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 OE NSO IREAUBEAT e R AR B AEAE R IR A T L B R R RN R, 8 kR [R] L Y
el A 75 900 e T 5 38 0 B B A R TR At LR R T R v T T R A A Bl RO AR AT . A5 R R
B . 2 ke BFDTR G0 FH AE S PRAR T Mg Eh 5 1+ pH A b &, N HEERY RSB MEY A S, it
W X8 SR R WCRE g 5 R BROAE LG, S A OB B A T it R 25 kg B, R pH FRAR T 10.9%,
ECH & T 84%, AW . AR MBI & &7 MM T 30.1%. 40.5% F1 36.1%, BEFRKFRTHET
8.0%, MMM AR . &M & WA IFE, HE2B& R T 254%; R4 N 7 5 &6 6 AR E 759 e
JBJS, 3 pH IR N 6.8%~13.8%, EC FEIE K 4.2%~11.6%; Y78 S08 . 78 %00 R0 33808 fr 8 1408 43 5k
96.0%~182.7% . 40.0%~186.7% F1 71.7%~157.5%; ¥ A B J 2 8NV AE Wy 5 5 W 486 0, 0 el AR 75 0 S A 7t 1] 4 A
40% W, SXFBAEEAE L, M EY R FRED 90.0%, MEE, W ETE. RS MRKSS M NT
154.1%. 100.0%. 89.2% F1 103.6%, HH ¥R P9 Z0F1 8 & & 2 38 I T 139.9% F1 40.8%, % 9 7 £ W 422 3 % JR Ak
B AT AT, S G AR SR A T R A b i R R 1, N BT [ R 1S A Ak
BHXMEGRAGERERTS%,

KBIR WA ARSI RAMH; it R ERYR

T AR WA, S T IR R AR ) B R AT R R AR 10 4 L TR, 4
03 2ok H AR M HEA T R A R T e i SEAER, M AUB B A e R e Y el R ORTIE A K
I A5 B AU I AIE , BN e — TRUAAR | B 5 R 1 B T R B I R R Y AR A
B LAA RUREARER 5T 1 3% pH AL B C7, Hlfrfe— 2R e . BB SED OF & 8L, WAUbia A
B E 0 35 K pH RNB8 AL BE 9 TR, dL s b e & dh i, JFRRAR T RREA A S = MAO 41
WFSE R BB A 2 S B A N, JFREAR T A PLBT R, R T R R
KA BIRAECIHR I R B, WA A B B R R B ol 3 EC AT B B, AL
Wi HER: 2019-04-26; R HHA: 2019-10-14

EEWH: WA ZAHE 173k H (15DZ1203706); i ik 7T FE K [ 30038 15 X & W% R % 41 H (201701-PD-JQ-
AS5055-007); T2 B X B B4t S 2R R R 3 4 10 H (201703)
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B . RO A R R ARG o Al T T PR R 3 4 3 A AT Ak BE R AR A W A it 2 S AR TR B B, T N+
BEFY RS R RS, RS IR A RCPENO Bk A5 U A e SR U B oY R
B, FEAREE F5 3 IE mT A SCEAE A AE ORI Tl Sk . PR RNFR AL RE 7, 48 R HEA WL
TR, X EEEAE . HE TRERBIZepE, W GE e B IR AR S 4L
g i AR KR AR A R ek RV R e A ) R A R R | B SR O S AN Y R
R, B S  F S T R T AN () R B 1 T bR I S M AR 3 AR S A TR A it G
W ER T A B RSO SE, e TR Aol R SR R b M R A A KR R B, R
R LM R IR R S5, I e [ R B AL IS A i A B Ty SR 2R A R IR AR
1 LR REHEE
1.1 SKIEME
I AR BRI AN RIZ G L, AT B 2 mm fifE N R 4 AR
FEYIMERC I A A B, ORI A A R R A s A AR A SRR, &
BN A CaSO,2H,0 (CaSO, 5 F i 1 90.0%), ‘EFY & mig /D, FESLImMEBALME BT L3 1.

F1 SLMHEERUMRR

Table 1 Physical and chemical properties of test materials

SRR pH EC/(mS-ecm™)  AHLF/% ERNgke")  EBi(ekeg)  EEgke)
4 8.7 1.30 2.25 0.4 1.05 12.7
e 73 0.37 112.0 1.36 231 10.44

SRS A 72 — — <0.001 <0.001 <0.1

e SCIRAEY) R B B (Lolium perenne L.), FMAETTTSL56 2 M IRAH N IEAT R 2R 508G, K 2ERZ°490.0%

1.2 LIt

R 4 A 0 25 70 I MAO 2518 Y S2 IR 45 1, 25 gokg ! % X AR 5% - ol B R A0 RO P &, I
M, ASWEE RS A R N R [ E B 25 gk SRR T BN TR R g R IR N AT,
W6 MK, /5l k. TIAAME R4, ZSAxig), T2 408 (R £+ A 5). T3 43
R+ AR B +5% HERR) . T4 ABE (JF £ +R SR A1 7 +10% HERR) . TS AP (JF £+ B AR
A +20% HEAE) . T6 &b FE (5 +0H S BB A1 5 +40% HEAR), Hh R 4 - ERE L, &4
AhEEE) HIRE B 2.0kg, K SIKEE,

5 50 g AL AT SR EIR A (T1 AAFERRAL), RIGHHEIEE AR ERE L, 50 A
Tl R R A SIS A AR P O R A AR R R AR, R K DA R R R, PRIE R R A
5RO, Il R RE R A . 60 d S AP AR BB B, AR RE A 20 IR 3 R
T, FOREBIE, ek LARRINGS Bk ke, A — oK M B G, il 20d 5508
TR, 50 d oA SR S I 4%
1.3 EHRNE

TSI AE S, BRI 10 BRI S A9 B2 RO AR R T, A0 e b MR A B
P RCSTE SRFE R MR CE T HEAR N LA 85 C A7 12 h b1, B 5 43 5000 db | . R AT
W IR R SRS B AR, i 1 mm B S, RAH H,SO,-HL0, 1HE, MESR . &2
S, LIRS, E RS, KTE, of 1mm 5, DAEKEAPE . 3 pH SRR T
S, e AR A A D RHEA L. AR . AR SR S e KR (R
A Hr k)
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1.4 HIFELIE

S 45 B85 5 40 BT % JH Excel 2015 #1 SPSS 17.0 S Ab 3, T HEFIALMERR . K& . MY
AR IEAR S LS TR A R, N [E] AL BE A4 AR 59 2 5 K F Duncan B 4G5
2 Z#ER57
2.1 B RFIXEFIRIBAMS RN

1 kel BRI XT 3 pH RS2 it i R BB 4 B JE 3 pH B AR T X RRARFR , Hh 8.61 FF
% 7.67, FiEA 109%, ERS5EAMRE LR -8 WG R EENELT, 1’
At e AR R SR HERE Bl A HE A E  fE f3En, pH R IE A AR, FEIR N 6.8%~13.8%:;
244k AR R G HEAE 15%~20% B, Eh it 3 pH R Ml o I . & A BRR 1 3 pH % F) 8.0 LU
T, fFE28EYrERER,

FEl A % 7 ) HE NER & it S, TR b %) S i TR RE A5 5 - SRt ) T & A rp R R, Bl 4 3
pH F— 25 REAK . HE N i R A ] AR5 - 38K o0 R4 = S E s ™, SRR -8 pH. 5 R
W A AT DAL SR AR A T TP S, DS R T T B, L, 7R R
BB L 138 pH eS8 S P 44 TR E o

K2 SRyl BRI 4398 EC sgma . AE it I b A A B A B J5 EC W& TR, B R AT
ik 8.4%, HJF R AIH AR A R — PP S R AR, 0T DU 2 BB R AR T NS T HE
HH S8BT A i [ e B E BT, 1E— b 1t E AR AT DA RR IR £ BEC, MEIR E B L 20%~
40% F, X T2 403, EC FRK T 11.6%, XFH T1ARFE, BC WAL T 42% A4 . X EWIE G
R RT DLRRAR e e b S i, MEARSS N T R MEALBRE, e T B S, AR OHEE, +
e rh B 7K G2 B R B B R S T S — A R e L

30 ¢
o 2.5+
§
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Fig. 1 Changes of soil pH under different soil amendments ~ Fig. 2 Changes of soil EC under different soil amendments
22 BRFINEEEFRTRERNFZM

P 3 2 Bl R Rk b A BILBT A B S .

Jit JIn RSB A B i Rt A AL BT T R

21.6% Fe Ay o T hNAS ol & M L A HENE S,

A HL BT i BE M it T & 1 g 2 Tt

T6 Ab BRI, i T A BT & o beox iR Ak B

L%

B 171.6%. TERIIM S RBG )G, HHeA N :
LT &5 F W B 0 2 J50 PR 2 1 B8 pH 1 R 106 Uk momom e

4 EL[17] < 25 =X
Jo R PRI 57 W) HENE b (9 A HILR 75 12 Fig. 3 Changes of soil SOM under different soil amendments
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AR, B B $h it 3 vT il A P S A B R

P14 Sy g R 700 A 8 IR W T R R e AR S A S h B S . A AR
TSR B Y TR, FEIE 23 5 M 30.1% . 40.5% F136.1%, AHXF T T2 ZbFR, i i3 A J5 £595% +
b A R . A RCE R RO S A B B, 5 0E 53 0N 96.09%~182.7%, 40.0%~186.7% Fil
71.7%~157.5%.

JH A BB A H P RS B P AEAC e B AR N TR, S URRIRESIE B e £ Eh
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KA R, @ BB E A SR, sl ERma . 8. faga™. b,
B 5 13 pH M REAIL, MU E Wi PR K, X T BB SR B L AL N B TR WO IE A, I
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Fig. 4 Changes of soil nutrient elements under different soil amendments
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R AR AR ) S 2 AR AN R B RS e UL 5 AL 6. I S AT, PR FAEIL T RIS T
(0 2F RALA 50.0%, FEANAR BB AT G, K2 RIEE 42.0% ity , 3% U BV OBLAR 41 7 B BERE
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Z 1, WM T B R AER LA RS CLARK %5 F 6 T M55 2 (B 78 45 S — 2. it n el
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Fig. 5 Changes of germination rate of Ryegrass under Fig. 6 Changes of leaf number of ryegrass under
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] 90.0% A7 o

&6 WAL, it AR B S R R R A BE RO TP IR A, AR AR E . WA
M AT it FH B g 3G, R R o BERCW A A, HME AR B R I L R 20%~40% B, 22 7 IE AN
B
24 KRFIGNEDEYENEN

&2 Syl KR 6 PR A7 R A KRR AR AL I R e 4 SR e T S A T R 2 ) A
Bt AN AT BT, HESIFARE . RERMESF YNNG, 27w E af SRR
I S AES it ) 04 o S PR B R N A A H . Te AL, SRR MGERRE . M b TRRE . RRE IR
KAk B KAl 0 v IR AL BRI N T 154.1% . 100.0%. 89.2% 1 103.6%, B —Jiti Jn 46 <
AR A B AL BRI T 94.2% . 75.0% . 66.2% F1 71.3%.

PRI T AT = s R TR =R R el o A e 9 2 N T S S S i S £ AR o 2 K VA N
IR AR EER, AT R AR S HIE R, BCEEYR R KRASE, (EHEY AR A
B/ AR AR R S R A R I SR A R AR KT, R RS R
JoT BB I A R B A ) A e s . IRA SRR AEA S, BT pH, 2RI R+
AN, EIRAR N, PR T RE RN ALK, EME S HE LR s T R+
BN AESLBRED, #1257 EERSS R, mEH SR AR 2 it — B A Y v R S AR
FERE 25 AL B RPY,  TR A it P T 0 B bt A 4 B AR 2R A T T A )

*2 FRAEFEZELE KFERNELL

Table 2 Changes of growth characteristics of ryegrass under different soil amendments

Ab 3 ISSiTAb TS Mo b /g R /g Bii/em A /em
T1 0.146+0.012a 0.021+0.001a 0.009+0.001a 13.0+1.20a 13.8+2.25a
T2 0.191+0.052b 0.024+0.004a 0.010+0.002a 14.8+0.52a 16.4+2.30a
T3 0.201+0.004b 0.029+0.001b 0.011+0.001a 16.8+0.36b 19.6+1.52b
T4 0.281+0.009¢ 0.030+0.003b 0.013+£0.001b 19.6+0.52¢ 22.0+3.01b
T5 0.303+0.041c 0.036+0.002c 0.014+0.002b 21.8+0.07¢ 24.4+2.10c
T6 0.371£0.020c 0.042+0.002d 0.013+0.001b 24.6+0.21d 28.1+2.10d

25 BRFISENERNEFY RN

3 R RN R A FAEAR N E SR B AL RIS o R B A SRR e
WA TR RAE AR SR AL S, AR A AP R TR, LR R AL i 4
B LTS, 5 TR T2 APRAR L 25 S B . Te AR PRI, MEIRRARA . A RO

OB, 23 BB B AR PRSI T 139.9% A £3 FAENEREESEENSEMRENTL
40.8%, It $#ﬁ@ jm 4 /%‘ iR ,%.: e Ab Fi g jm Table 3 Changes of nutrients in ryegrass under i
T 83.3% 1 29.8%. #fi 1:*%%3%&5@3” ﬁ/ﬁ different soil amendments mg-kg
WG IS A T T, MR 25.4%. a2 =5 =B =R

j][] IT:EI %% ﬁ % f&ﬂﬂ}ﬁ % % f&HE Tﬁ/ﬁ j][] % E/‘J i Tl 4.268+0.232a 0.206+0.015a 5.200+0.192a
j][] *E Hﬁ é@? {E’u\i & 12 {ﬁ i 7][1 T6 ALI\ puiil EH. H]% T2 5.584+0.158b 0.154+0.015b 5.641+0.067b
r%,? ﬂ;xd. ,Hﬁ ﬂ\fﬂ 5 %%%@ Hﬁ , iﬁ]*ﬁﬂﬁéﬁﬁﬁ%?ﬁl ﬂ?lj T3 6.957+0.176¢ 0.159+0.020b 6.000+0.307¢
T*E%XﬂLii%ﬁ&ﬁ@?E@Wqﬁ ﬁﬁﬁﬁﬂﬂ}aiﬁﬁ T4 8.662+0.337d 0.166+0.013b 6.041+£0.232¢

?ﬁ@?f j]l] , *E% [& q&@i E@ﬁ%mi j]l] , 5 E/J\ TS 9.333+0.197d 0.191+0.004a 6.803+0.081d
Sﬁ [27] E/‘J Eﬁ%étﬁgﬁl T6 10.238+0.348¢ 0.207+0.017a 7.324+1.263d
A o
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it AR SR AT B B 2 A R AR A, AR AR . e E RIS I, Ui
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Ao, AR TR e R . IRERMIEF YIS, MR N el EEL
B, X id PH HE AR BB 1 S Bl A MR A R Y, R ek Al TR R
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FH 25 gkg VE RS IR A B B i &, DK 20%~40% 15 A E YR (i d & 1L, 78
PE 2 BT B A b O R 0t B RSO . HAT, I KO AR A 7 ) 2R K 24 60 Tt
17 PEl MR 57 40 M B A P2 AR 2900 100 T, B E, FE R R R 10 000 m*(BATR 30 cm, HIEAE
1.40 grem™) 6301 B HEITAE, T5 2L 105 kg (MRS MEAR A B A 840 kg 1 el MOE ST ERE , AT A 9%
MR TEE 903 56, HAT, LD 4ok B3 ok RS | B HEER S ik, & P E
fREh e R 27— MEHEA M T as ARl A Wit B, S ek bk 4 09 e B0 2R A 1k 2F
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Coastal saline soil remediation by mixed-use of flue gas desulfurization gypsum
and green wastes compost
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Abstract To overcome the shortcomings of high salinity and nutrients deficiency for flue gas desulfurization
gypsum (FGD-gypsum) in improving saline-alkali soil, the mixture of flue gas desulfurization gypsum (FGD-
gypsum) and green wastes compost (GWC) with different mass ratios was used to conduct the experiments of
saline alkali soil recovery in Nanhui District, Shanghai. The results showed that their mixed-use could
significantly reduce the pH and total salt content of saline soil, raise the nutrients content, the biomass of plants
and plant absorbing ability for nutrients. Compared with the control group, when the dosage of FGD-gypsum
was 25 g-kg ™', pH decreased by 10.9%, EC increased by 8.4%, available phosphorus, hydrolytic nitrogen and
potassium contents decreased by 8.4%, 30.1%, 40.5% and 36.1%, respectively, the ryegrass germination
decreased by 8.0%, the contents of total nitrogen and potassium increased, and total phosphorus in plant
decreased by 25.4%. When different mass ratios of GWC was mixed with FGD-gypsum for soil recovery, soil
pH and EC value decreased by 6.8%~13.8% and by 4.2%~11.6%, respectively, while the contents of soil
available phosphorus, hydrolytic nitrogen and potassium contents increased by 96.0%~182.7%, 40.0%~186.7%
and 71.7%~157.5%, respectively. The germination rate and biomass of ryegrass increased gradually. At GWC
mass ratio of 40%, compared with the control group, the germination rate reached 90.0%, the total wet weight,
above ground dry weight, plant height and root length increased by 154.1%, 100.0%, 89.2% and 103.6%,
respectively. The contents of nitrogen and potassium in plant increased by 139.9% and 40.8%, respectively, and
phosphorus content was close to that in the control group. These results indicated that the mixed-use of FGD-
gypsum and GWC had a good performance on the saline alkali soil recovery, and provided a reference for the
feasible disposal and comprehensive approaches of municipal solid waste.

Keywords flue gas desulfurization gypsum (FGD-gypsum); green wastes compost (GWC); mixed

application; saline soil; soil improvement; nutrients
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