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Influence of flue gas desulphurization gypsum on characteristics of
soil aggregates in sodic soil
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Abstract: To investigate the influence of flue gas desulphurization gypsum(FGDG) on the physical properties of
sodic soil, a field experiment was conducted to study the effects of the different dosage of FGDG on the aggregation and
stability of soil aggregates. The results indicated that compared to the control, content of aggregates above 0.25 mm by
dry and wet sieving (DRO.25 and WR0.25), aggregate mean mass diameter(MWD), and geometric mean diameter
(GMD) in 0 ~20 em sodic soil layer increased by the range of 2.69% ~ 45.29% , 126.59 ~ 304.70% , 2.63% ~
10.46% , and 7.98% ~ 19.01% , respectively, by adding FGDP. Meanwhile, DRO.25, MWD, and GMD increased
significantly with the increasing FGDG rate, and the fractal dimensions of FGDG treatment were significantly lower than
the control in 0 ~ 20 em soil layer. In 0 ~ 20 cm soil layer, the aggregate destruction (PAD) and unstable aggregate in-
dex (ELT) were significantly reduced as FGDG rate increased. In addition, concentration of Ca?* bridges compound par-
ticles (G,) was increased for amelioration with FGDG, which may be associated with the promotion effect of organic
molecules (OM) attached to clay (Cl) and polyvalent cations (P) (CI-P-OM) . Futher, concentration of the water solu-
bility composite particles (Gy) in all FGDG treatments was significantly lower than the control. Tt is concluded that the
FGDG contributed to the formation of organic-inorganic compound particles, which significantly improved the content and
stability of aggregates in sodic soil.

Keywords: sodic soil; flue gas desulphurization gypsum; soil aggregates; organic-inorganic compound particles
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1.1 RIeXHER

IR A T 52 EL PG R M A b 2l R a0 A
i, TR 2 106°13 ~ 06026, L 45 38945 ~ 38955,
Ji B R (%) bR T R B PR A, AR 241 8. 50°C,
ZAEV- B KR 180 mm, FEETE 7—9 A, il
B3 B 1100 m, B ARH:, SR N i A
MR 2400 - (AR R ) o - HEmai Ak B 5 i 7F
20% V4 &, pHAE 9 VA I 5 H8EH PSR 6 81K, BT
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g5 R EEAEYNAER KT

FH a1 35 /) DX 22 HEAE B B i 5 B2 6 57 b
FLoRAT0~20 em 22 HIERFE 1.62 grem ™, £
MU RS B & B 40.41% KBYRL & i 32.42% |

WL i 27.17 % , 3Bk £ 5 £ pH {H 8.98,
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12.2 g-kg ™' R B & 170.6 gokg ™'
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PRIE 30 emo #EFIAT I ABEER — 4% 255 kg hm ™2 JK
& 225 kg hm ™ GEBERRES 60 ke hm ™ 2/E IR, T
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aRATE R T 7 B DI E SR E AR
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KA LR AR RFERE 0~ 20 cm, RAEE 2 kg
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1.5 WEHE
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em, fLAEH BB Y M 10.7.5.3.2.1.0.5 mm Al
0.25 mm (YT, i b5 5 By (kR shilidk , T 7
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()45 2 -3 AVRE, o J 45 0 I 1) A 43 i
SRR TR AR B R AR S R S E I E 5
%3[14]0

TR A SR AR 2 SR TR vk ol TR A5
)45 0 A SR A By Jo i L, 4% U BT RC AR 50 ¢ KT+
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RS U B A S R S
SN I 78 R EE i, e BH B s e i
FNACHG M B % 1D 2 43 R FH IR e A8 48t 1
PR B — A AL A BT, 3 BH B8 T 28 e
ISR s T A e S
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FIFH AR A SR B4, 1158 > 0.25 mm 1R
A Ry o5 AR 2 T 8 AR MWD DKL L] -3
& GMD , 58 A1 R AR 5 SR 5 PAD \ ASF2 7 A1 Hr 45 4
ELT A TE4E%0 D, BARTFE AR R A Tyler FlA 5%
e HE S Ay 28 2017,

IR A A9 55040 SR ] Excel 2003 347 k4 Ak 34 |
2 [&15¢, DPS3. 01 Seit 73 M A kA7 B IR & U7 22
b, AR 2 5 FL 3R F Duncan’s i &M 215,
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2.1 BREAEX>0.25 mm P HERABRGHEN

A
Hige 1Al L, HERIG 2 4 a )5, Tk
N4 A0 4 )2 NS E P > 0.25 mm R 4K
(DRy »s) Fr 4 33.02% ~ 62.22% , it JH i i A 8
RIS T 3 DRy s B iR

R1 FARABHRAELET >0.25 mm HUHIRE M (DR, o5) FAIKIRE M (WR, ) ARG S E
Table 1 Aggregates ( >0.25 mm) content for different rate of FGDG application by dry and wet sieving under

1 )2 Depth/em

B pGBL
Index Treatments 0~20 20 ~ 40 40 ~ 60
CK 37.60+1.23d 38.65+1.23b 34.59+1.18a
T, 46.13+1.12¢ 40.98 + 0.05ab 35.94+1.23a
HUMRR A2 1 P SR A
DRy 25/ % T, 51.40 £0.98bc 43.59+0.18a 38.55+1.24a
T; 54.36 £ 1.60b 42.84+0.17a 38.85+2.05a
Ty 62.22 +1.22a 43.73+0.12a 38.16 £0.94a
CK 8.01+£0.35¢ 4.56 + 1.46b 3.15+0.34a
T, 18.15+2.57h 4.47 +0.09b 1.04+£0.75a
TR ERE A R A
WR 25/ % T, 23.52 +0.40b 4.19+0.08b 2.61 £1.76a
T, 28.39+2.77a 5.29 £ 1.44ab 4.50 +0.25a
T, 32.42+0.59a 7.48+0.62a 4.32+0.56a

TE0~20 em )2, i AR A B T T, . T; il
T, &b B+ 3 DRy, 8 % BB (CK) 2 & 22. 69% .
29.92% .32.61%F145.29% , T kb ¥ 5 CK [7] 22 7 5
F(P<0.05), H B & A A 8 Jits FH 35 0, DRy s

T R B, T, KPR DRy 55 B i i K, 5 Ty
T, T; tHILEA W E P25 (P <0.05), £ 20 ~ 40
em 2N G AE T, T, Ty Fl Ty 403 4 1
DRy o525 48 CK IR AN RREE (38 in (P < 0.05),
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Fr T1 AbFEY CK 22 5 ANB B Z 56, T, T3 Fi T, Ab 3
T4 DRy s CK 27 B3 (P <0.05) , X BEH] 0 ~
20 cm A2 AR A1 8 J5 , 3853 A A8 AT 7K
HEEZE R Z B R X 20 ~ 40 em 343877 A= ot BLAE
FHo SR, %FF 40 ~ 60 em 42, Jiti JF i 7% 47 85 b 23
135 DRy o5 5% B (CK) 8] TG I & P 1 22 5%, U B
it AR B TR R R RAE A R, Bk
Kt A B A B8N T Ak 138 DRy o5
i, BB A E R DRy s T i 2

Jite PRt A B el R Ak 38 B B 2 T K
T PRI RAK (WRy 25) B & it R 1AL, 7E 0~
20 em L2 LA A E Ty T, T3 AT, AP £
1 WRy »s % CK #2755 126.59% .193.63% .254.391%
M1304.70% , T, . T, . T5 . Ty A3 3 WRy ,55 CK [H]
HAEBEZR (P <0.05), H.FE & A 8 i &
BTN WR s B TMAE 20 ~ 40 cm F1 40 ~ 60
em FEWNHEH AR AT T, T, T, #1 T, AbFE 35
WR s B 58 CK 252 AR B (P <0.05), Ui B L A
A Bt A 2 I R AERIEZ 3K AR T B R A5
Ml B o
2.2 BRABNIEARGKEHNEEERMILE

FHEZRHFM
JBRHRA B i T AR 40 Y A R

PRI E i E AR (MWD) FULF24 B2 (GMD) o
HIE 1A IL,0~20 em + )2 &40 # + N AR & PE
(T A1 84K MWD #1 GMD { K /NI F 2 Ky T, >
Ty>T,> T, > CK, T, T, T3 £ T, 4L ¥ + 3% MWD {4
BCKIET 2.63%.5.04% .7.08% 1 10.46% , +
HE GMD {H%: CK #2555 T 7.98% . 14.10% .25.20% Fll
19.01% . ¥ 5 220 Mk, £ 0~ 20 em 1), T,y
AbFE -3 MWD 45 CK 257+ 2% (P <0.01), Hax kb
I CK 22 5N 2%, i1 1438 GMD B FR T, AbFREL
CK ZR A E4, e #s 5 CK L 2 7% (P
<0.01). 7ok, B 120N, 25 40 B 4 EHLAK
FaE VB AK MWD 1 GMD {53 #7725 /18, 78 20 ~ 40
em 1 40 ~ 60 em 1 )2, #5401 1€ MWD F1 GMD {8
EZRARZE. HE 20,0~ 20 em 12 FH B AT
AUE A K RS M R ) T R A& MWD FI GMD
{HI KT CK, -5 BERA A A A1 8 it 2 A 34 n i
Rk BAE AT ULE T AT, kb2 458 MWD
{H# CK B F 1 16.82% 1 18.17% , GMD {H 4 CK
IR 18.35% 1 20.72% (P < 0.050) ., [RIA}, 75
20 ~ 40 em 1 40 ~ 60 em 1 )2, #5 Ab PR g PE AT R
R/ MWD F1 GMD {22 5 AN W38, WA B B A A8 4k
TR 0 BH it P A& A1 85 X BE 2 DA 3 SR AR Y
EHTA IR

MWD/mm GMD/mm
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Fig.1 MWD and GMD of dry sieving for different rate of FGDG
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B >0.25 mm HIEARIREE P EE HAR
L2 B SE H R AR G bRk B 45> b 2
THE KR E B RBAR WRys N 1. 04% ~
32.42% , s/NTHUAR A P 1A R AR DRy o5 75 1 1 B
/IME 56.44% , H 45 b PRATUR P A8 14 11 3R 1k MWD
1 GMD i = T /KR PR T R K MWD Al GMD {8, 1]
M AL 1 478 1) 38 1 SR A = 2 AN AR e M A 2R

A 3 (B AR A 8 it P R 1 3 AT SR AR e 4k e A
B PER . 1 3 mT O, Rd A 8 174 it FH B S
KT 1 35 A R AR 38 % (PAD) FIAS R 2 A1 kL 48 4L
(ELT), H PAD F1 ELT i lii A 8 FH B384 I 34 2
FARA R, 1E 0 ~20 em T2, & Pibi A1 B AL #
T, T, . T; A1 T, B PAD {H#% CK 1% 18.04% .24.46% .
30.92% #1 30.80% (P < 0.05), ELT {d % CK Ik
10.14% \15.51% .20.38% .24.41(P <0.05), BE#&E
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FBAXS 20 em LT )2 R R RIR RS E 17 4

WSS , X5 B4 B FH IR 0 ~ 20 om £2)2
REFFEA K,

MWD/mm GMD/mm
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0 T T T ) 0 T T )
§ g
S o
= =
a 20 = 20 f
2 g
= =)
5N I5S
I 40 - %40
H =
60 L 60 -
---0O---CK ——T1 —N— T2 —X— T3 ——T4
B2 AERGREELEERREAREFHEEER (MWD)FJLAFHER(GMD)
Fig.2 MWD and GMD of wet sieving for different rate of FGDG
PAD/% ELT/%
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0 0
B 20r £ 20+
j=%
3 g
= id
Kﬁ 40 + ¥ 40t
i
‘ I
H +
60 - 60 -
---O---CK ——T1  —A—T2 —%—T3 —&—T4
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Fig.3 PAD and ELT of wet sieving for different rate of FGDG

2.4 BmAENTZEAREKS HFENZN
ME 4(a) AT LAE ), A T2 G, T3P0
o8 Tk B R AR 3 T 4588 D (E3E K 7E 0~ 20 em +
2 WA B i RS T TR 455 DA, R A F
fits AL PR T, JT, T A1 T, W43 T2 4650 D {3 CK 4
BIFEAR T 2.24% 3.15% 5.11% F14.52% , H5- 3
BERLARE A1 7 FH S 3 n i B AR i #a #e . 43 TE 4E%) D
EERAE R R, 2GR TR 4% D (K A2
ALIE BB/, 7E 0 ~ 20 em )2 D {EA L TE Fl N
2.41~2.53,20~40 cm A 2.49 ~2.62,40 ~ 60 cm Ky
2.55~2.59, i B it Bt 40 B ORI )2 A g AT R
A T BB, K 4(b) IR, £ 0 BK AR E T
RIRI 53 TE AR S MRS E P R AR 1 40 4%
—FE, BRI BEE 2 IR KA R A F

S it FH AR A B 25 A BB 1 2 TR, D 8 H 5
‘LI TR, M CK 2P0 IR R,
BRI BR ,1E 0~20 em T2 CK T3 D K
h2.96, i A F il B oK Ty fe/NRy 2,82,
4 P O A A P 5 1 0 7 AR AT ) A 5 1T E 20 ~ 40
em HJZF1 40~ 60 em )2, D HH B K, K EHH
e R P S 4 o i A8 A, E— 2B EDIE T
T A X it )2 3 R ™ A i EE R R
2.5 BmABNLERILIESENZME

AN AR A B it R 0~ 20 em )2 IR
PLICHLSE A AR 25 R 3R WY (3R 2) - it I Bt ot A 5 A 3
BERME T KM G IR AR E T RH(P <
0.05) , $&m TEEE T BN 1) G, AR SR E 7
TS CK ARG, W B A Ty Ty Ty AT, Ab 3R
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Go WB AR AMBEMT - 22.3%., - 30. 1%,
—49.8%F - 48.5% ; G, HE A IRE CK 4 7425
T 5.11% .8.58% .13.21% F1 13.62% , 3 H AL F 5
X R 22 55 B2 (P <0.05), SR, CK Zb ¥+ 3 G,

T 0 43 T 4E 5L Dry sieving

LA R AN ) 5 S it B A 7 4% B TG
BEVERZE S XA A R UL T BB A B A
HRTSE T ERS S T 6 EAERIIE .

W 0 43 21 4 1 Wet sieving

2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.80 2.85 2.90 2.95 3.00 3.05
0 T T T T T 0 T T T T |

B 20 f £ 20t
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Fig.4 Fractal dimension of soil aggregates for different rate of FGDG
®2 AEBRAELELIEREAFNENESHSEEW
Table 2 Concentrations of organic-inorganic compound particles for different rateof FGDG
b N
Tr_i:fim Go HE B/ % G HE B/ % Gy HHE B/ % TR/ % ait/%
CK 34.3+1.20a 0.8+0.18d 6.5+0.82a 58.4+0.32a 100.0
T, 25.1+0.46b 5.9+0.32¢ 7.0£0.34a 62.0+0.18a 100.0
T, 20.2+0.87¢ 9.0+0.61b 7.9+0.18a 62.8+0.22a 100.0
Ts 17.2+0.18d 11.4+0.38a 8.5+0.76a 63.0+0.42a 100.0
Ty 17.7+0.28d 11.7+0.84a 8.0+0.63a 62.6+0.37a 100.0
3 W B AR ENE , BEE TR s e RE . DFFERET,
> o)

KT 0.25 mm 1 LR R &%= MWD . GMD
PAD 1 ELT ¥ 1E 4 P14y 1 38 P 3R AR 0 ) o 22
F8¥5 o DRy 25+ WRy o5 . MWD, GMD {8 8 & 36 7R 1 158
P4 AT SR8 P ey, A SR AR Ik B, - S M P g
S s AP PAD 1 ELT K, 10 B + 3968 (L AR
SN, A 5 VR R Pk RE AR, B B 45 H A8 - 10
C AR R, RIVIEEEE (PAM) A HLIE P8R
Jiti FH RE 38 I P SR R 1 P SR P B £ a0 - 3R 1A SR R
flfasE PE20 -2 ARSCF TS R, 5 CK L,
Jiti FH B8 A A1 7 45 b B AE)Z 1 48 DRy o5 Bl 12 5
22.69% ~ 45.29% , WRy »s Uit 42 & 126. 59% ~
~304.70% , MWD {E42 5 2.63% ~ 10.46% , GMD {i
P25 7.98% ~ 19.01% , H +3EH R4 PAD {E A1 ELT
(B 22 B LS il RO A 5 PR 385 o i B S R A1 T
B UL A 8 il T AS AU 3 T de Ak 1 98 AT 3R 1A
TR KN T AR A, 00 FLA A48 e s

BT TG P AL BE - 05 3 e S 0 IR 4.1 50,
PR B T ST BT e A B AR 4
SRATEVEIR , B T AR L i LS54, AT o3 T
THERSEERE.

AR —Fh M 2 LA i, 32 B 4
TR, B4 435 43T 4 BA 4 H 285 ¥ (3 ¢ 42 41t
T—ANBHEFF 2, Castrignano 2512 F14MF BIS Fl Hy
B2 xt - LA B AT 437 S B, e P B Ak 4
TR D R, DU AT 3 K 0 43 0 B ARG, 4 8 I
MR A S , R E K S S AR
TSR WAL D) DA I RN, LS
RS IR R AR B A B IEM KR,
A B A T R BOBIR 5 AR SO
Fe ks R W] WG B A1 T M B A3, 0 ~ 20 em
2 A IS R A T AR NBUT Ty > Ty > T
>T, > CK, H55 CK 22 50 5§, 4T 4k B AR B 4 Hb 3
RO A E SR AR A, ELRE 65 I i A TR B A7
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AP T, B AL 2% A W A LU A, &
Ca®* 1) SR RS0 A0 8 55 At DG 3 4]
RURHCE HAT | P AR RO,
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