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Abstract: Water movement within the groundwater-soil-plant-atmosphere continuum ( GSPAC) is the key to wetland eco-hydrologi-
cal process research. In this paper, two typical wetland vegetation communities, the Artemisia capillaris and Phragmites australis
communities were selected as study objects in Poyang Lake wetland. The HYDRUS-1D model was used to explore the GSPAC water
fluxes in the two wetland vegetation communities. Besides, the vegetation transpiration and water sources of the two typical vegeta-
tion communities were clarified and compared for high (2012) and low (2013) water table years. The results showed that; (1)
The annual rainfall infiltration flux at soil-atmosphere interface amounted to 1570—1600 mm, with 60% falling in the rainy season
from April to June. The annual transpiration at plant-atmosphere interface totalled 346—470 mm and 926-1057 mm, respectively,
for the A. capillaris and P. australis communities, with the highest values from July to August taking up 40% —46% of the annual a-
mounts. The groundwater upward fluxes to rootzone were significantly influenced by the water table variation in different hydrological
years. The annual amounts of groundwater recharge were 15-513 mm and 277-616 mm, respectively for the two vegetation commu-

nities, which concentrated in the periods with high water table and evapotranspiration rate. (2) The process of vegetation transpira-
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tion were divided into two different stages: the initial ( April=June) and the main ( July=October) growth stage. In the high water
table year, vegetation transpiration water used in the whole growth stage can be satisfied. In the low water table year, vegetation
suffered severe water stress in the main growth stage, and the actual transpiration decreased to approximately half of the potential
ones. (3) The supplying water sources of vegetation communities in main growth stage were different between the high and low wa-
ter table years. In the high water table year, groundwater recharge was the major water source of the A. capillaris community, while
groundwater and lake water were the major water sources of P. australis community. However, in the low water table year, rainfall
infiltration and antecedent soil water storage become the major water sources of the A. capillaris community, and groundwater was
the major water source of P. australis community. These results help to reveal the vegetation water utilization strategy and better un-
derstand the interaction mechanism of vegetation succession to hydrological changes in wetland.

Keywords ; Water fluxes; supplying water sources; vegetation water stress; Poyang Lake wetland; HYDRUS-1D model ; Artemisia

capillaris; Phragmites australis
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Fig.1 Location of study area in Poyang Lake (a) and the schematic diagram of the delta wetland transect (b)
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Tab.1 Measured soil texture composition and bulk density data in A. capillaris and P. australis communities

LR TR/ em /% Brid/ % Fitsn  FAHEE/(gem’) TIEFH
W 1 0~20 92.8 6.2 1.0 1.33 Wt
2 20~80 91.2 7.8 1.0 1.26
3 80~120 84.2 9.6 6.2 1.35

4 120~1000 54.2 36.4 10.4 1.37 Wi+
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6 20~80 23.1 64.3 12.5 1.24

7 80~800 17.7 68.4 13.9 1.40
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Fig.4 Variation of average height and the leaf area index of A. capillaris and P. australis communities

225 A S KN LK MR SEE A S KE 6, AT KR 0, LR o Ml n, 81t H IR
SEC BT S 5T S5 AR K LR A P 85/ e B A £ van-Genuchten 1345 (121 5) s A
Bi% FZE(Ks) BRI LG [ ARYE 2 912835 50 5000 8 25 SR 3>, [R] B+ R - WL ZH e F F HYDRUS-1D B 7 1Y
N TP 22 R 45 BT B 0] B8 19 S BOUE, W B 45 A i 2 S ECR E D BB 3 R BN EUE L Y 38 ~ 554
cm/d.

IR IR TTFESEL hy F1 p B SBOE S -39 b A B S TG G R & A SRR A Ay, T p AR 40T
FE1 351 =950 ~ =5000 em A1 1.5~3.000* . PR 17 119 398 B b S0 g HLBORE FOD -, SN AR 48 SR £



FAETEF AR AR AR B T K — 23 A KA R AR K58 % B R 4R 1357

gE  —— WAE
0.6 0.6
(a) 0~20 cm (b) 20~80 cm
0.432-0.106
0=0.106+ ————— " | R*=0.98 0=0.1084— 32370108 5o 99
[1+(0.011 72)>'71034 : 4.9970.80”
0.4 : 0.4 [1+(0.012 A)™ 1™
0.2 1 024
E
<2
\(_E)/ 0 T T T T T T T 0 T T T T T T
ﬂl\?ﬂ 0 100 200 300 400 500 600 0 100 200 300 400 500
2
&[ " " T@2050em 0.497-0.113
% 0=0113+——"""""  R?=0.99
% 04 ] (C) 0~20 cm 044 [l+(0006 h)4.99]0.79
_H
0.574-0.251
0.2 A 6=0.251+ —————————, R*=0.99 0.2
[1+(0005 h)2,19]0.54
0 T T T T T T T T 0 T T T T T T T T T
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 80
LR/ em A4 /em

5 B A PE T R (ab) AR (o o d) FE LK M RHIE 2R Van-Genuchten BERIDLE 25

Fig.5 Van-Genuchten model of water retention curves for A. capillaris (a,b) and P. australis (¢,d) communities

HEE K EAETUER T 300 cm LUF EIHGEREICE 10% 2247, UL 38K 43 ik 1 AR LR A BE , IR, hsy B p 43
SBT3 R IS EEUE 950 em 1 3, LASLAR FHE ) 1= e i A B2 i 2 SR VR R R R b 1,
S Xie %" {E W0 = MINANED % A IFITLE S hsy B p BRI (R 23 BRI T 2456 cm il 3.
2.3 WRIRE

MR BEA R BT Bl 2012 4E 1 A 1 H—20144E7 A 30 H, &2 20124E1 § 1 H—2013 4£5 A 31
H 8R0S 2013 426 A 1 H—2014 457 A 30 H. FHSZM A 10,50,100 em 4b Y 38 5 K 5 20400 , R H
Marquardi-Levenberg [ i X191 iH HIES U — 5 2w . SERURME S Iras R BR, HHOK 3B S48
hso 1 p ANEEURE BRI U AR SCAS T b B p HEAT 2R

3 HERA

31 MERFEWITER

ASCRE G TS BEUE W3R 2, R ETE D2 b+ T2 e+, Ks BUEH 75~277 em/d, 5%
EREE AR+, Ks 45~ 102 em/d, 3535 R E0CT 32 E A TR MR + RS S H WA g,
B H 0.03~0.04 cm’/em®, 5P A28 BRI | Ho b UK M ERAF i 2 BRI AR Y 0,18
DRt fE , 5B DT DR 32 S0 26 P BR A JBE 3 S FU 5 TR ) 46 1F T B 97U (0~ 700 em) |, B2 5 ) 4%
5 B S i A5, 39 5 K R B A A AT 28— 8, (ELAR S 0, B 5 26 [ Rl S D+ R -
0,95 % [ 0.034~0.045 cm’/em® SEAW) A, Hofth B4t e A BV RN

BRSRT N [RIRR I 7 38 S K A 5 S (ARl #a 3 — B (181 6) , L35 /K i O BB I fiE
XK R R A7 FRRN S i 137 , L B T S FIGE K S S g T AR, BB S W - e p Y
PET R AR AL, SR, B HR S REVA 2012 AE3Y) 88 5 KRB AL T A /K 16 iy 7 3 3 R, S 40 28 4k
TRVIN, 3 T i 5 SR 2B W R B A 56, 3 4, A6 B A I Bk BE AR - M98 5 7K 2k B 4 R () Bk S e 3t
Tt BB 15 ST P it 25 8 (1 ), 13K T B DR DA TR X 6 K £ 7 0 - 397K 430 ) 8 ke o e, T
% 1 M FEAGALTE I 2 X K B A PR AN K 2045 2 O U R AR . SR FH S T A ARV B A0RS 2, 14 ok



1358 J. Lake Sci.(#:a#3) ,2018,30(5)

TR R AR Y AR R 22 RMSE ({7 fE3E 1 0.03~0.07 em®/em’, YeiE AL R A 0.72~0.92; 14

HFHEVE RMSE 3 0.02~0.04 cm®/em® , R* LIS 0.66~0.85 (3 3) , GeitHabr W], A SCH R ) K 43 i
TR AL SRS BE R, T LU AN ) R A 8 2 1) S8 1 /K 702 2 LA S0

F 2 BIRIAE J5 1 33K SRR 28 S HORE
Tab.2 Calibrated soil hydraulic parameters

TR R/ em 6,/ (em*/cm?) 6./ (em®/em®) o/cm™! n Ks/(em/d)
o]y i 0~20 0.04 0.47 0.031 2.31 277
20~80 0.03 0.49 0.036 2.11 248
80~ 120 0.03 0.48 0.008 3.46 183
120~ 1000 0.03 0.48 0.022 1.34 75
FEEEREVE 0~20 0.034 0.46 0.008 1.08 102
20~80 0.034 0.46 0.005 1.14 80
80~ 800 0.034 0.46 0.009 1.08 45
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Fig.6 Comparison of observed and simulated soil moisture in A. capillaris (a) and P. australis (b) communities
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Tab.3 Assessment of observed and simulated soil water contents in A. capillaris and P. australis communities

HEM Lisan: i
TR % TREE
RMSE/ (e¢m®/cm®) R? RMSE/ (em®/em®) R?
e 10 em 0.04 0.83 0.03 0.72
50 cm 0.05 0.77 0.03 0.77
100 cm 0.07 0.76 0.04 0.92
10 cm 0.03 0.67 0.02 0.81
PR 50 cm 0.03 0.71 0.02 0.83
100 cm 0.04 0.85 0.02 0.66

3.2 NEIE#HBEE GSPAC ZEREKDIEBAESN
320 KA MR EALQEE KA YA K8 Y280, o BRES REIE 28 08 /N T B
W 75 BRI R 346 ~470 mm ([ 7a) A1 926~ 1057 mm( [&] 7h) , 2= IR Sk o4 R o AR 1) T AR A
RO A 858 1 3B K B /N TP 25 R A 78 I B A 0 3 W 1 AR Ak DR (B34t AR AR A K I ZR ) 7 —
8 H, (AR ST 40% ~46% MY Tl 12— 2 H RN & 3 A MzEE i/, A2 20 mo/ H.
322 RA—HEREALREE KT AR EEN HHZE R MBFEK AL, TR X g 5 5%
1oL W TR R B /N, DY R AN SR YA (0 A T 28 R 8 4 B 183 ~201 mm (& 7a) F1 144~ 177
mm( [& 7b) , F= 2 AR, 2R T8 A2k mi K (24~30 mm/ [ ) , 4 7F 12— 2 /N (8~ 13 mm/
H) . B X IB AR R K 8 1640 ~ 1746 mm, (oK S FUBRAE ) B B A/ DB b R 7= 5 38 T 8, Rk
ABEH 1570~ 1600 mm, F§Z 4— 6 H [FEK A B (752~ 1110 mm) (54F MRy 60%.
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Fig.7 Monthly variation of water fluxes across the vegetation/soil-atmosphere interfaces in

A. capillaris (a) and P. australis (b) communities
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4 277 mm, ARAR 2013 AR PR VR CRZDT /K ) MU T /K B9 AE AR 45 1 616 mm, 6 — 8 J iy #b 2 it
75% . A R A R AR X 1 K AR T A 2050 1110~ 1280 mm #1924 ~ 1053 mm, =52 A= 7 I
BN 2 4—6 Afy, HAEB IR 49% ~79% (1K 8).
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Fig.8 Daily variation of water fluxes across the root zone bottom in A. capillaris (a) and

P. australis (b) communities and groundwater depth (¢)
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Tab.4 Water balance variables of root zone in different growth stages of different hydrological years

e jiz2 K SCARE Tp/mm T',/mm E/mm R, /mm L;/mm G/mm D/mm  AW/mm Ta/Tp

AR WERE KR 96 96 61 752 0 74 557 107 0.99
4—6 A KA 90 90 73 1110 0 0 877 66 1.00
JaE B -/ &0 298 298 30 510 193 97 457 16 1.00

HikAE 307 307 31 937 0 182 762 15 0.99

AKESR HHRHE FKE S 349 334 96 209 0 439 375 -161 0.96
4—6 A i IKAE 367 203 54 143 0 13 51 -154 0.55
P OEAKE T35 677 82 136 491 164 87 -50 0.92

HiKAE 943 510 89 137 0.0 401 39 -95 0.54

RS M B R i T BRI R T T, i Rk, T 00 T, 192 55% (€ 9b \d) , R MR KARAE RIEZR 3047 S0 AL
AR I AR IR R BT AEOK (S WA 4) | B BRI AP 25 0 52 2 K 2 il A A 7./
T, AP 7, KA 9 e AP 5 S M AR 00 0 R R 25 R AE 7 — 10 H 520K I3 o s 2 ™ . g
B (K 10).
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Fig.9 Cumulative transpiration of A. capillaris (a, b) and P. australis (c, d)

communities in the main growth stage of different hydrological years
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Fig.10 Variation of water stress index T,/T, ratio in A. capillaris (a) and P. australis (b) communities
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Fig.11 Water sources contribution in main growth stage in A. capillaris (a, b)
and P. australis (¢, d) communities in 2012 and 2013
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Fig.12 Comparison of simulated evapotranspiration and evapotranspiration estimated by

BREB in the A. capillaris community
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