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Abstract: Poyang Lake is characterized by significant water level fluctuations, leading to complex transformation processes among
precipitation, soil water, and groundwater. Due to the limitations of intricate wetland conditions and traditional monitoring methods,
it is challenging to conduct quantitative studies on soil water movement and its interaction with groundwater. In this study, three
vegetation communities at different elevations in Poyang Lake were investigated to analyze the isotopic composition of precipitation,
lake water, groundwater, and soil water (0~80cm). The characteristics of wetland soil water movement were examined across various
hydrological periods. The results showed that the slope of the soil evaporation line (SEL) in the Artemisia capillaris community
(5.91) was significantly lower than that of the local meteoric water line (LMWL, 7.60). The Ic-excess values of soil water in 0~60cm
layer were negative, indicating strong evaporation, with a maximum impact depth of 60 cm. The slopes of the SEL in the Phragmites

australis and Carex cinerascens communities (6.70 and 6.75, respectively) were slightly lower than the LMWL, and the lc-excess
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values of soil water were close to 0, indicating minimal evaporation. Regarding soil water movement, the 6'%0 values of soil water in
the A. capillaris community increased with depth during spring (May) and summer (June to August), indicating piston-flow
dominated transport. During autumn (September and October), soil water 6'%0 values became enriched and decreased with depth,
indicating the dominant influence of evaporation. Furthermore, the soil water §'%0 values in the 4. capillaria community were
significantly enriched compared to groundwater isotopes. No depleted isotope signals or evidence of groundwater supply were
detected in the soil water, even when the groundwater table was at its shallowest (1.92m). These results suggest that vertical
hydrological connectivity between root-zone soil water and groundwater was blocked. In contrast, soil water movement in the P,
australis and C. cinerascens communities was significantly influenced by groundwater level fluctuations. During the groundwater
level rise period (April and May), shallow soil water (0~40cm) in these two communities primarily originated from atmospheric
precipitation, while deep soil water (40~80cm) was replenished by capillary rise of groundwater. Groundwater contributed more than
50% to the replenishment of root-zone soil water. During the shallow groundwater table period (June and August), frequent
exchanges occurred between soil water and groundwater in the P. australis community. In the groundwater table decline period
(September and October), the P. australis and C. cinerascens communities exhibited non-uniform soil water flow processes,
characterized by noticeable preferential flow.

Key words: stable isotope; soil water movement; preferential flow; groundwater recharge; Poyang Lake wetland; floodplain
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Table 1  Soil water content and groundwater depth at different sampling dates
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Fig.7 Seasonal variations of 6"%0 in soil water, rainfall, and groundwater in the P. australis community
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Table 2  Proportional contributions of water sources to soil moisture at 0~80cm depth across different hydrological periods
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R IR LT - - - - - -
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Mo ROKAL RIS A
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e 10 4.89 -7.13 -5.57 -4.99 \
b VAN 2 - : - -
s 9 127 -6.82 -5.24 -5.67 \
Ea
10 3.01 -7.13 -5.70 -6.54 58.4 41.6
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Fig.8 Seasonal variations of §'*0 values in soil water, rainfall, and groundwater in the C. cinerascens community



2754 A 45 %

3 Wit

31 EHoKESEAEER SR

B2 7K A2 ol 3ty 398 7K 1) FE BE AR 25 SR R, B K IEN
385, DAV ZE R ERL e M e ) N I8 05 ZE
BRI RGNS L SE T RE P T, (N A IR 2
A2 R KPP AR ¥ YR AR TR H 0
T8RS IE B I R, T B R v VR K
KAPEARRNG, LATE FE L RIS N3 (B 6), 1
FH AR A ZE B TR XA [ R 3 rp L sE I &
WA (B 7,8) M5 3 ) A7 A0 I S0 BH T Hh - 438K
53z 8 BA B i AR I, AT K SCREARSSR H (1)
2 A AT A AR — 8 JR PR M, ARk B A i % e
DL 5 It 1A TR Y5 05 A R DAOKS ity P 3t 1 - 398K
SR AL T AR, BE 0% SEIL R JZE 138K
PRI R D 28 R R B I B K NVB AP 4 11X
A F) T4 3G BV 3K 2 IR SR AUE AR
A K F K BEA A0 58 91 A b 33 T AL i 1 S B A2,
TGN T ¥ Gl ) MR K R S 16 XU 30 BH 8
T A IR 7575 FEAL S T i 5 .

T EEOLSE A AR 2 R 2 e, S AL
MR I RN U K 20 S R T g s v
R AR MR U R R T 5 BEAR(<60%), 1 7 A AL
VAT o PR R (> 100%), HoH R AR 2 ok ak
A PR AT 1) B AR ZE, KA R B A
MR RAK . e n 38 K fLkR,
3 T AR S A 2 A 4 PO A S R K R B
JES 2T AR LI T, B i T 3 AL e AR T
0 56 R B0 T 1 B, 33K -t S 78 o 9 30 s 400 20 9 2 o
BAE R 1 8 Ji PR L 252 7V7E B 3 s 1 2 K
) - e ta R B SE 6 A R I, /K A3 VS FE TR & 1)
TH T T O FLBR . 338 T 4 s AR S TR T T
BT I R R S R R A AR AN AE B 4
B T 501 H B ILE 3a, 6d).0X &K A EiEE 1
AP A AE TR A R K PR B i, B ) T
WS TS e A, 2 RO A S B RV I B B
JRUAZE e T D R A VR S (R A LS A T g
TRAK I SR A1 n O FLRE 6 R i 5 e ),
3.2 Hu R /KRN S ) K SCE A H

2 TR0 BH 5 v 5 Bl 25 A8 A 1 7K SC R B ), 9
T B K . 3K R 7K 22 8] ) 38 ) BB R AR %

P, £ HK o 1 512 Bl i R A7 AR W B I s AR
R K S 3K AL 2 1 R KK AL B A28k
HEJE M AE WA IE S5 N #2554 i AT
A0 712 e oy 0 1t B o 7 ARV 2R K B R B K
FIKSEB RIS 5.20m, T3 RPN K S
RN, IR A — T S 4 iR 7K s AT R 25 MR X
K G AR D R VR T KRR E
PR R 22— AR, 2 25 FR AL 22 SR AR K Z i T
JK RV (34024 3.00 1 1.38m), 38 M + B
(147 6 40 K A1 A 45 1R KRR (X 398 K 2 1) K 43
ARG R L 2 R K Ak B R i N Ay
PR TR 10 5~7 1512 R AR 2R 2000 g (e 3t B 40
K FIER, O BB LR I, 5 FE R AR R (1
PR A 4 F R A AR X 358 1K 7K 23 % b 453
AT 30% 0 AR AS SIS 45 B R, AN R K SC
N 34 75 25 B TR - KOS B A A W B A b A
MR IR BT, B K T BEAMNATRIE N 40em 3K )2 +
KPS 1T KANE,IX 5 Zhang 25 SR S H 7 7
e b PRI T — 35 AT AR I 2238 )2 200m 358 4%
S KNG S R KR A A R KA R AR
DX - 8K 55 H R IK K 23 B B3 2R £E bR KA R B
2 2RV R K PR K B ] R B AN T
IK, AT SRR A M 7K i S A R S B e e R
s PTUA Se R B i T KA (RIS R

LEE R, MR K ) AN FAR SE T B 1 i
THESPHI A RN AR X 3 R R K R )
A ) 7K SCOZE T8, 7 g 7 Y ) T B R KR
YRR T 1) 7K S 52 L MR KRR X - 4 R K 23
AN T, K SO AR AR b K 4> #0455 A
A K LA T s 40 P 3 AT i 2 T 4 R R B
TR M A B A AEAOE AR R KL A
e PR M R G ) A ) K SO T S i T I E KA
71, 5B S IR Th 6,47 Bh T4 THE b A 5 R G0
T 52 (R4 A TR B 9 A ) T R g R R K % R T
R FH L R o 2 203 T B i b R KA, DA 4
FRAHOAE B (17K 23 T SR A R Gk e
3.3 AIFIAHAAEK I T A R AR A

K ZE R it M SR R R G K 1) KRR
(1 T R R, EL R 2 B K IR v, e
KBS A R IR S e A R [
PR Ic—excess WA I, A7 MR & T V& T3 28 IR



5 34 VEFITAS - RSB S TR0 - KRR R A7 ZRFAIE SO K 38 B R 7R 2755

FE ]Ik 60cm, 17 7= 2 FHEE BRI 25 R4 59, (AR /K
5 (RIRK K3 5 5 A AT i g e A — S AT
RIS B M 3~5 1 1) T 458 28 A 1 59, 7~9 2%
RRBE N 60cm,3X 2 PR A s /Kt Ji5 36 78 75 FEAIG, 2%
KA IR FE 35 . Sprenger 25PN R I, 28 K 4188
FEAEPAE 30om ¥ 2 H BB R B il 2
DX (28 R R EAE 20emP Y i X 7E 50em, T
S AT I F 3mSR X,
R EAEFRAERE 5~15em!" AR L K
A RO I - 8 2 R P 5 M A D — B
DI RR R S T R IR B R 3 PR Ay P
25 R K Ak B O VA SR R K R B 7 R
(>100%), 31l 1 b 10 55 2R A=) IR 7K VAT e, AN R T
3 7% T, i T IR T R VR R R i T AR (60%), 1
Je 5 R 2 ) nT AT B A 7K VRS 3. 8 AR i 1 i
IREET, A M b 1) 5 25 KA & R BUHIE K FE
A T, 0 R 7K 43 SRR S KSR
P B ) T ORI 55, FR K RE S A R b s
KA A T8 H K 3 B OREE, AT A 5 2= R 7K 53
AL LR B

TS IS Y190 e 7K 4 A B o R B 2 AR S A B AR
(AR 4 7 T AS[A) 7K SC I A Hh 1 38 7K 4342 3l
T, w R TR, Al 7 R AR S A AR
25 DUBR B AU BEORAR T DA 6N b+ 38K 3 a2 5
INf 2 S T P R AR 2 R IR A TR IR AS A2, AT DAy i
M/ 2 ARSI A e R R 2 2% SR,
AT FUAL PR T — M+ 247 LK o iz g it A,
B 25 S 10 AN fi 5 1l 46 3608 S vl 3 1 580K 43 i2
B (1) T 2578 A R RS 45 e (0,7 B SIE 6 R 2 AR
B A s HEKAER L2 A RGP AR SIT
i fe.

4.1 o W A R R VR K R A 3R A A T
M KN K ZE LMWL A7 1 U7, B K28 kR4 ib R
B 2% T LMWL,0~60cm 137K lc-excess ¥ & % /)
T 04878 28 RAF IR R R BE AT I 60em;Hr . IG
e R VR 110 7 25 R A A BE BB T 1 R K 2 i A
I T LMWL, 136K 1c—excess HI{HAZELT T 0, 135
RN HIL/N

4.2 PHREREEM KRR EF. EE LK E

L7 PR AN LATE ZE T 30 T8, (H U K — L3
IK— 3R KR AR I ALK RN B LK 6'°0
REESE. WETL, LK 52 28R A .
A KT B R E R K 00 Bh AR T K ]
B E AR R I K A S S, A —
FEET S AR AR X 33 7K 5 R K I 7 2K S T A2
BH.

4.3 FEBAURNE IR LK 1 I8 ) % R K
P25 B ) 5 W AR 2 R KA T, K
00 AT HRAKRIML T K2 10,52 5 IR A A
IKPIIHNE TTHRIEE 50%. 5278 6. 8 HHL N /K ik,
PSRV R KR R K R S BR R R - R KA
BRI, P RN B RO KB Bl AR IS AT A7
75 B A0 56U, 7 2 BE 0 [ /KRN -+ 338 7K 72 T #h 4
K, BRI T K R B2 R KR b T K A R
o IR AR X 3 5 R K 2 ) B A R AR K
SCIEIE.

SE K-

[1] Rudorff C M, Melack J M, Bates P D. Flooding dynamics on the lower
Amazon floodplain: 2. Seasonal and interannual hydrological
variability [J]. Water Resource Research, 2014,50(1):635-649.

[2] LiYL, Zhang Q, Lu J R, et al. Assessing surface water—groundwater
interactions in a complex river—floodplain wetland-isolated lake
system [J]. River Research and Applications, 2019,35(1):25-36.

[31 Luo Z T, NiulJ Z, He S Q, et al. Linking roots, preferential flow, and
soil moisture redistribution in deciduous and coniferous forest soils [J].
Journal of Soils and Sediments, 2023,23(3):1524-1538.

[4] Xu XL, Zhang Q, Tan Z Q, et al. Effects of water—table depth and soil
moisture on plant biomass, diversity, and distribution at a seasonally
flooded wetland of Poyang Lake, China [J]. Chinese Geographical
Science, 2015,25(6):739-756.

[51 £ MR RE/NGE AT~ e A ot 0 I 98 b 3 5
PEIIEI (1], AR 244, 2019,39(11):3906-3915.

Wang P, Yu X F, Xiong X Y, et al. Effect of drying-rewetting on soil
nitrogen mineralization in Poyang Lake Wetland [J]. Acta Scientiae
Circumstantiae, 2019,39(11):3906-391.

[6] Zhang M D, Wang H R, Wang C Y, et al. Water use strategy of Carex
cinerascens and its response to water condition changes in Poyang
Lake Wetland, China [J]. Ecological Indicators, 2023,146,109863.

[71 Song X F, Wang S Q, Xiao G Q, et al. A study of soil water movement
combining soil water potential with stable isotopes at two sites of
shallow groundwater areas in the North China Plain [J]. Hydrological
Processes, 2009,23:1376—1388.

[8] BRI, 1722 0,5/ B, A5 PR BT IR R 3 A KPR AT S P I R Y [0,
JKRFEERE, 2006,17(5):738-747.

Zhang Y H, Wu 'Y Q, Wen X H, et al. Application of environmental

isotopes in water cycle [J]. Advances in Water Science, 2006,17(5):



2756 LR 7 A & I 45 %
738-747. Processes, 2014,28:5382-5422.

[9] Sprenger M, Leistert H, Gimbel K, et al. Illuminating hydrological [21] DuK, Zhang B'Y, Li L J. Soil Water Dynamics Under Different Land
processes at the soil-vegetation—atmosphere interface with water Uses in Loess Hilly Region in China by Stable Isotopic Tracing [J].
stable isotopes [J]. Reviews of Geophysics, 2016,54(3):674-704. Water, 2021,13,242.

[10] Sprenger M, Tetzlaff D, Soulsby C. Soil water stable isotopes reveal [22] W, 2 YR, SRS 4G S R RS HKYRX. 3 Pl AR A ) 2K A
evaporation dynamics at the soil-plant-atmosphere interface of the MR T AL IE AT LR R [J]. Ml RFE, 2022,58(5):1-9.
critical zone [J]. Hydrology and Earth System Sciences, 2017,21: PuH M, Li Y, Wu J K, et al. Characteristics and interrelations of
3839-3858. hydrogen and oxygen stable isotopes among different water bodies

[11] Gazis C, Feng X H. A stable isotope study of soil water: Evidence for under three typical vegetation in the water conservation area of Hani
mixing and preferential flow paths [J]. Geoderma, 2004,119(1/2):97— Terrace [J]. Scientia Silvae Sinicae, 58(5):1-9.

111. [23] Wang J X, Zhang M J, Argiriou A A, et al. Recharge and infiltration

[12] Song Y Y, Zhang Q, Melack J M, et al. Groundwater dynamics of a mechanisms of soil water in the floodplain revealed by water—stable
lake—floodplain system: Role of groundwater flux in lake water isotopes in the Upper Yellow River [J]. Sustainability, 2012,13,9369.
storage subject to seasonal inundation [J]. Science of the Total [24] %PmRIEFRIAZE 5K 32,8 F TR AL B I 22 M T g b Wil 45
Environment, 2023,857,159414. RNBEE [J]. TR, 2023,40(11):1744-1753.

[13] 7l O3, 2 2, i i ey, A5 56 T 0 SR 22 5 1% 708 O S 3 2 i b A Zhong X F, Zhang M J, Zhang Y, et al. Soil water infiltration process
VIR BN ABAERAE [3]. WITAFRFF, 2023,35(4):1408-1422. in north and south mountains of Lanzhou City based on stable isotope
Lin Y L, Li X H, Tan Z Q, et al. Dynamic characteristics of vegetation [J]. Arid Zone Research, 2023,40(11):1744-1753.
communities in the floodplain wetland of Lake Poyang based on [25] Feng W J, Mariotte P, Xu L G et al. Seasonal variability of
spatio—temporal fusion of remote sensing data [J]. Journal of Lake groundwater level effects on the growth of Carex cinerascens in lake
Science, 2023,35(4):1408-1422. wetlands [J]. Ecology and Evolution, 2020,10(1):517-526.

[14] Zhang Q, Ye X C, Werner A D, et al. An investigation of enhanced [26] Luo Z, Niu J, Zhang L, et al. Roots—enhanced preferential flows in
recessions in Poyang Lake, comparison of Yangtze River and local deciduous and coniferous forest soils revealed by dual-tracer
catchment impacts [J]. Journal of Hydrology, 2014,517:425-434. experiments [J]. Journal of Environmental Quality, 2018,48(1):136—

[15] Han X, Chen X, Feng L. Four decades of winter wetland changes in 146.

Poyang Lake based on Landsat observations between 1973 and 2013 [27] Liu Y, Zhang Y H, Xie L M, et al. Effect of soil characteristics on
[J]. Remote Sensing of Environment, 2015,156:426—437. preferential flow of Phragmites australis community in Yellow River

[16] Song Y Y, Zhang Q, Melack J M, et al. Groundwater dynamics of a delta [J]. Ecological Indicators, 2021,125,107486.
lake-floodplain system: Role of groundwater flux in lake water [28] Hardie M A, Cotching W E, Doyle R B, et al. Effect of antecedent soil
storage subject to seasonal inundation [J]. Science of the Total moisture on preferential flow in a texture—contrast soil [J]. Journal of
Environment, 2023,857,159414. Hydrology, 2011,398:191-201.

[17] Xu XL, Zhang Q, Li Y L, et al. Evaluating the influence of water table [29] Lu J R, Zhang Q, Werner A D, et al. Root-induced changes of soil
depth on transpiration of two vegetation communities in a lake hydraulic properties— A review [J]. Journal of Hydrology, 2020,589,
floodplain wetland [J]. Hydrology Research, 2016,47:293-312. 125203.

[18] Zhang X, Xiao Y, Wan H, et al. Using stable hydrogen and oxygen [30] Eaog sk A, 28 2 I, A5 0 BH T P 2R P b AR AR R0 7K 43 Tl
isotopes to study water movement in soil-plant-atmosphere [FE SR (7). P EPAEERFE, 2020,40(5):2180-2189.
continuum at Poyang Lake wetland, China [J]. Wetlands Ecology and LuJR, Zhang Q, Li Y L, et al. Impact of typical plant roots on vertical
Management, 2017,25(2):221-234. soil water movement in Poyang Lake Wetland: a numerical study [J].

[19] 3K FH,X02 BR, i 5] i, 25 760 B VoA b - 398 /K B8 2 [F) 7 35 A8 AL R AiE China Environmental Science, 2020,40(5):2180-2189.

[0]. B4R, 2015,35(22):7580-7589. [31] Rothfuss Y, Merz S, Vanderborght J, et al. Long—term and high-
Zhang X, Deng Z M, Pan G Y, et al. Variation in stable isotope frequency non-destructive monitoring of water stable isotope profiles
composition in soil water in Poyang Lake Wetland [J]. Acta Ecologica in an evaporating soil column [J]. Hydrology and Earth System
Sinica, 2015,35(22):7580-7589. Sciences, 2015,19(10):4067-4080.

[20] Landwehr J M, Coplen T B, Stewart D W. Spatial, seasonal, and

source variability in the stable oxygen and hydrogen isotopic

composition of tap waters throughout the USA [J]. Hydrology

TEERIN: FHET987-), L, L TGHT M RO, b, T A3
T HOK SO FRIE AL R R 10 K5 xIxul987@163.com.



