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Effects of Light Irradiation on Phosphorous Releases from Typical Submerged

Soils of Water-Level Fluctuation Zones of Three Gorges Reservoirs Areas

GUO Nian', JIANG Tao''*, WEI Shi-qiang"**, YAN Jin-long' , LIANG Jian', LU Song', GAO Jie'

(1. College of Resources and Environment, Southwest University, Chongging 400716, China; 2. Chongging Key Laboratory of
Agricultural Resources and Environment, Chongqing 400716, China)

Abstract: For understanding the impact of light irradiation on the phosphorus (P) releases from soil-water interface, two types of
typical soils sampled from water-level fluctuation zones of Three Gorges Reservoir areas were selected as research objectives, and
simulated light irradiation experiment in lab was conducted for unveiling the underlying mechanisms of P releases from submerged soils
in the presence of light irradiation. The results showed that light irradiation could inhibit P releases from submerged soils by a certain
degree. Under light condition, total P (TP) concentrations in underlying water of submerged purple soil ranged from 0. 018 to 0. 033
mg-L™", as compared to the range of 0. 02-0. 057 mg-L ™" in darkness treatment. Additionally, for gray-brown purple soil, TP was in
a range of 0. 028-0. 045 mg-L ™" when light irradiated, but in the range of 0. 04-0. 084 mg-L " under darkness condition. Meanwhile,
changes of iron oxides in soils due to light irradiation were possibly to be the important reason to explain the inhabitation of light
irradiation on P releases. Moreover, light irradiation resulted in decreasing saturation degree of iron oxides in soils, which further
inhibited the iron reduction and production of amorphous iron, further enhanced the underlying mechanisms of decreasing P releases in
presence of light irradiation. Further, CO,and CH, could reflect decomposition of soil organic carbon (SOC) in submerged condition.
Light irradiation significantly decreased SOC transformation into carbon gases. Stimulating consumption of inorganic electron acceptors
in submerged soils could also be used to explain the changes of iron oxides under light irradiation condition. Thus, inhabitation of light
irradiation on P releases from submerged soils obviously related with iron minerals reduction and decomposition of organic matter in
soils.

Key words: Three Gorges Reservoirs areas; water-level fluctuation zones; light irradiation; iron reduction; phosphorus releases;

submerged soils; natural organic matter
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Table 1~ Physicochemical properties of soil samples
Pt - W e B vy 75k T
- HEkR oH ﬁmliﬁl ‘”ﬁ,l w?p%%il %@%,1 ﬁxﬁ%l TR
/g kg /g kg /g kg /mg-kg /mg-kg
EqurtE 8.85 8.91 21.65 4.52 315.76 3.49 8
PEFERR 8.68 13.67 22.74 4.30 267.59 23.50 G123

1.2 HFEiAR

WA HIEREAR T 2 mm 0 5, FRE 30 ¢ B AT
T, 3 E T AR AR SR RLE IR IR N, K
AL 100 mL. #% +-/K 12 10 A Millipore 41 7K
(18.2 mQ-cm) , Fe 4l N, BRI w5 il A =i i)
IS SE RS, B T HORE. T 2013 4E 4 H KW E
H RS N T C R AR, AR 1 25°C
TR T AT (ZENER) B MREBAE N,

FHEAT, B F 0, 3,5, 7,10, 13, 17, 21, 25,
30, 35,40, 50 F160 d RENZHHERIR) B L)
Ko KR RIS H co, 1 CH, Sk, Zik
W E 2 ANEE. S NIRRT PR, DL
FT RS R T
1.3 WESehn Sorik

IR 7 K R S (TP) P2 SR Sk
[11, 18, 20, 27 ] J5 iR A - 00 W D 2 AH OG5 «



4546 woooH

B IR ST e P g B 3B 2 mL 4% 4 134 .
1 E T 25 mL 0.5 mol-L~" NaHCO, H', B>
Je SR AR B B b 328 0 5 108 b o R A
52 hHL2 mL BT H 20 mL 0.5 mol-L~" HCI H,
BLOEIE IR Fe® it 53 8 T 50 mL
B R TRV W B0 R O TR 5 AR
4 {32 BESCHR[ 30 ] HIETCHLBE Sr 907k, B T % 50
ml 0. 25 mol-L~" NaHCO, ¥, 5 1 HEmkiig —
5 (Ca,-P) | WML /\45 (Cag-P) | WERREH (AL-P) | B
Rk (Fe-P) | I EABE(O-P) | BEK A (Cay-P) &
. Fe M A HARAED MA@, @ad =3
I T A SRR T AR, DA SE o, AN
CH, : & JH] 7890A AR € 3% 4 ( FID A& ) 2% ) )

~=2[31]

e
1.4 ZdEabag

R 6 KOs B 2R F Origin 8.0 #2241, 3 i SPSS
17. 0 #4775 2250 BT BoAH 43T, SR F MINTEQ 45
U1 Bk SE A 0 11 A T 174 1 N R B (ST, B AR
BN R S SR S IR S TP, SI=0
R ST <0 Ry AR

2 ARSI

2.1 BBk

P 2 S o S e ORI G AR, /K 4 1
BB (TP) R IEAS AL IE &L PIFPALEE T TP AR
PR e s B AR 5 5 B AS s R, F2 650
HEIESG , 3K AN AR 4 A — 3. MK IR BE (1 Al
IR SRS A IR IR RS, O 1) K AR RS .
KA, VAR R T B B 5 | e K M4 TP
HH R, —J5 0 Fe’* R BA AL K Fe** J5 XF
BRI BT 59— D7 T e . Sk W AR Rl AR
BRERER AW 2 B R BRI B B BE
AT Ha S BT A W A AR A= B IR R 3R R Y
“HprgE AR

JUE G BN b b B rp TP AR b fa B — B, (H
TP BEUAAAE 2 25 5 (Rl 1= P <0.05; KR %8
U P <0.01) DERAAR IR E ] - FE KT TP &% &
AL G A 0.018 ~0.033 mg-L~", B T kG Ab
FH0.02 ~0.057 mg-L™"; KEFLIRILIET TP 224k
JEFE N 0. 028 ~0.045 mg-L~" KT REOEALHE 0. 04
~0.084 mg-L~'. FEF R HEIRFH L1/
JE e ket 7 A A IR R T R 1 R A, - K
S PR, PR AR G BR AL HE v B RS
TR CA B, 33 ] BE T RE T B A8 T BIL S 14 2 i)

B 35 %
0.12
n AREREE R
o MR-
A S 1B
& gt
0.09 |
- ]
- LY
=]
g [ ] [ ]
ﬁooe- . m . .
‘K" ]
E I. o
= n g [m] a a [ ] o A
0030 A2, ,2 9 o 4 e
1’&& " A R N
Fay A ay
kOA a
00 15 30 45 60
A [)/d

B2 #kdRER EBKEDBRETL
Fig. 2 Changes of total phosphorus concentration in underlying

water during submerging under different light irradiation treatments
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Fig. 3 Algae growth in the soil-water interface during

submerging under the natural light condition

itk — 2L R R R OGS AR M T K e
F %W (Olsen-P) 2R L1 4. H &l 4 AT WL K5+
A BRI, LA 30 d Ry AR EOA] 43y e b
R T BB ) At sl K 1 ( IR ). 6 IR 5k
JEARAET, P 1A S AR AN ] (EL X R0
WG AR R TOE IR 7R, @+ R KR
LR HIHERE K 17 d F1 7 d J& , 6 IR Ak 2 2%
SR E K (P <0.01) , dF— L UL G IR X £
A R CAEAE B AL, 60 d WEZK S 2 A 1



12 1 TR HAOCIRT AR ST =002 42 DX iy LY - e mi e s ) 4547

FUIAT 58U - SR TF W oA R4l & O IR AL 2 gkt
JCALFRA AR 22 3.3 mg- L™ f125.2 mg-L~". +3%
B T AT OB R O - A B 2 A S

80 e gogpgewamy 1l
—O— BeARETE- R i
—A— 5

—A— EEN -

=2
=

Olsen# ¥ B/mg kg™
=

20

B4 HETIHEEKIBRIAEUBRETNL

Fig. 4 Changes of available phosphorus concentration in soil

solution during submerging under different light irradiation treatments
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Table 2 Correlations between Olsen-P of soils, TP of underlying water and inorganic phosphorus in the process of submerging under light irradiation
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Fig. 5 Changes of Fe( Il ) and amorphous iron in the soil solution

during submerging under different light irradiation treatments
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Fig. 6 Correlations between Fe and P during submerging under different light irradiation treatments
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Table 3  Saturation index of iron minerals during submerging under different light irradiation treatments

A K : FEe 1 _ \ AS{ : IRAFEIEOL IR _ ‘ AS{ .
S G (OB - HEE) b5t I (IR - W)

Fe(OH), -1.526 -1.715 0.189 —1.436 -1.593 0.157
Fe, (S0,); -100. 530 -99.515 -1.015 -99. 842 -98.599 —1.243
Fey (OH) BN

IKERA —7.481 -17.386 -0.095 -7.525 —7.447 -0.078
ke -4.772 -4.677 -0.095 —-4.816 -4.738 -0.078
IR -7. 144 -6.954 -0. 190 -7.233 -7.076 -0.157
i L R0 -71.253 -70.419 -0.834 -70. 870 -69.911 -0.959
kAT -5.652 -5.557 -0.095 -5.696 -5.618 -0.078
Wk e A

FaR 2537 -14.707 -14.328 -0.379 ~14.886 -14.573 -0.313
Wk EL A

1) SI=0 AMAl; SI <0 RAMAI

F4 TREHKIREHEBHS BT WAESH Pearson 185 R

Table 4  Pearson correlation coefficients between iron minerals and P during submerging under different light irradiation treatments

KR 4bFR Fe(OH), Fe,(S0,); Fe;(OH)g /KW gk AR BEEET T BT ARk ek
w080 +0.446 +0.580  +0.580 +0.580  +0.477  +0.580 +0.580
s (0.030)2 (0.110) (0.030)  (0.030) (0.030) (0.085) (0.030) (0.030)
g 0-480 0439 +0.481  +0.481  +0.480  +0.465  +0.481 +0.480
"0.083)  (0.116) (0.082) (0.082) (0.082) (0.094) (0.082) (0.082)
g 0211 +0.188 NG £0.211  +0.211  +0.211  +0.194 +0.211 N6 o211 NC
— (0.047)  (0.052) (0.047)  (0.047) (0.047) (0.051) (0.047) (0.047)
g -0-121 +0.107 £0.121  +0.121  +0.121  +0.111  +0.121 +0.121
B 0.068)  (0.071) (0.068) (0.068) (0.068) (0.071) (0.068) (0.068)
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Fig. 7 Changes of CO, and CH, concentrations during submerging under different light irradiation treatments
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Table 5  Correlations among CO, , CH,, Fe and P during submerging under different light irradiation treatments

+- s R fbp =g LKAk TP AR JoE ek Fe?* pH
S Co, 0.518 0.078 0.197 -0. 103 -0.122
. o CH ] ok ok sk _ *
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Bt CO, 0.295 0.794 * 0.791 * 0.823* -0.730 **
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