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Table 1 Data standardization (%)

pHIEKH  CECHKR AHSUEKE ARCERHIBUR S mIeR by R SR RIS IR KIS HHIRR  BORR SRR

"ﬁftment Growthrate  Growth rate Grow'Fh rate of Redugtion rateof  Reduction rateof Growth raFe of Gr.owth rate 9f Reduction .rate of Cd  Reduction Fate of Cd
of pH of CEC  organic matter  available Cd exchangeable Cd  overground biomass  grain production content in roots content in grain
Al 5.32 10.84 18.92 27.65 50.95 19.86 2.31 54.41 82.76
A2 2.09 36.73 19.33 29.48 38.31 29.43 10.74 33.64 86.71
A3 12.74 56.22 25.47 30.68 42.92 16.31 14.64 54.28 86.09
Bl 28.90 66.30 2.46 56.19 69.61 16.67 35.23 68.36 96.60
B2 34.60 63.48 7.64 47.59 68.83 8.51 38.42 67.74 97.22
B3 36.50 63.03 —-0.30 41.76 64.03 12.77 8.16 61.15 92.77
Cl 23.38 49.17 13.97 36.65 36.56 4291 24.58 5.92 —-15.02
Cc2 9.70 69.56 16.56 36.73 44.03 43.26 17.92 16.62 6.37
C3 6.08 32.02 29.46 37.20 47.80 43.26 15.71 42.07 47.22
D1 25.67 58.04 —8.05 33.18 57.34 8.51 222 19.22 71.20
D2 29.28 61.07 5.66 34.78 59.73 13.12 39.22 69.20 66.75
D3 32.32 66.12 8.32 60.05 76.01 20.92 24.05 81.46 66.75
El 14.83 10.65 9.22 28.19 38.21 14.54 19.43 46.41 67.61
E2 6.08 33.29 0.88 29.01 40.23 41.84 -9.49 59.97 92.89
E3 7.03 45.03 15.15 35.53 44.51 26.95 —-30.08 55.71 48.95
F1 3.80 52.55 1.55 30.90 44.45 32.98 7.99 34.49 6.61
F2 1.71 21.77 6.87 6.46 15.33 31.56 -4.17 24.04 39.00
F3 0.19 42.61 -2.09 26.85 29.58 41.13 —28.57 45.21 36.28

Mo bR MR R BRI ORI AR R, NI n] IO S — 2R B AR T LR B 5
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Fig.1 Correlation coefficient matrix between evaluation indices standardized
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Table 2 Eigenvalue and contribution percentage of each principal component
Iﬁkﬁ 1 2 3 4 5 6 7 8 9
Principal component
LR GEER (N Bt 4558 1.561 1.164 0.791 0.328 0.238 0.195 0.118 0.047
Tk % 50.649 17.343 12.937 8.787 3.641 2.640 2.167 1.316 0.520
SRR % 50.649 67.993 80.930 89.717  93.357 95997  98.164  99.480 100.000
PRI 5 A sSan 4.558 1.561 1.164
TURRHE% 50.649 17.343 12.937
SHTTRE % 50.649 67.993 80.930

Iy AT EOR A CEC M A | /KRR & & 5k
KRB ATHIRCR 2R = A AR R A
SEATHLEG R, BERISE — A EEAURIB E A

XHEPI A RS R I FEARAE T, 50 = AR
SRS A HLB BB TIROR, 2R 8 = 2
X — R B AR AN TE
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Table 3  Principal component loading matrix

ES %) 7]
Principal component load
1 2 3
pHIH R 0.896 0.192 —0.140
cecHi % 0.640 0.573 -0.221
PERSINpis: i S -0.246 0.059 0.932
B RS HAEIRR 0.834 0.315 0.155
] SRS EE T IR 0.949 0.065 0.063
i A YRR R -0.715 0.429 0.127
BRI R 0.632 0.333 0.390
TRAEAR AR B = R 0.680 -0.489 0.148
BEK R & R 0.563 —0.745 0.090
N\ =t PPN . 0.50649
25 ERATEANWEREESH ik = WSI =0.6258S1
FR A% 32 B0 B4 28 Ay s LA I R AE A 10 T T 48 SOk 0.17343 2 - 0214352
\ " o . SRR Tk = ————=S2 = 0.
TS R FAE TG ERYiSsringe 4, njf5A=E, 0.80929
... 0.12937
S1 = 0.420x,+0.300x,—0.115%;+0.390x,+0.444x— S3TTHR = 0.80929 S3 =0.1599S83

0.335x4+0.296x,+0.319x3+0.264x,
52 =0.154x,+0.458x%,+0.047x;+0.252x,+0.052x;+
0.343x4+0.267x,-0.391x3—0.596x,
—0.129x,-0.205x,+0.864x;+0.144x,+
0.059x5+0.118x6+0.362x,+0.137x3+0.083x,

#ERIT R F BERG R TR AL ST 5t

S3=

S = S15Tik + S2 5Tk + S3 777k
e RN I F AR UE L EAC A ZE 1500 3

RS, MRS BEIBE BRI LR G150 Nk 5
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Table 4 Coefficient matrix of principal component factor score

F RS
Principal component
1 2 3
pHIIK R (x,) 0.420 0.154 -0.129
cecHikF (x,) 0.300 0.458 -0.205
BT (x,) -0.115 0.047 0.864
AREEHIEE (x,) 0.390 0.252 0.144
SIS (x;) 0.444 0.052 0.059
HEYERETER (x) -0.335 0.343 0.118
PRI (x,) 0.296 0.267 0.362
MR Er B HIECR (xg) 0.319 -0.391 0.137
KRR IR (xo) 0.264 —0.596 0.083




1224 X % @ R % 52 %
*5 SNEBESFY
Table 5 Comprehensive scores in each treatment

IR Qb S1 He# © He# $3 He2 He2

Class Treatment Rank Rank Rank Rank

—4& D3 1.3334 3 —0.0329 5 0.3033 7 0.8759 1
B2 1.3761 1 -0.2091 12 0.3219 5 0.8679 2
B1 1.3672 2 —0.1647 11 0.2898 8 0.8667 3

=& D2 1.1696 5 -0.0725 8 0.2780 9 0.7609 4
B3 1.2113 4 —0.2431 14 0.1233 14 0.7257 5

=% A3 0.8922 7 —0.2413 13 0.3752 3 0.5667 6
D1 0.9025 6 —0.0495 6 —0.0375 18 0.5482 7
C2 0.5470 14 0.5502 2 0.2100 10 0.4938 8
C3 0.6055 13 0.0332 4 0.4667 1 0.4606 9
Cl 0.4432 16 0.6584 1 0.1986 11 0.4502 10
El 0.6986 9 —0.3158 16 0.3083 6 0.4189 11
F1 0.5303 15 0.3085 3 0.0913 16 0.4126 12
A2 0.6512 11 —0.2438 15 0.3450 4 0.4105 13
Al 0.6995 8 —0.4686 18 0.3785 2 0.3979 14

Py 4 E3 0.6111 12 —0.1604 10 0.1460 13 0.3714 15
E2 0.6844 10 -0.4137 17 0.1706 12 0.3670 16
F3 0.3847 17 -0.0507 7 -0.0129 17 0.2278 17
F2 0.2194 18 —0.0994 9 0.1181 15 0.1349 18

E2>F3>F2, o AR 58 = U TTER RS0 17.34% F

W LA A e RN, 7EZEE d= (0.8759 —
0.1349) /4 = 0.1853 [ ¥ Fr 5 16 2 FME 2 308 41

LIRS
B4 LR HYENE (0.6906, 0.8759) .
A AT HUETER (0.5053, 0.6906) .
04 A BUEYER (0.3200, 0.5053) .
SIS RO BUETER (0.1349, 0.3200) .
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Fig.2 Contribution percentage of principal component score to
the comprehensive score
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Evaluating Remediation Effects of Remediation Agents on Cadmium-
Contaminated Paddy Soil in Shenyang Based on Principal
Component Analysis Method

ZHAO Yu-hao!, YANG Yu-hong?, ZHAO Hao-dong', DU Li-yu!”

(1. College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China,
2. College of Bioscience and Biotechnology, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: Soil is an important natural resource for human survival and development. However, the threat of soil heavy
metal contamination in China is becoming increasingly serious. Six remediation agents for soil heavy metal
contamination in this study, including phosphorus-containing material, calcium carbonate, biochar, shell powder and
natural sulfhydryl minerals, were added to paddy soil contaminated with cadmium (Cd) at varied rates in a pot
experiment to investigate their effects on soil properties, bio-availability of Cd and Cd content in crops. Three
evaluation factors were selected by the method of principal component analysis (PCA), and ranked based on the
comprehensive scores after determining their weights. The results showed that the six remediation agents significantly
reduced the bio-availability of Cd in paddy soil and the content of Cd in rice. Thecalcium carbonate had the best
remediation effects on the heavy metal contaminated soil, following by the biochar and the phosphorous-containing
material, while the natural sulfhydryl mineral was presented the worst remediation effect.

Key words: Principal component analysis; Acid paddy soil; Cadmium contamination; Heavy metal remediation agent
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