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Effect of Long—term Fertilization on Heavy Metal Accumulation in Soils and Crops

WANG Mei', LI Shu-tian", MA Yi-bing', HUANG Shao-min?, WANG Bo-ren®, ZHU Ping*

(1.Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2.Institute of
Plant Nutrition, Resources and Environment, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China; 3.Hengyang Red Soil Ex—
perimental Station of Chinese Academy of Agricultural Sciences, Qiyang 426182, China; 4.Institute of Agricultural Resources and Environ—
ment, Jilin Academy of Agricultural Sciences, Gongzhuling 136100, China )

Abstract : Contents of Cu, Zn and Cd in soil and plant samples collected from over 20 year’s fertilization experiments in black soil, fluvo—
aquic soil and red soil were analyzed. Results indicated that Cu, Zn and Cd contents in three soils were not affected by applying chemical
fertilizers alone, but significantly increased by chemical fertilizers combined with manure( NPKM ), compared with the control without fertil—
izer application in black and red soil. In red soil the concentrations of Cu, Zn and Cd in grain and straw of wheat were significantly increased
in the treatments of NPKM and 1.5NPKM compared with the NPK treatment, and Zn and Cd in maize grain and straw were also higher in the
treatment of NPKM than NPK. In fluvo-aquic soil the NK treatment significantly increased the contents of Zn in wheat grain and straw. In
black soil there was no difference in the content of Cd in maize grain among treatments, while NPKM or 1.5NPKM treatment resulted in sig—
nificantly higher Zn contents in maize grain than NPK treatment. Estimation based on the data showed that the maximum bearing year for
Cu, Zn and Cd was 67, 118 and 9 years in black soil, 1042, 2043 and 631 years in fluvo—aquic soil, 10, 46 and 0.5 years in red soil, re—
spectively. Under current fertilization and cropping systems, therefore, application of manures would have great environmental risks for both
soils and plants. It is necessary to establish a national standard for limiting metal concentrations in manures.
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Table 1 Physical and chemical properties of soils in the three long—term experimental sites

it pH{H  SOM/g-kg’ 2 %/g kg R /mg kg R /mg kg

NEV e B4 1989 A0 7.6 233 1.40 11.8 158.3
THES KR 2012 4 CK 8.1 24.1 0.93 3.20 1513

kL% 38.3 NK 5.8 25.4 0.97 420 128.3

WYk % 29.9 NPK 5.8 24.6 1.13 479 98.1
Fki/% 31.8 NPKM 7.5 43.7 1.76 210 312.6
L5NPKM 7.5 452 1.85 209.8 404.4

HM R WL 1990 41 8.3 11.4 0.65 6.60 703
TR BYEMEE 201248 CK 8.5 13.4 0.59 2.50 14.1

kL% 20.3 NK 8.5 13.6 0.64 1.90 91.7

WKL % 65 NPK 8.5 14.9 0.68 16.7 50.3

Fki/% 14.7 NPKM 8.6 20.0 0.84 342 109
L5NPKM 8.4 21.1 0.90 67.4 161.8

ABBH RHEOR g 1990 40 5.7 14.0 1.07 10.8 122
THEET Rt 2012 4F CK 6.0 13.4 0.72 2.90 385

Wk % 3.7 NK 3.8 14.5 0.86 3.40 2145
HkiI% 349 NPK 43 17.7 0.82 51.7 164.7

Fki/% 61.4 NPKM 6.0 24.6 1.07 184 332.1
L5NPKM 6.2 28.0 1.58 200.7 582.6
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Table 2 Detailed information for the three long—term experiments
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e lwiiEN PRE N - =Rl 4 A4 JR % — - R B (2003 47 SR AL ) JRZR -1 AR 5 S AL 7
ALAE A i (N-P,05-K;0 ) /kg - hm™ 165-82.5-82.5 352.5-176-176 300-120-120
AR M SRR (2005 4E 54 nl 2% ) 7 I S JGERE , Sl ARy by 1 2R HE B S
A HUIC A/t hm™ NPKM: 115 NPKM:22.5 NPKM:42
1.5NPKM: 172.5 1.5NPKM:33.75 1.5NPKM: 63
RN 52 JERAE TR ARG — PR A, RUIE RALAIER L TN RO BRI AT — VRN A T /I8 22 4 KA b iy
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1Y A R R R D T REIR AR A,
FH STl 7 32 0 5 118 245 SR B R () - 398 A5 I i s oA
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PR AN 3 mL SRR , 20, PRI T AR S A o T o
SERUE, TR AR R U O epth, TE R R
160 CF R 2T, ] 5% E 45 2 50 mL, 1E
JEWE ] Elan DRC—e % ICP-MS %€ Cu.Zn 1 Cd 7

=)
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HRRRE it ) HNOs—HO, T4 B GO T A9 R
TERRRE 0.500 0 g, HCA T AREE, A 9 mL A% , 2548
A 3 mL BEUK, AR RSO . e iU
TR P BB R, fE P 160 “CTR IR 2= i
T, SR J5 I S%AH R E 45 % 25 mL, 13, JE VR Elan
DRC-e #4 ICP-MS I3 Cu .Zn .Cd JLRIY & & .

4w o i R B K — AR e o .
(GSS-7) ./INZZ (GSB-2) F1 E K (GSB-3) 4 #f il Hh i
ST & E BT M B
1.4 RS

RIS B BT SAS9.1 HE4T 5 25 43 B
LSD Z i HA, KAl b B a) i 22 5 i =Pk,
Microsoft Excel 2003 1744 14 B A0 B1
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M- | i NK I NPK 555 BE At HEAH FE , 7%
ARG A58 Co i, BERIH AL 23 4R3I 520
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Figure 1 Total Cu in soils from different fertilization treatments
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Figure 2 Total Zn in soils from different fertilization treatments
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Figure 4 Contents of Cu,Zn and Cd in grain and straw of wheat under different fertilizers
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Figure 5 Contents of Cu,Zn and Cd in grain and straw of maize under different fertilizers
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Table 3 Bio—concentration factor( BCF )of heavy metals in different parts of wheat and corn plants

CK NK NPK NPKM 1.5NPKM

A FEFF A FEAF R A FEAF FERL THAF FRL FhiFT

Cu/h Bt — — — — — — — — — —
W+ 0.408 0.140 0.293 0.137 0.360 0.167 0.383 0.147 0.357 0.212

LT3 0.208 0.111 — — 0.158 0.079 0.081 0.040 0.071 0.030

Cufk Bt 0.044 0.185 0.048 0.214 0.038 0.182 0.014 0.051 0.029 0.100
4 0.197 0.170 0.169 0.345 0.161 0.337 0.166 0.295 0.123 0.296

4 s 0.191 0.071 — — 0.255 0.156 0.154 0.088 0.084 0.065

VAW S — — — — — — — — — —
iR 0.500 0.179 0.817 0.366 0.402 0.208 0.284 0.157 0.311 0.180

L1 0.563 0.136 — — 0.487 0.144 0.463 0.322 0.395 0.183

In TK B4 0.194 0.346 0.199 0.166 0.162 0.047 0.184 0.048 0.172 0.052
Wt 0.576 0.419 0.559 0.349 0.425 0.137 0.398 0.151 0.353 0.140

A= 0.240 0.302 — — 0.177 0.383 0.157 0.322 0.136 0.300

Cd/hE Bt — — — — — — _ _ _ _
T+ 0.109 0.289 0.108 0.260 0.125 0.384 0.123 0.406 0.134 0.444

LT 0.560 1.341 — — 0.008 1.414 0.005 0.656 0.006 0.389

Cd £k Bt 0.169 0.306 0.245 0.449 0.045 0.398 0.049 0.078 0.034 0.146
jiE 0.038 0.553 0.032 0.773 0.038 0.476 0.021 0.459 0.114 0.446

ag: 0.036 0.583 — — 0.024 0.864 0.007 0.736 0.011 0.502
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Table 4 Maximum bearing years of soil for different metals and the mean concentrations of heavy metals in organic fertilizers applied

I R AR IR a

=

e

e R AR IR a

FHUIE P 4 V-390 /mg - kg !

Cu Zn Cd Cu Zn Cd Cu Zn Cd
2t 67 118 9 91 172 21 20.2 327 1.0
Wt 1402 2043 631 1315 1671 715 5.4 20.2 0.1
213 10 46 0.5 16 74 6 128.5 142.1 2.3

TE « LA R0+ HEAS BT T3 5 248 B — Bl +- HEA " 5



72

R S ity 53355 1

Cd F R 0.2~256.0 mg-kg™, HAF-X{E I35
75.4.732.4 .5.64 mg-kg', H1F 4 AJ%0, HATLIHE Fi
B A HLIEF Cu.Zn . Cd ¥ 4510 128.5.142.1,
23 mg-kg™, Bk Cu 4b,Zn Fil Cd 5K TR E A HLIE
W A e AR R — I UARERE fE R
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B Bl A it FH S 1 T A . AT AL AR ft &k 10
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BR300 0 2.1.2.9 mg-kg™, X1 2% AR S0 42 [ 7y
A AT AL EE 4 2 i o W H TR A LIS A
Cd i m TR R, Ui L bRA ™ it A AILIE
T 398 Cd 15 G i XUBS A 5 24 LA Jit P 23k )
70 t-hm™ [, HAHLIE Cu Zn Cd (145 & BR A 521t
(10 t-hm?)—2F. I, BRI PR E 48 & 5
oAz il A HLAE P %o vk /0 o 4 A - e AR
Gy B AEHEALTHE |, T2 K Cu Zn (Cd
AEHEAFS M 0.4.2.8.,0.000 38 mg kg™, i FF4EAL
ISR EA R0 4R O 4 Bk E] 1.3.2.9.,0.01
mg-kg!, NEH R AE LB ST EEOAEVIE. A4
FEA R 2R, AYUEFME R 10 t-hm?
ff, H Cu.Zn Cd B f% & FR & 40 51 R 254,969 2.5
mg kg™, XL T IME R IR FE S 2 (CCME ) X B
G HENE 4 JE B B P (Cu Zn A1 Cd A B i BR
A 757 1850 .20 mg-ke™) AR, Cu . Zn HYf
o PR R (DU = T U 43 R (1 D) R A G
FELO )RR AR TR FRE R A Cu Zn AT Cd 19T
B9 M 21.5.57.1,0.06 mg-kg™, ¥+ Cu.Zn HI
Cd H 5 5S> B4 22.5.90.6.0.09 mg kg™, 214 Cu
Zn F1 Cd (5 5453 51K 19.0.62.0 .0.08 mg-kg™, H

x5 AEAETAIEHEERNERRE
(mg- kg dry weight )
Table 5 Concentration limits(mg-kg™ dry weight )of heavy metals
in organic fertilizer products for various application rates

JENEE/t-hm? 10 20 30 40 50 60 70
2t Cu 206 103 69 52 41 34 29
Zn 880 440 293 220 176 147 126
¢d 21 1.1 07 05 04 04 03
W1 Cu 303 151 101 76 61 50 43
Zn 1058 529 353 264 212 176 151
cd 29 15 10 07 06 05 04
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Table 6 Correlation coefficients between

heavy metal contents in soil and crops

AR LT LIHEROK

R Lt} LR kil kL AT
Cu -0466 -0.720* 0413 0048 0384  0.675%*
Zn 0916+  -0490  0.641%* 0552  0.536  0.805%*
Cd 0284  0568* 0160 0264 0256  0.611%*
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