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Effects of long—term fertilization on the accumulation and availability of heavy metals in soil

WANG Teng—fei', TAN Chang—yin'", CAO Xue-ying', OUYANG Da', NIE Jun?>, WANG Bo-ren’, HE Qi-hui', LIANG Yu-feng'

(1.College of Resources and Environmental Science, Hunan Normal University, Changsha 410081, China; 2.Hunan Research Institute of Soil
and Fertilizer, Changsha 410125; 3. Hengyang Red Soil Experimental Station of Chinese Academy of Agricultural Sciences, Qiyang 426100,
China)

Abstract: In this study, the accumulation and availability of copper(Cu), zinc(Zn), lead(Pb) and cadmium(Cd) in the paddy soils and up-
land red soils from a long—term fertilization experimental station were analyzed systematically. The purpose of this study was to provide reli—
able and useful information for heavy metal pollution in agricultural soils under routine agricultural management. According to the present
results, the concentration range of Cu,Zn and Pb in red paddy soil of different fertilizer treatments did not exceed the secondary value of
Chinese soil environmental quality standards, while the range of Cd level in different fertilization treatments ranged from 0.49 to 1.04 mg-kg™,
all of which were over the secondary value. In the upland soil, Cu(34.6~88.3 mg-kg™),Zn(79.4~173.7 mg-kg™) and Pb(56.7~81.1 mg-kg™)
concentrations were determined, Cu concentrations in the organic fertilizer treatment higher than the secondary value. Cd concentrations

ranged from 0.14 to 1.35 mg kg™, exceeding standard rate was 42.9%. Cd bioavailability in the upland soil with pig manure was (33.8% )
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higher than that in the pig—manure amended paddy s0il(23.9% ) , while the highest Cd bioavailability was determined in the upland soil with

chemical fertilizers(NP 14.8% ). Taken together, long—term application of chemical fertilizer and straw incorporation had no obvious effect on

the accumulation of heavy metals in paddy and upland soils, and decreased Cd bioavailability was attained with Ca fertilization. However,

significant Cd accumulation and a higher Cd bioavailability has occurred as a result of the incorporation of pig manure into soils.

Keywords: long—term fertilization ;red paddy ; accumulation of heavy metals ; availability
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Table 1 Basic properties of red paddy soil

b pH CEC/cmol kg™ AHLF/g kg™
0~20 c¢m 20~40 cm 0~20 c¢m 20~40 c¢m 0~20 cm 20~40 c¢m
CK 5.50+0.15ab 6.20+0.23ab 10.7£0.9bc 9.49+0.62ab 25.0+2.1¢ 14.8+1.4a
NP 5.15+0.20bc 5.73+0.17b 10.9+0.4bc 9.98+0.53a 27.0+2.1abc 14.6+0.6a
NK 5.43+0.22ab 5.95+0.13b 11.0+0.7be 9.37+0.25ab 26.0+2.0abe 15.2+1.9a
PK 5.14+0.09bc 5.81+0.33b 10.1+0.5¢ 8.56+0.55b 26. 4+2.Tabe 15.3+2.3a
NPK 5.16+0.19bc 5.92+0.33b 11.7+0.6ab 9.96+0.64a 26.8+3.3abc 15.9+2.3a
NPKCa 5.64+0.39a 6.43+0.36a 11.1+0.3b 10.4+0.6a 25.7+0.7bc 14.0+0.8a
NPRS 5.05+0.16¢ 5.83+0.32b 11.6+0.4ab 10.3+0.7a 29.4+1.1a 14.5+1.0a
NPKRS 5.10+0.20bc 5.73+0.21b 12.5+0.8a 10.5+0.4a 28.7+1.6a 16.0+1.8a
NKPM 5.33+0.20abce 6.13+0.18ab 11.9+0.4ab 10.1£0.4a 29.3+0.5ab 16.3+2.2a
T [ SR Fih R R A #2257 | 35 (P<0.05 ). Rl
R2 BRI IEERER
Table 2 Basic properties of red upland soil
e pH CEC/cmol -kg™ HHLF/g kg™
0~20 c¢m 20~40 cm 0~20 c¢m 20~40 c¢m 0~20 cm 20~40 c¢m
CK 5.66+0.27ab 5.64+0.18b 9.10+0.05d 8.92+0.00¢ 8.63+0.29d 5.62+1.09bc
NP 3.96+0.05¢ 4.44+0.08¢ 9.89+0.00b 9.55+0.10b 8.34+0.37d 5.01+0.50¢
NK 3.65+0.11¢c 3.77+0.02¢ 9.32+0.10cd 9.03+0.16¢ 8.58+0.51d 6.39+0.69b
PK 5.08+0.04b 5.80+0.16ab 9.49+0.03¢ 9.12+0.05a 9.55+0.21cd 6.96+0.14b
NPK 4.03+0.12¢ 4.45+0.15¢ 9.28+0.01cd 8.59+0.78¢ 11.1+0.9be 7.33+0.20bc
M 6.00+0.43a 6.42+0.44a 11.4+0.0a 11.1+0.1a 11.9+0.6b 10.3+0.5a
NPKM 6.13+0.22a 6.38+0.19a 11.4+0.1a 10.6+0.3a 18.1x1.1a 13.1+1.6a
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Table 3 The total concentration of heavy metals in different fertilizer application in red paddy soil

st Cu/mg-kg' Zn/mg kg Ph/mg- kg Cd/pg-kg'
0~20 cm 20~40 c¢m 0~20 em 20~40 cm 0~20 cm 20~40 cm 0~20 ¢cm 20~40 c¢m
CK 29.6+0.5bc 29.8+0.6ab 86.5+3.8b 78.2+1.0abe 59.0+1.0a 52.5+1.8ab 783+43ab 427+203¢
NP 30.5+0.4abe 31.7£2.5a 84.0+2.2b 78.9+1.0abe 50.7+4.7bc 46.2+4.9bc 607+23b 480+40bc
NK 34.6x1.7a 34.2+0.3a 83.8+2.0b 79.2+1.6abc 47.1+2.7cd 42.6x1.3cd 523+93ab 303+43¢
PK 33.2+2.5ab 32.3+2.9a 88.2+0.9b 81.1+2.3a 45.0+2.6cd 38.6x1.5cde 487+33b 343+47bc
NPK 31.7+0.5ab 31.2+0.3a 87.3+5.5b 77.3x1.1be 42.9x1.4d 38.2+0.2cde 630+120ab 293+13abc
NPKCa 34.3£0.4a 34.0+0.4a 86.5+1.1b 79.2+2.2abe 41.0+1.3d 34.4+2.6de 827+57a 320+10a
NPRS 31.6+6.6ab 31.3£6.9a 88.8+3.9b 80.4+2.1ab 42.7+3.8d 31.9+£5.9¢ 693+47a 267+27ab
NPKRS 27.2+0.2¢ 25.7£0.2b 86.4+6.0b 76.7£1.3¢ 62.0+0.2a 55.1£0.3a 643+183ab 367+87abc
NKPM 34.2+0.6a 26.4+0.4b 96.1+2.3a 80.3+2.5ab 55.2+10.0ab 51.1+4.0ab 1037+83ab 300+70abce
x4 AEERLBIERMESESS
Table 4 The total concentration of heavy metals in different fertilization in red upland soil
e Cu/mg kg™ Zn/mg-kg™ Pb/mg kg™ Cd/pg-kg™
0~20 c¢m 20~40 c¢m 0~20 cm 20~40 cm 0~20 c¢m 20~40 cm 0~20 cm 20~40 c¢m
CK 37.2+2.2b 39.3+1.5b 112.5+3.2b 135.5+9.8b 75.3+3.2ab 85.1+1.2a 271.2+45.5bed  381.3%17.7a
NP 34.6+0.3b 34.2+0.2b 81.6+8.1d 89.0+8.7d 81.1+5.2a 70.0+4.1b 168.7+3.8cd 145.6+18.1¢
NK 36.7+0.9b 37.0+0.6b 108.2+3.5be 112.6x17.7¢ 68.1+0.5bc 67.2+0.7b 137.7+4.5d 245.0+£30.0b
PK 36.6+0.1b 39.0+1.7b 106.4+11.5¢ 113.1£10.2¢ 56.7+2.7d 64.9+2.0b 306.0£53.9be 112.3+2.2¢
NPK 34.7+0.8b 36.7+1.2b 79.4+4.4d 81.6+5.6d 57.6+2.6¢d 56.8+1.3¢ 315.1£27.7b 143.9+29.0¢
M 88.3+2.7a 55.5+3.2a 173.7£12.2a 134.4+10.5b 63.2+2.9cd 53.5+1.4c¢ 1 349.6+49.4a  306.5+36.7ab
NPKM 81.5+7.7a 51.7+8.6a 171.8+11.7a 153.8+11.5a 60.2+2.2¢cd 54.4+1.9¢ 1 339.3+38.9a 363.2+5.8a
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Table 5 Available concentration of heavy metals in red paddy field

b Cu/mg-kg™ Pb/mg kg™ Cd/pg-kg™
0~20 c¢m 20~40 cm 0~20 c¢m 20~40 c¢m 0~20 cm 20~40 c¢m
CK 3.97+0.27e 3.09+0.66b 15.8+0.6a 12.4+1.3a 263.9+23ab 108.3+4abc
NP 5.86+0.10bc 4.98+0.90a 13.3£0.3cd 9.29+1.61b 285.5£52a 151.1+17a
NK 5.37+0.32¢ 4.69+0.66a 12.4£1.0bed 9.39+1.78b 226.8+8ab 83.5+5be
PK 6.44+0.28h 5.10+0.70a 11.6£0.5bed 9.14+1.02b 188.0+34bc 69.1+26hc
NPK 6.18+0.60bc 5.15+0.52a 11.5+1.4bed 8.91+1.64b 196.8+59bc 64.3+43¢
NPKCa 5.18+0.21cd 4.62+0.35a 10.3+1.1d 7.71+0.87b 126.2+95ab 77.1x14bc
NPRS 5.64+1.40bc 4.35+0.81a 12.4+2.7bed 9.66+3.40ab 237.1+£37ab 77.8+49hc
NPKRS 4.25+0.66de 3.97+0.82ab 13.1£2.2be 12.6+0.7a 118.6+40¢ 131.1+40ab
NKPM 8.26+0.51a 4.00+0.72ab 13.9+0.4ab 12.3+2.3a 247.9+43ab 145.5+72a
* 6 AEMERAEIIERMESEEUSRE
Table 6 Available concentration of heavy metals in red upland soil
s Cu/mg-kg" Ph/mg ke Cd/pg-ke

0~20 ¢cm 20~40 cm 0~20 ¢cm 20~40 ¢cm 0~20 ¢cm 20~40 ¢cm

CK 1.86+0.01b 1.46+0.16b 11.2+0.2b 10.17+0.61a 116.6x13.1¢ 45.1£5.4d
NP 1.71£0.03b 0.97+0.03b 14.3+0.5a 8.30+0.07a 24.9+4.6d 68.3+13.6¢
NK 1.61+0.03b 1.41+0.13b 14.2+0.2a 11.55+1.15a 9.14+0.86d 37.5+0. 9d
PK 1.97+0.04b 1.31+0.10b 12.0+£0.4b 10.7+2.4a 37.3+7.5¢ 32.55+1.5d
NPK 1.75+0.20b 1.44+0.17b 14.0£0.1a 11.3+0.3a 16.7+£1.9d 50.4x1.4cd
M 29.5+1.5a 13.0+2.0a 11.2+0.2b 10.11+0.8a 456.6+0.6a 157.0x1.4a
NPKM 25.2+3.5a 10.9+5.6a 9.35+0.90¢ 8.78+0.12a 417.1£5.2b 131.7+£0.2b

(NPKM [&4h), Horbt NP NK . PK &b 3 iy R4 0% i i
KRR AT B2 50 o AL I E 4 e & i A oy i I
fKRER ™ KRR FEE T LA Zm cd, 5
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43 Cd VAR5 - 3erb ik SRR AE I I T 45 325
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B, UL 2T 40 R 1 Cd RYFR 2RI . iX
ARES G EABISIRA) M FE M E S
& A A e,

1 B bt FAE 2SR 1 40 B M FD NPKM - 4%
Cd W 2 7 Tt AL NE AL BRAN S B BT LA H L 76
PRI S5 T it i 28 vl S 2 1A 3 Cd B i, it
FAARREXT T 435 Cd S inAs B2, X 5k
FAAINE S E &8 O s A T, i fb e b B
Y Cu Frie 5 CK AL G 22 5%, it s 2 At 2

() Zn 555+ BEAR HL A B AR R, HURU N AT e A k)
IR S A ZEZ M Zn,
32 KEIMIEXMTEFHMIEE M TIES SRR
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L EE S EASENRRR L, 1
SEARNERT IR R 208 . £ R H it AR A Ag
B R 3 13 Cd ARtk (RA: A @A S &G
HERERINE NG E 1) SRHEA L, NP 5 NKAb
PR 45 Cd 36 10K 2 S 85 i BH 2 5 T NPKCa 408+
5 Cd A RERS CK BRI T 18.5%, 5 NPK AH LLFE
KT 16.0%, 0] Ca BEFFIR 13 Cd iyARME. X5
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1, 5 CK A H , NPKRS \NKPM 4b 3 + 3 Cd 4351
FEAR T 15.3%H01 9.8% , UL B BLA IR 56 4400 T, it A
HUIE BE B 2 A 1358 Cd B X A 8o, Lt PR A
FUit A 2R AT A 2 . X T RE R T Cd SA PR
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Figure 1 Cd total concentration and availability of different fertilization treatments in red paddy and upland soil
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