfER RN AT
Bohh . Al ARI255 s FEARY T E B T AR
G aIANE SRR . i a LA ST
RN YN Ve 10158 (G 821 7 o S i B
oK, e IRME A T R B ek )11 Nkoh 219
MRFSE R, A 4% FERMEN 4 Fhitkar st
14 KJ5, +3 pH FHmE 2 1 A0, S Phe 7

http://soils.issas.ac.cn



490 +

e %57 %

R EEREAIG o YR FR 5 1 A TR R i as, 2%
T, HREIMRRIMART, IMASTRBE B + 1658
o 1 B B R PR A i B B IR I A K ) Ak
B, He S NU"RI 72 RBE & & (10'H BEFXHE P Bk
AT E BRI GO, SR 5B et IS i AR ) S it
FoKFE L R Y R, FTIR A1 Boehm {i%
JE (14 235 S 32 B 58 SROBE I SR R 40 1) 5 | o8 A4 9 I
B E BEAIRE N, S ARMEAEY TR A EL, B oA
YR — R TE T KRS L B RR 2% vh I RE
SERPEEA F & NEIER-NH) AL IO E
e, MR TRt H3 s, & &R
S RAFACTIEAE ¥, (38 pH . TS
T EREANS T g rh B8 Ak W A e 0 28 e ) L M
W RSB O, LRESE i 13 pH FIRRZEvh ik, A
VLS IR IE TR R A S E B A DL G 38
B ORGSR E T AP XSHEYI TR EE
TR B T2, AR AR, HARAI
Sapkota 25 A\ M GE F B, £ EREHE S 742 1800 ~
3 000 TR EFEY), R GA AR R T E
SR o AR X S I 5 T e R I A 7 I T o SR
I FH IR -3 R, DO REAT R Al 7 fall ™= A i
FEYIRT AR faE , IR R H Y.

3 BRI R A= E R

pHBC f& i it + HEhT R L AR 1 i) — 2G5
JEPUE TR R — N EE R R, 14 pH 27
SN AL A5 B R R AN T W AT AR T R
AR BEBH B ) 33 SO AT HLA T B RE A 9
BN . pHBC W] LAIE o BH B 3¢ 45 8. (CEC) .
PR . A HLFE (OM)RIRRL & e s 11200 (]
I, #2513 pHBC REARLBHYE 1R 1L . 7F pH>6.8
i, pHBC 237 Bk IR £k 1Y i ff /E FH #2361 5 76
4.5<pH<7.5 JEFIN, F B2 HHE 1Y 58 K
MR MY pH<4.5 BF, FRAE YR IEAE X+
¢ pHBC A HE Tl 7 4.0<pH<6.5 JUFN, +
B pHBC 5 HHEA WL & A ) e R 20121,
3.1 HEHEHEEY T ERA M EEIER

Pan %5 NCYRIHAEA: | ilsE . K Fa A SRS FES
fife 150 Kifilgs TRFFE ™Y, Mo T L5817 30
RIGEFRRE , K TR 45 AU A5 14 pHBC F-iEA T4
FRAb IR . 25 R, FEFFIE M =Wt A T AU
PR T 4% pH, A4E& T 4% pHBC, ] T 4%
TR Ak s JCrb i RS AR A 7 ) RO Ry, RO A
AR FE I =) 5 R FE RS = 0 A WL B 14 o T4k

S HARTE 3 pHBC 19 = ZHLH - Ak i o — 25 56
WET R 4 PRSI = PRt 20 5 - el b ek
AR B IO, Lt FH RS FEIES = %4100 + pHBC
PR TR T8 £

Al T 51 2ot MENETE B 0% 65 it 7= R
ALY, XEEHHY LS E, HEaFEEN
AHLE B2 YA =0 pH B,
HREF B i A 2 A LA T 245 SNIE ARt
A LIRS, XGPS S5 A G, Amidgm T

+45 pHBC,
32 KHERESEEMEATEFVRI L8
R R BRIE(E A

R T B At A A s ) - S5 TR b R LA R
PR s ok ROZ R I 3T AU AR A, Cai 4 A1)
FIFH 18 AE K E AR IR A ST 1T A [R] i AT Ak 24 %) - 58
MRV . FRAL R A pHBC 281k, WFFT2 SRR, K
Jite FHZE AR ) - 5 5 6 BEAH L, A BB | S Btk h 365
i, pHBC. pH Wl 4w, i HIEscHpbim e . w2
b T BN A ¢ 5 kB AR A1 2 B Lt S AT ke A A
5E N R Be A B L R AL, A B T AR A AT
Fre k.

Shi &8 NPT 78 T 09t F & & 28 0 s +
J& K+ pHBC fy72 4k, R IR AR AL R 50 30 E T 42
Fh AT HLTTA G R A OR . 2RI, K
AL EEA PR & & . 3 pHBC F11-4% CEC (1)
FKNBLTHy - Pt B & 20> 5 & AR5 1 A F it >
Bt AT o 3 10 WA 0Tt T A & 2 2 Bl £ e
AN S &M CEC $27+ T3 pHBC, AHLEHA
HLBF B 1 oAb 2 L2 T+ 3 pHBC 19 = ZEALHI
BRI 45 R W, U AR ) 55 (4 SRR I
IRt B B 2R AN ALHE pH R R IR /N, HIRER S
FENE S LA EC AL B, St A AT A B 43 pH T R IR
JE B K o X B R — AP U SR it F & & 2R £
HERR AL B VE R . PR s P e i, 78
6 pH 40T, [RIFR S 7Y 1) 3 LR vh R RE ) =22
T AL . Y HE pH A S AL E SO
PIFRZT 5 pH FRAK S AHFMERT, A HLE & & w11
Hgre Rt L, XU, HEEHUREIZ A T Xt
TR vhRe A B TR . S — 7T, YRR
FBRLE P A MU ST IR, S5k
B, FaRKBRA P, RN AR I B AT, X
ULIAER 7> LB A AL G RO vh M REREAIC, RP 358
AP R B TR

Nelson HI Sul2 W58 & 3K, BEE - ETR R 184

http://soils.issas.ac.cn



534

RS BRGPAE LR 5 I T R ] 491

fin, 3 pHBC ZHfFEAL, Xt1RW], B HHEAHL
B, T4 pHBC FRIK. H T4 8 A
T B A BRI | B SRR M RE M B
figp 5 H A LB 8 i o o AR VR HIVE AR BT, AT
P 1 L3 pHBCE™ . 330J2 - 3A7 HLBTRHE 42 4R
PRy FZHLH (E 1),

Jcy
+ 1% +
H'  ~COOH. -OH e
ﬁ AL 5t
ﬁ{i
& f
i
5

1 ERAANRIES LIERER L EE N RIALE
Fig. 1 Mechanisms for organic fertilizer application to improve soil
resistance to acidification

3.3 C/N#BEFIESRMELsIENTIERK

A R it |, 3k 8 i 2 A s
Ao G 2 A Al AR T 7 AR R o 5 off - S
ifl . PRILRR T A Bt AL S AR AN, i g ds il 7%
B F RS ILAE T, W)t AT kg o Rk s it S
iy i 1R Ak

BT, Guan 2 NS R, i) L3 as
Ty A LR , BEA SR R A ke Bk 4 A A
TR 2 25 U (R VR F L DA 40 o R0 42 2 200 Py g £
YERBI M 1Rk

4 BHYR L EREXHHDH E A

4.1 SMEREABHIEX £ 555 TE L KM H (E A
TE R 3 it P AT HILAE AN (U BE i 1o 488 iy - 4
AR S s BRI 7% S, 0 Rl 1 40 ) - 1
OIS R AR IR P e R 3 AR . AR 1995
A, Wong S5t s B FH A S ML FT LA o R A7 e e
VERGLIHE, Seft HHEmARE , e TORMA G4,

(I)H CI)H OH

HO - el bt
10~ ALATKI
OH OH O

1T

R-Si-O

VYVYVYVYVYVYVYY
y‘AAAAAAfAAMAAA
AAAAA, SAAAAAA

XA AL JoT A R R B (AL A AL B T 1
LV BRI S I R Kk 18 AR MR e
RIS e, AL 8 ~ 12 4FJ5 , U . ZUBEAE |
RBFET LA BRAY 3 pH M 5.7 0B FRERE 4.2, 4.5,
4.5 ke TR, 3 P AR AL P IA AR T 44
LR, BRAR T - 3Esc itk 3R 309 B T £ 181
b, SutHi, HiFAPUIER 3 pH %A B
AR FLIIN T -3 e ek R i . 1 F B it FH A HLAE
REA A ] PR it AL A 5 2 i - SRRk, ANt il 7
IR R PR A BOT TR, EIEA
HILRE N7 T it Xof e B2 4S9 B AR s AR 7 e A
BENMRIERSY, S505a K eBEM L, AK
5 FERO i — 2P B - eSS et R, AN A T 48
XHEYIREEER, &8 T &,

AMIRiE P LIRSS I T 3 BT S, oy
AUV RERI RIS X H 5 5 R AW FHE T, 3]
T R A R i AR R, Dam ] T
S5y Y Rm e N, BT AR A
42 EEREBEEHMENHIT TEERFELMEE

A

FERRME 3R A ST s, AN REHE = 3R
fLfie )y, BB R b B P AR A9 5 fk . Nkoh
25 NV i 2 B R BG 5 T e BB R 1 b
s SEI . G5 AR, 7 I A SE R
14 KJ5, SR, 5220 ABER 81K+
ez bR R UK R AR TE PEAS B0 S i X T
BWEEAFEN-NH, BreHDRERE 2T, MW
il 3R fb i AR P AR T AL

VEB FAT MR oE 23, R P ek A o A -
TR DL R EERRER T 5, xRk AR b g 4a T
et A MG vE R . HEAPLER, rEE kit 52 REE
i b1 ) 22 1T 1) 2 5k T A B K 4 B B I A A A
gEmifeG R Wm, XHIET 0 59 YR
SEM RN, MATTBI T 8 4 AR AR A3 T 2)

R-Si-O

SLLLLGIG,
1 R-Si-O
0-Si-R O-Si-R

e IbLEbh

2 EERAUENHERREARLIEPERBEULTER

Fig.2 Schematic diagram of solid phase aluminum mobilization during acidification inhibition of montmorillonite modified with siloxane

43 TEHHERX TERFLAOMEIER
TIEAT P — S JZORGERRER W) . BR/ER A AL

YA MR A YL -TCHLE Sk, X i s
BB PR AL A 7 0 A0 6 A A B B A

http://soils.issas.ac.cn



492 +

e %57 %

VEH RGP0, M pH &4 F, 40
e, FERFEHORR A o LA R 1 3R )2 RS
PERR S AR T AP & AR R T 2 L8 il —
AU T A SR Ak R A BILJTORT R T Ak 4 AR
FH . Shi 45 AP 09t FH A ALAE (4 - S8 4 R 0L
IR, & B ITE A MBS T 3 L
i, A A R Tl B A B AR R K R R
= A

X T A 1398, T DL b it FH A LR . RS AT
A SHC SN 3G LT B i, TR SR R AR T
b S E PR X AR (1 3 R
4.4 FRMEBENYESHNERIER

TIERR AR, B pH MREIR, Hh g
Wi A IR A, JEHUEAE pH BARAY 414 T (pH<S5.0),
B P AR R T MRS o 3% BT PR AR AN 2 X A
PR R AR EER, Y ARG, axKAe
A7 A AR o AR AR 2R 040 0 I AR P R B
ERIBLE 2 R R A e U T L BE A Bt
RN, AR5 76 WA K- i OB . 4n
e o5 R AT A (AN P PR AR A A TP e R
TFARBREAE Y HAR R — B A R 2 7 L
R AP B, RS EBMA, A, Xt
FEYI B AR RN F R BRI P AR e S . £
BB PR — DL APT | IR | A SIS
FEUS o AP AR A S R M B R AT A
M LA A BRI SR AR — /N
ﬁ%[l%]o

- 4 T AT ML (DOC )il i 5 1R T h 2
P AP R S YRR R E . Shi 25 AP
FE - BRI AR ZR T FFE T A A B e X TR 1 - 4
FORAK AT, 5REH, SitHA KA,
Jiti FH A6 A R AT o 1 = 3 rf R OK 4 i AR R A
99%, T K ARIG SCHT i IR AT o AR B dk 43 ] BRI
60% 1 51%. XU T AEAERSFF oAb 2 Y + 1R 1k
R pH BRSNS BAE AR R B DOC 5+
HEETE AP IR T DOC-AL 554, K A%
THRFEME. BT, Yo 28 ANPTRORESE titk— 2 uE e
TR - 4 it A= 4 T R R R B AR
B BRAZSRHEAL ) DOC-AL A SRR E KA 2
MR EEH

5 REESRE

ARICLRGLER T L e . R IA LY |
SRR IR £ S FIAT HILIE A 2R BRI A S5 e 9 B i

FETE LR AT PR, G4 T RE B IE . ek
S5 HLYDRE R o S R Al B4 BEL 4 RuE - 8 TR JEE A 4
R, FEA T A A BB X R Al i A R A
£ 400 1 P e A Lo 2 AL 0 7 A BILAR . BT
FATAYBETE IR 5 A2, ARKRBIINSE LT 3 AJ5 i
ORI

1) Al 574 B AT AR ™ i AR R T - 3
R AR BRI, e i g A AL e B
RRAL AR IE AL o BAR B A A RS TSR A R 57
Yhs 1 ERR REAT — 5 2 RACR , (H iy T A T il
FREEAROL RS TS AR, S R AR AN . il i
TSI AT LS BURS AT A7 08003 B e i A it Ak
FH — %€ BYEA T BeAR TR AT fiff o it rh i R 2R 14
A, AL & s o LT L S R T L R
HA o AT B THRE AT I 7 ) TR IR R Y 75 R T — 45
it 2 RUIFTE 7 18] o At A HLIE A HLIE 55 £k
A FE Tt RS I - A AL &, A R AL
SR, R T T B HLAC e Ak S - 334 Bl
BB RCREAR, USSR E AL, Hi,
dnfer b | R T AR E A LR R, A
Wl 2% 1 SRR AL AR TG AL, LR R B RN Y
5T 5 1f)

2) g SR L T AR ALY S A PR
FEARHRIPTTE, W 5w LA HLaR AR 2 1k,
SR A AL X SRR PRI 5 T BEL P A P AR Rr 8 o 4
N R R IX, RIRA DL D) 0, N5
R AR A YRS SR AR i & e AR
SE PRSI, A YL S ZAREERR LG M AR 4R
WY s 2 G WA , AT LS T 3T L Y
FRsE T , M ELREA M i L FAR RERRER 7 P AR Y
G (2R 1 E o peR RN TS Bl i e o S /WS ) P2 IN 2
TRER TP R AL 45 6 LUE R E I 2 0 8
aik, AL IEEE— LT .

3) sk 4 C/N ARSI, W Pt H]
A FL RS A2 FOIE Y TC R R L3 rh AU A
PARAEIT , D822 TSR Al R Tl SN N 5 7 1
B IR, W DR SERCE Y AL A, R e
TALRRIAL S (oA A e SR, 2 s To AL R A
TRER, AR 1T A=At il LR f . ARimAk
PN A 64 A ML S OIE B BRI Lok it g — 20
WFFE, JEHXE TSGR A e 08 o 75 B A )
R R A R, 2243 (4 SUIE RE i MUt I 64 Bk
AL R B My A e AR, AT S Rl T S 1 5 RS Y
TIEMAL

http://soils.issas.ac.cn



534

RS BRGPAE LR 5 I T R ]

493

SE R

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Lu T P, Wang X J, Xu M G, et al. Dynamics of pedogenic
carbonate in the cropland of the North China Plain:
Influences of intensive cropping and salinization[J].
Agriculture, Ecosystems & Environment, 2020, 292:
106820.

Zhang F, Wang X J, Guo T W, et al. Soil organic and
inorganic carbon in the loess profiles of Lanzhou area:
Implications of deep soils[J]. Catena, 2015, 126: 68—74.
Guo Y, Wang X J, Li X L, et al. Dynamics of soil organic
and inorganic carbon in the cropland of upper Yellow River
Delta, China[J]. Scientific Reports, 2016, 6: 36105.
Ferdush J, Paul V. A review on the possible factors
influencing soil inorganic carbon under elevated CO,[J].
Catena, 2021, 204: 105434.

Janzen H H. Carbon cycling in earth systems—a soil
science  perspective[J].  Agriculture,
Environment, 2004, 104(3): 399-417.
Wu H W, Cui H L, Fu C X, et al. Unveiling the crucial role
of soil microorganisms in carbon cycling: A review[J].
Science of The Total Environment, 2024, 909: 168627.
Jansson J K, Hofmockel K S. Soil microbiomes and climate
Nature Reviews Microbiology, 2019, 18(1):

Ecosystems &

change[J].
35-46.
Ahmad W, Singh B, Dalal R C, et al. Carbon dynamics
from carbonate dissolution in Australian agricultural
soils[J]. Soil Research, 2015, 53(2): 144.

Naorem A, Jayaraman S, Dalal R C, et al. Soil inorganic
carbon as a potential sink in carbon storage in dryland
soils—a review[J]. Agriculture, 2022, 12(8): 1256.
Holland J E, Bennett A E, Newton A C, et al. Liming
impacts on soils, crops and biodiversity in the UK: A
review[J]. Science of The Total Environment, 2018, 610:
316-332.

Davis A G, Huggins D R, Reganold J P. Linking soil health
and ecological resilience to achieve agricultural
sustainability[J]. Frontiers in Ecology and the Environment,
2023, 21(3): 131-139.

WA, R A RO AR Y R (D). L, 2015,
47(2): 238-244.

Huang K, Li M Q, Li R P, et al. Soil acidification and
salinity: The importance of biochar application to
agricultural soils[J]. Frontiers in Plant Science, 2023, 14:
1206820.

W AIUE, b, % RERE SRR IR R
BRER B ARG, EBEBEBE T, 2018, 33(2):
160-167.

SRAREE. TR H HIERAGIUIR S m )] R E SR,
2016(6): 26-27.

Guo J H, Liu X J, Zhang Y, et al. Significant acidification
in major Chinese croplands[J]. Science, 2010, 327(5968):
1008-1010.

Bolan S, Padhye L P, Mulligan C N,

Surfactant-enhanced mobilization of persistent organic

et al

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

(32]

pollutants: Potential for soil and sediment remediation and

unintended consequences[J]. Journal of Hazardous
Materials, 2023, 443: 130189.

Fageria N K, Nascente A S. Chapter six management of
soil acidity of south American soils for sustainable crop
production[J]. Advances 2014, 128:
221-275.

e, wERTE, i, G b R IR R
) SR (). L3R, 2023, 60(5): 1248-1263.
Wang J L, Liu K L, Zhao X Q, et al. Microbial keystone

taxa

in Agronomy,

drive  crop  productivity  through  shifting
aboveground-belowground mineral element flows[J].
Science of The Total Environment, 2022, 811: 152342,
JEWEEA, B, Bk, 4%, bR J5 K R iR A
SRR Ko R R (I P ERAE R AR, 2015, 48(23):
4811-4817.

Yu H L, He N P, Wang Q F, et al. Wet acid deposition in
Chinese natural and agricultural ecosystems: Evidence
from national-scale monitoring[J]. Journal of Geophysical
Research: Atmospheres, 2016, 121(18): 10, 995-11, 005.
Li KW, Lu HL, Nkoh J N, et al. Aluminum mobilization
as influenced by soil organic matter during soil and mineral
acidification: A constant pH study[J]. Geoderma, 2022, 418:
115853.

Ritchie G S P. The chemical behavior of aluminum,
hydrogen and manganese in acid soils//Robson A D. Soil
acidity and plant growth[M]. Amsterdam: Academic Press,
1989: 1-60.

Cui L L, Liang J H, Fu H B, et al. The contributions of
socioeconomic and natural factors to the acid deposition
over China[J]. Chemosphere, 2020, 253: 126491.

Golla A S. Soil acidity and its management options in
Ethiopia: A review[J]. International Journal of Scientific
Research and Management, 2019, 7(11): 1429-1440.

Raza S, Miao N, Wang P Z, et al. Dramatic loss of
inorganic carbon by nitrogen-induced soil acidification in
Chinese croplands[J]. Global Change Biology, 2020, 26(6):
3738-3751.

Bowman W D, Cleveland C C, Halada L, et al. Negative
impact of nitrogen deposition on soil buffering capacity[J].
Nature Geoscience, 2008, 1(11): 767-770.

Kuzyakov Y. Sources of CO, efflux from soil and review
of partitioning methods[J]. Soil Biology and Biochemistry,
2006, 38(3): 425-448.

Chen D M, Wang Y, Lan Z C, et al. Biotic community
shifts explain the contrasting responses of microbial and
root respiration to experimental soil acidification[J]. Soil
Biology and Biochemistry, 2015, 90: 139-147.

Bowden R D, Nadelhoffer K J, Boone R D, et al.
Contributions of aboveground litter, belowground litter,
and root respiration to total soil respiration in a temperate
mixed hardwood forest[J]. Canadian Journal of Forest
Research, 1993, 23(7): 1402-1407.

Hinsinger P, Gobran G R, Gregory P J, et al. Rhizosphere
geometry and heterogeneity arising from root-mediated

http://soils.issas.ac.cn



494 + 1% 557 &
physical and chemical processes[J]. New Phytologist, 2005, long-term field experiments[J]. Canadian Journal of Plant
168(2): 293-303. Science, 1996, 76(4): 587-594.

[33] Bais H P, Weir T L, Perry L G, et al. The role of root [50] Huang Y Y, Song X D, Wang Y P, et al. Size, distribution,
exudates in rhizosphere interactions with plants and other and vulnerability of the global soil inorganic carbon[J].
organisms[J]. Annual Review of Plant Biology, 2006, 57: Science, 2024, 384(6692): 233-239.

233-266. [51] Bolan N S, Adriano D C, Curtin D. Soil acidification and

[34] Badri D V, Vivanco J M. Regulation and function of root liming interactions with nutrientand heavy metal
exudates[J]. Plant, Cell & Environment, 2009, 32(6): transformationand bioavailability[M]//Advances in Agronomy.
666-681. Amsterdam: Elsevier, 2003: 215-272.

[35] Ma W M, Tang S H, Dengzeng Z M, et al. Root exudates [52] Chan K'Y, Heenan D P. Effect of lime (CaCOs) application
contribute to belowground ecosystem hotspots: A review[J]. on soil structural stability of a red earth[J]. Soil Research,
Frontiers in Microbiology, 2022, 13: 937940. 1998, 36(1): 73.

[36] Marschner H. The soil-root interface (rhizosphere) in [53] Schlesinger W H. Carbon sequestration in soils[J]. Science,
relation to mineral mutrition//Marschner H. Marschner's 1999, 284(5423): 2095.
mineral nutrition of higher plantsiM]. Second Ed. [54] Lal R. Soil carbon sequestration impacts on global climate
Amsterdam: Academic Press, 2002: 537-595. change and food security[J]. Science, 2004, 304(5677):

[37] Pellet D M, Grunes D L, Kochian L V. Organic acid 1623-1627.
exudation as an aluminum-tolerance mechanism in maize [55] Powlson D S, Whitmore A P, Goulding K W T. Soil carbon
(Zea mays L.)[J]. Planta, 1995, 196(4): 788-795. sequestration to mitigate climate change: A critical

[38] Jones D L. Organic acids in the rhizosphere—a critical re-examination to identify the true and the false[J].
review[J]. Plant and Soil, 1998, 205(1): 25-44. European Journal of Soil Science, 2011, 62(1): 42-55.

[39] Jones D L, Dennis P G, Owen A G, et al. Organic acid [56] Zhang X M, Guo J H, Vogt R D, et al. Soil acidification as
behavior in soils—misconceptions and knowledge gaps[J]. an additional driver to organic carbon accumulation in
Plant and Soil, 2003, 248(1): 31-41. major Chinese croplands[J]. Geoderma, 2020, 366: 114234.

[40] BEJeits, BERISF, B, 25 ANEF R XA SR [57] ShiR Y, LiuZ D, Li Y, et al. Mechanisms for increasing
SR, ARSI, 2002, 21(1): 19-22. soil resistance to acidification by long-term manure

[41] Magalhaes J V, Liu J P, Guimaraes C T, et al. A gene in the application[J]. Soil and Tillage Research, 2019, 185:
multidrug and toxic compound extrusion (MATE) family 77-84.
confers aluminum tolerance in sorghum[J]. Nature Genetics, [58] ZEHiE, Brfa>s. AV HEETE S R +
2007, 39(9): 1156-1161. Hem M, 1998, 29(3): 111-112.

[42] Jorge R A, Arruda P. Aluminum-induced organic acids [59] Shi RY, Ni N, Nkoh J N, et al. Biochar retards Al toxicity
exudation by roots of an aluminum-tolerant tropical to maize (Zea mays L.) during soil acidification: The
maize[J]. Phytochemistry, 1997, 45(4): 675-681. effects and mechanisms[J]. Science of The Total

[43] LiJY, Xu R K, Tiwari D, et al. Mechanism of aluminum Environment, 2020, 719: 137448.
release from variable charge soils induced by [60] Chen J H, Gong Y Z, Wang S Q, et al. To burn or retain
low-molecular-weight organic acids: Kinetic study[J]. crop residues on croplands? An integrated analysis of crop
Geochimica et Cosmochimica Acta, 2006, 70(11): residue management in China[J]. Science of The Total
2755-2764. Environment, 2019, 662: 141-150.

[44] Coskun D, Britto D T, Shi W M, et al. How plant root [61] Xu R K, Coventry D R. Soil pH changes associated with
exudates shape the nitrogen cycle[J]. Trends in Plant lupin and wheat plant materials incorporated in a
Science, 2017, 22(8): 661-673. red—brown earth soil[J]. Plant and Soil, 2003, 250(1):

[45] Kim J H, Jobbagy E G, Richter D D, et al. Agricultural 113-119.
acceleration of soil carbonate weathering[J]. Global [62] Xu R K, Zhao A Z, Yuan J H, et al. pH buffering capacity
Change Biology, 2020, 26(10): 5988—6002. of acid soils from tropical and subtropical regions of China

[46] Zamanian K, Zhou J B, Kuzyakov Y. Soil carbonates: The as influenced by incorporation of crop straw biochars[J].
unaccounted, irrecoverable carbon source[J]. Geoderma, Journal of Soils and Sediments, 2012, 12(4): 494-502.
2021, 384: 114817. [63] Medina J, Monreal C, Barea J M, et al. Crop residue

[47] Sanderman J. Can management induced changes in the stabilization and application to agricultural and degraded
carbonate system drive soil carbon sequestration? A review soils: A review[J]. Waste Management, 2015, 42: 41-54.
with particular focus on Australia[J]. Agriculture, [64] Pan X Y, Shi R Y, Hong Z N, et al. Characteristics of crop
Ecosystems & Environment, 2012, 155: 70-77. straw-decayed products and their ameliorating effects on an

[48] Ulrich B. Natural and anthropogenic components of soil acidic Ultisol[J]. Archives of Agronomy and Soil Science,
acidification[J]. Zeitschrift Fiir Pflanzenerndhrung und 2021, 67(12): 1708-1721.

Bodenkunde, 1986, 149(6): 702-717. [65] Pan XY, Xu R K, Nkoh J N, et al. Effects of straw decayed

[49] Poulton P R. Management and modification procedures for products of four crops on the amelioration of soil acidity

http://soils.issas.ac.cn



534

RS BRGPAE LR 5 I T R ]

495

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

and maize growth in two acidic Ultisols[J]. Environmental
Science and Pollution Research, 2021, 28(5): 5092-5100.
Pocknee S, Sumner M E. Cation and nitrogen contents of
organic matter determine its soil liming potential[J]. Soil
Science Society of America Journal, 1997, 61(1): 86-92.
Noble A D, Randall P J. Alkalinity effects of different tree
litters incubated in an acid soil of N.S.W., Australia[J].
Agroforestry Systems, 1999, 46(2): 147-160.

Tang C, Yu Q. Impact of chemical composition of legume
residues and initial soil pH on pH change of a soil after
residue incorporation[J]. Plant and Soil, 1999, 215(1):
29-38.

Yan F, Schubert S. Soil pH changes after application of
plant shoot materials of faba bean and wheat[J]. Plant and
Soil, 2000, 220(1): 279-287.

Wang N, Li J Y, Xu R K. Use of agricultural by-products
to study the pH effects in an acid tea garden soil[J]. Soil
Use and Management, 2009, 25(2): 128-132.

Noble A D, Zenneck I, Randall P J. Leaf litter ash
alkalinity and neutralisation of soil acidity[J]. Plant and
Soil, 1996, 179(2): 293-302.

Wang N, Xu R K, LiJ Y. Amelioration of an acid ultisol by
agricultural ~ by-products[J]. Land Degradation &
Development, 2011, 22(6): 513-518.

Mao J, Xu R K, Li J Y, et al. Dicyandiamide enhances
liming potential of two legume materials when incubated
with an acid Ultisol[J]. Soil Biology and Biochemistry,
2010, 42(9): 1632-1635.

Owen K M, Marrs R H, Snow C S R, et al. Soil
acidification—the use of sulphur and acidic plant materials
to acidify arable soils for the recreation of heathland and
acidic grassland at Minsmere, UKJJ].
Conservation, 1999, 87(1): 105-121.
Rosolem C A. Exchangeable basic cations and nitrogen

Biological

distribution in soil as affected by crop residues and
nitrogen[J]. Brazilian Archives of Biology and Technology,
2011, 54(3): 441-450.

Paul K I, Black A S, Conyers M K. Influence of fallow,
wheat and subterranean clover on pH within an initially
mixed surface soil in the field[J]. Biology and Fertility of
Soils, 2001, 33(1): 41-52.

Liang F, Li B Z, Vogt R D, et al. Straw return exacerbates
soil acidification in major Chinese croplands[J]. Resources,
Conservation and Recycling, 2023, 198: 107176.
Vanzolini J I, Galantini J A, Martinez J M, et al. Changes
in soil pH and phosphorus availability during decomposition
of cover crop residues[J]. Archives of Agronomy and Soil
Science, 2017, 63(13): 1864—-1874.

XuJ M, Tang C, Chen Z L. The role of plant residues in pH
change of acid soils differing in initial pH[J]. Soil Biology
and Biochemistry, 2006, 38(4): 709-719.

Xiao K C, Xu J M, Tang C X, et al. Differences in carbon
and nitrogen mineralization in soils of differing initial pH
induced by electrokinesis and receiving crop residue
amendments[J]. Soil Biology and Biochemistry, 2013, 67:

[81]

(82]

(83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

(93]

[94]

70-84.

Cai Z J, Xu M G, Wang B R, et al. Effectiveness of crop
straws, and swine manure in ameliorating acidic red soils:
A laboratory study[J]. Journal of Soils and Sediments, 2018,
18(9): 2893-2903.

Bolan N S, Hedley M J. Role of carbon, nitrogen, and
sulfur cycles in soil acidification//Rengel Z. Handbook of
soil acidity[M]. New York: CRC Press, 2003: 29-55.
Cheng Y, Wang J, Wang J Y, et al. The quality and
quantity of exogenous organic carbon input control
microbial NO; immobilization: A meta-analysis[J]. Soil
Biology and Biochemistry, 2017, 115: 357-363.

Rukshana F, Butterly C R, Baldock J A, et al. Model
organic compounds differ in their effects on pH changes of
two soils differing in initial pH[J]. Biology and Fertility of
Soils, 2011, 47(1): 51-62.

Rukshana F, Butterly C R, Baldock J A, et al. Model
organic compounds differ in priming effects on alkalinity
release in  soils through carbon and nitrogen
mineralisation[J]. Soil Biology and Biochemistry, 2012, 51:
35-43.

Goss M J, Tubeileh A, Goorahoo D. Chapter five a review
of the use of organic amendments and the risk to human
health[J]. Advances in Agronomy, 2013, 120: 275-379.
Kelessidis A, Stasinakis A S. Comparative study of the
methods used for treatment and final disposal of sewage
sludge in European countries[J]. Waste Management, 2012,
32(6): 1186-1195.

Zhao X R, Cai Y F, Peng C, et al. Regulation of
nitrification in latosolic red soils by organic amendment[J].
Environmental Earth Sciences, 2014, 71(9): 3865-3878.
Yang Z C, Zhao N, Huang F, et al. Long-term effects of
different organic and inorganic fertilizer treatments on soil
organic carbon sequestration and crop yields on the North
China Plain[J]. Soil and Tillage Research, 2015, 146:
47-52.

Wang H X, Xu J L, Liu X J, et al. Effects of long-term
application of organic fertilizer on improving organic
matter content and retarding acidity in red soil from
China[J]. Soil and Tillage Research, 2019, 195: 104382.
YeGP,LinY X, LiuD Y, et al. Long-term application of
manure over plant residues mitigates acidification, builds
soil organic carbon and shifts prokaryotic diversity in
acidic Ultisols[J]. Applied Soil Ecology, 2019, 133: 24-33.
Cai Z J, Xu M G, Zhang L, et al. Decarboxylation of
organic anions to alleviate acidification of red soils from
urea application[J]. Journal of Soils and Sediments, 2020,
20(8): 3124-3135.

Cai Z J, Yang C F, Carswell A M, et al. Co-amelioration of
red soil acidity and fertility with pig manure rather than
liming[J]. Soil 2023, 39(1):
441-455.

Yi X Y, Ji L F, Ho Z M, et al. Organic amendments

improved soil quality and reduced ecological risks of heavy

Use and Management,

metals in a long-term tea plantation field trial on an

http://soils.issas.ac.cn



496 +

e %57 %

Alfisol[J]. Science of The Total Environment, 2022, 838:
156017.

[95] Hue N V. Correcting soil acidity of a highly weathered
Ultisol with chicken manure and sewage sludge[J].
Communications in Soil Science and Plant Analysis, 1992,
23(3/4): 241-264.

[96] Reeves D W. The role of soil organic matter in maintaining
soil quality in continuous cropping systems[J]. Soil and
Tillage Research, 1997, 43(1/2): 131-167.

[97] Lv MR, Li Z P, Che Y P, et al. Soil organic C, nutrients,
microbial biomass, and grain yield of rice (Oryza sativa L.)
after 18years of fertilizer application to an infertile paddy
soil[J]. Biology and Fertility of Soils, 2011, 47(7):
777-783.

[98] Butterly C R, Costello B, Lauricella D, et al. Alkalinity
movement down acid soil columns was faster when lime
and plant residues were combined than when either was
applied separately[J]. European Journal of Soil Science,
2021, 72(1): 313-325.

[99] Butterly C R, Wang X J, Sale P, et al. Liming effect of
non-legume residues promotes the biological amelioration
of soil acidity via nitrate uptake[J]. Plant and Soil, 2021,
464(1): 63-73.

[100] Naramabuye F X, Haynes R J. Short-term effects of three
animal manures on soil pH and Al solubility[J]. Soil
Research, 2006, 44(5): 515.

[101] Tang Y, Zhang H, Schroder J L, et al. Animal manure
reduces aluminum toxicity in an acid soil[J]. Soil Science
Society of America Journal, 2007, 71(6): 1699-1707.

[102]Long G Y, Zhu P T, Shen Y, et al. Influence of
extracellular polymeric substances (EPS) on deposition
kinetics of Dbacteria[J]. Environmental
Technology, 2009, 43(7): 2308-2314.

[103] Cao Y Y, Wei X, Cai P, et al. Preferential adsorption of

extracellular polymeric substances from bacteria on clay

Science &

minerals and iron oxide[J]. Colloids and Surfaces B:
Biointerfaces, 2011, 83(1): 122—-127.

[104]Ren L Y, Hong Z N, Qian W, et al. Adsorption mechanism
of extracellular polymeric substances from two bacteria on
Ultisol and Alfisol[J]. Environmental Pollution, 2018, 237:
39-49.

[105] Nkoh J N, Hong Z N, Xu R K. Laboratory studies on the
effect of adsorbed microbial extracellular polymeric
substances on the acidity of selected variable-charge
soils[J]. Soil Science Society of America Journal, 2022,
86(2): 162—-180.

[106]Ha J, Gélabert A, Spormann A M, et al. Role of
extracellular  polymeric substances in metal ion
complexation on Shewanella oneidensis: Batch uptake,
thermodynamic modeling, ATR-FTIR, and EXAFS
study[J]. Geochimica et Cosmochimica Acta, 2010, 74(1):
1-15.

[107] Karunakaran E, Biggs C A. Mechanisms of Bacillus cereus
biofilm formation: An investigation of the physicochemical
characteristics of cell surfaces and extracellular proteins[J].

Applied Microbiology and Biotechnology, 2011, 89(4):
1161-1175.

[108] Mukherjee J, Karunakaran E, Biggs C A. Using a
multi-faceted approach to determine the changes in
bacterial cell surface properties influenced by a biofilm
lifestyle[J]. Biofouling, 2012, 28(1): 1-14.

[109] Nkoh J N, He X, Lu H L, et al. Chitosan and D-fructose 1,
6-bisphosphate differ in their effects on soil acidity and
aluminum activation[J]. Journal of Soils and Sediments,
2022, 22(8): 2129-2145.

[110] Kumari S, Rath P, Sri Hari Kumar A, et al. Extraction and
characterization of chitin and chitosan from fishery waste
by chemical method[J]. Environmental Technology &
Innovation, 2015, 3: 77-85.

[111] Ahmad S I, Ahmad R, Khan M S, et al. Chitin and its
derivatives:  Structural  properties and biomedical
applications[J]. International Journal
Macromolecules, 2020, 164: 526-539.

[112] Laus R, Costa T G, Szpoganicz B, et al. Adsorption and
desorption of Cu(Il), Cd(Il) and Pb(II) ions using chitosan
crosslinked with epichlorohydrin-triphosphate as the
adsorbent[J]. Journal of Hazardous Materials, 2010,
183(1/2/3): 233-241.

[113] Hidangmayum A, Dwivedi P, Katiyar D, et al. Application

of Biological

of chitosan on plant responses with special reference to
abiotic stress[J]. Physiology and Molecular Biology of
Plants, 2019, 25(2): 313-326.

[114] Guo J M, Yang J, Yang J X, et al. Water-soluble chitosan
enhances phytoremediation efficiency of cadmium by
Hylotelephium  spectabile in contaminated soils[J].
Carbohydrate Polymers, 2020, 246: 116559.

[115] Mehmood S, Ahmed W, Ikram M, et al. Chitosan modified
biochar increases soybean (Glycine max L.) resistance to
salt-stress by augmenting root morphology, antioxidant
defense mechanisms and the expression of stress-
responsive genes[J]. Plants, 2020, 9(9): 1173.

[116] Ren J, Tong J, Li P H, et al. Chitosan is an effective
inhibitor against potato dry rot caused by Fusarium
oxysporum[J].  Physiological and Molecular Plant
Pathology, 2021, 113: 101601.

[117] He X, Nkoh J N, Shi R Y, et al. Application of chitosan-
and alginate-modified biochars in promoting the resistance
to paddy soil acidification and immobilization of soil
cadmium[J]. Environmental Pollution, 2022, 313: 120175.

[118] Sapkota A, Sapkota A R, Kucharski M, et al. Aquaculture
practices and potential human health risks: Current
knowledge and future priorities[J]. Environment
International, 2008, 34(8): 1215-1226.

[119] Herre A, Lang F, Siebe C, et al. Mechanisms of acid
buffering and formation of secondary minerals in vitric
Andosols[J]. European Journal of Soil Science, 2007, 58(2):
431-444.

[120] Nelson P N, Su N H. Soil pH buffering capacity: A
descriptive function and its application to some acidic
tropical soils[J]. Soil Research, 2010, 48(3): 201.

http://soils.issas.ac.cn



534

RS BRGPAE LR 5 I T R ] 497

[121] Helyar K R, Cregan P D, Godyn D L. Soil acidity in
New-South-Wales—Current pH values and estimates of
acidification rates[J]. Soil Research, 1990, 28(4): 523.

[122] Wong M T F, Nortcliff S, Swift R S. Method for
determining the acid ameliorating capacity of plant residue
compost, urban waste compost, farmyard manure, and peat
applied to tropical soils[J]. Communications in Soil
Science and Plant Analysis, 1998, 29(19/20): 2927-2937.

[123] Garcia-Gil J C, Ceppi S B, Velasco M 1, et al. Long-term
effects of amendment with municipal solid waste compost
on the elemental and acidic functional group composition
and pH-buffer capacity of soil humic acids[J]. Geoderma,
2004, 121(1/2): 135-142.

[124] Latifah O, Ahmed O H, Majid N M A. Soil pH buffering
capacity and nitrogen availability following compost
application in a tropical acid soil[J]. Compost Science &
Utilization, 2018, 26(1): 1-15.

[125] Soares M R, Alleoni L R F. Contribution of soil organic
carbon to the ion exchange capacity of tropical soils[J].
Journal of Sustainable Agriculture, 2008, 32(3): 439-462.

[126] Cai Z J, Wang B R, Xu M G, et al. Intensified soil
acidification from chemical N fertilization and prevention
by manure in an 18-year field experiment in the red soil of
southern China[J]. Journal of Soils and Sediments 15(2):
260-270.

[127] Guan P, Wang R H, Nkoh J N, et al. Enriching organic
carbon bioavailability can mitigate soil acidification
induced by nitrogen fertilization in croplands through
microbial nitrogen immobilization[J]. Soil Science Society
of America Journal, 2022, 86(3): 579-592.

[128] Wong M T F, Akyeampong E, Nortcliff S, et al. Initial
responses of maize and beans to decreased concentrations
of monomeric inorganic aluminium with application of
manure or tree prunings to an Oxisol in Burundi[J]. Plant
and Soil, 1995, 171(2): 275-282.

[129] Li K W, Lu H L, Nkoh J N, et al. The important role of
surface hydroxyl groups in aluminum activation during
phyllosilicate mineral acidification[J]. Chemosphere, 2023,
313: 137570.

[130]Li K W, Xu R K, Cai Z J. Aluminum mobilization
characteristics in four typical soils from different climate
zones during their acidification[J]. Plant and Soil, 2024,
504(1): 29-46.

[131] Rufyikiri G, Genon J G, Dufey J E, et al. Competitive
adsorption of hydrogen, calcium, potassium, magnesium,
and aluminum on banana roots: Experimental data and
modeling[J]. Journal of Plant Nutrition, 2003, 26(2):
351-368.

[132] Kopittke P M, Menzies N W, Wang P, et al. Kinetics and
nature of aluminium rhizotoxic effects: A reviewFree[J].
Journal of Experimental Botany, 2016, 67(15): 4451-4467.

[133] Liu Z D, Wang H C, Xu R K. The effects of root surface
charge and nitrogen forms on the adsorption of aluminum
ions by the roots of rice with different aluminum
tolerances[J]. Plant and Soil, 2016, 408(1): 43-53.

[134]Lu H L, Dong G, Hua H, et al. Method for initially
selecting Al-tolerant rice varieties based on the charge
characteristics of their roots[J]. Ecotoxicology and
Environmental Safety, 2020, 187: 109813.

[135] Driscoll C T. A procedure for the fractionation of aqueous
aluminum in dilute acidic waters[J]. International Journal
of Environmental Analytical Chemistry, 1984, 16(4):
267-283.

[136] Kinraide T B. Reconsidering the rhizotoxicity of hydroxyl,
sulphate, and fluoride complexes of aluminium[J]. Journal
of Experimental Botany, 1997, 48(5): 1115-1124.

[137]Yu W J, Ren T S, Duan Y H, et al. Mechanism of Al
toxicity alleviation in acidic red soil by rice-straw
hydrochar application and comparison with pyrochar[J].
Science of The Total Environment, 2023, 877: 162849.

http://soils.issas.ac.cn



