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Effects of water table manipulation on the soil respiration in a reclaimed tidal wetland at
Dongtan of Chongming Island, China. ZHONG Qi-cheng, GUAN Yue-zhang, LIU Qian, CAO
Liu-fang, LU Ying, WANG Lu, WANG Kai-yun ( Shanghai Key Laboratory of Urbanization and
Ecological Restoration/College of Resources and Environmental Sciences, East China Normal Univer-

sity, Shanghai 200241, China). -Chin. J. Appl. Ecol. ,2013,24(8) . 2141-2150.

Abstract; From January 2011 to January 2012, a monitoring was made on the soil respiration rate
and its major affecting environmental factors along a gradient of water table (low, medium and
high) in a reclaimed tidal wetland at the Dongtan of Chongming Island in the Yangize Estuary of
China. The annual soil respiration rate in the wetland with low, medium and high water table was
0.75-11.57, 0.70-12.61, and 0.83-6.67 pwmol - m™ + s™', respectively. The soil respiration
rate was the maximum in July and the minimum in January. The soil temperature in 0—5 c¢m layer
was the key microclimate factor driving the soil respiration across the three gradients, which could
explain more than 70% of the seasonal variation of soil respiration in the reclaimed tidal wetland by
fitting an exponential model. No significant difference was observed in the temperature sensitivity of
soil respiration ( (), value) among the three gradients. The lowest soil respiration rate in the wet-
land with high water table was probably due to the lower soil temperature and the higher soil volu-
metric water content, whereas the higher soil respiration rate in the wetland with medium water table
than with low water table could be caused by the lower soil electricity conductivity and bulk density
and the higher aboveground biomass and live fine root density. To appropriately manipulate the wa-
ter table in the reclaimed tidal wetland could decrease soil respiration rate and enhance the carbon
sink function of this degraded wetland.

Key words: Yangtze Estuary; Dongtan of Chongming Island; reclaimed tidal wetland ; water table
manipulation ; soil respiration.
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Fig.1 Sketch of the study area.
LW i 7K /37 Low water table; MW ; H17K {37 Middle water table; HW ; {5

JKAZ High water table. T[] The same below.
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Table 1 Soil respiration rate, soil microclimate factors of 0—5 cm soil layer among different water table gradients

IKAEHp BE SR LRSI ES IR A IS K ate SiE KA

Water table Soil respiration rate Soil temperature Soil volumetric Soil electric Water table

gradient (pmol - m™2 - s71) (C) water content conductivity (em)
(%) (ms + em™)

LW 3.16+0.68b " 19.26£1.87a" 44.0£0.9b" 4.68+0.18a" -38.9+6.1c¢"

MW 3.56+0.73a 19.41+1.76a 44.3+0.9b 2.46+0. 10b -29.0+6.0b

HW 2.58+0.48¢ 17.23+1.70b 49.2+0.8a 3.58+0. 18ab -17.2+5.2a

LW . fl&7K {37 Low water table; MW, H17K 37 Middle water table; HW . 57K fir High water table. Z:E/J\g%ﬁﬁ%%ﬁiﬁﬁﬂ%( P<0.05) Different small

letters indicated significant difference at 0. 05 level. F[A] The same below.

icant effects of time by water table gradients interactions at 0. 05 level.

way ANOVA ) Xt - S8 B Ab Mk o Rl VR AR IE R4 T
Fb A 5 SR B R 2R 7 225397 (one-way ANOVA) XT Q)
HIFAT LR ; 2R R/ i 2 25 59 1 (LSD) F AT 2
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Fig.2 Seasonal variation of daily precipitation and groundwater

table in the study area (n=3).

s [ [R] FIK A A B2 B9 38 B3N 36 S K S (P<O. 05) There were signif-
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Table 2 R’ between soil respiration rate and soil microcli-
mate factors in 0—5 cm soil layer under different water table
gradients (n=18)

TR R BRSOk

Soil FoKE Soil Water
temperature Soil

volumetric  conductivity
water content

electric table

LW 0.81"" 0.44 0.11 0.21
MW 0.81"" 0.41 0.65" " 0.29
HW 0.86" " 0.18 0.25 0.25
* % P<0.01.
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Fig.3 Seasonal variation of soil respiration rate, soil temperature, soil volumetric water content and soil electric conductivity in 0-5

cm soil layer under different water table gradients (n=3).
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Table 3 One-way ANOVA of temperature sensitivity of
soil respiration among different water table gradients
IR Q1ofH FiH P R?
Water table gradient 0 value F value

LW 2.94+0.25a 56.50 <0.001 0.744
MW 2.87+0. 16a 37.45 <0.001 0.695
HW 3.05£0. 11a 84.22 <0.001 0.837

AR EBRAD) s xF T B d8 b, H A FK A7 6 5 1)
LHNEIAN B (£ 4 FE S5). 3 A KA R ]
0 ~10 em/Z A LA & & A L pH {E 2 M1
BUREE I 25 KA 0 ~ 10 em 2 HIERE
28 R TE 2N L AV S VAR (ERST= 1V SV SR TE =3 1Y (17 8
LA KA 0 ~ 10 em 2 A T B KT Aok
A 5 FR KA R KA b A 34 J K T ROK A
3AEEEO0 ~20 em 12 @ < 2 mm TEAIAR B R AR
IR YR g v IR ASE > FR K ASE S AR AR AV (T 5)
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- 10f
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g g 81 1%

s A LW: R=0.76%* g
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Fig.4 Relationships between soil respiration rate and soil tem-
perature of 0—-5 cm soil layer under different water table gradi-
ents (n=3).

* % P<0.01.
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Table 4 P-value between soil physical and chemical properties and plant community characteristics under different water

table gradients

it H ISEER IR BE AR pH & AH W Y TRAARERE AR R
Item Total organic Total Nitrogen/ pH Bulk Aboveground  Live fine Leaf area
carbon nitrogen carbon value density biomass root density index
KA H H] Sampling date (D) 0.011 <0.001 0.020 <0.001 <0.001 <0.001 0.573 <0.001
JKAi; Water table (W) 0.324 0.055 0.913 0.077 0.066 0.050 <0.001 0.584
DxW 0.629 0.567 0.797 0. 440 0.176 0.306 0.202 0.166
10 25 a —
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Fig.5 Comparisons of soil physical and chemical properties and plant community characteristics among different water table gradients

(n=3).

ANEVING FREF /R AL BR(R) 25 5 .3 (P<0.05) Different small letters indicated significant difference among treatments at 0. 05 level.
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Table 5 Comparisons of soil respiration rate or ecosystem respiration rate between this study and the studies conducted in

other tidal wetlands

TR PEFAEH) W B REIGEAR RS RGN WF5E R
Wetland type Dominant species Study period SR TR Study site

Mean of R, Mean of R,

(wmol » m™2 (pmol - m~2

<71 -sh

KR £hiH W= W B Scipus. 2004-07—08 3.31 - rp T 4
Natural tidal salt marsh mariqueter
PSSt AN 772 P. australis 2010-05 2.75 - ot [ M 32 127
Natural tidal salt marsh
Fil B X 542 it P WFESSE P. australis, 2007-11—2008-11 2.78 - ot [ K 3T 1 146
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NN i W% T % Salicornia sp. , — . - ! F1) esternport
KARWN ELR % 7 %5 Sal p 2009-05—12 2.80 RFIE. W P
Natural tidal salt marsh elc. gy L10]
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Natural tidal salt marsh na alterniflora, S. patens s [47]
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Natural tidal salt marsh terniflora, P. australis etc.
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Tidal wetland in reclamation area

I._cylindrica
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