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Construction and Application of Soil Quality Evaluation Index System for Tobacco Planting
in Chongqing
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(1 Tobacco Branch Company, Chongqing Tobacco Company of China National Tobacco Corporation, Chongging 400023,
China; 2 College of Resources and Environment, Southwest University, Chongging 400716, China)

Abstract: In order to accurately assess soil quality in tobacco-growing areas of Chongqing, the data on soil physicochemical
indicators from 2 513 representative tobacco-growing units (with an average area of approximately 6.7 hm®) in Chongqing were
used and analyzed with cluster analysis(CA) and principal component analysis(PCA), a minimum data set(MDS) for soil quality
evaluation was established, and an evaluation index system was constructed for tobacco-growing soil quality. The results showed
that:1) The evaluation system based on principal component analysis was more suitable for assessing soil quality in Chongqing’s
tobacco-growing areas, which reduced the evaluation indicators from the original 16 to 7, including pH, organic matter, available
phosphorus, available iron, available zinc, available sulfur, and water-stable macroaggregates. 2) Significant soil acidification was
observed in the tobacco-growing areas (35.1% of tobacco-planting fields exhibited acidification); Soil nitrogen were adequate,
whereas 62.9% and 75.8% of tobacco-planting fields were excess in available phosphorus and potassium, respectively;
Deficiencies and excesses were coexisted in other elements, and 47.2% of tobacco-planting fields was at low level of water-stable
macroaggregates. 3) Reasonableness validation found that R* of the model based on MDS-PCA was higher than that of the model
based on MDS-CA, MAE and RMSE of the former were smaller than those of the latter, which indicate that MDS-PCA could
replace total data set in the evaluation of tobacco-planting soils. Based on the MDS-PCA, the mean value of soil quality index
was calculated to be 0.61, indicating soil quality in the tobacco area was at a moderately low level in general, with 45.04% of
tobacco-planting fields in urgent need of quality improvement. 4) The radar chart of membership values for soil quality evaluation

indicators showed that pH, available phosphorus, available iron, available sulfur, and water-stable macroaggregates exhibited
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relatively low membership values and were considered limiting factors for tobacco-growing soil.

Key words: Tobacco-planted soil; Quality assessment; Cluster analysis; Principal component analysis; Minimum data set
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Fig. 1 Sites of typical tobacco-planting fields in Chongqing
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Table I Membership function types and thresholds of soil evaluation indexes
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Table 2 Percentages of tobacco-planting fields based on soil quality assessment index grades

W FEAR FroriE H BAEIR RN H(%)
[ AT BT & s s
pH 55~6.5 13.1 22.0 31.3 21.7 11.9
B HL (g/kg) 20 ~ 30 0.6 23.6 59.5 14.6 1.7
2R (g/kg) 1~2 0.0 6.8 84.2 7.4 1.6
K itk A (mg/kg) 100 ~ 180 1.9 14.7 71.5 10.7 1.2
A 3w (mg/kg) 15~30 52 6.9 25.0 14.4 48.5
A (mg/kg) 150 ~ 220 1.3 8.2 14.7 28.0 47.8
FH B 32 6 e (cmol/kg) 10 ~20 0.0 1.6 74.5 22.8 1.1
A 3k (mg/kg) 45~10 15.6 15.3 23.6 39.4 6.1
A 5 (mg/kg) 10 ~ 20 2.2 4.8 15.1 17.4 60.5
£ 54 (mg/kg) 0.5~1.0 3.1 24.4 40.4 30.2 1.9
A %UEE (mg/kg) 1~2 1.7 6.4 19.7 33.9 38.3
A 5 (mg/kg) 0.3~0.6 2.1 13.0 39.0 34.0 11.9
1 344 (mg/kg) 0.15~0.2 4.9 5.5 12.7 30.6 46.3
KA (mg/kg) 10 ~30 12.1 25.7 57.6 3.3 1.3
£ 55 (mg/kg) 16 ~ 30 49 7.4 18.1 31.9 37.7
TRERE K P R A4 (%) 50 ~ 60 15.7 31.5 41.7 8.9 2.2
‘
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Fig. 2 Cluster analysis of soil quality assessment indexes in tobacco-planting fields
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Table 3 Weight values of soil quality assessment indexes in
minimum data set based on cluster analysis

BREELD wIth ANNTI % W

FE T LS o B e/ NI 4R (MDS-PCA) Fll 4 it
BARETDS)IFREAR SQI EVERI A 0.17 ~
0.96 1 0.24 ~0.97, “FHIMEH 0.61 5 0.69, —F 2(H
BN, BB TEHEPVELRN S, BT RN
AR THE A SQLRI R SAEG(EFR T): T 94(SQI
>0.8). 114£(0.7<SQI<0.8). I114£(0.6<SQI<0.7). pH ! 0.64 0-15

IV %4(0.5<SQI<0.6)H1 V4 (SQI<0.5). HHEATI LR ! 0.6 0.16
TR 6 5305 9 2 5, 70001 5 LA A R i Tac ! 0.8 016
S T SIS s [ 5 (] 4). i 7RI, SQI ik ! 0.34 0.8

EER e 1 0.47 0.11

5 S ZRGE FIAL T 16.18% ~ 24.49%, J& Hh AR S (—
B CV<10% JIREAESR, 10%~100% K, i ! 024 0.06
>100% WRSHEAES). 76 11 K ET, FRAHIK L LR ! 0.70 0.17
ST AR 0 1 ORI 1T 200 5 LB, 9 44.62% MEIRRR 048 o1l

x4 BELTEREITMIEFHTIEET Norm E

Table 4 Load matrix and Norm values of soil quality assessment indexes for tobacco-planting fields

PR AR x| F Norm {H
PC1 PC2 PC3 PC4 PC5

A BT 1 0.93 0.18 -0.06 -0.04 0.03 1.66

2R 1 0.93 0.20 0.01 -0.01 0.09 1.71

K A 1 0.85 0.21 0.20 0.06 0.10 1.67

FHES 38 1 1 0.25 0.08 0.38 -0.48 -0.31 1.14

R 1 0.07 0.23 0.16 0.08 0.16 0.59

KSR 1 0.15 0.16 0.45 0.34 0.26 0.96

A RO 2 0.29 0.64 0.28 0.05 -0.01 1.41

AT 2 0.15 0.80 -0.05 —0.14 0.03 1.33

A 2 0.11 0.79 -0.02 -0.02 0.11 1.30

pH 3 -0.01 -0.05 —0.80 0.28 0.08 1.29

FER € 3 -0.03 0.09 0.82 -0.19 0.08 1.28

AR 4 —0.06 0.02 —0.12 0.79 -0.11 1.13

& 4 0.10 -0.01 —0.09 0.78 0.00 1.11

R 5 0.15 0.48 0.38 0.14 -0.03 1.11

A XU 5 0.01 0.32 0.03 -0.31 0.58 1.00

TR K P SR 1A 5 0.14 —0.04 0.02 0.08 0.85 1.03
F R RHEE 3.93 2.24 1.45 1.28 1.16 -
F AT 2 IR (%) 24.55 14.02 9.07 8.01 7.22 -
F A B BT (%) 24.55 38.57 47.64 55.65 62.87 -
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Table 5 Weight values of soil quality assessment indexes in .
minimum data set based on principal component analysis Yﬁﬁﬁﬁﬁiﬂz X H ELA A XZz— , EEEJ: IZ&@F
W Wi ARTHE NE Jit R DG 25 T 36 R A PG 1 A0 DA B B A T R
pH 1 0.65 0.15 M, mFis, Mg, PRbEEse, JHmE
HHLIT 1 0.53 0.13 30 AFHEMEIG M, N EANRES S A, AR
R 1 0.65 0.15 P SR P ™ A T A0 A R 38 2 o e 15
GRS S 1 0.56 0.13 KA, EE B R, ™ R R T
AT ! 0.53 0.14 MR HpEe ki o R, 7 I U IR 338 o e
AT ! 0.61 0.14 DL, AT R T i B A BRSO
AL R R I ! 0.68 0.16 o K P S L RS o B A 224 1
1.00 1.00
1=0.85x+0.1 9 y=0.93x-0.03 H
R=0.62" R=0.72"
® 075+ 0751
Sm 2
i I
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Sjij 0.50 F = 05s0F
< ) 5
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Fig. 3 Correlation between MDS and TDS soil quality index
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Table 6 Cross validation results of soil quality index prediction F i P B 5 &%[10’17’19] , ASWIFGYIE 6 H A T
RIS R MAE RMSE MDS il TDS(4 a4 ) 11545 2 ) -+ 3 i 844,
MDS-CA 0.62 0.068 0.068 K IFEF F2 5o B e/ NEHE 82 (MDS-PCA) 5 21 11
MDS-PCA 0.72 0.062 0.038 TR BT R TAE T TDS 1538189 -5 fr it 4R

x7 MELERERVRITER

Table 7 Statistical description of soil quality index of tobacco-planting fields

X (8 SQI i H (%)
FHE 5 5 (%) I % 1% gD VK V4
BN 0.55 21.82 0.33 9.03 30.43 26.43 33.78
ALl 0.58 18.97 1.65 14.29 29.40 31.04 23.62
AR 0.60 16.67 0.99 18.32 27.23 37.12 16.34
T 0.49 24.49 0 3.57 16.08 25.89 54.46
woK 0.66 16.67 10.21 26.04 36.25 19.37 8.13
T 0.63 17.46 5.71 26.67 24.76 32.38 10.48
i 0.64 20.31 9.16 22.37 29.92 25.61 12.94
v 0.59 23.73 5.65 14.78 28.70 23.48 27.39
HEE 0.68 16.18 13.85 30.77 35.38 17.69 231
FH# 0.64 17.19 6.00 25.00 36.00 25.00 8.00
Wk 0.49 16.33 0 0 6.67 20.00 73.33
EERT 0.61 21.31 5.61 19.22 30.13 26.14 18.90
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Fig. 4 Spatial distribution of soil quality index grade in tobacco-planting areas in Chongqing
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Fig. 5 Radar plot of affiliation values of soil quality evaluation
indicators for tobacco-planting in Chongqing
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