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Precision Assessment of Wetland Soil Quality Using a
Microbial-dominated Minimum Dataset: A Case Study of the
Futian Mangrove in Shenzhen
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Abstract Keywords

To investigate the short-term effects and biological mechanisms of engineering Mangrove; Wetland; Soil quality
modifications on mangrove soil quality, this study examined seven mangrove wetland plots index; Minimum data set;
within the Guangdong Neilingding Futian National Nature Reserve. Principal component Microbiological community;
analysis was used to construct a minimum dataset (MDS) and the soil quality index based Principal Component Analysis

on traditional physicochemical indicators was compared with the soil quality index based
on integrated microbial indicators. The results indicate that soil quality in unmodified
plots was significantly superior to that in modified plots; the soil quality index based on
the minimal dataset (SQI-M) showed a significant positive correlation with the soil quality
index based on the full dataset (SQI-T), validating the applicability of MDS for soil quality
assessment in this region; SQI-T effectively identified soil degradation risks, downgrading
50% of the sample sites to avoid overestimating their functionality; The "culvert connectivity
+ slow-release lime' measure yielded the best restoration results, effectively alleviating
alkaline stress and supplementing carbon and seed sources. The study confirmed that
microbial community characteristics are indispensable biological indicators for evaluating
mangrove wetland soil quality, and that SQI-T can accurately assess ecological restoration
effects, providing a low-cost, high-benefit monitoring framework.
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2 2RRAYKRER - HERNE ", 28R
B IEME U A S R R R IR - MIRIZIE ik,
(i S AR AT LS 1 TU-1900 Ml #,

RIS TAEMGE SR A A P i, B 5= AR A A i
B2 (PLFAs) Jfahs, IRBIHSMAEMREEHR ™ (R D .
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Tab.1 PLFAs indicators of soil microbial communities
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B, WIRIEE PCA fh#riRE 3 M EMS, RiTm
N 83.68%, K5 TR 5 HH Rl FEA RENAE A EAVINT 0.5
MIFEPRMH, 58 1 AEFERRL MR, S/KE. pH. 2%
AR, TR, MEMER; 55 2 HEmmR A R,
3N E2hE, HEMA MDS, 4 Norm {HifEKRH
NHXES T =0.7) (B 3) , WFRIERS 1AME
2 4 NHE S 25U K H Norm {B & K HLR S YR
MDS, REH 1 HHREREE, i, BERNEAES T
0.5, Norm {E¥IERIHNEA Norm {1 10%, H=F5
EHRGEEREHXEE (>0.85) , (HETHEMAEDERE
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Tab.2 Soil physicochemical properties of mangrove wetlands

TR 1 Sty 2 St 3 St 4 S 5 St 6 St 7 St

R /% 15.84%1.09a 18.57£6.15a 9.27+1.85b 8.97£2.70b 16.61£3.36a 6.08+0.61b 5.24%2.19b
L /% 32.85+4.07ab 38.52+12.81a 19.47£0.42bc 21.21+8.76bc 33.44+£5.62ab 20.23£2.06bc 15.61£10.21c
ORI /% 51.31+4.81b 42.91+13.82b 71.27+2.24a 69.81+11.45a 49.95+897b 73.69%1.83a 79.15£12.40a
BIKE /% 128.21£54.03a 80.38+37.53ab  38.07%1.64b 41.67£2.01b 76.04£35.96ab  78.67£71.08ab  52.25%+7.67ab
auEE/ (mg/kg)  15.78£0.75a 13.95%4.40ab 9.08%£0.50bc 12.18+3.24ab 13.49£6.71ab 6.97%2.99¢ 5.98+1.05¢

pH 5.98+0.49b 6.83£0.06a 6.74£0.35a 6.89£0.31a 6.85£0.10a 7.00£0.55a 6.78£0.40a
2/m/ (g/ke) 2.61£0.85a 1.334+0.56b 1.08%+0.02b 1.21+0.31b 1.491+0.38b 0.95+0.24b 1.731+0.56b
2B/ (g/kg) 13.53%3.40ab 7.10+2.10ab 14.68£12.51a 7.12£0.84ab 10.35%2.96ab 549%0.12b 4.74%0.85b
AR/ (g/ke) 77.67£18.19a 49.704+19.93b 41.07£2.75b 36.13+7.32b 51.90+7.54b 30.70£14.07b 54.20£18.80ab
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RAASIHREII A Pptats 1 1 RIGEFRIE, ARFTCR RERE .
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BHUR. L. MEAER 6 THEhRA K.

A, MEERS I EESER AR 777 2 E (R
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o7 AN 12.81%., 12.67%. 18.24%. 18.34%. 19.58% i
18.35%, THEVIREEIERIS 56.27%,
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Tab.3 Microbial PLFA content in mangrove wetland soils

Hfi: BR /) (nmol-g™)

gy . =
Mo LOT bimsomms  Muhen
1 S8 1.01£0.30a 15.18%334a  0.991+0.25a 17.18+3.75a
2 SHE# 0.50+0.18bc  9.21%2.89abc  0.67%0.33a  10.38%3.34abc
IS 0.26%£0.04c  4.95%1.16¢ 0.33£0.10a  5.54%1.26¢
4 St 035+0.17c  5.85%2.70c 0.35£0.12a  6.55%2.94c
5 S 0.51+0.23bc  9.83F+4.68abc  0.54%0.30a  10.88%5.20abc
6 SHEHh  0.3720.14bc 7.17£247bc  041%0.16a 7.9512.69bc
TSR 0.74+0.20ab  12.45+4.04ab  0.81%£0.58a 14.00%4.77ab
1.0
0.288 0.198 0231 0.252
-0.361 -0.275 -0.257 -0.228

0396 0341 0341 0.335
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3 LIEbRIEAH ST

Fig.3 Correlation analysis among soil indicators
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ERIE (R*=0.884 2, P < 0.01) , iX¥iAH MDS WG4
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4 B A oTER
Tab.4 Group contribution rates of soil indicators

WEWETT (AR + LR + BR) 1947 41.90 61.37
Blistr (BHLR + B0HL + £23h2) 2231 41.90 64.21
RIHABRLR 41.78 41.90 83.68

B EEEET PCABGTE RIS, SRR R o HERR HL A A8 B
JERIAETTE, R RIRREAE RO R R RIS LU,

® 5 LIRS A E

Tab.5 Loadings and weights of soil indicators

HEFRH DS MDS
+i% Norm #H
1= o N\ A
Bopr k2 ps P 7?; nE 7“5¥ ;/y%
B 0581 -072 -0.103 188 1 0867 861% - -
W 0633 -0697 -0.109 196 1 0899 892% - -
B -0.645 074 0112 203 2 0975 924% 0461 12.81%
S4B 0765 0031 -001 192 1 0586 621% - -
BB 0667 -0586 0.029 193 2 079 836% - -
pH  -0.608 -0271 —0201 160 1 0484 682% - -
2@ 0876 0379 0115 229 1 0924 921% - -
288 0319 -0152 091 125 3 0953 620% 0.766 12.67%
HHF 0895 0287 0132 230 1 09  894% 0890 18.24%
WEAE 0864 0403 -0.112 227 1 0921 922% 0898 18.34%
ME 0857 0419 -0207 227 1 0952 956% 0976 19.58%
HE 0774 0378 -0218 205 1 0789 873% 0845 18.35%

e BIANTERSBEE R 6.303, THARN52.52% ; 952 D FEM D HHE
fB72.701, BIMRZEHF22.51% ; 3D FEMDRHEES1.038, RN
8.65%, RITIHkZEH}83.68%, AK T ZEWNEHTITHESQME, KMBUEHR
TEM LS TREUN TR TTIRR, B9 100%.
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Fig.4 Trend of SQI values based on the minimum dataset
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Fig.5 Linear regression analysis of SQI-M and SQI-T values
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