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Assessment-of Soil Quallty 1n Coastal Tidal Flat Reclamatlon Areas: Based on

MDS-TOPSIS Model | | /) /277" P
XIE Xue+ feng PU Li-jie®" ZHU Mm‘g 'y WU Tao', XU Yan’¥ ’ = &
(1. College: of Ceogrdphy and EnVlronmentd]. Smences Zhe]ldng, Normal Unlverﬂ.gf Jlnhua 321004 China; 2. Scliool of Ceogrdphy
—and Ocean Suence Nanjing University, Ndnjlng 216023 China; 3. Key Ldbordtory of the Coastal Zone Exploitation and Protectlon of
M-lnlstry off Natuthl Resources Nanjing 210023 Chlna 4./School of Environmental S(’lence and.Engineering, Suzhou University of
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AbStl'act Investigating the change of soil quality durmg reclamation can provide scientific guidance for desalinization, fertilization,

-

etc.//Soil samples were collected from natural tidal flat areas (O years) and coastal tidal flat reclamation areas with different reclamation
years (5, 30, 38, and 61 years) to assess the changes in soil quality after 60 years of reclamation. Soil quality was evaluated using a
soil quality index (SQI), which was calculated by the selected minimum data set (MDS) and TOPSIS method. The ratio of clay
content (CLAY) , soil salt content (SSC), soil organic carbon (SOC) , total potassium (TK) , and bulk density (BD) were selected
as soil quality indicators involving soil physical and chemical properties based on the MDS. The results showed that soil particle size
tended to refine gradually with the continuous decrease of sand content and increase of silt and clay content. Simultaneously, soil water
content (SWC) and soil BD decreased gradually during the reclamation period. Additionally, SSC, pH and sodium adsorption ratio
(SAR) decreased significantly with increase in reclamation years, whereas the nutrients and available nutrients were accumulated
gradually, such as soil organic matter (SOM) , total nitrogen (TN), total phosphorus (TP) , available nitrogen (AN) , and available
phosphorus (AP). However, C/N, TK and available potassium (AK) showed a decrease with increasing reclamation years, and the
cation exchange capacity (CEC) showed a trend of first decrease and then increase. Finally, SQI values varied from 24. 06 in the bare
flat soils to 63. 08 in the soils after 63 years of reclamation, and showed that bare flat (20.04 + 11.48) < reclamation for 5 years
(29.33 £10. 65) <reclamation for 30 years (51.52 £8.76) = reclamation for 38 years (49.98 +10.75) < reclamation for 61 years
(58.37 £3.15), which has gone through approximately three stages of “initial stability-rapid improvement-relative stability. ” Soil
CLAY content had the highest obstacle degree towards SQI among the selected MDS indicators, followed by SSC, SOM, TK, and
SWC, and thereby the lower clay content and higher salt content were the main obstacle factors for promotion of soil quality in
reclamation areas.

Key words: soil quality; minimum data set; TOPSIS model; obstacle factor; tidal flat reclamation area
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2.2 KI[F] [ B ARRR 4 e i As fb i A2

HRAE R R 7 22 0307, B AK A0S [ [ B 4T fR
B - SR RS 22 S 2 R EAT TR e 2
B, 155 A F RO RIEEEI R T 1, BRRTTHE R
T 77. 68% ; XFF R B F A5y, BEPELXHE
FEF R HF A 10% LA PN A 48 Bn 2547 fe /N B 4R
i ($23). 13 SOM 7 PC- 1 H H A7 = 1Y Norm
{H(1.78) , TN 75 i K 55 far 1Y) 10% 3t il A, {H Bl
TLHHE TN A1 SOM Z [a] 77 78 2 35 #H M (P <
0.01) , Ktk SOM # A /NS (% 3). X T PC-
2, R LA i = B Norm {HL (1. 62) , BB L 451
FUR L L1 E S5 e PR T far 9 10% LA, [RIAE T
HORLECA | By b A8 RN R EL ) 22 [R] 477 3 AH 5%
e, PR 7 S /N Bt S v R B BR8], 7R PC- 3
1, SSC A fc i 1Y Norm {H (1. 61) , SAR 7F fi i= [H]
T4 10% 75 RN, (i F SSC T SAR Z [RIfF7E
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Table 1 ~Communality and weight of soil quality indicators in the MDS
JE PEFE bR AHF I & T x, AT x, B ry Hlfrmir, SR R
SOM 0. 887 0.216 3 40 — — b L
TK 0.747 0.182 6 30 — — b
ssc 0.925 0.226 0.5 6 — — TR Y
BD 0. 690 0.168 0.9 1.55 1.1 1.25 I H R
RRL LA 0.852 0.208 0.02 0.35 0.20 0.25 i A
®2 ARABEBRERIFEEUHERTL
Table 2 Changes of soil physicochemical properties under different reclamation ages
ok 9 — Fi AR/ a
JERECO) 5 30 38 61
B KE(SWC) /% 25.39 +2.93a 22.40 +1.93ab 23.48 +3.22a 23.58 £4.90a 20.08 +1.98b
737 (BD) /g cm > 1.46 +0. 14a 1.34 +0.12b 1.23 +0.06¢ 1.32 £0.09b 1.27 +0. 11be
WhkE He ] (sand ratio) /% 0.43 +0. 14a 0.41 £0. 10a 0.28 +0.06b 0.30 +0.09b 0.15 +0. 04c
kL LA (silt ratio) /% 0.54 +0.13¢ 0.56 +0.09¢ 0.68 +0.05b 0.66 +0.09b 0.80 +0.04a
FRL LB ( clay ratio) /% 0.03 £0.02¢ 0.03 £0.0lc 0.04 £0.01ab 0.04 £0.0lab 0.05+0.01a
pH 8.62 +0.26a 8.71 £0.15a 8.5520.15a 8.28 +0.33b 8,2870,17h
e R (SSC) /g kg ! 11.97 £3.52a 11.29 £5.99a 2.73+2.24b [T, 1.67%1.80b 0,56 40.39h
A% [ L (SAR) /mmol - 1703 41.93 £18.09a _ 42.92+12.28a 19.82513.67b | 112,32 £12. 67he 3 58 x4.21c
HHLIT(SOM) /g-kg ™" 3.89 +0.72¢ - 4.12=1.21be 6.07 [« li44ab 7.36 +3.66a f7 26.£2.01a
R (TN) /g-kg ™! 0.20£0.03¢ = 0.24 0. 04c 0.3?‘19. 09b | ) 0.43£0.18b 4 0458 +0, 21k
LW (TP) /g kg ™! 0.56-£0.02h 0.59 +0.04b 0.63 £0.08ab| | 0,68 0.15a 6 70 £0. 13a
240 (TK) /g-kg ™! 13.40+1.32a %, 12.54 +1.36ab 13/59%2130a 12.67 +0.49a 11.5% +0075h
BRAUE C/N 11,28 '+2 184 o/ 929942, 03ab 9.161.19 & 9.60 +1.86h 7.48%1)57¢
A (AN)/g- kgl“ 12.95 22 481y 15,99 +4. 78D 15486/ 41941, 28764 +6.37a 22.99'+7.804"
'Jii%'lﬁk(AP)/g;kg _.1.47 #4014 8.02 £5.52a 8. 6'8 +9.20a, 11.83 £9.85a | T84T x3.474°
EW%EF(AK“)V‘g-k.g‘,' 366. 16 172.21d 1343.08 £96.06a 170! 67‘,678 89 (111,64 +61.43¢ 48.62 £10.53d
PHES TSt (CEC)/emol - kg ™! 7.67 #2/15he J] |' 7.1 1.13bc 6.05+1.40c 8.46 +2.26b 10.38 +2:37a

1>r1 ﬁEPNEJ/L\-E?ﬂ%%/J\THI%lilkﬁﬁlﬂﬁﬂ%ﬁii# “
*3 "“EEHE%?J_CH?EMEKL Norm {Hit&H %R

| F

Table 3 Principal componem loading matrix and calculated Norm values

- F G5 A
T HEE R o1 PC2 PC.3 o) o3 Faxl Norm {H
SWC -0.013 0.414 -0.005 0. 626 0.143 4 1.08
BD -0.128 0.125 0.191 0.033 0.788 5 0.99
PR L ] -0.293 0. 884 0.254 0. 115 0.013 2 1.71
WL L A1) 0.319 -0. 860 -0.261 -0.115 -0.013 2 1.70
Fhr L g1 -0.083 -0.895 -0.193 -0.080 -0.001 2 1.62
pH -0.699 0.221 0.194 0. 040 -0.067 1 1.42
SsC -0.299 0. 205 0. 879 0.074 0.125 3 1.61
SAR -0.253 0.244 0. 856 0.126 -0.015 3 1.55
SOM 0.930 -0.014 -0.118 0.078 —0.049 1 1.78
TN 0.819 -0.228 -0.211 -0.229 -0.265 1 1.69
TP 0. 746 -0.056 -0.176 0. 006 0. 050 1 1.43
TK -0.156 -0.023 0.170 0. 816 -0.164 4 1.14
C/N 0.010 0. 507 0.362 0. 441 0.388 2 1.28
AN 0. 689 0.014 -0.192 -0.358 -0.072 1 1.43
AK -0.322 0.351 0.778 0.180 0.105 3 1.57
CEC 0. 096 -0.310 -0.254 -0.443 0.574 5 1.11
FRAEY 3.557 3.193 2.704 1.716 1.259
ﬂikz/% 22.229 19.954 16. 902 10. 727 7.870

ZR TR/ % 22.229 42.183 59. 085 69. 811 77. 681

1) BB N e 2 PR BT SR B fee MR SR AR

SFEMIEYE(P <0.01) , A SSC #F A fi /NI 4

(#£4). £ PC-4 F1 PC-5 h#HB H

SH1

NSEL

I TK #11 BD i A &

/MRS . 25 BRI,

F5E X A SR BR PEAN B fe/ NEIR SR FE AR SOM | b
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BiHE] . SSC. TK Al BD.

Wit TOPSIS J7 ik, R A (3) ~ (10) iF
SR X A g8 o A, e/ B AR Y A A AR
Wt AT 22K, nFE 1 i, WFoE X 1
A EAE 4. 72 ~ 63.69 Z A, 3 2 B O
(20.04 £11.48) <R 5 a(29.33 £10.65) <
FEIE 30 a(51.52 £8.76) ~[Hl & 38 a(49.98 +
10.75) <R 61 a(58.37 +3.15). M4k, BF5%
X LR e 2 S I R AR BR 2 0 2 IE A COC R
(R*=0.63) , W bl & [l B AF B (% 385 hn, 4 18 o

R, BB R A R TS
191.27% (E12) . A5 F6 45 XF 1 458 o 110 B i A
JERTE (£ 5) , WFFE X 4 M i 38 A e A5 A A
HEFF BB L] > SSC > SOM > TK > BD, {H A [
Pl B2 A PR [) 0 o 1 DL P AN R M TR) . 28 ok &, R
Pl B2 e A0 [l B 0 30 1) 8 bz EL 31 R SSCoX -
Jo e R o T R M B L BRI I 6 A
# ,SSC., SOM Fl BD [ [ it /2 B 3 ¥t T [, 1l TK
ROPERFFE B i I, CALY WM B A T
AT SR o F 32 T H A

®4 BETFHEIERBXE

Table 4  Correlation coefficients for highly weighted variables

o PC-1 e PC-2 e PC-3
B oy W PR e meem mmem TP T SAR
SOM 1 L LA 1 ssc 1
TN 0. 829 ** 1 BRCEEB] -0.997 = 1 SAR 0.858™ -~ 1
FRLLB -0.779"  0.747* 17 Pl
1) = % P<0.05, # * F% P<0.01 ) [ J
%5 FRERERHERMUREER R BOBOE Yy =
Table 5 Obstacle_degree of soil MDS indicators to soil quality”“undler different reclamation ages " F
EEE S " som K/ BD . éﬁﬁvﬂt%ﬁ
o) 0. 430 r ) g% = 0.1004 _p ¥ 623 0:360
5.7 0.43 | /8 .,:")]-“'d;mb .1 St 0-126 _0.376 )
Nt F 0.166 . 7 ¥ 0100 0.096" 0,018 T0.345
A ] 0.094 = 0.094 0.1 =1 0.101 *_0.365
61 - 0.012 0.097 0.1288 0.071 0.328*
B 0. 187 ) oo ] 0. 111 0. 098 0.353
| ) “al = ,_J_.-'"'.
N ' AR 30T A R B AT . — )y
i T, B9 DX B AR BRI HLIX DA /INAE | oK AR
ol yeosswezeasr % b HAEY) R 3, T3S K B T LB X0 LA K
T . NN . et g e N
o SRR T, A K 53— T
§ G T S B ST T 1 7K D 25 R U8 ] e il 25 1] B A
4 REL PRI, 05 %) s T B2 DX %) VA A v At 0 34 184 o
30 | . . o — N
S G 1 N N AR N S = 0 W S 1 DIV 4
al 1227 Wi BBl U P B AR O BIEAE | AT LA
o Jits A VA B IR 2R 0 A A AR N T - R ALBR, (45
M |I(: 2I{1 3lu 4|0 sln 0 70 T A AR R AT 30 a BF TS FRE -
| MRER ARSI A A R B R B B P g
RPNt S R BB A i T I T 65, 12% | b A i A Bk
P <0.05 K225 03 .
E=NAN- X fb B N
B2 FEEREREER e g;ﬁﬁJ.iajJ[lT 48:/15% fu 66. 67% XA ﬁb"ﬁﬁujéiiﬁ
Fig. 2 Changes in soil quality index under different ﬁ_l: SIOZ EI(J E %E ﬁﬁg A ])—’(}\j‘j E/:J%#,ﬁz > TJ@HE%&
reclamation ages ij]ﬁﬂ‘é[%] . E}F?‘E X EE ’E_‘E‘E_[’ EI‘J F%ZJJ(ﬁ?F'J ¥ i%"&f EI‘J Hf‘é%u!i
3 Wi PR | [, T S A8 i U T T IR AR 4, 3 3

3.1 DR BB AL A

DR Bl B2 i 98 A S 7 T B A B A L 3 )
MIT W ZREE A A B, BIR S L
JKETEIEI (30 a LUR) B35 TR, 3%l iE 5 0L IX

MR KA T R, TS B B2 L9270 | pH A4
W BFFEE 2R T B (3 1)1 A, RS i 1 () A5 B
FHER BRI an B EE . RS AT R A LI
FHAF TG S XA RO T L83k 43 . pH FB I BT
PR BRE IX BT 4 P 32 R 43 R L
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