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Dissolved Organic Matter from Chinese Milk Vetch (Astragalus sinicus L.) Enhances Pentachlorophenol

Reductive Transformation and Iron Reduction in a Flooded Paddy Soil

LIU Yong', YU Xiong-sheng?, LI Fang-bai", XU Jian-ming”, LOU Jun?, LIU Chuan—ping'

(1.Guangdong Key Laboratory of Agro-Environment Integrated Control, Guangdong Institute of Eco—Environmental and Soil Sciences,
Guangzhou 510650, China; 2.Institute of Soil and Water Resources and Environmental Science, College of Environmental and Resource Sci—
ences, Zijingang Campus, Zhejiang University, Hangzhou 310058, China; 3.College of Resource and Environmental Sciences, Fujian Agricul—
ture and Forestry University, Fuzhou 350002, China )

Abstract. This study investigated the effects of dissolved organic matter(DOM ) from green manure on pentachlorophenol (PCP) reduc—
tive transformation and Fe( Il ) reduction under flooded soil conditions. Batch experiments were conducted to explore the kinetics of PCP
reductive transformation and its relationship with Fe( Il ) accumulation in a flooded paddy soil (Gleyi—Stagnic Anthrosol) amended with
fresh or decomposed ( continuously—flooded, CF or non—flooded, NF; 7 and 14 d) DOM from Chinese milk vetch (Astragalus sinicus L.,
CMV; 800 mg C-L™). The 5 treatments of CMV—derived DOM(CMV-DOM ) significantly enhanced the reductive transformation of PCP
and the accumulation of NaOAc—extractable or sequential NaOAc— and HCl-extractable Fe ( I ) [Fe( II )yon.na] after 6.5 and 2 d of
flooding, respectively ( P<0.05). In most cases, the addition of CMV-DOM greatly increased NaOAc—extractable Fe( Il ) owing to non-
reductive dissolution. The relationship between reduction kinetics and selected environmental variables was examined by correlation
analysis and regression analysis. Sequential NaOAc—and HCl-extractable Fe ( Il ) was found playing a vital role in PCP reductive
transformation, and a stepwise regression model was established as follows: PCP(mg +kg™)=22.95-0.047Fe ( Il )yonesna(mg -kg™) (R?=
0.615, P<0.01). The results demonstrated that addition of CMV-DOM accelerated PCP reductive transformation and Fe ( lll ) reduction
in the flooded paddy soil. In terms of soil chemistry, enhanced PCP reductive transformation in flooded paddy soil is attributable to gen—
eration of adsorbed Fe( I ) with high redox activity.

Keywords: Chinese milk vetch; dissolved organic matter; Gleyi—Stagnic Anthrosol; pentachlorophenol; active iron species; sequential extrac—

tion; stepwise regression model
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Table 1 Changes in concentrations of PCP,Fe( Il ) and Fe( Ill ) over incubation time(t) as affected by Chinese milk vetch—derived DOM

under different decomposition conditions in a flooded paddy soil

Qb AR /mg kg™ m
0 2 5 6.5 8 11
CK PCP 20.3+0.5Aa 19.1+0.3ABb 17.4+0.3Ac 15.7+0.5Ad 12.2+0.3Ae 4.96+1.00Af
Fe( T o 3.17+0.10Ad 18.1+0.9Cc 88.9+4.3Ch 107+5Da 111+3Ea 91.7+2.6Db
Fe( Il ) nosena 52.7+0.6Af 47.5+1.7Fe 166+3Fd 206+4Fb 236+2Da 195+1Dc
Fe( Il )y 0.809+0.155A¢ 5.47+0.19Cc 51.3+8.0Bb 54.6x1.1Eab 59.9+1.6Ca 56.3+1.9BCab
Fe( Il ) noresma 379+2Aa 358+5Ab 325+8Ac 310£6Ad 296+4Be 325+2Bc¢
Initial pPCP 20.3+0.5Aa 19.740.6Aa 15.9+1.2Ab 8.47+1.35Cc 7.20+1.87Bc¢ 1.29+0.03Bd
Fe( I o 3.17+0.10Ae 33.242.6Ad 135+4Ac 146+8BCh 171+3Aa 153+9ABb
Fe( Tl ) norema 52.7+0.6Ae 120+2Bd 293+1Ac 333+5Ch 362+9Aa 355+5Aa
Fe( Il )y 0.809+0.155Ad  4.77+0.32Dd 55.7+3.4ABc 70.4+4.4Ab 81.4+9.1Aa 56.5+8.4BCc
Fe( Il ) noresma 379+2Aa 337+5BCh 246+2Cd 243+4Cde 2866Cc 238+2De
CF-7 PCP 20.3+0.5Aa 19.0+0.5ABab 16.8+0.8Ab 12.1£2.4Bc 8.24+1.59Bd 1.24+0.18Be
Fe( T yion 3.17+0.10Af 23.7+0.7Be 115+3Bd 155+1Aa 136+5Dc 148+4ABCb
Fe( Il )nosema 52.7+0.6Af 103+1Ce 258+4Cd 351+1Ba 312+1Bc 343+1Bb
Fe( Tl ) o 0.809+0.155A¢ 2.19+0.50Fe 42.1£1.1Cd 58.9+0.8Da 51.3+1.6Db 47.6+1.4Cc
Fe( Il ) osena 379+2Aa 323+1Db 253+6Cd 236+14Ce 273+2Dc 224+1Ef
CF-14 PCP 20.3+0.5Aa 18.9+0.1Bb 17.6£0.5Ac¢ 13.8+0.6ABd 4.60+0.58Ce 1.64+0.17Bf
Fe( I )y 3.17£0.10Ae 22.0+0.2Bd 110+3B¢ 139+2Ch 152+3Ca 140+13BCh
Fe( Il ) nosena 52.7+0.6Ad 58.1+1.7Ed 195+2Ec 254+1Eb 295+2Ca 259+11Ch
Fe( T )y 0.809+0.155Ad 7.22+0.57Bd 55.4+2.8ABc 63.6+1.1BCh 72.5+1.6Ba 75.0£8.3Aa
Fe( Il ) yosena 379+2Aa 346+10Bb 326+14Ac 288+2Bd 277+2Dd 317+1Cc
NF-7 PCP 20.3+0.5Aa 19.3+0.2ABa 16.5+1.1Ab 11.4+0.8Bc 8.54+1.49Bd 1.10£0.38Be
Fe( I )y 3.17£0.10Ae 32.5+3.0Ad 134x1Ac 156+5Ab 169+4ABa 156+8Ab
Fe( T ) norema 52.7+0.6Ad 124+3Ac 288+2Bb 363+2Aa 367+5Aa 361+5Aa
Fe( T ) o 0.809+0.155Ad 3.57+0.06Ed 53.1+0.3ABc 60.9+2.6CDb 75.6+4.7ABa 56.2+5.6BChe
Fe( I ) yoseaa 379+2Aa 328+5CDb 246+15Cd 237+1Cd 311+4Ac 238+1Dd
NF-14 PCP 20.3+0.5Aa 19.0+0.2Bb 16.120.9Ac¢ 11.9+0.8Bd 3.8120.52Ce 1.31+0.07Bf
Fe( I )non 3.17£0.10Ae 34.8+1.0Ad 133+5A¢ 149+3ABb 163+4Ba 134+3Ce
Fe( Il )norcna 52.7+0.6Af 80.8+1.3De 234+2Dd 269+1Db 319+2Ba 265+2Cc
Fe( T )yion 0.809+0.155Ae 8.20+0.00Ad 60.126.1Ac 65.8+1.7Bb 74.8+3.1ABa 65.1+1.2Bbe
Fe( Il ) nosena 379+2Aa 328+3CDe 300+5Bd 293+2Bde 287+2Ce 342+9Ab

T AN R R R HEANASTEAEAR [ SN, B A ) S 36 4 1] ) 25 5 . 385 (P<0.05) , RN [) /NG - R 3R B AR e FE AR ) S B2 AR [+) S Bz g

] Y22 57 i 2 (P<0.05)

ﬁ‘ﬁiﬂﬂ ,8d Q‘Z 11d ED‘\UH%H—FF%,%W JFe(Il )NaOAc+HCl
T R A SO A ] B SE TR R, 8 d B 11 d i U g
AR5 A SN ] B CKARBEAH L, S 59& DOM
FEVEIK 2 d J5 3T i A E K 3 Fe( Il ) von
Ml Fe( II )nonesna B B FL(P<0.05) ; 2501 &0 T ik 7]
e Fe (I )non 19 RFL(CF-T7 b BRER AP ), (H TG
Fe( Il xonesia {E’:\%%fﬂﬁﬂﬁ—l:[;%ﬁ@(% 1),
*H?%ﬁ*ﬁﬁ‘]%%ﬁlﬂ%%'ﬁ P Fe( | )Na()x\u+HC] /El’\ﬁ%
Fe( II ) nonena 7 IR R 25 HAHSC(P<0.01) (] 1A),
1M Fe( I ) NaOAe /El’\ﬁ% Fe( Il )Nm\(-, @%fﬂ%ﬂ'ﬁﬁﬁ
FIEAHE(P<0.01)(E 1B), HAM, Fe( T vor S

Fe( Il )norcma 75 5 Z A G IR & IIEA SR (P<
0.01 )( &l IC), 1M Fe( Il )Na(J/\u /E\E:LZJ FC( I )Nao,\gm(rl /Eu’\
B Z AEAEE R R E ARG R (P<0.01) (F
1D). X 5K L8 F Fe( )5 Fe( D) Z I LR 4%
M 58k Z IR R B AL I It DUTE -3 g S5 PR
ez A AR AL W) S A A A O (S WS )
2.3 WSOC .Eh .pH HIZhZS 24k

259 DOM b WSOC & 5 ik F B I
JOL IR ) SR ANIRT T [, T CK AR BRAEWE K 2 d 5
REMREEAR /N 2A) 0 56 2 d 5, 4540 B K WSOC 5 i
B I K /IR Ay : NF-14 Fil CF-14 Zb 3> CK b 3>
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NF-7 4bFH> Initial ZbFE> CF-7 2bFE; 45 2 d )5, &4k
PR R/ INIUF KRBT, B CF-14 b BRf AR, NF-
14 .CF-7 1 Initial bR Z ,NF-7 I CK Ab P /)N
AIOL AN [A] 28 25 9 DOM 7E ¥ /K -3 v R4 fh %
ATAl BN =T DOM JE#E /K 138 Eh (HA L
FEAE] CK b AR [R] , R Bif s W Bsf i) A2 Ak 52 30 S
)5 T ka3, H4% RO B[] B8 Al T CK Ab P
(& 2B); TR = 9% DOM J5 g /K 1338 pH {HA2 fk ¥4
Pd CK LI 5 0 Ry 5 2% B 4% SO B ] Be i 24 15
T CK ALFR(E 2C),
24 PCP EEHMIMETSETUHNIIERER

?‘Z ﬂ] Jﬁ E& T PCP .Fe ( H )NaOAc JFe ( H )NaOAc+HCl N
Fe (Il ) xone «Fe (I ) naore s« WSOC JEh .pH HIBE AR
it SR R A G AT (3R 2)FF EE s Z o stiig b
BHH RS, R MEK 15 PCP & J5 5 oAt PR 157
AR R

F 20 0L, PCP i E S WSOC .Fe( Il ) voresnia 7
2[R YA 3 I IE A O G R (P<0.01), T 5
Fe( H )Na()/\(:\Fe( H )Na()/\(:+HCl\Fe( I[[ )Na()/\(: /EQ\EZ[ETJ jﬂ‘ﬂ ié]
A A AR E R (P<0.01), 5 pH Z [ 4F
TE4E W E M HAHICC R (P<0.05)

XFHE K e rh PCP ¥k & 5 A PR S AR A 2

] 3 47 22 JU 4 M 181 5 43 47 7T 80, PCP 38 it 2 2452
Fe( 11 ) voresiar FISEIR o Z2 02 A B R AN T -

PCP(mg-kg™)=22.950-0.047Fe ( I )y,orcsma(mg -
kg (R*=0.615,n=36)

gk, FRBIH R F R 54.282, 388 1
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Figure 2 Changes in water soluble organic C(WSOC)

concentrations , Eh values, and pH values over incubation time ()
as affected by Chinese milk vetch—derived DOM under different
decomposition conditions in a flooded paddy soil
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Table 2 Correlations between PCP and some other environmental variables in a flooded paddy soil (n=36)

Fe( Il )nione Fe( Il )nonena Fe( Il )xone

Fe( Il )norema WSOC Eh pH

pPCP -0.775%* -0.784** -0.756%*

0.590%* 0.585%* -0.303 -0.403*

T % FORFEME B A DG 123 (P<0.05) , o FR/RFE AR AR MR .35 (P<0.01)
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Table 3 Chemical properties of Chinese milk vetch—derived DOM under different decomposition conditions

£ Z3E DOM # B /200 mg C-L7

Y
WEsH Initial CF-7 CF-14 NF-7 NF-14
TOAs/mg-L™ 31.8+0.3d 90.8+0.4b 99.7+0.5a 33.9+0.0c 34.1x1.0c
TCs/mg- L™ 161.8+1.3a 11.9+0.1e 13.6+0.0d 91.9+1.1b 81.3x0.2¢
TOAs+TCs/mg- L™ 193.6+0.9a 102.7+0.3d 113.3£0.4c 125.8+0.8b 115.4£0.7¢
SCOA4&/107 L+ (mg C)™"+m™ 105.5+10.3¢ 37.5+£10.0d 31.0+10.2d 155.6+11.6b 289.0+10.1a

T AN TR R A E S ETEA ) 5 25 96 DOM i B 18] ) 22 57 {35 (P<0.05 )
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*H Hﬁ,Fe( I )Na()/\(-,+HCl Eﬁ%)iﬂﬂ%ﬂj”ﬁﬁ#?& Fe( I )/E\*ﬁiﬁf
SR PCP IR JRAE JT . Amonette ZEPHA Ny BRA L) 2R
TR AL TR Fe (T ) A A5 S IE F 373 BIT , W S 285
Fe( 11 )Rl LA TH 5 5L B AR A4 A BE ALAE 1A el &2
B, DT T 1 A 2 v W B S Fe (T ) ) BTG H
5 A R T, AR G I JELRE ST 4 9 5 Jeon
SERMIIA Ry, R A AR T 25 5 3 Fe (D[54 B
RS Fe( ID)FIAL == i 25 Fe (1)) AT BEZ 3 i 45
BRRGEA I IRE iR FERIN . SIRENFFARE
PEE R R4 A4 Fe( 1), 4N Crosby 55275
T A PSRRI BRI IR A SRR IESE , 1 mol -
L7 NaOAc(pH 4.85) H ZER 12 80% 1IN Fe( 11 ),
Liu SIF5E B, X PCP 3 Jit 6 588 A i) 16 1
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