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Characteristics of Phosphorus Diffusion at Soil-water Interface After Inundation in

Water-level Fluctuation Zone in Three Gorges Reservoir
ZHANG Xue" 2, ZHU Bo'"

(1 Key Laboratory of Mountain Surface Processes and Ecological Regulation, Institute of Mountain Hazards and Environment,
Chinese Academy of Sciences, Chengdu 610041, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The process of phosphorus (P) exchange at soil-water interface remains unclear following flooding in the Three Gorges
Reservoir’s water-level fluctuation zone (WLFZ), which could lead to an increase in P load in the water. In this study, diffusion
gradients in the films (DGT) and high-resolution dialysis (HR-Peeper) were employed to simultaneously measure DGT-labile P
and Fe (DGT P and Fe) and dissolved P and Fe in WLFZ’s soils after inundation. The results showed that the average
concentrations of DGT P and Fe, dissolved P and Fe were 0.022, 0.050, 0.151 and 1.515 mg/L, respectively. The peaks of
dissolved P and Fe at both 150 m and 160 m elevations and DGT P and Fe at 150 m elevation occurred in the middle and deep
layers, while the peaks of DGT P and Fe at 160 m elevation occurred at the soil-water interface. Following flooding, phosphate
release at 150 m was mostly driven by the reduction of Fe oxides, which increased P concentration in the water. However, plant
root limitation, soil heterogeneous structure, and overlaying water P infiltration stress all had an impact on P diffusion at 160 m
elevation. The capacity of available solid P pool to replenish solute P in pore water were 0.291 and 0.286, which was in the
medium level at 150 and 160 m elevations, respectively. The average diffusion fluxes of P at the soil-water interface at 150 m and
160 m elevations were 5.60x107 and —5.68x107° mg/(cm®d), respectively (positive values indicate the release of P from the soil),
which were significantly lower than the results of sediments in previous studies. In conclusion, the current risk of soil P release
after inundation in the tributary’s bay WLFZ in the Three Gorges Reservoir is notably low, which is related to the input of P in the

overlying water.
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Table 1  Soil physiochemical properties with altitudes in the WLFZ

i (m) k(%) HRL(%) FhRL(%) TP(mg/kg) Olsen-P(mg/kg) Fews(g/kg)
150 41.89+532a 33.28+3.38a 25.23+4.39b 53224 +£28.75a 10.19+1.18 a 0.33+0.04 a
160 36.36+2.34b 33.61+2.17a 28.92+335a 568.63+37.11a 1241 £2.08a 0.36+0.02a

T B NG SRR i 7 L S B 2 53 1. 25 (P<0.05)

+3 TP P44 & 7E 530 mg/kg LA |-, Olsen-P 445
1ETE 13 mg/kg IR, Fews P ERTE 035 g/kg Aot
2.2 %W LI DGT ATk BUASHE /K3 mYSE
KX YE 150 m A1 160 m 2572 4% DGT Al 3k
HRAS Wl /0 B A A R 2 B o 4K A7 BT 150 m
RIS, S1. S2 I S3 kb DGT Rl AR ARk i 3 Bl 3
5°4 0.010 ~ 0.066.0.010 ~ 0.149 #10.004 ~ 0.027 mg/L.
MIEM 7 [, DGT AJ 4R B w vk FE Bl -+ e R B 1
Tz, s RS B W8N, ST, S2 il S3
A DGT AJ AR BCGSBR M B2 Fl 4351 0.021 ~ 0.161 .
0.023 ~0.291, 0.016 ~ 0.054 mg/L., DGT A FRHUA 4k
WHE S DGT AR AE b —3, HEXOKA =

160 m FFERT, S4. S5 il S6 4b DGT nI FRBUS Bk
FEYE 7514 0.003 ~ 0.026, 0.001 ~0.019 F1 0.009 ~
0.049 mg/L. 5 150 m &FEAE, 160 m %ﬁ DGT
AR IS Wl v - % R 348 o i i T 0

S5 1 S6 4t DGT ] FiHUS ke 5 Y 1 43591 0.022 ~
0.053, 0.018 ~0.127, 0.044 ~0.213 mg/L, MFEH )
&, S4 Fl S6 &b DGT W] ARG kv B bl + 3R
WS sh sk, S5 4k DGT Al FRHUZS #kuk b+
HEUREE RS IR, SRS, 150 m =& DGT
AR BUCS WA 2 (0.028 mg/L) BT 160 m 5FE
(0.014 mg/L)(P<0.05), DGT ] 3RBUA kM B 75 A 7]
I FRE](0.050, 0.049 mg/L) TG i35 2% (& 3).
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Fig. 2 Vertical distributions of DGT P and Fe in soils with altitudes in WLFZ after inundation
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Table 2 Apparent diffusion flux of P across the soil-water interface with different altitudes in WLFZ after inundation
WG AL S1 S2 S3 S4 S5 S6
B i (10 mg/(cm’-d)) 6.620 5.625 4.565 -4.371 ~7.687 -4.994
3 i 5 BRI 1B
e ) A P 4 - R 5 5 R
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WS R E R, WKE, HIERBEANE R, YK BB R L IR K % 0 B
ki, PE—EHE T =M ERARR, iR B EEKBE A B IHARE I, ST IR R, X
AW IEATZE R B, 150 m @& SEEEEFRTAVTEY) Pl 2] B 5 257
DGT A AREUAHE S DGT ] $iHUA 4k 5 ¥ B 35 1EAH [FIEE, 150 m e R 3ERD R 5 B 2R T 160 m &
KIHKF(P<0.05 5L P<0.01), 1M 160 m mAE LR FEER ). 150 m SFE L3 E 2 AW K B2 rh Ui Ay
FAMTER 3). PIAmER LD @R S3 ALK YD, Bk AR YA, AR T LUK BT A,
WA SV AR 2 B EAMHE(P<0.01), H 1 160 m &2 HEZ R IR m RN, R85
RMEFE T DGT M 455 . WiEw oK A msky s rEmE, BRH TRrR. 5o, HYR R b fE
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BREAL YL JFAL , A HAO B BOIOR AR . 160 m RN EL (R AEVAE Y ) A 3 4 L IX 7T iS5 B0 PRt iR
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W, 5150 m mFEA—Z KA EFE 160 m = T V38, 28 W 1 TR o

® 3 AMTWERMSY. DGT AIRRES#S DGT AIRESHEIAMEER
Table 3 Regression fitting results between dissolved P and Fe, DGT P and Fe

I A S1 S2 S3 S4 S5 S6
DGT A Ui vs. DGT Al 3REUA &k 0.286" 0.178" 0.083" -0.001 0.217" —0.180""
RIS vs. WA 0.785™ 0.486" 0.124 0.959" 0.909" 0.787"

e o* . e BIRIRTE P<0.05. P<0.01 K |3,

R, =0k 28 X SRS H 150 m A2+ 7R 0 150 m Fll 160 m =5 72 338 R &35 FEl 4351 4 0.015
B /K G W sh A i gk Sk 5 £, 1 160 m ~1.325. 0.006 ~ 1.747, FIJ{ES 50 0.291 . 0.286,
AR R B IR, 5 EEKBEA B NG L+ B S6 #b, WIS fR R g R R - 498 R R 15 KB

SEARES RS LA AR PR AR R S I A G VN, FLVEEE U L3R, A Y Lin )
32 HETARSELIEBRBIEINF AIBFTE 45 RA—BC, AT RE S HBDKBER S AN

DGT Al ARBGS B S SBEY LLER) BT - BIRAEYASIACHRRRA 5C . AR5, 7 L
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Fig. 5 Changes of the ratio (R) of DGT P to dissolved P with altitudes in WLFZ
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