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Effects of simulated acid rain on the leachability of phosphorus in agricultural soils amended with
phosphorous compounds

ZHANG Jinlu, WU Chunfa’, ZHANG Yu, WANG Chong, FU Zhaocong

(Department of Agricultural Resources and Environment, Nanjing University of Information Science and Technology, Nanjing 210044, China)

Abstract: This study evaluated the effects of simulated acid rain (SAR) on the leachability and availability of phosphorus (P) in cadmium
(Cd)-contaminated agricultural soils amended with P compounds. Cd—contaminated soils were treated with calcium dihydrogen phosphate
(MCP), ammonium dihydrogen phosphate (MAP), and potassium dihydrogen phosphate (MKP), and incubated for 3 months. These
treatments were followed by two types of SAR [sulfuric acid rain (SSAR) and mixed acid rain(SMAR)] with three levels of acidity (pH =
3.0, 4.0, and 5.6). The total water—soluble P(TDP) of the leachate and available P(AP) in the soils were determined. The results showed
that the leachability of P in MAP— and MKP-stabilized soils was significantly higher than that in controls (CK), being 32.63%~38.57%
and 41.48%~49.29%, respectively. However, there was no significant difference in P leachability between the MCP-stabilized soils and the
CK. Leachability of P decreased with increasing SAR pH. Additionally, the leachability of P in the SSAR treatments was higher than that in
the SMAR treatments. The application of the three P compounds significantly increased AP concentration in soils. However, the AP
concentration in the three stabilized soils significantly decreased after SAR soaking, in the order of MCP > MAP > MKP. Additionally, the
AP concentration in the SSAR treatment was lower than that in the SMAR treatment. Therefore, MCP is more suitable for passivation in Cd—
contaminated agricultural soils in acid rain areas than MAP and MKP, according to the leaching risk and availability of P in soils.
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Table 1 The dosage of phosphorous compounds and total phosphorus concentration in treated soils (n=3)

b3 G127 VN Iy ERZIN/YIIE s -3 S 7 it Total phosphorus
Treatment ~ Phosphorous compounds ~ Molecular formula  Molar mass/(g-mol™)  Addition amount each pot/g concentration in soils/(g-kg™)
MCP iR — & Ca(H,P04),-H,0 252.04 5.04 13.06+0.08
MAP R — B NH.H,PO, 115.03 4.60 13.7620.05
MKP PR S KH.PO, 136.09 5.44 13.42+0.20
CK AR — — — 2.24+0.02
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Figure 1 Loss of phosphorous in soils amended with different phosphorous compounds
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WY, TR T R 1) i f - 9 0 ) B8 IR 1, 3 T i
Je b SR TR ) AR B TR T PR A 4 i e S
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P HEAA AL ERAL S P[0 Fe CID) SR AL/ 2 AL WD 1O TE

R2 AEBRF KBNS 3 Fh R L AL I8 T 1R
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Table 2 Effects of different types of SAR on the leachability of
phosphorus in the soils amended with the three different
phosphorous compounds (%)

oSl SAR 257

H=3.
Treatment  Type of SAR pH=3.0

pH=4.0 pH=5.6

MKP SSAR 49.29+3.78a  45.03+1.31a  44.02+1.83a
SMAR 48.55+3.25a 44.74+3.21a 41.48+2.41a

MAP SSAR 38.57+3.06b  36.15+1.15b  35.64+2.20b
SMAR 34.80+0.47b 34.76+1.82b  32.63+5.44b

MCP SSAR 13.09+0.26c  11.82+0.94c  11.10+0.46¢
SMAR 11.84+0.65¢  10.53+0.75¢  9.24+0.20c

CK SSAR 12.19+0.74c  12.11x1.30c  11.74x1.67¢

SMAR 11.74+0.56¢c  11.56£0.74c  8.96+0.37c

T [RIBAN Rl /NG R AL B R] 22 57 8 25 (P<0.05) o R I
Note: Different lowercase letters in a column indicate significant

differences among treatments at P<0.05. The same below.

B, DT 36 00T A S8 X6 3 T A R B I b
SMAR " 1) NO3 AT DU i 52 i £k i R 1) 2% A TR) Bsf 3
FEH M, |3 AT A A A8 A LAt 2% 4 A [R] 4 15 0
T, SMAR &b 21+ 3 % 1) 352 H 4R AL SSAR Ak FRIG X —
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25 Hb BB - A RO T LR 3R 3. Al 3
7R A5 SAR AL FRHT , 3 Fh 5 W40 ot (% s in 147 ] 3
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Bl o A 0 PRI . RS T BB - T i P
L RZF0 53 e W BT B38 1180 b R A O, DR Ay 3k P v gl i 1 3
BRI R ER P, Ak A ST R B BR N
AT 2 % 9 P R R O R R, TG A T 3
X Tl 1) T P R B 506, 3 T 3 W R AR = - 1 e
A S TR S G v ¥ S ¢ ans i) 2 (AR

P & 3 AT AL, 78 SAR Ab B AT, 454 B A AT S50
2B MKP>MAP>MCP (LA {H7E SAR A PR , 45
Ak B A S0 5 ) 5 B MKP<MAP<MCP [ R
SR FE , 5 MAP I MCP ZbFRAR HE , MCP 4b # ] 55
U MR I 25 F T 388 Rl (1 ARG, 53X mT B Hh
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) I I 1
[ 1 1 a . ab 1
| - hes e
M‘f% 401 X ;'Iga a ! % ; !
o 1 1 1
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—= - 1 1 |
=
- ' ' 2/l
1 1 1 7
0 . ! . ! . ! A
MCP MAP MKP CK

W B HE Phosphorous compounds treatment
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Figure 2 Phosphorus leachability in soils treated with SAR with different pH

R3 AEEBIERFEERM pH X LIEA RS EHRIT (ng-kg™)
Table 3 Effects of different types and pH of SAR on the available phosphorus concentration of soils (mg-kg™)

SAR 25 Type of SAR SAR WYERBHEE pH of SAR MCP MAP MKP CK

SSAR 3.0 4.83+0.15¢ 4.69+0.16¢ 3.85+0.34¢ 0.16+0.01d

4.0 5.20+0.24¢ 4.50+0.13cd 3.7740.18¢ 0.22+0.01¢

5.6 4.83+0.23¢ 4.0420.14d 3.72+0.13¢ 0.2320.01¢

SMAR 3.0 6.94x0.57h 6.1420.28b 5.39+0.29b 0.3120.02b

4.0 7.23+0.59ab 6.0120.48b 4.82+0.41b 0.32+0.02b

5.6 7.37£0.61ab 6.07+0.10b 4.75+0.29h 0.3220.03b

PRZY O IIRE: 7.98+0.35a 9.36+0.27a 10.71+0.82a 0.41+0.01a

1% WHART]
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Figure 3 Available phosphorus concentration in soils treated with phosphorus compounds
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