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Characteristics of the soil environment of Dongting Lake wetlands and its

response to the converting farmland to lake project
LIU Na'?, WANG Kelin" ", XIE Yonghong'”, YANG Gang'”, DUAN Yafeng'"
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2 College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128 , China
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Abstract; Long-term monitoring of soil properties is important for management and restoration of the Dongting Lake wetland
after implementation of the converting farmland to lake ( CFTL) project. Soil physical, chemical and biological properties
are important components of the soil environment, and they affect water regulation and vegetation succession of wetland
ecosystems. Although there have been reports on changes in soil properties, including soil particle size composition, C, N
and P contents, microbial biomass C, N, P, and enzyme activities after CFTL, there is still a lack of information evaluating
the ecological consequences of the CFTL project on the soil environment. Therefore, the objectives of this study were to
explore correlations between soil environmental conditions and the processes of ecosystem restoration and succession, and to
investigate the key factors controlling the recovery of the soil environment in degraded ecosystems of the Dongting Lake
wetland. Three types of CFTL projects ( poplar plantation, reed plantation, and natural restoration, e. g. aquiculture)
farmland ( dryland and paddy) and natural wetland ecosystems (reed marsh and Carex marsh) were selected, and soil
samples were taken at depths of 0—30 c¢m (topsoil) , 30—60 cm ( subsoil ) , and 60—100 c¢cm ( deep soil) in November
2006. Soil physical, chemical and biological properties including soil particle size composition ( sand, 2. 0—0. 05 mm;
silt, 0. 05—0. 002 mm; clay, <0. 002 mm), soil organic matter ( SOM), total nitrogen, total phosphorus, total
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potassium, and invertase, urease, catalase, and alkaline phosphatase activities were determined. Principal component
analysis and cluster analysis were used to interpret the data. Clear relationships between soil environmental conditions and
ecosystem restoration were found. The soil environment of the aquiculture ecosystem was very similar to that of the Carex
marsh , indicating that natural restoration is the best approach to wetland restoration among the three types of CFTL. The
soil environment of the poplar plantation was significantly different from that of the natural marsh. However, the poplar
plantation performed better in improving the ecosystem function of SOM accumulation and clay particle formation than did
the reed plantation. The soil environment of the paddy was very similar to that of the aquiculture ecosystem and the Carex
marsh, but the soil of the dryland was different from that of the natural wetland, suggesting that the hydrological regime is
the most important factor affecting restoration of the soil environment, and that human disturbance is of lesser importance.
Importance analysis and one-way analysis of variance based on factor scores both showed that accumulation of clay, TP,
TK, and SOM in the topsoil were the most important processes separating the group of relatively dry systems ( dryland,
poplar and reed plantations, and the reed marsh ecosystem) and the group of submersed ecosystems ( Carex marsh,
aquiculture and paddy ecosystems). This suggests that submersion can improve the capacity of the soil environment to
accumulate clay, SOM, P, and K. However, ecosystems with fertilizer input ( dryland, and the poplar and reed
plantations) possess higher N accumulation and urease enzyme activity, implying that fertilization can help to maintain the

supply of N, but on the other hand may increase the risk of N contamination.

Key Words: Dongting Lake wetlands; converting farmland to lake; soil environment; water regulation function
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Table 2 Factor loadings of the Principal Component Analysis

e 1
sioii : :i Sﬁﬁiimes F1 F2 F3 F4 F5 F6 F7

0—30cm BV Sand -0.727 -0.073 -0.143 -0.133 -0.199 -0.436 -0.027

HyRL Silt 0.712 -0.364 0.112 0.194 0.095 0.380 0.014

HRL Clay 0. 146 0.837 0.082 -0.094 0.228 0.178 0.028

SOM 0.026 0.474 0.055 0.242 -0.097 -0.103 0.693

TN 0.050 -0.037 0.014 0.920 -0.030 0.065 0.035

TP -0.041 -0.412 0.432 0.533 -0.450 0.103 0.097

TK 0.050 0.425 0.191 0.065 0.819 0.215 -0.005

HEBHRAG Invertase -0.005 0. 401 -0.574 0.135 -0.175 0.148 0.534

PR Urease 0.286 -0.247 -0.233 0.342 -0. 166 0. 664 0.202

i AL S Catalase 0.175 -0.139 0.696 0.218 -0.071 0.424 0.004

WM Phosphatase -0.128 0.788 -0.448 -0. 121 -0.090 -0.196 0. 141

30—60cm  HHHL Sand -0.897 -0.219 -0.167 0.036 0.092 -0.126 -0.029

HHRL Silt 0.921 -0.014 0.094 0.062 -0. 164 0.143 0. 004

HikE Clay 0.448 0.673 0.266 -0.251 0.117 0.033 0.076

SOM 0.229 0.057 0.680 0.291 -0.097 -0.241 0.413

TN 0.041 -0.055 0.221 0.927 0. 060 -0.049 -0.017

TP 0.202 -0.725 0.468 0.281 -0. 154 -0.127 -0.082

TK -0.171 -0.058 -0.094 -0.047 0.943 -0. 006 -0.056

HEBEREG Invertase 0.047 -0.096 -0.084 0.199 -0.049 0.233 0.799

PR Urease 0.215 -0.026 0.094 0.025 0.050 0.873 0.051

i AL S Catalase 0.468 -0.357 0.727 0.062 -0.054 0.120 -0.018

WFRME Phosphatase -0.095 0.804 -0.295 0.124 -0.034 -0.245 -0.038

60—100cm 5L Sand -0.885 -0.056 -0.242 0.029 0.204 -0. 066 -0.011

HyRL Silt 0.865 -0.138 0.216 0.079 -0.272 0.028 -0.023

HkE Clay 0.459 0.581 0.185 -0.322 0.101 0. 141 0.102

SOM 0.388 -0.015 0.720 0.272 -0.083 -0.258 0.209

TN 0.069 -0.087 0.173 0. 886 0.026 -0.016 0.157

TP 0.394 -0.640 0.435 0.248 -0.272 -0.017 -0.181

TK -0.317 -0.125 -0. 166 0.032 0. 886 -0. 060 -0.081

TERERE Invertase -0. 062 -0.080 0.329 -0.298 0.026 -0.161 0.730

IR Urease 0.194 0.057 0.012 -0.200 0.068 0. 882 -0.090

i EALE [ Catalase 0.480 -0.302 0.753 0.084 -0.020 0.172 -0.026

B§FRME Phosphatase -0.043 0.847 -0.204 0.095 -0.228 -0.139 -0. 124
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2.3 RRAESRGRAN TSN 2R

FIH One-Way ANOVA 4347 7 A [mliR HIA #7720 A AR AP b 2 o] R 45 20 i 22 5. 0L 1 R,
BHEARRG F1 A F3 F 50 02K T A 6 Rl i F2 715340 2 /T HA 2R R S R R 45 +
R B R A RE RPRLER A ) BRI K2 SOM R RAE SR/, AR F2 A RS (T4
AT/ B 31 P K S e R B RAHE N AR ) 2%, R SR A T A RIICE], R B = A
Ko HHBRFHEAN, XTI F3 A F4 (R F15 500 T AR F7 B E 0T AR i AT
PSRN N R AL AR ZE SOM MR R ae iR, iR )2 LA L C BF B RE a8 ) A X A 22, i — i
SR BRI gE — 3, RIREAOEE A R T N TR RS IR R A, K= R0 E B RS FS
PR A5 A g, T R4 PR PR A I A 28 78 B K P 95291 2R 48 408 K PRI N Z Bk e ™
KRG FT R340 8w T H AR R F6 7 B B KT Al 2R i B/K R 2 HHEAHL C R
SRR L R B K f A AL N BYRE IS, Xt K FH 38 SOM Al TN & s R R 2 —
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Fig.1 Comparing differences in factor scores of different wetland ecosystems

2.4 HIEMEIHRIEOT

VK1 2 R LB ATC FUBIEN, 7 B2k 5 3 St =
B3 ARAL S B TR BRAAASE | g
4 FERBRTESR 1| 2, R T IR K z =
i 03190 BT b 14875 LB M » g =
4 SR RGO AT LK K
TEHERHAIRE TR0/ 5%, 1 3 W0, B2 FS e —
MEF7 = AEFAS RS | R E S YN 1 R a1 o
ALY 4 AR R L HTHE KR A i) Percentwiin st
fEH1 K HEA/NEL B R IZAT B C RIS AES S5 4 47T b B TR R i

BAARL, B/NFHAD 3 ANMEBRGERA (K 1), /K7™FF  Fig. 2 Cluster analysis of ecosystems based on soil properties
FAFIZK FIA S RGEER A 2 28 X 2R s T e ife

KIS RGER, +HEK WAL T IR A 7 3 T ( PR R AR R & ) K R/ It P g LA K R
JEANLC FEERE I SEAX A (1 3) . B RS RGEPRM BN 28 B TR R RS ARG ) T H e
HERRG, BA SRR Kk 28 P K LN GE ), B FR A TSR/ H AR A SR TT
TEURR 1) SR ()] TV SRR . MRS ER R EE R HES R, 1 M K XS L IR i RS I
R, UG AT IR X, BRI T35 T ER R e o 2 i i T, 1R A, AR N
TR RGAENG)Z 138 SOM R R i AL E R Re ) i 5 A B 22 7 (K1) HHE R 1 1
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Fig. 3 Factor scores importance of the three cluster classes
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