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Grey relational analysis for evaluating the effects of lime combined with organic fertilizer on a cadmium-

contaminated soil-plant system

XTAO Hao, HUANG Bohao, SUN Kai, XU Min", WU Jun

(College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: In this study, a soil-based pot experiment was conducted with the combined application of lime and organic matter to explore a
suitable way to alleviate soil damage caused by long—term lime application. There were six treatments including control (CK), organic
fertilizer (OF: 3 000 kg - hm™), lime (FT: 1 500 kg - hm™), and the combined application of lime and organic fertilizer at three
application ratios : SO1(1 500 kg+hm™+3 000 kg+hm™), SO2(2 250 kg+hm™+3 000 kg+hm™), and SO3(3 000 kg+hm™+3 000 kg-hm™).
Grey relational analysis (GRA) was used to comprehensively evaluate the effect of different treatments on soil-plant systems to select the
most suitable application ratio. The results showed that soil pH increased with increasing lime addition rate, and compared with CK, SO3
increased the pH by 14.9%, indicating that the combination of lime and organic matter improved soil pH. Soil residual Cd content
increased and soil exchangeable Cd content decreased in all treatments compared with those in CK. With an increase in lime application
rate, the proportion of residual Cd increased and exchangeable Cd decreased. SO3 had the highest shoot biomass, and the shoot of pakchoi
under SO3 treatment increased by 87.9% compared with that under CK. Compared with CK, both lime and organic fertilizer reduced the
content of Cd in pakchoi, and the reduction effect in different treatments was SO3>S02>SO1>FT>OF. Based on GRA, the data showed that

SO3 was the most suitable path for soil remediation, with the highest grey relational degree.

Keywords : soil fertility; passivation; Cd—contaminated soil; soil remediation
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Table 2 Experiment design of different application dosage

(kg+hm™)
AbH Treatment A K Lime A HLIE Organic fertilizer
CK 0 0
OF 0 3 000
FT 1500 0
SO1 1500 3 000
S02 2250 3 000
S03 3 000 3 000

W1,

Table 1 The properties of tested organic fertilizers

K1 HtENIRERIBL MR

WH &R | WA  ak| WA Ak
Ttem Content Ttem Content Ttem Content
pH 6.32 || Mn/(mg-kg') 413 || Cr/(mg-kg") 132
N/% 2.15 || Cu/(mg-kg™") 354 | Pb/(mg-kg') 28.5
P.0s% 158 | Zo/(mg-kg?) 395 | Ni/(mg-kg")  23.1
K.0/% 1.22 Ca/(g-kg')  59.0 || As/(mg-kg') 237
HHUG/% 485 | Mg/(g-kg') 123 |[Hg/(mg-kg') 0.453
Fe/(g-kg') 148 || Cd/(mg-kg') 0.445

3R SCER AP IR Tl DX BT v A A T
A LI, BHERTRAE b o SRR B AR 2%
Yy, 22 FARKT IS A RET S G 2 mm JE JE A 46 . &
FEIEA HAL P R pH 5.98 . ML (Soil organic mat-
ter, SOM)19.3 g-kg' 4 %( 1.39 g- kg ' . 2 # 0.236 ¢-
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Table 3 Indicators for grey correlation analysis A 22 553 A AT
TR Fic o Wig o v _

Parameter Label Parameter Label B | XO( k ) X ( k ) min; min; 0 (3)

Ey e XU || LHE#A A/ (mg-kg')  X10 — \Xo(k) -Xi(k) =1 (4)

LES X2 || AR (mg kg X1 ‘ N .
-4 2 Spad [1/% X3 LR (mg-kg?)  X12 itqj :Aminjﬂﬂid\%jﬁkﬁﬁ;Amaxj‘jmj(l'#‘!jﬁiﬁﬁ;

M ER R/ (mg kg ™) X4
WRE T/ (mg-kg™") X5
PR/ (g-kg") X6
FH s F g4/ (emol -kg™") X7
FHEA R (g kg ) X8
T (g ke ") X9

e T 2Z RIS % X13
- HEAT RS % X14
- HERT A A IS /% X15
ek i A% X16
TR A/ (ng-ke!)  X17
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IERE VN2 T2 S| I B B 7 1 TR S V& [ s N
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AV E (2 N =R/ W
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& I Microsoft Excel 2010 4k 2 % §i5 , | /] 1BM
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2 ERG5H
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Table 4 Physical and chemical properties of soil

5 foEsow L BT amoy  eme Ammg | PORR O REEBE A
Treatment pH (g-ke™) S CFjC/ (g-ke™) (g-ke™) (g-ke™) Alkah—hydﬁro Avallabltﬁ P/ Avallablei K/
(cmol+kg™) N/(mg-kg")  (mg-kg") (mg-kg™)
CK 6.12+0.63cd  19.87+£2.08a  4.55+0.40a 0.84+0.02b 0.23+0.13a 2.46x0.13a  51.92+6.60a 2.46+0.78a  190.67+6.43a
OF 5.82+0.19d  20.88+1.68a  4.48+0.47a 0.83+0.02b 0.26+0.16a 2.15£0.15a  52.18+4.60a 2.00+0.22a  156.33+17.9b
FT 6.34£0.33bed  19.33+0.50a  4.62+0.48a 0.76+0.01¢ 0.30+0.03a 1.60+£0.86a  51.05+2.90a 1.76+0.33a  86.33+6.66d
SO1 6.70+£0.07abe  21.40+0.91a  4.91+0.35a 0.90+0.02a 0.29+0.17a 1.62+0.22a  60.88+10.10a 2.62+0.55a  122.00+3.61c¢
S02 6.82+0.27ab  22.07+2.52a  5.15+0.66a  0.80+0.06bc  0.30+0.17a 2.57£0.57a  66.34+9.18a  2.18+0.14a 110.33+22.30c
SO3 7.03+0.12a  21.60+<0.0la  5.30+0.14a 0.82+0.03b 0.37+0.02a 2.03£0.08a  60.74+9.85a 2.48+0.85a 172.67+8.96ab
H 6.47 20.85 4.83 0.82 0.29 2.07 57.19 2.25 139.72
FAA 5.935 1.378 1.708 6.521 1.191 2.585 2.015 1.081 28.870
P 0.005 0.299 0.207 0.004 0.370 0.082 0.148 0.419 <0.001

VE : [A ARl NG FREFR R A R R 22 57 .35 (P<0.05) o R 1]

Note: Different lowercase letters in the same column indicate significant differences among treatments at P<0.05. The same below.
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Figure 1 The mechanical compositions of soil
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different treatments

g
(=}
1

a

._
o
T
—_
-]

et
The content of cadmium/(mg-kg™)
Y
T
N
7
— i

=
oo
T

=]
~
T

o

CK OF FT SO1 S02 S0O3
AP Treatment

AN/ FREFR R AR B A) 25 5 25 (P<0.05) o T 1]
Different lowercase letters indicate significant differences among
treatments at P<0.05. The same below

E3 AELETLIELSGRE

Figure 3 Total cadmium content of soil under different treatments
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£5 FALETHNERENE 55 CKAREL , OF A1 FT 4 A/ 1 3250 b 2 2t
Table 5 Biomass of pakchoi under different treatments ER I, H T F T (SO2 F1SO3 AL B ) 7] LA /NE
ST, EOGER RASRE  ITRE SRR B
Treatment  Shoot fresh weight/g  Root fresh weight/g Spad/% s T
CK 14.14+3.00¢ 0.37+0.08a 18.20+1.00b 23 g:J:ji:_’ﬁ;‘&ﬂ*lﬁﬂq?mi‘?ﬁ‘*nﬂﬂﬁaﬁﬁf&‘ﬁnl;@
OF 16.34+3.84bc 0.39+0.10a 19.53+2.20b ziib}l:ﬁﬁ EFI 17 /I\;‘FIE?*/]: E/:J*m‘{ﬁ/szﬁ% ‘iﬂﬁ%é&ﬁ
FT 18.42+3 26abe 045:0.17a  20.00+1.47b AN 6 MK 7 His o
SOl 18.98+4.43abc 0.65+0.23a 23.27+1.65a Foe HE I 8 SCBR R (4 A TN, S BE R 0k, )
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Table 6 Standardization processing results

Kb Treatment X1 X2 X3 X4 X5 X6 X7 X8 X9
CK 0.14+0.17  0.15+0.12  0.12+0.12  0.39+0.30  0.27+0.15  0.27+0.34  0.28+0.21 0.51+0.13  0.38+0.34
OF 0.26+0.22  0.18+0.15  0.28+0.27  0.66+0.30  0.62+0.07  0.43+0.27  0.24+0.25  0.45+0.10  0.47+0.41
FT 0.48+0.30  0.27+0.25  0.34+0.18  0.58+0.20  0.76+0.13  0.18+0.08  0.31+0.26  0.07+0.08  0.56+0.09
S01 0.56+0.44  0.59+0.36  0.73+0.20  0.34+0.30  0.32+0.43  0.51+0.15  0.47+0.19  0.87+0.13  0.55+0.44
502 0.34+0.12  0.18+0.22  0.30+0.06 ~ 0.82+0.19  0.70+0.31 0.62+0.41 0.60+0.35  0.29+0.32  0.55+0.44
S03 0.84+0.11  0.27+0.05  0.72£0.29  0.75+0.08  0.86+0.13  0.55+<0.01  0.68+0.08  0.42+0.19  0.74+0.06
b3 Treatment X10 X11 X12 X13 X14 X15 X16 X17
CK 0.18+0.23  0.50+0.40  0.94+0.06  0.14+0.22  0.13x0.12  0.23+0.19  0.13+0.14  0.22+0.24
OF 0.19+0.16  0.27+0.11  0.64+0.15  0.28+0.24  0.57+0.19  0.63+0.34  0.44+0.11  0.41+0.52
FT 0.15£0.10  0.14+0.17  0.04+0.06  0.42+0.08  0.33+0.19  0.16+0.15  0.39+0.07  0.40+0.22
SO1 0.49+£0.35  0.59+0.28  0.34+0.03  0.45+0.09  0.47+0.28  0.45+0.27  0.48+0.19  0.45+0.24
502 0.68+0.31  0.36+0.07  0.24+0.19  0.75+0.23  0.55+0.48  0.59+0.10  0.70+0.27  0.08+0.04
S03 0.48+0.34  0.51+0.43  0.78+0.08  0.86+0.13  0.51+0.43  0.41+0.40  0.74+0.18  0.10+0.14
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Table 7 Summary of grey relational coefficients
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Qb PR Treatment X1 X2 X3 X4 X5 X6 X7 X8 X9

CK 0.37+0.05 0.37+0.03 0.36+0.03 0.47£0.14  0.41x0.05 0.43+£0.14  0.42+0.07 0.51+0.07 0.47+0.14

OF 0.41+0.08 0.38+0.05 0.42+0.09 0.65+0.23 0.57+0.05 0.49+0.13 0.41+£0.09  0.48+0.05 0.54+0.19

FT 0.52+0.15 0.42+0.10  0.44+0.06  0.56+0.14  0.69+0.12  0.38+0.02  0.44+0.10  0.35+0.02  0.53+0.05

SO1 0.63+0.33 0.63+0.32  0.68+0.20  0.45+0.10  0.48+0.22  0.51+0.07 0.50+£0.10  0.81+0.17 0.60+0.24

S02 0.44+0.05 0.39+0.07 0.42+0.02  0.77+0.22  0.69+0.25 0.66+0.31 0.64+£0.32  0.44+0.13 0.63+0.33

SO3 0.77+0.13 0.41+£0.02  0.71+0.27 0.68+0.08 0.81+0.18  0.53+<0.01  0.61+0.06  0.47+0.09  0.66+0.05
AL B Treatment X10 X11 X12 X13 X14 X15 X16 X17

CK 0.39+0.07 0.58+0.30  0.89+0.09 0.37+0.07 0.37+0.03 0.40+£0.06  0.37+0.04  0.74+0.25

OF 0.39+0.04  0.41+0.04  0.06+0.12  0.42+0.09 0.55+0.11 0.65£0.30  0.47+0.05 0.66+0.28

FT 0.37+0.03 0.37+0.05 0.34+0.01 0.47+0.04  0.44+0.07 0.38+0.04  0.45+0.03 0.58+0.12

SO1 0.55+0.23 0.59+0.22 0.43+0.01 0.48+0.04 0.51+0.13 0.50+0.15 0.50+0.09 0.55+0.13

SO2 0.68+0.29 0.44+0.03 0.41+0.07 0.71+0.21 0.61+0.27 0.55+0.06 0.69+0.27 0.87+0.06

S03 0.54+0.21 0.60+0.34 0.70+0.08 0.80+0.17 0.60+0.35 0.51+0.19 0.68+0.17 0.86+0.18
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Figure 5 Grey correlation degrees of soil-plant system under

different treatments
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