561 % 454 + o W) Vol. 61, No. 4
2024 467 A ACTA PEDOLOGICA SINICA Jul., 2024

DOI: 10.11766/trxb202302010038

i, BANE, D30%, Ehn, B, TA, FORE, XL BWE, UG, S0, Bil)R, At REEE L 80R
Rt /NFEAE KB [T, L3R, 2024, 61 (4): 1077-1087.

WU Hongsheng, CHEN Xiaoqing, MA Wenzhou, WANG Xiaoyun, Cheng Cheng, DING Jun, LI Yanhui, LIU Zheng, DUAN Yajun, DI
Mingchun, LI Zhenwei, FENG Yingcheng, SHI Youhua. Effects of Phosphogypsum on Coastal Saline-sodic Soil and the Growth of Winter
Wheat[J]. Acta Pedologica Sinica, 2024, 61 (4): 1077-1087.

BABYRESSE T YRR NEEKIFMN

Zurdl BRANE, BXH, Iz, B Ow', T £, 2HE',
X, BTE', GHEY, FaE, DUR', AHER

(1. MaE B TRRFELVERSHER, M 210044; 2. MG EHHBEREMAYUS, IR 2117005 3. MAEH#HBE RS, T8
M4k 225700; 4. BERUIA AT ASHEE R AR, Biat 210042; 5. W EHHBE R, TTIRAIZR 226404)

OE: REEEE T () 966.22 5 A, KERIFEMM, FERWEIRRMRS, BUIHEHTRRE, RRER
FHHERRE )7, RSB 8P = s B2 T4s (%) +elt Rk, 0 ERME . i B A . Sitisg A0 . it
HENABA T AR AT . 45 RRW, i A il ARSI - 5% pH, SANHE R A B X IEAH 1L, it
A ERIZ0~20 cm 13 pH T F£0.07~0.40M 5007, BRIR FAR B 1 T 15.81%~43.53% ; T IEAHES Tk B FRE17.25%~
89.83%, I T REIGMNS.17%~384.90%, T IEIGE T EEIEN59.51%~1977.72%, TIHEAPLEHEMNA.51%~19.50%.
it P8 A B AL/ N X NG I i R B AN A A A N 7.85%~26.21%, I 2B S I NS5.02%~35.97%; /N
FE11.41%~45.26% . EHEER + KT DUR HIBE AP ST R, BRI R O], L8 E, DIAEIE R30%E &0
1 050 kg'hm+BEA 8 1 125 kg-hm2H130%5E A AE1 050 kg-hm 2+ 2 250 kg-ho A0 PR & 1T

KW EIGER L BEAE; MR NEE; BRIk, K

FESES: S156.4 XEkFRERRS: A

Effects of Phosphogypsum on Coastal Saline-sodic Soil and the Growth of
Winter Wheat

WU Hongshengl, CHEN Xiaoqingl, MA Wenzhou?, WANG Xiaoyun3, CHENG Chengl, DING Jun!, LI Yanhui',
LIU Zheng', DUAN Yajun', DI Mingchun®, LI Zhenwei', FENG Yingcheng', SHI Youhua®

(1. Department of Agricultural Resources and Environment, Nanjing University of Information Science and Technology, Nanjing 210044,
China; 2. Xuyi County Arable Land Quality Protection Station, Xuyi, Jiangsu 211700, China; 3. Xinghua City Arable Land Quality Protection
Station, Xinghua, Jiangsu 225700, China; 4. Nanjing Eco-bump Ecology and Environmental Science and Technology Company Ltd., Nanjing
210042, China; 5. Rudong County Arable Land Quality Protection Station, Rudong, Jiangsu 226404, China)

* ERARBAIEETH (42177020 ), st E L K5 I (110000216220228007 ) VTR 7S KAA R WEHRITH (2009241)
FL:[7] % B Supported by the National Natural Science Foundation of China ( No.42177020 ), Program for introduction of foreign senior expert
(No.110000216220228007 ) and Jiangsu Provincial Six-level Talents Peak Program ( No0.2009241 )
RIS REE (1964—), 55, WM, WL, #d%, WA, EREAHEIRERAESBES LK R, E-mail:
wuhsluck@163.com
Wk B 0T 2023-09-07; &R B 0T 2023-11-16; W% % A (www.cnkinet): 2024-03-09

http://pedologica.issas.ac.cn



1078 + el

4

i 61 %

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 (1 050 kg'hm?) PG (1 125 kg-hm ) and 30% compound fertilizer (1 050 kg'hm?) PG (2 250 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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AL EE AR 22.88%, HIEIHE FAcH i . HIEAA.
A A A RO E LT R R
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HHEFEHIEE)E ( Oligotrophomonas ) +AR ¥ 1 )&
( Agrobacterium ) " R FHk w14 2 [ 1R £ 2
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1.1 RISk T IEE AR IR

FEANL 1L VA R i N = B B (1= < i N W S 4
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AR AN 24.4 mgkg', ARWEHR 273 mgkg ', #H
R H 35.9 mgkg '

1.2 iR w#

AR YR (]335 ST Pl A I 500 b v A AL A
LA R $R 4L, #haE Rk R pH
2.15,Ca0 }y 296.8 gkg',SO; 4 4159 gkg ', SiO,
J60.6 gkg ', P,Os H28.5 gkg ',

BN AR T 13 5 HHES BT 30%
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F1 HENREEIT

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™>

1.4 WEBBEMAE

+ 3% pH R A7 3% ( PHS-3C (19 pH i) ll5E,
44 B R R T H §9% ( DDBJ-350 HL A ) ME, A
BT R 35 FR A ARt — ANk %2, 2 %0CR A
ORI CE A (KDY-9810 5E &R ) M 5E , Biifit
FUR FHIA D WO I a2, A7 S50 R FH i TR S 4 iR
PR—AHB Ltk (756MC B ) E,
BEFIEESR FH EDTA i 2 2l , A R H Ok
FEiL (6400A (AN ) M, BRIRAR Al iz
SRR FHSUHE 7 7] v R s i, SR R FH A
PR AR A I, BRIRAR R A EDTA [AIHE4% 5
B, HLARME D ik 2 B OSCHR[30]

/N R e 2R R 10 b | 25 6 B A K
MOFE RS, MR . AW RS RHRFIE, M
P4 AR H HySO4-H,0, 1 & —FF [ ZE I E ,
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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FEE A 2.02%, B H] 52 G IE W RE7E R A R 1
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P R R, X IR R R R S —
i, BEACE T BB RS 5 g v 0 ik R SRR RNk
FRAR B 1 R A Ak 2R I, A Bl T 5 A i T 5
X PR BTAMER TK, RECRIE pH TR, (R
HFBAESHRENITRESE T, 251K
TR RN ES AT AC M, BB R A T R Bt R R
FEm e, MM bRE LS T&E, e
HFR)ZE 1 pH TR, 14 pH i =g A AR R 40
LRSI 25 P, DT S5 Mol L AP0 o) 7 3 ) IR A o

840
820+
8.00+
T 7.80+
7.60

d
¢ c
b b
L a
7.40F
720+
7.00 - ' ' ' ' ‘ ‘ ‘

CKl CK2 1 2 W3 g M5 e
AbFR Treatment

c

T HERIE B IR S RERIRTE 95% EAR KPS 7] Ak 2
[2:5% @3 . TR, Note: Different letters indicate significant

difference among different treatments at 95% of confidence level.
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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NE, 245 RAE W P M i R L i S 2 6
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B S TR S E R IR, XS
Jit PV A B I e T S DAL 45 A 0 - S8 e AR 1 A
PEREA G, RN BEA T hEEH DR, HIKEEE
BEAERER, Mt AR b, H AR,
TR A Ry P R R R,
AR T R B T 2R AR

AN [E A PR AR AR, SRR AL B A
], DAVE R AR T A a2 48 R SR I AN R - AN [
(B 2¢). it FHBS A 8 Jo A3 b 5 8 vk B 42
CK2., 2t 1., 22, 23 HiRs/N, B4, s, ko
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25 B 6% CK2 Bk 1.8 2.8k 3 22 5% 18 #( P<0.05 ),
it A\ B R S A g A R - B CKL B ) i
BN 59.51% . 93.75% . 167.66% . 152.17% .
917.12%. 1218.75%. 1977.72%. Jiti A A7 8
Z, HHTEEE TSRS,
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FEICHA A, (HRN 4. 2o s. ol 6 AbFE et eg 7
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00
CK1 CK2 1 22 3 4 s ke
AbFR Treatment

4.001 ¢)

BT
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00
CK1 CK2 21
AbFR Treatment
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(P<0.05). 5 MBERS T i, CK2 2R,
ANRAbEE R T o S CKI M A B m
(P<0.05), &8 mE B2 53 501 h—47.55% . 105.71% .
—8.70% . —24.18% . 233.42%. 387.23%. 334.51%,
CK2. 2k 2. ok 3 I CKI1 i, 865 TRy & B/,
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PR 55 F A8 T B 2o 1) R R AR I Y BE S T S
0201 b)

0.15 f

2 0.10 c

A TAr K
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Fig. 2 Effects of phosphogypsum on cation ion in coastal saline soil
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F, Hers ¥, WK 3amJLUIE, mREMRE
T EDLCKI S, A E G I B RS,
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FeAkass, nlReR i ToE A B iR 5 AR RRAR K 2k
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DR E R Bl b 1 1 pH I S BRI PER A SR A R 2R
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T RIE R . 4 A B 4 rp AR AR 2 F & &
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Fig.3 Effects of phosphogypsum on anion ion in coastal saline soil
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Bl 4 N[RIBEA A BN ER H A AL A5
Fig. 4 Effects of phosphogypsum on soil organic matter in
coastal saline soil
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BRAh ) (P<0.05), E3EIREE S 9 0-21.39% . 6.92%.
35.35%. 35.97%. 17.65%. 5.02%, & i ik
MR 4. BTAT bR INZZ M B 28 38 10 3 o T AN it
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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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