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Grey relational analysis for evaluating the safety of products from a plant—soil system contaminated with Cd
XU Yao', XIAO Heng', WU Jun'", MENG Xiao-xia’, XU Min', LI Yan', LAI Xing'

(1.College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2.Sichuan Research Institute of Environ-
mental Protection, Chengdu 610041, China)

Abstract: In order to explore the impact of lime application on soil-plant systems for the restoration of soils that were contaminated with
heavy metal, and the safety of the resultant food products, a three—year field experiment was conducted in Cd—contaminated soil that was
under rice—wheat rotation to observe the effect of adding different doses of lime[TO, T1, T2, T3, T4:0(control), 750, 1500, 2250, 3000 kg -
hm™] on soil remediation. The grey relational analysis(GRA ) was used to investigate the effects. The results showed that the order of Cd ac-
cumulation in the rice and wheat grains after lime application was TO>T1>T2>T3>T4. Compared with T0, soil pH increased from 5.33 to
8.36 in the lime treatments. Higher pH values reduced the Cd exchangeable fraction but promoted the residual one. The highest pH value
was determined at T4. The soil exchangeable Cd decreased by 12.45% in T4 treatment compared with TO. Compared with the soil before
the experiment, the application of lime over three years had no significant effect on the soil fertility, and the soil fertility under T1, T2, T3,
and T4 treatments showed no obvious change (P<0.05). According to the GRA evaluation, the application of lime at a dosage of 2250 kg -
hm™ was more suitable for improving the holistic plant—soil system with moderately mild Cd—contamination.
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Table 1 Basic physical and chemical properties of the original soil

1 AHLEOM B fi% 20 AN AL AP MR AK 2R Cd/
! Organic matter/g-kg™  Available nitrogen/mg-kg™ Available phosphorus/mg-kg™ Available potassium/mg-keg™  Total nitrogen/g-kg™ mg-kg™
5.30 334 253.4 26.3 76.4 0.84 0.76
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Figure 1 Effect of different liming dosages on soil pH at
the end of 3 years

T4 22 5Pk i 2 (P<0.05) o SR Bl 5 A K o 1 3%
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MRo 55 TOAHEE, FLA PUANSAS [R] A Bt FH 2 Ah BT AT
A Cd Fr I B, HLBE A A Wit FH & i 1
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s Cd 5 B FRAK, FLBES A I 30, R i 1
K it FHAICHR B4 7 it 52 R 3000 kg - hm™ B 52
ACd Fra . mE3IAH,TL.T2.T3.T4 5 TOH
oAl iR SRS FI AT AL S Cd 22 R AR B 25, ki o,
A P £ P AS [ T - 3 ] A R AR AT RS Cd
AN . BRI Cd R AR L
A5 AT 22 M A A I, B A K 0438 0 8% i A
Cd 7 S W, e 285 12.12%(T4) , F1 TO AH £
T4 22 5% 3%, Ul B -4 vp Cd 1Y IRAFTE S AR 9 A K
a2 TA0E , Hoh T4 A FEXTFRE 2 Cd 2
S 5 Ay BURK LA FRASCR A B i

PUAIE S Cd 7E TO 38 v (19 7 i K/ Ky < AT 5846
A>T RS SHRE A>T /AL Bl A Dt 1)
B, AT AS A T A W, A RS S AR A
S INEEE . A K 45 pH (A T R R
Al A SRR A Cd % AR L 34 5 1 18 pH 22
AR , 02 4 7 3 1 AH B W K
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Table 2 Effect of different lime dosage on Cd content in rice and wheat grains at the end of 3 years(mg-kg™")

Kb B Treatments
{EH) Crops
TO T1 T2 T3 T4
JKF Rice 0.29+0.032a 0.27+0.010b 0.23+0.058¢ 0.12+0.021¢ 0.08+0.231¢
INFZ Wheat 0.22+0.032a 0.15+0.010b 0.12+0.265b 0.11+0.058b 0.06+0.231¢

T R B o A R PR 3R 22 5 B (P<0.05)

Note: Different letters in the same line show significant difference among a row of data(P<0.05).



201945 B

VOB S R TR SCHE S TR Y Cd 15 e 3B -HEW) R e & 2k PP i 1055

K3 ARAKAEX3ERTEH CAESRI N

Table 3 Effect of different lime dosages on the form of Cd in the soils at the end of 3 years

b CAIEZH 43 H Percentage of Cd fraction/%
Treatments A 2242 75 Exchangeable Cd AR5 7S Reducible Cd Al AL Oxidizable Cd 5% 15 75 Residual Cd
TO 40.35+6.54a 30.89+2.69a 5.67+0.55a 23.098.11b
T1 38.25+6.67ab 32.41£1.01a 5.40+0.19a 23.95+6.12b
T2 32.68+3.21bc 33.77+1.80a 5.65+0.31a 27.90+4.80ab
T3 29.33+3.77¢ 32.59+2.01a 5.98+0.93a 32.11+4.94ab
T4 27.90+2.59¢ 30.99+3.79a 5.91+0.53a 35.2145.75a

T [P 5 A )RR 22 5 .35 (P<0.05)

Note: Different letters in the same column show significant difference (P<0.05).
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Figure 2 Relationship between soil pH and Exc. Cd, Res. Cd and Cd content of rice and wheat grains
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HRPE % 4 v 0, L HETN & AR AN B 3, X 5
B SE 45 R —2, T1.T2.T3 13 AN & & 1K
FTO, 3X St F 3 pH 032 4 398 1) I Al Ak Ve
KR A5 A IR 8 S B AU, TR T R A
ZEFR AR, T T1. T2 14 AP &8 A —5,
1M T3 T4 + 38 AP & bl A R & 3 i i s . H:

HTO T T2 3 R A b, T3 . T4 3 A i
T B S R B AP R AR . X R A it A
JREAE T SRR As P, 3 T A g T
e gEA HLEE (OP) 1w 4k, fiff -3 b OP & i il /b, AP
Fra N B A PN R B, AK S R
Th G T B B a3 a B T — 8 e 194 K, A R TR
0 AK E R TFEY A K R — o BRAE, AK
BT, IR R B — M RRE R A . oM Fr i
Bt B I 2 2 B TR R R R, — Bk,
Jiti A7 R AT B R A W A TS AT R e e 1
{14) - W 2R R0 A 4 i v C A KSR, T Huber 2601 5%
KBt P2 A S o 4 R R R A R Ak
A3 B % 50% fY C FlT46% B9 N, JE 17 FEAK T 43 oM
ik,

AR 4 6] 55 vk - 1A R 1 3R T A
PR K0 5 1 57 4 5 e T L g LA AT A, 3
A E i A1 MK 5 A HE TN B R 4h A 5 B8 8.33%~

F4 KEIRLE AR HENE R KA IENRGEHTE

Table 4 Original data of different lime dosages in field experiment

I H Items TO T1 T2 T3 T4
X, pH 5.33 6.82 7.37 7.91 8.36
X Fe/mg-kg 248.3 187.0 107.5 66.7 60.7
X, Mn/mg-kg™! 15.09 5.55 4.29 4.08 2.99
X, Cu/mg-kg' 2.48 3.07 2.85 3.01 2.96
Xs Zn/mg-kg' 10.78 6.32 5.37 6.43 5.28
X B/mg-kg! 0.58 0.61 0.60 0.63 0.55
X, Mo/mg-kg! 0.31 0.26 0.25 0.21 0.20
Xy AP/mg-kg! 23.06 22.50 2261 28.91 36.80
Xo AK/mg-kg™ 85.59 112.52 83.42 66.86 76.05
X0 AN/mg-kg™! 24933 214.85 220.70 265.18 238.28
X, TN/g-kg 0.91 0.91 0.92 0.93 0.94
X2 OM/g-kg™! 34.47 34.62 37.87 37.83 34.62
Xis CEC/cmol -kg™! 13.46 14.17 13.90 13.38 13.61
X MF-Cd/% 76.91 76.05 72.10 67.89 64.80
Xis JKREAFRL Cd Rice grain Cd/mg-kg™ 0.29 0.27 0.23 0.12 0.08
Xis IKFEHFARL BF—Cd Rice grain BF—Cd 0.39 0.36 0.31 0.16 0.11
Xis JKFE A R Rice effective panicles/10°—panicle-hm™ 262.0 261.0 2473 260.6 246.8
Xis IKAFEFREISRIEL Grain number of per rice panicle/grain 132.6 132.6 136.5 132.0 132.3
Xio JKAE TRLE Rice 10°~grain weight/g 253 27.4 26.1 25.9 26.2
X2 JKAE = 1 Rice yield/kg+hm™ 7480 8060 7481 7236 7269
Xy /N FFRL Cd Wheat grain Cd/mg-kg™ 0.22 0.15 0.12 0.11 0.06
Xo INFEFFRE BF-Cd Wheat grain BF-Cd 0.29 0.20 0.16 0.14 0.08
Xa INFE AR Wheat effective panicles/10°—panicle-hm™ 317.1 323.9 325.1 321.2 318.4
Xas /NFE EFRESTRIEL Grain number of per wheat panicle/grain 40.1 38.9 38.5 36.8 36.7
Xos /N TR Wheat 10°—grain weight/g 43.8 43.1 44.8 457 43.8
Xa6 INFZ P75 Wheat yield/kg - hm™ 4733 4617 4765 4589 4345
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HEpH TR 2 BRI B . A SCEEST
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SEIUE Y 5 Cd B el RO, 1 GRA BEFI A
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Wi T 45 F B, 41 Shao PN T 11 E &8
TG Y TR o A 5T e B A e P AL 4k MF-Cd Al
BF-Cd WA A 22 77 i JoFPRL Cd 1% 5 55 26 1N 1R
FRAE AL HE AR , B F GRA X+ 3 #4255 k4T
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RAAR A7 B S 3001, HErp T3 IR (6 SC R (r) e o AT
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(2) A7 PR BEAT S5 i - 498 pHL(E, Bl 5 A0 K T i
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Figure 3 Comparison of grey relational grades of soil-plant

system under different lime dosages
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Table 5 Original data standardization processing results

T H Items TO T1 T2 T3 T4 5 H Items TO T1 T2 T3 T4
X 0 0.493 4 0.674 5 0.8524 1.000 7 Xia 0 0.070 6 0.3972 0.744 7 1.000 0
X 1.000 0 0.673 3 0.2492 0.0320 0 Xis 0 0.104 9 0.283 5 0.8123 1.000 0
Xs 1.000 0 0.2113 0.107 3 0.090 4 0 Xis 0 0.104 9 0.283 5 0.8123 1.000 0
X4 0 1.000 0 0.628 4 0.898 4 0.8130 Xi7 1.000 0 0.9342 0.029 6 0.907 9 0
Xs 1.000 0 0.189 5 0.0176 0.209 4 0 Xig 0.296 1 1.000 0 0.297 3 0 0.040 0
X 0.3269 0.804 9 0.6050 1.000 0 0 Xio 0.1333 0.1333 1.000 0 0 0.066 7
Xy 1.000 0 0.5029 0.4756 0.066 9 0 Xao 0 1.000 0 0.3720 0.275 4 0.405 8
X 0.039 2 0 0.007 3 0.447 8 1.000 0 Xai 0 0.434 8 0.630 4 0.717 4 1.000 0
X 0.4102 1.000 0 0.3628 0 0.201 4 X2 0 0.434 8 0.630 4 0.717 4 1.000 0
Xio 0.685 2 0 0.1162 1.000 0 0.465 6 Xa3 0 0.8553 1.000 0 0.5157 0.157 2
X 0 0.006 5 0.3923 0.667 0 1.000 0 Xaa 1.000 0 0.647 1 0.529 4 0.029 4 0
X 0 0.044 7 1.000 0 0.9857 0.0455 Xos 0.269 2 0 0.653 8 1.000 0 0.269 2
Xis 0.106 9 1.000 0 0.656 9 0 0.292 3 X6 0.923 8 0.647 6 1.000 0 0.5810 0
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Table 6 The calculated values of grey relational coefficient 1,(k)

I H Items TO T1 T2 T3 T4 i H Ttems TO T1 T2 T3 T4
Xi 0.3329 0.496 0 0.604 9 0.771 1 1.000 0 Xia 0.3333 0.349 8 0.453 4 0.662 0 1.000 0
X, 1.000 0 0.604 8 0.399 8 0.340 6 0.3333 Xis 0.3333 0.358 4 04110 0.727 0 1.000 0
X5 1.000 0 0.388 0 0.3590 0.3547 0.3333 Xis 0.3333 0.358 4 04110 0.727 0 1.000 0
Xa 0.3333 1.000 0 0.573 6 0.8311 0.727 8 X7 1.000 0 0.883 7 0.3400 0.844 4 0.3333
X5 1.000 0 0.3815 0.3373 0.387 4 0.3333 Xis 04153 1.000 0 0.4157 0.3333 0.3425
Xe 0.426 2 0.719 3 0.558 7 1.000 0 0.3333 Xio 0.3659 0.3659 1.000 0 0.3333 0.348 8
X 1.000 0 0.5015 0.488 1 0.348 9 0.3333 Xa0 0.3333 1.000 0 0.443 3 0.408 3 0.4570
Xs 0.342 3 0.3333 0.3350 0.4752 1.000 0 X1 0.3333 0.469 4 0.5750 0.638 9 1.000 0
Xo 0.458 8 1.000 0 0.4397 0.3333 0.3850 X2 0.3333 0.469 4 0.5750 0.638 9 1.000 0
Xio 0.6136 0.3333 0.3613 1.000 0 0.483 4 Xo3 0.3333 0.775 6 1.000 0 0.508 0 0.372 4
X 0.3333 0.334 8 0.451 4 0.600 2 1.000 0 Xos 1.000 0 0.586 2 0.5152 0.3400 0.3333
X2 0.3333 0.343 6 1.000 0 0.972 3 0.343 8 Xas 0.406 2 0.3333 0.590 9 1.000 0 0.406 2
Xis 0.3589 1.000 0 0.5930 0.3333 0.414 0 Xa6 0.867 8 0.586 6 1.000 0 0.544 0 0.3333

H3 % 43N] ST A Cd 2 BB B R AR, AR A Cd
R BT, CAdRR R M R R . 3R A KR
BB S A I S

(3)GRA 43 #r 2 BH A1 K FH 4 2250 kg - hm ™ Hif 5L
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