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K5

8.72 cmol/kg. EFE T 4 BTNV EF= 5 AR, 4y
R . R . RVE . BEAE . LR

A AT 1, Hoh pHuopHu IS (EC) 4
SAE Tk = i SR Bk 1225 105 IR
TllsE s MillE AR R (PCC) B, K 1g Tl
FEEREE T 15 ml KA, T 0.2 mol/L H,S0, 3 E 2 pH 5.0,
IR BT RE AR B o e T P A
5 bk, P 0.1 mol/L NaOH 3 5 & pH 5.0 I
THARE B IR A i, H R o . Tl
PE I R B S T ICP-AES. 31 (0 itk g 25
TR R A Ty e L R A A . LS
& ) AT R V5 Ve AR T AR, 0 it
OBl N AN i AR RV, T A R A . S Ahik
BT HRIRES (b4l {EXTEfsT, £ PCC b 20
mol/kg.

F1 TAEIFREFLEERREEHAM (gky)
Table 1 Major constituents and properties of industrial by-products
WELH K Bt R EN
pH 11.30 8.48 11.87 2.12
EC (mS/cm) 1.74 34.10 2.86 6.01
PCC (mol/kg) 0.30 8.22 13.39 -0.25
SiO, 559.69 44.58 181.19 56.82
Al,O4 273.58 16.28 51.34 5.00
Fe,03 33.49 8.38 79.12 357
CaO 27.60 242.46 306.02 242.04
MgO 6.06 59.34 36.02 2.03
K,0 4.46 0.03 271 0.08
Na,O 12.44 39.16 63.69 1.68
P,0s 1.69 0.59 251 27.75
MnO 0.30 0.50 0.38 0.04
F 0.05 2.00 0.32 1.63
S0% 2.12 121.49 7.76 416.71
Ccr ND 59.6 ND ND

W PCC AU FER s ND RmAME .

1.2 WHRERWSBIE S E

FRIEL 150 g X T203 Gt 2 mm 5D SN BER
IS R AP RS, HAm AR 10
olkg, BRI, FRVE. BEAE RO KI5, 2
olkg, 53— AN R I AL AR gk . 25

KK S KR R B SR I AR KR 70%, k)
MRS 11, JRAEOREERE T B —/NfL, LA
ARSI BT 1K BRI K. R E e E T
25°CIMEIRISFRA i s IR, BERG 3 RFRHE 1 JJf4b7
KAy, DMRFE LB KR RE RS0 RS 60 K,
FEB; FE R R R s SHEUR B L RED e pH (. IR
pPHH,08 20 F pHke 3803% 1K EE 12 2.5 b, AW
g, Herp pHA,0pH a0 F1 pHyer 735l 71 28R ZK R
1 mol/L KCI HillsE « R E S 3 K. R4 NG
BB BT ERE S 42 1 2 2.5 (19 LK USRI A 3 v i o
WP pH. S (ECO. ViFE Fy iV Fy ol ALRI
Bz Al FohiiE s F RS F SR e Bkl e, Al
WEPE AL TR AL 8-FRIkmsmbk b (o g e ), =%
AN ZEAE A R A A Al F RS I B AR
ot AL BT, wmieb i Ca 1 Mg R
TP BE VLI E, K AN Na FH 6 BRI 5
By A S KT, BE AR 1 mm G e AL
ek Al FAE e SR 5, Horp s bt AL AT 1.0
mol/L KCI k¥, 8-FRIEMEMK /3 o u ikl s T
Pk R 3L 27 ) 1.0 mol/L FERRAL LN, J5 TR sr
FEiEDGE Ca F1 Mg, HAKIEGREEIE K AT Na; +
2 ECEC thac#ieth: Al FnAs e s Ly A sk #5
1.3 MEMRMRAE

AR ARV A A1) 5TV FE 75 B RN 21338 1)
AHNERR R, AR IEFEA AT 0.5, 1.
1.5 1 2 £ HIEAS R R I S R ), L i
B0k 2.4, 4.8, 7.2 F1 9.6 g/kg, FRUeRIIIAES>
B2 1.5, 3.0, 4.5 F1 6.0 g/kg, A1KKIIMANES 5K
1.0, 2.0, 3.0 F1 4.0 g/kg. 1% FIRT7iLREAT 3 N 597 5K
5o MANCIIES 3 K. BT RS 45 R AR 14
pH 7ER57E 30 RJGARMAN, R bHE S0 JLRF4E 30
Ko BFREEHR G TR AT, BEglid 1 mm §i
D5E AW pH ECL mlEYE Al 5, Tk L
FANTIEPASHAE Al FHLL G AL R AR
Al 3% AR BT Y, 2511 1.0 mol/L KCI. 0.1
mol/L CuCl, + 1.0 mol/L KCI 1 pH 4.0 i 1.0 mol/L
NH,OAC 200, AZ#etk Al i 8-F2 LMk 23 6 ' 2
WsE, APGES Al AR ARE Al ICP-AES
E o

2 #ZR5E

2.1 TR TIERENNR
2.1.1 XF13% pH 152 m K1 NSRS 4L
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AR IR FE P pHH,0pH 0 AL FAFA . 45 KW,
P AINER G, BEAEDON L0 pH SEIA R, H
B T S AP AN T 208 pH, HA% B
RN FHEK <P <R <HK (K2, X
5 Tl R o5t FH A ) BT 3 R A A 1) KN IR —
, %%ﬁﬂﬁaﬂﬁi%Mﬁm¢ﬂ£%Eﬁf¢
ﬁi%*%ﬁ%ﬁ%%m ik, Eh%ﬁﬁ*

m%m% ; - x
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Fig. 1 Change of pHyzo during incubation of red soil treated

by industrial by-products and lime
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Table 2 Effects of amendments on EC, pH, monometric Al, polynuclear Al and soluble Al in soil solution

AbEd EC

pHH20 pHkei 1A% Al & Al T Al

(mS/cm) (nmol/kg) (nmol/kg) (umol/kg)
Xt 0.242 4.05 3.59 217.42 4258 260.00
KR 0.251 423 3.66 127.54 24.96 152.50
s 0.530 4.47 3.78 76.29 13.84 90.13
TR 0.266 4.69 3.76 24.08 6.48 30.56
AT 0.586 4.05 3.56 399.31 41.94 441.25
A 0.281 5.07 4.09 6.92 4.71 11.63

#z3 BMRFIMAERSEEZ A HIEIE
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Table 3 Effects of amendments on Al species of monometric Al

posi! Al ZT (umol/kg)

AP Al-OH Al-F Al-SO, Al-org Al LAtk Al
pajic 31.42 6.06 139.82 5.42 34.70 37.48 179.95
KRR 8.09 2.87 91.34 238 22.44 10.97 116.58
Bt 1.4 1.07 55.14 2.71 15.98 2.47 73.82
IR 0.05 0.16 13.66 0.04 10.17 0.22 23.86
7N 36.57 7.62 207.09 120.02 28.01 44.19 355.12

T TEE AL APTRIAI-OH HO8FI: JEmRE Al 5% Al S3EME Al S 2E (.

i, BR Al-org R FEARAL, HERTEAR R Al 423
g - PA k2 3 =) TR

HEA atan Vo AN
7

N

— Ak AP R ALLOH 2 3 v b o R H A B
FAERM ALESS, MAES Al I EEHEAR /N
HietE. WK, i, JRUEYIBRIC T A% Al
MBS RCEEA, MBEABAHR . KSR b
(38 pH B, Rz AL SRR, B RABRAT I 3L 44
RIPHRAL Al RAETER N A AN R E T
RACRAE T IE PRI LR 0 R A P e, i A kS
RIEZ TSR FCR AR, AILEWE B,
Bl A It PR SRt - ) v 1 P A T e L
2.1.3 XTLOERIREm R 4 ISR S
R AT WM BT R . 45 R O R 7
I EHERm A Bt Ca fIS i, IR A«
I <Bits <Jlle <W A8 <A K, XA
B RAAL Ca & E A/ NIT 58 534 Tk gl
aISER R T HIERACHE Mg, KL Na (8. 4551

ST R T8 B AT B i 2 I Mg, 845 250 R S IR 413
[RIAZ HPE Mg 20 B T 62% 1 164%. 1M £1 4K L AR
e T N ACH M Ca &, (HFRIR T T A i
P Mg. K. Na (5, R Tk gl = 5 e AR
it FH A2 I IS FE IS R R Ca AR L e B
BTIEZ o S A R AR B AR T F g 10 A8
PE AL FERANBT Ay A0 K > 75108 > Bt > Ky Bk >
WA, X505 R RIS n 145 pH T — 3K

BRoky S A0, ORI NS T R
ECEC, &K HIX LM B¢ my T T IR 1A 24 o i fi 25
. 4 SRR . SR BEAE R K0
{21351 ECEC ¥4/ T 14.4%. 3.8%. 21.7% # 8.4%.
SR I 3 AL £ A R R B
OFE =203 pH, 307 A% 5 b far BB AT A% 1E H A
TR D07 R0 B A 2 s B e 20438 ) 725 1 5 FEE T
B SR (A S e A R s O BB IR
MR B T 484 0 28 ) A7 ey 4 P Tl R AR
T AR A HE AL A, BT 38 ECEC, [
ISR GRS e bE Al 5 ECEC f LB ) 1 25 BRI
T X5 GRRUWPTASR A G T
Ca?*, {H Mg¥. K* il Na* &5 8 sk AR i, af
VO R I BT 1 0 2 B O R RGN T IR L B A
T A T IR B S AT e A 45 K
By 2 SIS 0, 80 T gt R A B (R B 2
fo Ak, IXEE TR AR AR I AN E AT DL R
IR S ek RR L, (A3 R4 ey T I ) AR R Bl R
e fiE

R4 BRTTEREIREEFRERNZM

Table 4 Effects of amendments on exchangeable cations and ECEC-

Ab B AN T (mmolc/kg) AI/ECEC
Ca®" Mg** K* Na* AP* ECEC (%)
Xt 29.13 5.45 2.64 1.59 42.48 81.29 52.2
IR 32.45 6.25 2.98 2.47 35.43 79.59 445




936 + g1 A1 %
Tkt 47.63 14.39 3.00 3.50 22.44 92.99 24.13
PN/ 48.78 9.36 2.79 3.33 19.79 84.42 23.4
WEAE 49.27 5.50 2.96 1.67 38.53 98.92 38.9
VEP'R 65.53 5.28 2.58 1.82 12.97 88.16 14.7

F5 BRFINRRPEERSFIRERRI

Table 5 Effects of amendments on soluble base cations in soil solution

b FE AP ER BT (mmol/kg)
Ca* M92+ K* Na*

it i 1.205 0.409 0.335 0.158
KRR 1.58 0.396 0.258 0.194

T 3.304 1.425 0.233 0.947

TRk 1.484 0.352 0.190 1.540
BEATE 5.371 0.628 0.348 0.207

PP 2.697 0.192 0.108 0.122

2.2 MRFIAEXCIEERAZNE
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P tORT ET AR P (R M R SRR, B R AR T A2 T LA
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OHTML, A H L MRIR Jy 1.4811, LWIHIR R T
FEAREAOBA R B2 e 3 pH ACREAR T4 K TR
Ve 54 ARG pH RN B ZE (18R g 1.0155, 1]
TR R RE S (1) 708 5 A Ao B - 48 pH 1)
VERIAR M. DR AT AT - AR A A N FR s R 7ok
Tif 2 50 R TR PR

8.0 r
y =1.4811x -2.3501
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45 T ok
4.0 L

4 45 5 55 6 6.5 7
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Fig.2  Relationship between soil pH of the treatment with lime added
and these with alkaline slag and red mud added when proton consumption

capacity were 0.5, 1.0, 1.5 and 2.0 times of soil exchangeable acidity
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pH, fHIF M) Ca ifi4s i 5 HAhIR o (AN T ifi
FEED A KA R o« WA A0 FH 2856, 7ESE bl Ak
7= A B R N2k SR 3 A5 R 1.5 ~ 2 %,
R I = i e AR A 7= v 52 o 75 2 R R U R EOE
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2.2.2 SR B A AL FE A TR
2R A A SR T 2r 8 nr g Al Fsg#ietd: Al
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7 MERERY, HIAAK (1.0 g/kg) MIBCTISFER TR ALIECRE, SRS B T 208800 s
FONZLIEAT IR N 0.5 f5 0, TIEAHLA A ALRL AL ISR, I HBEAE NS 3 S vm v Al BER.
W B AR AL ROE I M IANACKI A RN SR LE, I S5 R R (et 1 7 is v Al e
AR AHECHERR Y 1. 15, 2 50, ABFE Ah IS GRS YR AU R R O,
&7 HEAPLE G AL R, ERINR AL Al X8 Al TR AR S R 200 B 740 P S,
M ite MBI FFRIE I P AR A S AL Mo 83R48 5 PN 8 , 1400 IX 6% 43 5 1 1) [
PR EANSEN, ZRAPLE S Al SRRNA ARG, HIXEIR0 &8 PR AL 2
Ko AHEIIAN 2 R BB AR R A g e, BRI E — S RS R A R, PRUERE
ACHAERRIN 1.5 5, HIEAHLE A Al &R, A FH M1 SRR B M REBRARZL X 7 70 B o 7 O [ 5 2
PR SR RN BN T 2D AR AL 15 ARHL BN TN IS R W T s R R A
s, i ELR AR RS AL B INECRFA Ab R — A N DASCHrE Al AR AT B s T
IWH RIS HE AL LS AL RIS EESE T LM R rh RSk pH e 2 fE A i A
Al [ H R R ETE AL P, DL, AU 9

%6 MREFMASILIEBLS (EC). pH. AAM Al FAXZHE Al BYSZ0T

Table 6 Effects of amendment amount added on EC, pH, soluble Al and exchangeable Al of soil

Lb 3 VIV EC pHH0p 20 Ik Al etk Al
(g/kg) (mS/cm) (umol/kg) (mmol/kg)
Xof 0.242 4.29 261.25 14.98
T 2.4 0.530 5.08 60.13 6.48
48 4.02 6.16 14.38 2.15
7.2 1.41 7.10 11.63 0.32
9.6 1.65 7.42 11.42 0.12
Nl 15 0.266 5.07 4556 6.80
3.0 0.328 5.72 14.87 3.59
45 0.404 6.26 14.34 1.22
6.0 0.493 6.74 13.83 0.28
K 1.0 0.257 5.02 56.28 721
2.0 0.308 5.81 13.75 3.39
3.0 0.423 6.24 12.69 1.04
4.0 0.537 6.67 12.46 0.19
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Table 7 Effects of amendment amounts added on organic bound Al, sorbed hydroxyl Al and total potentially reactive Al of soil

e T HIEEE A I A FR L Al RSP AL HABTER Al
(g/kg) (mmol/kg) (mmol/kg) (mmol/kg) (mmol/kg)
oy - 7.65 10.55 33.18 -—=
FiK 1.0 9.90 12.97 30.08 3.10
2.0 6.75 13.77 23.91 9.27
3.0 6.48 15.65 23.17 10.01
4.0 5.47 16.21 21.87 11.31
ks 4.8 7.71 16.00 25.86 7.32
7.2 6.12 17.24 23.68 9.50
IN/ 3.0 7.42 15.08 26.09 7.09
45 5.98 16.13 23.33 9.85
3 £ T ARSI RN, 2145 pH THR £ 5.81 ~ 6.26, Al

WA B R LT pH SN K, AR B
W IRTRRA RIS T AU pH, BN b
3 pH AT A Ry R <P <ARie <A K,
TEEF= SR AN -3 pH R T B e AL
TIMAES IR/, B R se il A vh 138 pH 1A E
B2 NN TS R T I T 7= A P 2 258 7 R B 128 7 e W B
R REMT o MK DA . JRYE R AT AR 388 i 4
I35 pH M BRI TS AL AL RS ALLLK
SOEE AL ECR, AR A ALY
Bk miBEAE MR, e AREMAG%GHE
(R B 1101 SO2 N F, i AI-SO,—F1 Al-F PRI A
Al SR HIINT 21 f51 68%, Rnlt: Al ff R
Y 70%. 5 Fhel R FAR T IR s #erk AL 3
TR . FRVE. WEAE RGN T 38 ECEC,
DRI IE AL FEAZ 307 (1) VLR P 3T B o 3 AK K T
FRUEFIBEATE YR N T L3R AC e Ca, JEAFIREE
s T A Bt Mg KR Na, Ml A 2K B AR
T A HPE Ca, (HAIR T T4 AS et Mg, K Al
Nao DAk, BEARA O 5 pH R AL EE ) SR AR i
U, BTV = S 0t FH 20 2 4540 SR i ol 1 43
Mg. K InEse= . 540 TR S b, B A Re
Xof R P o R ORI R R
FERIS R BORIFEA AR, &k — A, Nl
f T I TR R AT UK, FFHUAH I IR

R b B 7= it 1 5 i A 2 e SR 2 5 R AR
W, PRI T A O s pH, TR YE Y
R R S A KA 2 N 5 R T PR T Y R

WAIREFT FRAIR R 15% AR, BUWHER Al 5% . P
SRR A M 7 o R 51 R R R LA e PR
BIVRT A 5 ™ i AR P e, (L SE2 oe FH T)FH  fA%
IEREOE T HE—DHTIE. BEA SRR, +
S AL AT HE AL, (HH3RT05E B Al b
W AR AL BRI FREESEALY) A N, XA
A RESE N R IR B I i, LR Y
PRV - HE I 2% DA L IR A et AL A D S50 R B
ORI PSR

SE AL

[1] Xu RK, Ji GL. Effects of H,SO, and HNOj3 on soil acidification
and aluminum speciation in variable charge soils. Water, Air and
Soil Pollution, 2001, 129: 33-43

[21 R, Wk, FHETEAER. BRUTIE G AL AP 1 5 K
AR, BT Th RIS REE AL, 1999

[3] Barber SA. Liming materials and practices // Adams F. Soil
Acidity and Liming (2™ Edition). Madison, WI: Agronomy 12.
Am. Soc. Agro., Crop Sci. Soc. Am and Soil Sci. Am., 1984:
171-210

[4] Shainberg I, Sumner ME, Miller WP, Farina MPW, Pavan MA,
Fey MV. Use of gypsum on soils: a review. Adv. Soil Sci., 1989, 9:
1-111

[5] Bolan NS, Adriano DC, Curtin D. Soil acidification and liming
interactions with nutrient and heavy metal transformation and
bioavailability. Adv. Agro., 2003, 78: 215-271

[6] Alcordo IS, Rechcigl JE. Phosphogypsun in agriculture: A review.
Adv. Agro., 1993, 49: 55-118

[7]1 Garrido F, lllera V, Serrano C, Garcia-Gonzalez MT. Evaluation



938 + g1 41 %

of industrial by-products as soil acidity amendments: Chemical gy, L3224, 1998, 35(2):162-171

and mineralogical implications. Eur. J. Soil Sci., 2003, 54: [15] Soon YK. Fractionation of extractable aluminum in acid soils: A

411-422 review and a proposed procedure. Commun. Soil Sci. Plant Anal.,
[8] Illera V, Garrido F, Serrano C, Garcia-Gonzalez MT. Field 1993, 24: 1683-1708

application of industrial by-products as Al toxicity amendments: [16] Zhang GY, Zhang XN, Yu TR. Adsorption of sulphate and

chemical and mineralogical implications. Eur. J. Soil Sci., 2004, fluoride by variable charge soils. J. Soil Sci., 1987, 38: 29-38

55: 681-692 [17] Alva AK, Sumner ME, Miller WP. Reactions of gypsum or
[9] Kamprath EJ. Exchangeable Aluminum as a criterion for liming phosphogypsum in highly weathered acid subsoils. Soil Sci. Soc.

leached mineral soils. Soil Sci. Soc. Am. Proc., 1970, 34: Am. J., 1990, 54: 993-998

252-254 [18] Barrow NJ. Reaction of anions and cations with variable charge
[10] Kamprath EJ. Lime requirements of soils- inactive toxic soils. Adv. Agro., 1985, 38: 183-230

substances or favorable pH range? Soil Sci. Soc. Am. Proc., 1970, [19] Chorover J, Sposito G. Surface charge characteristics of kaolinitic

34:363-364 tropical soils. Geochim. Cosmochim. Acta, 1995, 59: 875-884

[11] Farina MPW, Sumner ME, Plank CO. Letzsch WS. Exchangeable [20] Bolan NS, Naidu R, Syers JK, Tillman RW. Surface charge and

Aluminum and pH as indicators of lime requirement for corn. Soil solute interactions in soils. Adv. Agro., 1999, 67: 87-140
Sci. Soc. Am. J., 1980, 44: 1036-1041 [21] Yu TR. Chemistry of Variable Charge Soils. New York: Oxford
[12] Wong MTF, Nortcliff S, Swift RS. Method for determining the University Press, 1997

acid ameliorating capacity of plant residue compost, urban waste [22] Juo ASR, Kamprath EJ. Copper as an extractant for estimating the
compost, farmyard manure, and peat applied to tropical soils. potentially reactive aluminum pool in acid soils. Soil Sci. Soc.
Commun. Soil Sci. Plant Anal., 1998, 29: 2927-2937 Am. J., 1979, 43: 35-38

[13] ZJUEK, #RiCdn, RE=. 8-FRIEMMk(pHS.3) 73 M B vkl &
TR b T AR, 3, 2004, 36(3):307-309

[14] =40, ZFEESE pH SRR IE L b 88 i i AE 8 TR Sy

Amelioration of Industrial By-Products on Soil Acidity in Red Soil
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Abstract: It is imperative to choose some low cost, available and effective ameliorants to improve soil acidity in south China for the
sustainable development of agriculture. In this study, four kinds of industrial by-products, coal fly ash, alkaline slag, red mud and phosphogypsum,
were chosen to investigate the efficiency and mechanism to ameliorate the acidity of a red soil with indoor incubation experiments. The results
indicated that alkaline slag and red mud could decrease the toxic monometric Al, soluble Al and exchangeable Al, increase pH value, exchangeable
base cations and ECEC of the soil, and were potential alternatives for lime to improve soil acidity. Moreover, long-term application of alkaline slag
and red mud did not intensify the deficiency of Mg and K as that of lime. Coal fly ash showed less effective for ameliorating soil acidity. Even though
phosphogypsum could increase the exchangeable base cations and ECEC and decrease the exchangeable Al, phosphogypsum could increase the toxic
monometric Al and soluble Al in red soil and thus was not suitable for amelioration of acid surface soil. When the quantities of proton consumption of
alkaline slag and red mud added were equivalent to the content of exchangeable acid, the red soil could be effectively ameliorated with pH value
rising to 5.81-6.26 and exchangeable Al saturation reducing to 15%, and thus Al toxicity would be eliminated. It is feasible to evaluate the
requirement of alkaline slag and red mud in practice to ameliorate soil acidity based on the proton consumption capacity and soil exchangeable
acidity.
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