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Comprehensive Evaluation of Soil Quality in Xiaozhan Rice Planting Area of Tianjin

JIANG Shengguo', XIAO Meng?, LIU Guangming®, ZHAN Huaming'*, WANG Zhigang', WANG Xiyu'

(1 Tianjin Geology Research and Marine Geological Center, Tianjin 300170, China; 2 Institute of Soil Science, Chinese
Academy of Sciences, Nanjing 210008, China)

Abstract: In order to understand soil nutrients and fertility of Tianjin Xiaozhan rice planting area, this study analyzed 24
indicators of paddy soil such as pH, salinity, organic matter, total N, P and K, available nutrients (N, P, K, Cu, Fe, Mn, Zn, Ni, B,
Mo, Si, Se, F, S) etc., and then evaluated comprehensively soil quality based on PCA (principal component analysis). The results
showed that pH was 7.80-8.95; salt was meanly 1.6 g/kg; organic matter, total and alkali-hydrolyzated N were below the average
level; K was rich but P deficient; Cu, Mn and S were abundant; Cu, S and Zn were positively correlated with available K and
enzyme activities, but Mn was negatively correlated with other available nutrients and enzyme activities; the minimum data set,
which including 11 main evaluation indicators such as organic matter, available K and salinity etc., was significantly correlated
with the full data set. The comprehensive evaluation results showed that 55.14% of the soil area was in the grade [ and I of soil
quality, in which, organic matter, total K and available Cu were rich, soil quality were better, and it was suggested to improve
saline soil and apply P fertilizer. The research results can provide important theoretical basis for improving soil quality of this
study area, and promote the strategy of revitalization of the Tianjin Xiaozhan rice.

Key words: Tianjin Xiaozhan rice; Soil quality; Principal component analysis; Comprehensive evaluation
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Fig.1 Diagrams for study area and soil sampling sites
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Hrp 1 AR, PSR -3.0~-54C7 A,
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Table 1 Descriptive statistics of soil physiochemical indicators

izt STON] R/ME FHME T Al 2 5 5 R H(%)
pH 8.42 7.80 8.04 0.12 1.55
5% (uS/cm) 1 550.00 400.00 905.00 249.68 27.59
5 (g/kg) 1.33 0.73 0.97 0.13 14.00
B HLF (g/kg) 31.40 12.10 20.09 4.49 22.00
2R (gke) 1.92 0.84 1.30 0.24 18.67
2B (gke) 1.15 0.67 0.77 0.09 11.42
28 (g/ke) 25.40 20.40 22.53 1.22 5.42
HAE (mg/kg) 322.00 223.00 274.95 26.04 9.47
B (mg/kg) 43.10 9.10 18.11 6.51 35.96
KiEPER (mglkg) 154.00 52.50 83.64 19.68 23.53
AL SR (U/g) 98.43 97.50 97.88 0.20 0.21
WEHR B (nmol/(d-g)) 9.35 1.19 422 2.05 48.56
IKEG (U/g) 424.69 100.83 149.17 70.68 47.38

R 3t S5 B - AR TR BT, A S A KA
TEMEA A ) 0y SR bR . RG22 ok Ak
Y. EHES YRR AR AR BRI SE , DIDRT . 4
St AT Wl R A MR AR 2, 48 78 I S e - 4y
W A AR Il 3R S IR A A e XNt R e
DX TGP A PR A R (R 1), o A0 SRS 1
¥k 97.88 Ulg, R ZRECN 0.21%, ARIREER/N;
BERRREYE R ZE 1.19 ~ 9.35 nmol/(d-g), ZESR%H
48.56%, Ay rHiR FEAR S 5 DRGNS P BRI R A2 1k
PR
22 ITEPHETZSETUHERNE

e A R T RO ST E X AR R B &
EER L R A AR X PR SEIX A R T R
PEA R IR 2), AR . AU A R o ORE
BOR, AR RBE R (17% ~ 33%). Horh, ARG
N 5.68 mg/kg, JEESEAKT; AR TR
41.73 mg/kg, MR ETT TR TR BRI MR
W OE T R K AR S B R AR, 7E 0.01 ~
0.023 mg/kg; AR S HAE 77.8 ~ 214 mg/kg,
Y&l 123.79 mg/kg, JEW KT AR fiE
4 363.55 mg/kg, KIFPEREETE 18.7 ~ 25.7 mg/kg,
HAb ot T R R B ERN
2.3 HIEEBUIEFREXMES

H LR AR S TR R GR 3), SR
5 pH Z AR B ERM AR, AR S A4
T R R S 35 AR 35 IEAH DG OC R (P<0.01), 1
JIKAG 5 pH . WL i 52 0 2 TEAH DG OE 2R (P<0.01), 1
AL AR bR 5 A BOS TO R Z AR SR R (R
4), TIEERBAE PR AN LI pH. BRI TEEE

LSRR LA B A S S R OG5
JORME T S A 20 . A RCEE . AR . AR
BFIEAHIE(P<0.01); HHEAHLET . A . WA
WIS A28 . AR . A 80EE . A3 RO KA 3 2
B I 25 B 2 TR OG5 A AU AR A G
(P<0.01); BERCEPSAHMASH . . B, B e
AR 2 IEAH G HE(P<0.01); ARUR S AL, 2R
IR 5 22 W 3 (0 A DG(P<<0.01), T 5 4 BRI
B A I 3 1EAH 2 (P<0.05).
F2 TEMETRIBHER %R IT(ng/ke, 1=40)

Table 2 Descriptive statistics of soil microelement indicators

fitn BOKE /AME CFIE AR 2E LR R (%)

R 7.41 3.81 5.68 0.97 17
AR 21400  77.80  123.79 28.16 23
BRE  77.00 2390  41.73 13.70 33
AEEE 6.24 0.97 1.74 0.84 48
AR 072 0.35 0.55 0.10 18
HEW 3.24 1.55 2.29 0.34 15
BERH 035 0.11 0.20 0.05 28
BRE 669.00 24500 363.55 76.06 21
AR 0.023 0.01 0.02 0.00 22
KIEMER 2570 18.70  23.19 1.75 8
FER  345.00  105.00 210.05 67.17 32

24 TEREZESENSW

241 VMRS RTEIEAAE LR
S SRR ITTEM T, BRI pH. RS
IR PEER Y45 3 AN FE bR, AL 2% 28k
S ACE AR | DR RS T A TSR TR AR,
Bl PE W R I | 1o S fb S S DR IGST 3 A - S s 48
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Table 3  Correlation of soil physiochemical indicators

pH SR ket SR ERE BRREE  IREE AV A 2B & U AAmE smA

pH 1

HEE  0.678" 1
Kisvds 0199 0.038 1
SRR 0262 -0.096  0.123 1

IR G -0.035 -0.039  0.035 0.026 1

Ji it 0.415" -0.318" 0279 0.218 0.452" 1

AHLE -0.198  0.132 0.113 0.174 0.367"  0.121 1

) ~0.548™ 0.423"  -0.119 0.078 0224 -0.133 0.8527 1

e 0.029  0.090 0.218 0.047 0.237 0240 0.400™ 0.202 1

24 0.028  0.004  —0.046 -0.113 -0.070 0.022 -0.260 —0.334" 0.465" 1

AP 0.611" -0.491" 0.351 -0.060  0.386" 0.524™ 0.186 -0.256 0.385" 0.163 1

e 0.075 -0.076  0.204 0.118 0.385" 0.301° 0.546™ 0.352" 0.732” 0.012 0.359" 1

AR -0.514" 0482  -0.159 0.042 0.175 —0.200 0.782"° 0.934™ 0.155 -0.406" -0.260 0.322" 1

xR PRIEIRAMENER P<0.05 il P<0.01 BE K, FER.

F4 TEBEAERSEUSHETREXEDN
Table 4 Correlation between soil physiochemical indicators and available microelements
pH  WeR  KE  oOHEA B KE AR 2R 2 2 EEWE AR A
PEER A i

FHRH 0394 0271 0.091  0.278°  -0.077 0466~ 0276°  0.009 0.247  0.055 04077 0207 -0.031
AR 0098 0026  0.170  0.123  0.235 0205 04417  0300° 0.6137 0.109 0.359™ 0.728" 0.273
AR 0263 0.015 0195 —0.138  0.133 0270 -0.501"" —-0.571" 0.027 0.295" 0.319° -0.104 -0.491"
HEEE 04577 —0.2817 0.449™  0.107  0.128  0.494” 0208 0213 0311° 0.114 0.68" 0.228 -0.220
AR 05477 03117 0.184  0.200  0.074 0.408"  0.107 -0.205 0.375" 0244 0.660" 0.255 -0.208
HAH  0.689™ -0.320" 0.462"  0.101 0251  0.569"  0.119 -0.279" 0287 0.070 0.804" 0.284" -0.256
HREH  -0.114  -0.162  0.067  0.085  0.344"  0.059 0.722" 0.574" 0.225 -0.170  0.208 0.437" 0.474”
FREE -0.081  0.025  0.019  0.137  0.090 -0.049 04117 0435" 0.063 -0.192 -0.090 0.169 0.358"
HEAE  0.044  —0.139 -0.014 0.127  0.065 0.128 0.501" 0.323° 0.140 -0.061 0238  0.147 0219
KR 03517 -0.056 -0.032 0286 —0.061 -0.108 0.002 —-0.076 -0.148 —0.154 0.019 —0.045 —0.013
AREL -0.3747 03717 0.589™  0.056  0.103  0.004 0.534" 0.550™ 0.195 -0.322" -0.062 0.286  0.484"

b, FRCHT . ARk, ARGE . AR, ARUR . A
RCIAE 11 A P R TR IR bR, 3k 24 MHEHE AR
VE R AN FEAR , FoR T F2 000 S AT 0 3 B Bk
PEAT IR A, EECE MR IR E R T 1 A T 5
A, B stikE N 71.79%(3k 5).

242 FoMNUERERIEIESS R B e
REFEPRZ IR A R, A5 815 — T A L
Fi, &R, A, PREITCRE . Ry ESHET,
TARYE A R 8 bR Z [0 A e R B (R 6, r>0.7),
AHLR AIAH SN R B Fi R, I AL A e/
B, BN, B TR B B
B ERE T, ASRTESRIAHSCH R < 0.7,
R, ek 5. 8. B TTE AdR/ N
. B=FWMaT, pH. 05 AL am N T

AT R, HAN R AR B AR S R %L r < 0.7,

B, 3 MERREIE AR/ NIARSE . S E I,

SCH B AR PR ey R, R AR VB

TR WERR AR A e/ NERAR o R AR, AL

B, #EE, pH, by, EACERNE, BERREES TH
x5 LTRERIENSETFSHHEE

Table 5 Principal component factors and eigenvalues of soil

indicators

F s VIR PRIOP )5 F# A

WT s rzm% B2E% A L% BR%
PC1 6.691 27.880 27.880 6.691 27.880 27.880
PC2 3.925 16.356 44236 3.925 16.356 44.236
PC3 2.547 10.614 54.850 2.547 10.614 54.850
PC4 2.187 9.114 63.964 2.187 9.114 63.964
PC5 1.880 7.834 71.798 1.88 7.834 71.798
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Table 6 factor loading coefficients of soil indicators

Eizg ) PCl1 PC2 PC3 PC4 PC5
pH -0.27 0.27 0.64 0.43 -0.17
R 0.24 0.39 -0.16  —0.66 0.16
TR SR 0.29 0.38 0.58 -0.03  —0.48
HSEMAER 025 0.15 0.59 0.14 -0.25
IR G 0.26 0.13 -0.13 0.51 0.57
Ji it 0.04 0.34 0.24 0.53 0.23
B 0.96 -0.15  -0.02  -0.01 0.08
2R 0.96 -0.10  -0.04  —0.03 0.15
2 0.41 0.38 -0.55  -0.03  —0.49
e —0.36 0.20 -0.52  -0.16 037
AP 0.11 0.17 —0.41 0.60 0.31
AR 0.86 -0.06  —-0.09  -0.13 0.23
oK it A 0.61 0.34 -0.27 0.18 -0.34
&t 0.85 0.16 -0.05 0.05 0.05
AR 0.55 0.70 -0.23 0.02 -0.11
PR € -0.63 0.67 0.00 0.02 0.19
AR 0.15 0.62 -0.07  —0.16 0.14
R -0.02 0.78 -0.19 0.08 0.05
R 0.25 0.70 0.37 -0.17 0.33
A RUH 0.67 -0.41 -0.04 0.27 -0.05
A R 0.54 -0.15 0.11 0.27 -0.21
A AL 0.47 ~0.60 0.04 -0.25 0.20
TR TR 0.21 0.21 0.43 -0.55 0.37
AR 0.77 0.00 0.32 -0.06  -0.28

HOCEREK. B PR B MIAE 11 D EER R T A R4
KL AIRIEARME B L3R PPN e/ NV 4
243 BIHEFRZGITN HEEREITN RN
P11 AN EFR) PTEFE R 2R B (24 MER)
L IR 5 B o M RHZ 11 A 8RR AN 24 4348
FRiEAT 4 B 25 A DAY, A5 20X LNl A A X
1) MR SF RN T S5 R, TR M A (] 2).
AL, /N AE S RPN 45 S S e R BE AR
TR T 45 T BT 3 A DGR (RP=0.862 9),
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