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Influence of flue gas desulfurization gypsum on speciation of phosphorus in

coastal cultivated soils
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Abstract: To investigate the effect of the flue gas desulfurization gypsum ( FGDG) on coastal cultivated soil, a field
experiment was conducted to evaluate different application amounts at rates of 0, 15, 30, and 45 t/ha. The effect of FGDG
on soil total phosphorus (P), available P, and inorganic P fractions in coastal cultivated soils were measured. The results
indicated that FGDG had no significant effect on soil total P in the cultivated soils. However, FGDG significantly reduced
the soil available P and tile flow water soluble P. The inorganic P content was significantly increased by FGDG, especially
calcium phosphorus ( Cay-P). The mean concentration of Ca,-P in the soil increased by 35.2—66.3%, and the Ca,,-P
concentration in the soil was increased by 7.3—17.8%. The ability of Echinacea to absorb P was not affected by the
reduction of available P or increased Ca-P in fractions of inorganic P in the soil. FGDG application promoted plant growth
and development. Therefore, FGDG could effectively fix the soil available P, control the excessive P accumulation of soil,
and reduce the risk of eutrophication of the surrounding water bodies. The results provide a guideline for a reasonable rate of

FGDG application in coastal cultivated soils.
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B SRR AL X2 LIOK ARS8 &, iRk o0 A6, 35 ik oR P K 977 3, I it 2 K HE AR i3]
TK Z BB AT HE B K A SRR i T KR B s B TR, IR, TR BRRE S Al R GE A T,
RETRAPERET A AL, W e 22 LT RSN FH 49777 1, MCIIRRAL 194 75 T SR BB it , e i 015 Ve i [X AR
Ml T e A A AR Y S B

M BEHATF (FGD A1) SRS S BARE (T2 2R ) BB )5 7 A8 B M S AT 25 B v AR Ak B 145 210 A T
AR CA PN, R FGD A8 T LABCR H e, R RESS AR AR =t ) AR A SR AE
A PV B4 5 B30 R S0 [ A s DG 00 A B e A B 19 T v 1 R 2 o b i 5t 3 2 1 T i
P RIS 4l SRR W AR SBE B A T LAV 3B DA R Y O b, (HE AP Z RIET
AR UB A1 B 114 11 8 5 R Pl (A A, X6 e FH H B B 1 8 i - S P ORI 25 A SO A AR
DL MBI TR AT 1 T Ao A ) R A 5t P 7K - 1y P T3, ARG M B A 7 L 78
b DX A 8 P WA B SR A R E RGBT 25 S A R S, R AR OB A 7 %o S 3R A [ = A
B AEAAHEAE, Pl Al TS 5 , B A B 5 IR R AR LA T A PR B X IR A 25 RGE IR 4 42
FefERISAR S

1 REXERARTGE

1.1 R X HEA

TR XA T 1 T 2 10 DX b v 0 P AR R A e N S 3 i, b V2 0% M X S Ay 2 XU, 41
KIRE RS £ 1050mm a5 o7 T-He M AL = P BT, 250 1 00T, Sl A R T T M T [ R s I ) A=
TRACHED, ) S K FE AR At 1 B A b BT 0 WK S W e RIS R (R U1 ) S 0.92—1.
22g/cm’, T7KH 16.7—18.0% , FoAM AT L3R 1, Bl - 88 Tk 1, P EEmAL, B THHEL R R
BRI, S8 R R

F1 il TEFREUMER

Table 1  Physical and chemical properties of tested soil
- = , .
T v =R = = g WAL U
Material EC/ pH Total N/ Total K/ Total P/ Available P/ ESP/% SOM/%
aterial o o
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
+ 4 Soil 0.23x10° 8.64 600 1.27x10* 1050 19.2 15.5—18 2.52

1.2 KRR

SRR ATE R T LIS i) A LA AR AR, EE 48 CaS0,.2H,0, & F & 1
S .Ca ZEMMIFTIA 250 BUE TR, P IS R/NT 0.001%0, MR A BRSSPI E SR, R AMNIET
SR A A B i, L A 0 25 U A R AR AR TR B IR B AL GB15618—1995 ( - 1 BRI o 5 Bk )
) 2R UE (pH>T7.5) LA S TT F A ™ i = A B o B ZESRARME ) (GB13/310—1997) M & hnifE (£ 2) .

F2 HIXTERESERAEESESHR(mg/kg)
Table 2 Heavy metals in saline-alkali soil and FGD-gypsum

I H L Material As Cr Pb Hg Ag Se Ni Cu Cd
I b+ HE Soil 10.5 75.2 24.3 0.09 0.42 <5.0 50.4 17.2 0.20
WS B FGDG 5.1 0.47 14.7 0.20 <0.47 <5.0 15.0 11.5 n.d.
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1.3 skt

FH 5] 26 AN [ 08 40 SR A 85 (8 5 S A3, 439912 CK (0 v/ha) \T1( 15 t/ha) \T2(30 t/ha) \T3(45 v/
ha) , P04 Ab 3 A A0 3 RE AT 2t 12 Mg/ X, AR /N XA 3.0m, E 2.0m, /N IXE]EE 0.5 2K, /)
X [6) I 98 30em, PRI 35, MR 40 em LARG IR /KR BB

/N X — AT YA 1 BB IRV I HE KA R VARETR 45em, B 50em , 25 /X R HR A AR K 3.0m, H
£ 5.0cm 19 PVC Z5ALAE 0 [ HE K VS, PVC HEZK B HET 0.3 K Bl 398 5 iR /0 S5 BE B I & 5 D HAR
5.0emAEKAL, JB7 1EJE LA TE B I BE M GESEE K AL, PVC 4 TCE I iR, LLORAIE T I8 W e
AR R FORZEHEZK TR — s S B R e i) - 382 8 (L 1)
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Fig.1 The schematic illustration of the experimental site
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JEEHE , R FIRIE R 0.3m, FHEEGE A E 5 HERMRST, 2015 4F 4 F e IEE A2k i, R T,
TR 7 AR R4, 3R B 25em DL b #E AN 2.5kg/ha, 471 0.3m, MR A K I, 43056 /8 X
Wk it A 45 A5 B e 45— 2
1.4 iHEAR S kA
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WHEE A THEE 1.0 mm 3800, I E HIE4uE A Rk L S JoLBEd 43, 2015 4£6 H,7 H,8 H,9 H
o TRT 3EH B B - 678 DR R A5 DU IR, 28 4. Sum P8 I 8 e B T T, 00 V8 D v TV PR 1

2015 4F5 A0 A SR XA ZRERE R AE AN /N X N 43 BSR4 A A AL I BOAR AR 25 5 0K, A SR AK ks
T e ZER K PR 3 UK, FHUE AR R MK . S AEMRAREE S , 43 i Ok = AR, 2 IS L =45 1 FRi
T, AR T 1mm 07, DU AR 228

K FHR B —AABR BT L 600 -+ A O FNB DRI i TV PR 1 i, SR R R — o SR T A 10 - 48
MERR AR, JOHLBE R PR TR A5 042 A0 A M - S LB I A5 4 gl s s>

2 HR55%H

2.1 it R IR A B RS 8 A KA R Y 5

WAL F7R RS A SUBER A 0.5a 2 1a J5 2R 5 1R 18 4 & i 9284 % R (CK) FIARR]AR
SUBLBRA T AL B A] Y e W I B BE TR 225 (P>0.05) o MR AT F T 1a J5 , % B (CK) A0
AL B 8] B4 b e A S R AL 0.5a A BT R (A 22 R A B3 (P>0.05) o BEBITIA BT 41 5 ATt
A b e A LGS A AR, IRt oA it 2 RwE R

FWIEA R R, 5 BN 3 v WSO A 200l , JFG 5 B el 17 s v i (3 107 2 LA R AR OB A A
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Bt A 385 B B R B 3 AT O SRR A B AR A RO 1 e RS, LR AR OB
TR A it FH A 18 i i S B B R R a3, b 0.5a J5, T1 Ak 38 + 38 il & B 50 IR 25 A L ]
T2 FI T3 AP T 4 A7 208 % it 5 X AR AE I 2 25 57 (P<0.05) , 5% B L B A 350wl 7 39 % i 1 %
11.75%—19.58%, Jifif 1a J5,T1 T2 F1 T3 23, T AWM S8 SX ATER EZ S, &0 T
KT 6.71% .9.98% 11 19.40% , SRS BEAR A R Kt i 45¢/ha B, 1a 5 A RUBE & S 1% % 15.50mg/
kg (RS RIEN

Oo.5a Nia 20,
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Fig.3 Change of siol available P under different dosage of FGDG

B2 AEBESHERETEAELELBTY
Fig.2 Change of siol total P under different dosage of FGDG
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(CK)TMHE,T1.T2 Fl T3 AR AL T, 3 5g i b ol s 1 7 - 8 ?

BRI I 27.5% 41.9% F1 54.5% , 45 5 3 WIS
Bifi B A - — Bt LS AR [ Ve T 045 0 B4 FRIESBRATE A RS R TR R
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Wi T L SETCHLRAR A A5, B30 T A M P ) - S TCAL R ) A 2 A RO VR 9 A 2, J2 H A L3 JC AL 7
WS T Z R TT 5 o AR SCHR AR R 277 1 0 M R4 T IO 25 AL i 7

R3 AEABESHRESEREKETEESTNBEENTL
Table 3 Change of soil inorganic P fraction under different dosage of FGDG

IR AR AL-P BERRYKER Fe-P M1 % 51% 0-P BERREGEE Ca-P
R 0.1mol/L &R S 0.3 mol/L Fr R 4
0.5 mol/L AL wol/L ARHMS 3 mol/L AT HEBR AR W 4
NHLF BRPRANIER £ T AR Table 4 -
b 4 NaOH-Na,CO, Na,CoHs0; + 2H,0-Na,$,0, able TCHLIR b/
Treatment (mg/kg)
Frit Frht s s
Content/ % Content/ % Content/ % Content/ %
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
CK 45.58+5.17a 6.33 15.43+£2.27a 2.14 185.14+4.47a 25.73 473.47+16.16a 62.79 719.62+37.09a
T1 47.08+1.44a 5.78 11.89+1.04b 1.46 203.93+24.47b 25.06 548.95+16.16b 67.69 813.86+12.54b
T2 53.43+4.27h 5.96 10.49+2.78h 1.17 242.26+27.04c¢ 27.06 588.65+26.60b 65.79 895.18+57.26¢
T3 56.27 £2.77b 6.68 10.69+1.16b 1.26 207.76+19.23b 19.92 607.60+25.41¢ 72.13 882.15+43.03 ¢

R E =S GRS , TR #2257 A 8.3 (P =0.05)

3 AT + e TR S AR ST oA, 25 R LB h B R 55 4R (Ca-P) & i i
=, R 60% L b B AS#E(O-P) Sk 2z, it B AR A B g S 35 52 ) 3 TR 2 4, 1 - 45
TR TS B B, TR SRR AT 1a J5 , B A0 BT £ 3ETCHLBE B B 34 2 T R R e T2 Ab
PRI AR, M 859.18mg/ kg, BN TRAL RSN T 24.39% , T3 Ab3H 3 TCHLIE s iSOG MEAT R e, (EA)) i 3%
BT CK AL,

it AR B A TS, AL-P DL K Ca-P 5 1 49 1 25 08 A= T00 Ar 78 FH  F 3 o 522 3003 9 5 o ¥y i 34, 4333l
SRR (CK) B8N T 3.29%—23.4% A1 15.9%—28.3%, +3EH 1) Fe-P &5 ) W E FEAT, T FEAEAE 23.0%—
32.1% 2 ] fHARFEAN L Z B AN B2, O-P 7% et bifi 2 X8 S04 5 it FH et 1 22 IS 80 )5 B IR Y
FEHY AE T2 ACHRETS Ik B, B RSN T 30.85% , MR IENIE KT , Ca-P BYSE IG5k B3, T3 4k
PHEXTHE (CK) BEM T 134.13 mg/kg, B & SIS TCHLBERS i 19 80% LA L, iy b mT 0L , B 2 Mot /2 8 it FH
SRR, 3R ICHURS A3 I 2 B AR IR B AR &

F4 FEBHRABTEASKTETEXBREHEAINEEEN
Table 4 Change of soil Ca-P fraction under different dosage of FGDG

R — A5 RIER Ca,-P R\ A5 RIER Cag-P WA KIER Cayy-P B 4E L,
X 0.25 mol/L B2 E NI R 0.5mol/L Z BRI 0.5 mol/L BRIRIA K Ca-P i
b NaHCO; NH,Ac H,S0, Total
Treatment
2 Content % 2 Content % 2 Content % 21 Content %
/(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
CK 46.20+6.18 a 9.76 90.56+3.18a 19.13 336.71+23.15a 71.11 473.47+16.16a 100
T1 64.90+5.68h 15.87 122.45+14.96b 22.31 361.60+17.02b 61.82 548.95+16.16b 100
T2 78.02+ 3.13¢ 13.26 132.23+12.06b 22.46 378.40+31.08b 64.28 588.65+26.60b 100
T3 60.19 £6.54b 9.91 150.63+24.41¢ 24.79 396.78+26.58b 65.30 607.60+25.41¢ 100

2% T S RSB IR A Eh A A W AR AR A T A, S5 RN R 4 PR, HIEEERR A Eh 4 4 Ca-P
P iR, B BRIR S Eh S ) 60% LA I, Cay-P S EIRZ . HER 4 ALHUE AR SBaE A8 5, St i m iy
S B SRR B A T RN, 1 T I A SRR R B i 0y b, Herb ) B it
JBRA A Y S SN, Ca,-P B i S SETHR PR A 4 L e T2 A BRETR B e K, oh 78.02me/ kg, {H i 47 Ak 34
IR E S TX R (CK) , SR BN T 30.8%—68.9% ,, Cag-P Fll Ca,,-P 1) & Y Bl & M0 SBLAR A185 1
FH A A3 i 2 28 1 im0 e 54 5 st S 0 R N 35.2—66.3% 1 7.3—17.8% , Hir Cay-P 3 i e 4 i
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F, A IR PSR P48 5 B M B R AIFAAR YR Ca8-P> Cayy-P >Ca,-P,
2.4 AHY Ay I A R

H1Z% 5 n 1, JCIe A v 1 2 A It P DGR A B AL B A SR AG PR o AR RS A W S AT R 3
TR FrR EHPRAE R A bR AR AR R B A BB A B P R P SR SE TR R R S, T2 A B
TIRBN R, (B4 AL PR (8] 25 S AN S U0 AR U it R i R, LS5 R CKO) AR P2 5
F (P<0.05) ., [HAEII A= Wy i B 0 O A 9 e T A 0 98 22 BTG T s W A 8, T2 b PR ABLRR G
HAERAFIRK,

®5 AEABESHERASEASKETEDERSE
Table 5 Growing Characteristics of Plants under different dosage of FGDG

Qb H Treatment CK Tl T2 T3
¥R/ cm 153 Seedling stage 21.22+0.54a 27.33+1.55b 28.94+1.36b 27.61+0.91b
Plant height 13 Flowering stage 33.60£3.18 a 48.30+4.25b 44.30+3.89b 60.33+6.18¢
A/ em 1 Seedling stage 6.61+0.75a 8.11+0.28b 9.66+1.30b 9.16+0.60b
Root length 163 Flowering stage 16.0 £1.25a 19.33+4.23a 23.3+6.75a 30.33+3.25¢
BT/ o 153 Seedling stage 3.10+0.54a 5.37+0.83b 5.92+0.63b 6.84+0.30c
Total fresh weight AEHH Flowering stage 40.23+5.45a 70.10+7.65b 125.60+20.23¢ 103.60+12.750¢
BTE/g T Seedling stage 0.60+0.20a 1.09+0.27b 1.44£0.27¢ 1.48+0.34¢
Total dried weight A6 Flowering stage 8.43+0.56 a 12.23+2.20b 25.33+2.45¢ 20.10+2.76¢

FHE AT A, 5 BRI ¥ 22 578 B35 (P=0.05)

6 o, it A B A A IS A 3L AR v B Al kB A it P G i S B4 T R S R R
PSP RS RS TR H T 5 T2 T3 DL IR [RIAE7E 835 22 5% (P<0.05) , 7E4E8, i THERR SR 40
W ISCRE 1 )R BRI T2 REAR 2Bl O B e AR T e, (LAY S B S T v e BRI e 34, T3 Ak 3 A
PRI 0 A AR T X IR (A AR 2

F6 FARBESHMASLETEKEHIETL (mg/ke)
Table 6 Change of the total P content in aerial part under different of dosage of FGDG

AL P Treatment CK T1 T2 T3

T Seedling stage 23.7+0.33a 27.8+0.23¢ 25.4+0.28b 24.3+0.38a

izl Flowering stage 21.0+£0.49a 25.7+0.28h 21.1£0.63 a 19.5 +0.98a
3 g

3.1 JEAUBURR A E X A O

TR AR S TPt KA OSBRI A 5 1R L e e i ) 2 A A SR T B AR OB A I LE B9
LT, e A RO R R B R RS BRI OO T e R R RO 3, T3 (450/ha) AL B
50] BEAH L A S B B 1T 20% , WIESEAS R UCHTH B T A T L BR A BT S
Misra Z=BEMRAE N AR T 45 58 5 LR PR T2 J0 UL 4 b 35 7 Rk 1 5 B 23 38 e b il
SEREUR LB BR300 pH ERIBRALEE ™ (E 2 Kt I 5 8 F LIS e ST U e L 3eh 5 &
e s SRR AR 25 7 & A RO B MBS PR, 10T E A AR R B, 13wl i) A 8 A2 1 A R il
BRI VERRIR S & B pH 25 ARZS N ZR AR, B SR 1 A 0 T I ARV i S 2 i K VA Ml 5 i ) 2 AL
iz —,
3.2 JAUBERT A1 T eSS BRI n] R

WFFE R, L LB uE Ty e K IR HE OB R 1 & e AR KL Y  ANBFTE S S R i P AR SO A
B In RS IR 0 ] IR RS R AR R BB O R A B 450/ ha F, R TR A A< HE BB
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ATV HERS S MR T 25.19%—49.1% .25.0%—44.8% 43.7%—65.9% Fl 16.0%—58.1% , 5 Murphy & Steven
(2010) BFE & 30+ HEI A SRR A B S8 T 14%—56% W] VP FRER 18] /K A 3 88 19 45 52 LA B2 Warren
Dick ZEMRZ AR PE LR+ bk b g scab g SR —2 " RIS O I e B | JR B AL A 8 0 4 T
PLBE I 398350 v Ddl /A AR, 1 T a2 - 9 i i AR A R T KA R g RURS: T TRt A P AR S
Wit A G LI E AR IE T AR A I R T RE S i E A B BER | il R AR
WA AE I I K ARE RS 19 LR WS R | o — 8 R B L 2l R X Ve 3 IR Y AR AR A e X AR R 5

BEA it KR S A 5 X8 8 R 7K S 1 1l 1 I AP 30k S B S 3 R R 0 A 358 P - A e 1 R I3k
S, VRIS A S 0 it FH XA A 35S Wl 1 5 T /D AELRT 5 Y 2 A5l (K s PRl ) 1 i i R, JHG D TR
A RESE R Ry 3 A (5 A5 45 A AN BERI ALK, (BATS AT LA R A W AR
3.3 AR A B I TCALBEIE A MY K B e

RIS N T 45 3R 0 R SNia A B 1B R 8, 7R RIS - Emdi AL B B[R] i, 5 25 12 S i AR
VEF 15 39 v BBl 00 e A o i 25, DA T 5 380 3 Al & o 22l R I AR g b, SRR A7
B A )5, A S RS DR IR A K BRI 0 TR BE , - HETCHURE B 5 ) St & o, R 2 oML 4 4y
ROV R (B R 5 AR I R Bt 3 5 AR S S5 SR — 30 A TR, 4 Ca,-P BN R ZIED Y
B RWEIR, Cag-P LU, Ca,-P JLFAHAEDWRIL > AHBF5E £ Ca-P BRI FZL/E Cay-P Fil Ca,,-
P, Ui B R 430 AT AR A SRR A B 1812 SR AR e MRS (B R AE ) A K R 75 225, A 3R Ca,-P A
LRI Cag-P W] LURBSH H R SR AVEYI TR o DRI A S8 R0l (%) B A A JCHLB 1 28 fin I 3 A i 35 52 ) 3]
A %5 Bl 2R A R AT, 2 300 R A SR 48 1 U R A6 30 ) 2 W i 357 X BRRT  3X 5 Stout | 75258 16 55 R T GBS 42 5 ol R
P = I BRI 25 (ORI FE 25 5 — 31> Chabra %5 A A7t 26 BH B 6741 85 240 RS B9 Ak + 398 oA Rl &5
HHB R AE ) W E R (E AT /R B i

(R, S5 55 235 SR S 7 Bl 2 it AT AR A 8 L 38, 3 v ) O ML & S 3G AN S 3 AR 2
AL B (R R iy e BT = S BRI R B, 455 EHLBE R O-P Fil Ca,-P £ T2 Ab PR 35 B 5 K fH, T3
ALFRES XA BT R, LA AP RE 2 R AR T2 A B s 08 1) dpe RS 45 1, 100 BH R 0 A 8 % i R X 174 1
VE RIS 0 10 A KA T BRas s, it it FH 788 A R 34 AS B S, R SRS A 7 428 ol ] PR i 2 ) (e G LB 75
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