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Abstract:  Objective There are about 0.66 million hectares of coastal saline-sodic soil in Jiangsu that have not been developed
and used as arable land for agriculture. This is because the saline-sodic soil has a higher concentration of salt that requires urgent
ameliorating. =~ Method This study used waste phosphogypsum (PG), a kind of by-product from the phosphate industry, to
conduct an amelioration experiment of saline-sodic soil in the field. Eight treatments were employed in the field experiment: no
fertilizer and PG, fertilizer but no PG, and compound fertilizer + different amounts of PG.  Result Results showed that pH was
decreased by 0.07~0.40 pH units in the depth of 0~20 cm topsoil treated with PG compared to the control. Soil bicarbonate and
sodium ions decreased by 15.81%~43.53% and 17.25%~89.83%, respectively. The concentration of potassium ion, calcium ion,
and organic matter in the amended soil treated with PG was increased by 8.17%~384.90%, 59.51%~1977.72%, and 4.51%~
19.50%, respectively. Also, the amounts of total N and P in the wheat leaves in the PG treatment were increased by 7.85%~
26.21% and 5.02%~35.97%, respectively, and the wheat grain yield increased by 11.41%~45.26%. Overall, PG can be used to
ameliorate costal saline-sodic soil with better effectiveness. Mechanistically, the increase in calcium ions occurred as PG
exchanged with sodium ions adsorbed in soil, and the sodium ions were leached underground during irrigation and rain to
decrease the soil pH. Also, some acid-containing groups in PG were able to neutralize the bicarbonate ions to decrease the soil pH.
PG increased the N uptake in wheat leaves and the yield of wheat grain due to the increased P from PG which induced a
proportionate uptake of nutrients by the plant. Comprehensively, the best performance was the treatments of 30% compound
fertilizer (1050 kg'hm?) PG (1125 kg-hm ) and 30% compound fertilizer (1050 kg-hm?) PG (2250 kg-hm ). Conclusion

The positive effect of PG should not be considered proportional to the amount applied, because trace hazardous elements in PG
could accumulate in the soil which will result in environmental risks and grain safety issues. Thus, proper care should be taken

when using high doses of PG for soil amendment.

Key words: Costal saline soil; Phosphogypsum (PG); Amelioration; Wheat; Physico-chemical properties; Yield-increase
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Y A S AREARAE . BT 32012~
32°36'N, 120°42'~121°22'E, +3E&Eh&E R 4.5 gkg ',
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Table 1 Experimental design in field

185 Code Qb Treatments
CK1 AHEAL, At
CK2 30%%Z A8 1 050 kg-hm™>
1 30%E AL 1050 kg-hm 2+ B £7F 225 kg-hm >

B2 30%E AN 1050 kg-hm >+ B A7 1 125 kg-hm
3 30%E AN 1050 kg-hm >+ B A4 7 2 250 kg-hm
K4 30%5E A 1050 kg-hm 4+ B4 # 11 250 kg-hm™>
s 30%5E A 1050 kg-hm 4B 4# 22 500 kg-hm™>
K 6 30%5E A 1050 kg-hm 4B £4F 45 000 kg-hm™>
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AR 4 SR ) H,S04-H,0, 31 & — 48 91 /0 6 e
PEIAE , AR AR H,S0,-H,0, T & — KDk
JE 0 A
1.5 HFELEBESHH

X Microsoft Excel 2003 #4538 I1E
K, EFRP BN 3 W T s R
(SD). RHHKHZE J5 225381 (one-way ANOVA ) i
17 22 5500 (95%MEFRAKT ). R /N 3
25 (LSD) #hfTAbBEfE ) £ & i . FIH
SPSS17.0 X 5 Bl #4717 25 934
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d
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c
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The same as below.

B R RBEA xR -+ pH Y520

Fig. 1 Effects of phosphogypsum on soil pH in costal saline soil
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Fig. 2 Effects of phosphogypsum on cation ion in coastal saline soil
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IRIG RN, it A B AR AR 1 8 rh Bl PR AR B 1
B, DA 8 380 i R B s Ak AR 1 Y

g CU & R BN B A AL 3 s AR T
CK1 fil CK2 (2 1 BR4b), HmARE Nk 3, K
0.030 g-kg ', e fEAER 1, 77 0.085 gkg ' ([ 3b),
SRR TR

Bl 5 W B R G 0, R B R AR T
T RIE R . 4 A B 4 rp AR AR 2 F & &
54 0.016, 0.047. 0.065. 0.083, 0.129. 0.209,
0.258., 0.263 g-kg o it FH 8 A1 5 Ak B P B R AR 25
Foam i E e T CK1 fl CK2 ( P<0.05), 5
CK1 AH L, £ b 38 I 22 535304 206% . 319% .
434%. 728%. 1 249%. 1 563%. 1 597%, & 5
H 6 2 ESARE, HpOZm 2z i
(B 3c)o il PR A 7 00 I 700 A 38 19 TR AR 85 7 7%

http://pedologica.issas.ac.cn



1082 + %

61 %

=

KT CK2, Ht 4.0k 5.8 6 it KT CK2
TP R RRAR B T E B S AT E 2R
X, XEEANFEATRGHEAE RKEWRREE

Ng'kg™)
s
S

IR A UR i HC O,
o
2

00
CK1 CK2 2kl 2 w3 4 s ke
AbFR Treatment

23 EABAEYRAI T EFYRIZ N

Jiti FH A0 B I s e A LT, IR0 4 R A 2R
JZ A PR SRR 4.40, 5.61, 6.71, 587,
6.27. 5.98. 5.95. 5.36 gkg . MR R A
WA PR CK2 4335 19.50% . 4.51%.
11.59%. 6.58%. 5.93%. -4.54%, i KK
R 3, W6 AL E R CK2 FRET 4.54%.
CK2 WA PR &R CK1 B 27.57%, Ui it
WA o R R R i R AL (B 4), 4%
Ab BEA HL T BN ERE | A e FH A A ) R
CK1 ¥4 @& ( P<0.05), X Al fig & it 1 &2 A e
A B B N A K AFF X IR CK Al CK2, /)

~ 9.00¢
w 8.00 |
o 7.00}
2 600t
%15 5.00 b
= E 200l
S E 400
=
S 300}t
2 200f
e0 1.00
S 0.00

CK1 CK2 1 2 3 ®d s e
AbFR Treatment

Bl 4 N[RIBEA A BN ER H A AL A5
Fig. 4 Effects of phosphogypsum on soil organic matter in
coastal saline soil

T, A A O P R SRR AR T
WY E KL EFRIURE, P UG IRAR & 114
TIAS 52 Wi AR B9 AR I

00
CK1 CK2 2kl #2 3 4 s ke
AbFR Treatment

0
CK1 CK2 2kl #2 #3 w4 s ke
AbHH Treatment

3 AR A Ak B o - - MR A Al R 4

Fig.3 Effects of phosphogypsum on anion ion in coastal saline soil

ZAE R B ) 3 W TR E AR R 5
Yy, XL UK Z ALY

24 HABAEHRFIINNENFFSSEMRI
2.4.1 AN[a]Ab BEXS /N 22 0 4 R S ) Jiti FH
A AL R /N R A S AN A b B R
CK2 330 ( P<0.05), HEMMMEREE 73508 11.71%.
7.85%. 13.29%. 26.21%. 24.21%. 15.56%, & MiE
JERRI R 4, /N 2. I AbER /N ZE T
RRRGTEYRE ST AR A A B )
CK1l. M 5a AILIFEH, #AMA RS AIE L
TR AR S, B4 R SR, S,
W6 B 4 1%, HBCRBRAL, (H2ER AW, 45505
B, it A B e R e N TRIA R, (BN R 2
Uf, b P A B RO R R, AR o TR N
xR B ROR R 4 40P, CK2 5 CKI1 M
EREEEIMT 34.22%. FHIEEH, Xl T
BEAE A, S ARG, MEYR IR
2k, WAER VIR, INERIBGR A —E
FeBiloe R, HHEHBEATE S, BEE /NI R Y
T, RE L AR N W R R G

242 ARGHEXNEZM R 2w i
AFRHEENE R 2l ERES T CK2 (81

http://pedologica.issas.ac.cn



4 3] FRULESE: BEOE SRR LR KO/ N A KRS 1083
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Fig. 5 Effects of phosphogypsum on leaf nutrient elements of winter wheat
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Fig. 7 Effects of phosphogypsum on 1000-grain-weight and harvested yield of winter wheat
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