32
ﬁé‘b ;’; %H @t&J T b (D

/IR JNMENTSCIENCE
PAik: http://www.aes.org.cn

A FISRIE AT A HL5 X 7S H 3 i AL R
HE, BisZ, Sat, T, ARE, REE, Aty

FIHASL:

IS, BI5E5E, B Ak, &5, S [RIR IR AT P A AL SO0 A 39 v o FRRE AR RS2 R[], AV BRI R4, 2020, 39(3): 511-
520.

TELR B View online: https:/doi.org/10.11654/jaes.2019-1098

FETT BRI HAB S

Articles you may be interested in

1% v VP IR A -3 v i) BRI A 5

TOEE, BN, WhEE G, TJRAE, B8

LV FRBE B4R 2019, 38(5): 10791088 https:/doi.org/10.11654/jaes.2018-0834
fiA= e R B Ak B 4 R B9 o e

FREE, BRRA, 4K E, P E B
ANV IREE R} 244 2018, 37(7): 1377-1385  hitps://doi.org/10.11654/jaes.2018-0542

R X 5 40, Bk b - S PR A AT L) B R A BRI Y R

Xz, BEFR, XIER, T

My IREERL 2441 2017, 36(4): 718-726  https://doi.org/10.11654/jaes.2016-1538
eS8 et AR /RSP €SS CELITIAbE 2T P

ARG, WA, BRI, skET, A, e, AR, TR
LNV FREE R F24]. 2018, 37(7): 1435-1447  hitps://doi.org/10.11654/jaes.2018-0837

N IRV 20T TR fE s A RS - I MACRIV P A R £ A 2

EW, EE, KR, T, 5k, BT
PN IAEEFL =244 2015(6): 1034-1040  https://doi.org/10.11654/jaes.2015.06.003

KEMIE AT, RFHEZBHRE R

Jo


http://www.aes.org.cn/nyhjkxxb/ch/index.aspx
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2019-1098
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0834
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0542
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2016-1538
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2018-0837
http://www.aes.org.cn/nyhjkxxb/ch/reader/view_abstract.aspx?doi=10.11654/jaes.2015.06.003

2020,39(3): 511-520 xR W F OB R F F R 202043 H

Journal of Agro-Environment Science

M 15, 552, WA, A5 . NIRRT P A AL BT A FH g v FP SRR 2 R[], Al R4, 2020, 39(3) : 511-520.
TIAN Teng, YAN Meng—meng, ZENG Xi-bai, et al. Effect of dissolved organic matter from different sources on arsenic methylation in paddy soils[J]. Journal

of Agro—Environment Science, 2020, 39(3): 511-520.

AERBERAER VR EE L ER
i B 51K B9 52 i

WO, RRR, A, 25, 9% R, XRE, g

(1 S IRTE K2z B S BT Rl 22 BE , SEFH 550001 ;5 2. H [ AL B A B AR b BB 15 mT R4k &SR o ir A b A A Al A B T
A, JEE 100081)

W OE DO AT B DR KA oI A R B O R R RS T R 2 AR 2E B2 RUK R RS AT A5 Y 4
FP AT A HLST (DOM) X it H 3Lk i 52 m . 5 SRR - U8 IS [6) A ALk (TOC) Y& BE (19 DOM 1T {8 35 2075 7K A = B R i i) T2
A, HAS AL 3 o 45 1 A2 et 5 Bl TO C ¥ B 385 i 2 IRAS [RIRR BE A3 n o >4 58 M TOC ¥ B4 320 mg - L' B, 4 DOM A3y
- U P A AR A A ) R Y 75.8% (B 2E DOM) \75.7% (4126 DOM) . 68.3% (342 DOM) F161.8% (KA FEFTF DOM) ; 4
S T P P RS A A 5 TOC R B 5L L 35 IE AR 2 R (P<0.01) , 2 W TOC He BE 3G m] @ 204 ok + S i b i) FR 34k . A5 Ab T
- 3T B AR A A R/ INHEE R 35 26 DOM(0.016 1 pg- L) >X828 DOM(0.014 7 pg- L) >2E2 DOM(0.009 9 pg- L) >/K g
FFDOM(0.008 2 g L) ; 71320 mg- L TOC ¥ & () DOM kb 2 v -+ Hefift B AL Th BE 3 (K] arsM 5 D104 8 5 BE GOV I SF (AR
a7k ), H B2 IR 57, O 3.36X10° copies - g, 21 XS B 2 4% s N [A] DOMAETT 13 pH AL KA A K R RS AT > 4 26> 39 28> 0K
38, L ECAE AL A K FERE A > MG 28> 40 265002 0 25 1 R IA)RIR A DOM AT 22 S b 53 i ZKORS - 2 v et R (0203l i
& Bt FA AT MURE AT SR /0 - 3 e ) B Ak, DT A8 — 8 R /K R A R A

KBIF S DOM ;G ML s arsM 5 16S rRNA ; 1+ 3 pH

FESES X171.5  XEEREG:A  XEHES:1672-2043(2020)03-0511-10  doi:10.11654/jaes.2019-1098

Effect of dissolved organic matter from different sources on arsenic methylation in paddy soils

TIAN Teng'?, YAN Meng—meng’, ZENG Xi-bai’, WANG Ji', BAI Ling—yu’, WU Cui—xia’, SU Shi-ming”

(1.School of Geographic and Environmental Sciences, Guizhou Normal University, Guiyang 550001, China; 2.Institute of Environment and
Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Key Laboratory of Agro—Environment, Ministry of Ag-
riculture and Rural Affairs, Beijing 100081, China)

Abstract: Culture experiment using centrifuge tubes loaded with arsenic (As)—contaminated paddy soils from realgar mining area of Shi-
men County of Hunan Province was conducted to study the effect of dissolved organic matter (DOM) from different sources, such as from
pig manure, cow dung, chicken manure, and rice straw, on arsenic methylation in paddy soils. The results indicated that DOM addition sig-
nificantly changed the species of As in paddy soil, and the content of each As species increased under varying degrees with total organic
carbon (TOC) concentrations. When the TOC reached 320 mg -« L™ in soil solution, the content of methyl-As under the four treatments of
DOM were 75.8%, 75.7%, 68.3%, and 61.8% of the total As content, respectively. A significantly positive correlation (P<0.01) between

methyl-As contents and TOC concentration in soil solution was found. The As methylation in paddy soil was evidently accelerated after the
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addition of DOM. As methylation efficiency from high to low was in the order of pig manure DOM (0.016 1 pg-L™"), chicken manure DOM
(0.014 7 pg-L™"), cow dung DOM(0.009 9 pg-L™"), and rice straw DOM(0.008 2 pg-L™"). When the TOC applied reached 320 mg- L' in

the soil solution, the copy numbers of arsM in soil with DOM addition were all higher than these in control, and the highest number was

found in pig manure DOM treatment with 3.36x10° copies » g which was about 2.0 times higher than that in the control. The soil pH after

addition of different DOM was from high to low in the order of rice straw, cow dung, chicken manure, and pig manure. The pH values in-

creased with increase in TOC concentration. The soil electrical conductivity (EC) varied from high to low in the order of rice straw, chicken

manure, cow dung, and pig manure. In conclusion, DOM from different sources can differentially affect As methylation efficiency in paddy

soils. It is expected that reasonable application of organic fertilizer might reduce the occurrence of rice straighthead disease to some extent

by reducing the content of methyl-As in paddy soils.

Keywords : pig manure DOM; organic arsenic; arsM; 16S rRNA; soil pH
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KR R IR 110 9 7K SR 5 AR 958 ol R e ) A B AR
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] 0 e S M %) e 4 DX, AR ARG R HP () JCATL A 55 ]
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B R B L R A2 B 2R R e,
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i F AL AR B B i o it T A LB A AR 2 AN
W RN, fE R F AR I RCR IR 22 5% . Mohapa-
tra ZE I SE S I, SN A 36 AT I S DR AR o B
T 4% %, S 4l 30 mg - LA G 9% 4 F R s 4
2625 g LB, B R i de o , AR B B R

35% ; Huang S WIS T U 0T 75 A0 A 3 1) 248 P X6k
+ e & B, 25 SR S Ak 3 A
Jo B R (9.8 g - kg™ AT TR IINE 15 A Ak
PR 245 . IR LSRR 12 AR A L
Jo7 26 S b A2 0 - 8 TP R R B RN AT SR AN SR AR
By, 5 ) 2 A AL HR R X B A 3 BR %) T 1 A AL SR
(DOM) , X} 4= 18 v iy B L A0 RN 9% 2% 1) B3 ik DA K2 A
K[ 4r T EALENE DA G . DOM £ 3 i
TR R R 1%, (B4} 138 329 R 1
AL A JE A LS e R AL AR X R
AR A L A T A SR AN R A L)
SR VA 1 DOM S fin nl 22 54 o 2 i R 56 Ak 2 g 3k TR
arsM =F J5 35111 52 0 A Y A R

A 5T 1 S il 25 AN R G HLY Sk 5 DOM, 3 3
] A Y5 YK R B HR A I & R R HILK (TOC) ¥k
() DOM, 73 A7 - 48 13 WO R AP E 25 B 5 L arsM 1L
YR (16S rRNA) 3= i DA K2 5C Bt Ak R - -3 pH
ECAA A4 , SR8 28 A [R) AT i A L5 i i %o = e ff
FH ALK 1 5 e S L mT REAILHI , AR SC4s Xt 45
15 G A P 3 2o L it A 52 e it R AL R AT T
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1 #MREFE

1.1 TEFREENER

il -8R B E A A T B X (299387
N, 111°01" E) A5 Ye /KA - 48, R R k& A 2R 020
gL BE L, BHERE A AR TR IRG 5T,
ZBRAE PR AR LA BRI P IS AR B JS 3 2 mm
F10.25 mm JE B¢ H . 3 S5 5 60 mg-
ke, ARCASMER 0.5 mol - L' #9 NaHCO: I iz $2 )5
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FTILER 1, W A s 2 BRI AL 7 )P
1.2 DOM il #& R B 14 R

R DOM i 28 1) Lk 43 ) 3 1 sh 0 058 1 4
& ARFERINGZE L) R IR R K FE RS AT . WG ZEEA
E R KRG F2 50 Y, S 2 A-ZEHCA B AL R 2=
Bredb aT Ey i 1 BEH KRR AFEC A RO AR B
PR S , FLrb R BUR A6 28 AR 2SR 2 ER O S B R
W FE2s AR ZERINGEE A AR TS 5 3l 20 H
(0.850 mm) i & 1 , K AG AT A AR KT, BY A< B2

®1 Ml T EREREBAL MR
Table 1 The physical and chemical properties of

the experimental soils

15 H Ttems 1 Content
pH 5.05
B A /mg - kg ! 124.5
3 /mg - kg 0.18
L /mg - kg 59.9
L% lg kg 1.62
2fflg kg 0.46
Leffifg kg 17.4
HHLFi/g ke 26.8
FH 5 738 i femol (+) -kg™ 11.8
H 3 mg - kg™ 244.8
8 mg - kg 62.0
TR kg™ 2.33
Bfhimg kg 0.382
B /mg ke 36.5
B /mg kg 64.9
B /mg ke 24.5
Al /mg - kg™ 24.2
TR 53 HT /% 2~0.2 mm 1.94
0.2~0.02 mm 15.99
0.02~0.002 mm 50.77
< 0.002 mm 31.30

N2 em AT BIFEFEREE 25 . S 2R3 X825 DOM
VTR B Al AR B (3 7K =1:10)2" 20 BIFKEL 15 g
F& LR FRAG I Y, B F 200 mL =R, 4
B 150 mL 4L K, 7E 25 °CF , 200 r- min™ & %
16 ho SRJFHHIR I , 434145 A 50 mL 5.0 48
4°C .12 000 r-min™ 8.0 15 min, $F 8505 0 F K
F0.45 pwm BEFR K R UEE E b v DR B A 5 3% R
2& NG DOM JF W , B L& F 4 Crk A h IR 25
F o K FEFEFE DOM 75 0 1) il 4512 H RS AP 10 ¢
HATHERN 100 g 7% 1: 1005 & HO) RS 5 5 & T 250
mL BRI A 5 4l e R P s B e K
KR 80% , 1 1% £, AT & FLILE A, A BS
FEFF R, (2521) CHEEEEFE 60 d, TR 5 d FIFR BT
T ANFEK AT o BEFEWIIR I AT fif L RS EUA 5 mL
VE R B F s (OB e /KRG 1 10 g, 15 450 mL AR 447K IR
A PR 2 h, B E AR, FIE RO A g, R
A . H53R 60 d 5 REFFEE SR EUE A — € 1=
Al K (RS AT A iR A B 1 24515, SR 5 4t
HEA 200 mL =AM, 7£ 200 romin”' 554 F ¥R 2 h,
SR I B AR T B A3 b A 50 mL B L4 °C
12 000 r+ min ' &0 15 min. B EOEH iR T
0.45 wm 5 R K 2 U8B F 2L 0, 8 W B0 Sk 7K A5 5 FF
DOM U, K FL 8 F 4 COKAR h IRAF 4 . DSBS .
A2 0 ZE RN K AR A AT b 4R HUAS DOM 43 3l bR id ok
PD.CDD .CMD 1 RD, H B AB PR T an 3% 2 i , k3
il % B DOM 7E S I T ¥4 28 -y S 2% HR 5 K B b L
1.3 R it
B g i B 4 SRR IR DOM AR 3!, & 4b
PR 4 DA [A TOC R J (40,80, 160 mg - L™ #1320
mg + L7) 7K, 320 56 LA i 25 1A FRURE 4 /K 1 S X B
(CK), BN TOCHRER B 4NEHEL . R RAT .
FREL30 gad 2 mm i (1 K A% 4 52 51 50 mL R £

F2 AR EEVR(DOM) R iRBIEAREU R

Table 2 The physical and chemical properties of the experimental dissolved organic matter(DOM ) original solution

N . . : . . — :

By PD 7.0b 6.5b 931.8a 214.5a 1272.7b 3801.7a 553.9b 2.28a
CMD 6.9b 9.8a 786.4a 161.7b 2058.4a 3468.2b 667.9a 1.34b
CDD 7.0b 3.6¢ 186.6b 115.2¢ 373.2d 1789.1c¢ 179.0¢ 1.27b

a5 RD 7.9a 3.2¢ 57.2b 6.7d 758.6¢ 624.2d 48.6d 1.37b

1 RS NG FhE R R AN [F] DOM 5 BIALE 5 2% 5 i 35 (P<0.05) .

Note: The different lowercase letters in a column indicate significant differences among different DOM original solution of the same physical and

chemical property(P<0.05).
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DAY, B B0 A 30 mL AR TOC ¥ EE
Y DOM ¥ W , 5% 56 3ed 2 v ORAF VW AW T v T - R
2 emo B EOAETE(2521)°C TR EIIEFE 40 d, 1%
5 d R T RN TR K A o BEFRES G e 45
AbFE 448 pH X ECAE , R K HIR B WIR %35,
L T DA 4600 r-min™' 5.0 20 min, B ISR A
F) 50 mL .08 W HCE T -20 CUKFE PR, I FRpIE
A 545 B0 J5 1 18R A 2 mL 048 ORAF
F-80 CukAf , T qPCR 7> Tl
1.4 H@Htr5SUE

VWA A 23 BT < R e SO €53 — F
& 4 B AR B i (HPLC-ICP-MS, PerkinElmer Nex-
10N 300X) 47 -3 i W e &0 i) ¥+ b
TN -20 CORF T EUH AR5 R T RlfE, i 0.22 pm 3§
JE 5 A TR A E . Bk As (T 5 TMASO 7EFH 25
T A UG SF ] — 0, O S e 4 R S HL0,
IRFRLE 9: LIRA DUAEAERE S As(TTD 2 As( V)P, fif
TS R bR ER L RIEK T 0.99, R Tk T
J i, I BE 10 A LRI — R As CIID) AR
W (GBWO08666, H [E 111t Bl 2= i 5% Bt ) 5 DMAs xR
W (GBW08669, H [E TSRt = it 5E b ) . & ME R
PABRIE TR ) ERCR A 919%~102% o

+ 3 arsM F 16S rRNA # U1 3¢ /3 #f . 18 1 Bio—
Rad CFX96 2 & PCR X (3 [E BIO-RAD) X} -3 rh#2 5
B DNA YL 7 qPCRY G arsM EEDIA 145 1910 arsMF
(5 -TCYCTCGGCTGCGGCAAYCCVAC-3" ) Fll arsMR
(5" = CGWCCGCCWGGCTTWAGYACCCG-3" )P,
16S rRNA i 4% 5] ¥ & BACT1369F (5’ -CGGT-
GAATACGTTCYCGG-3")HIPROK1492R(5'-ACG-
GCTACCTTGTTACGACTT -3" )™ arsM % [H qPCR
JEAAR F R 20 LOGRGR R B Takara) : 7.2 pL ddH.0
10 WL SYBR.0.4 pL arsMF #10.4 L arsMR, L) }2 0.2
wL DNAFE S (10 /57588 ) o 16S rRNA qPCR S AR 5
920 pL (i 7 %k [ Takara) : 7.2 pL ddH,0. 10 pL
SYBR.0.4 pL BACTI1369F #10.4 pL. PROK1492R, LA
}20.2 wL DNA F£ f (1000 5% B8 ) o qPCR 9 2 i F2
FF 15694 CZ28 M 1 min; SR 572814 30 s, 1B K 30 s(ar-
sM:67 °C;16S rRNA:56 C), 72 ‘CIEAH 1 min, F£ 404>
i 5 B o 72 °C oK B SE 1 1 min, 44 fill i 2k (Melt
Curve)55 °C 30 s,

43 pH A1 EC B0 22 : 433 pH {5 pH i1 (Ther-
mo Orion 4 Star, Beverly, USA)E , H K 1:2.5,
+ 3 EC {f{ ] FiveEasy FE30K %Y i, S0 5 , K He

HM1:5,
1.5 ZHEAbTE

T 25 49 M1 8 A Nexdon 204 (R4S 1.0.1916) 3F
7o FJH Excel 2013 F1SPSS 21 #4145 B MRS 1
S3AT, Ab 3] 5 25 43 B SR LSD VA AE 0.05 7KF- F ik
170 FTA B FRR A AR HER (SE) .

2 HRE5HMH

2.1 HRMAFERIEDOM X £ 3% P AT A &0

IR TOC He BE i DOM AT 5k 28 A0 28 7K A 1 4
A ATES (K1) . BF5E R LA AL F iR 25 32 22
A5 TCHLAH (iAs) .MMAs .DMAs Al TMAsO, H A A 40
T e 4% T S B2 24 B TOC e 5 186 o 5 BHLAS [] 7 8
HI3E N, PDALFE, 4 TOC ¥ B 5 3 320 mg - L' B,
DMAs 7 i (3.1 pg- L) B & FX (1] pg- L),
M TOC HJE A H] 160 mg- LI, TMAsO 55 (0.4 pg-
L) B T E0.2 pg L") ; CMD 23, 24 TOC ¥
JE 5% 320 mg- LB, iAs .MMAs . DMAs F1 TMAsO 1%
WY R ERETXE(1.4.09. 1.1 pg-L"F0.2 pg-
L), B B2 % BRI 1.4.1.8 . 2.0 5 #1 2.3 4% ; CDD
AEFE 24 TOC R FE 320 mg- L', MMAs Fl DMAs 75
BN 1.3 wg- LA 2.1 wg- L7, 34 5 5 T xR
(0.9 pg-L"FI 1.1 pg-L7"), 17 iAs 7 5 il TMAsO 7% &
50 BEAH H G B2 22 5 s RD AR HE, 24 TOC ¥R A 320
mg- LB, iAs(2.2 pg- L") \DMAs(2.0 pg-L™) % & A
TMAsO %3 (0.3 g L) 5500 HERH B35 0 23 o, 1 4
ANHRE T MMAs & SR E R #2555 It
Ah AR TRE IR DOM Ab B A A AL & iR 248 S Y L
5] 5 2 14, Hedh CMD-320 i Y JE 25 Al (MM As +
DMAs+TMAsO) &5 & 4 4.2 pg- L7, B A H & (6.2
pg- L)Y 68.3%; CDD-320 H R 25675 80 3.6 pg -
L S B (4.7 pg- L) Y 75.7%; RD-320
FEMETEN3S pg- L, HMIES S5 (5.6 ng L)
1) 61.8% ; 1fii PD-320 4h 34! v HE LA L0 91 e o, % o
F4T pg L, IS B (6.2 ng- L) 75.8%.
22 TERBRBAREDOM FTOCEES5BESMM
iEPS K

4 A [E] DOMAE T T 335 TOC 5 F LS
i 7 i 22 ) 3 5 I 2 AR MR AE OG (P<0.01) o AT 2 i
7N, H 25 5 it Bt 338 vh TOC Yk B2 A9 1 im i 1
i, R BIE IR DOM v] & 24 JE AR i B Ok . HegR
UG BIAA S FRARER AT S, 4 Fh DOM X - 1 v it B 3
IR R R AR A 22 5 W R VE B R/NHE
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Different lowercase letters indicate the significant differences (P<0.05) among the different TOC concentration gradient treatments of

the same arsenic species. 40,80, 160 and 320 represent TOC contents in mg* L'
B 1 RETOCHKER DOMEAT L EMAEE

Figure 1 Arsenic speciation in soil solution added with DOM at different TOC levels

¥ #DOM(0.016 1)>33% DOM(0.014 7) >4 F DOM
(0.009 9)>/KFEFEFF DOM(0.008 2) . N A¥EFE DOM
Ji %F - 8 v i B AR IOk R, BV, TOC ¥k
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MK FE R FF DOM B K 2 B Ik, B2 TOC VR B2 T+
SR A ) F A3 0.008 2 pg- L
2.3 HMMAREDOM Xt i REL IR E (ar-
sM)F0 S4B E (16S rRNA) F E IS0

3 4 320 mg- L' TOC #¢ £ F A [ DOM X +- 32
arsM FE R AT 16S tRNA =F J& (4 ve + 38988 UL 152
Wi o ESO0 DOM AbF 5 4 B8 qrsM 3R 42 D103 5 T
X} B8, PD-320, CDD-320, CMD-320 F1 RD-320 4 ¥
T arsM ¥4 U150 5 %5 BEAE He 43 ) 58 T 1.65% 10,
0.62x10°,0.58%x10° copies - g F10.60x10° copies - ¢, H
H PD-320 Ab B - 358 arsM $5 DL S8 2505 T X R, R
3.36X10° copies- g™, 2 4 %F BT 2 4% 5 4 Fh DOM 1 H
- g A R L AR T RE T arsM E AR BIE Y
I3 A FLUHE b 8 26 DOM> 4 38 DOM> /K 5 £ #F DOM
>34 DOM ., %1 320 mg - L7 TOC ¥ FF (1) 4% & IR
FIAGZE Y DOM b BE rp - 38 S04 T = B2 3 B 3 (P<

0.05) & T X B4, H v ¢MD-320 4b 34 16S rRNA %
DUBC R =, S 1.942x10" copies - g7 5 AN A DOM 4b B
T R A (168 TRNA) B i 20 609 4 A
FLEE 4 39 2% DOM > J% 2% DOM > /K F# % 1 DOM >
42 DOM .,
2.4 AEDOMFmjgLiEpH R ECENZEL

AR DOM S i mT S 25 ek 2% -1 48 pH 2 ECAELIR
(& 4) . XTRE 41 pH 4 6.45, %3 il DOM £ 4b PR pH
Ky m TR, Hid g 26 DOM 4% 4 PR T 4% pH
BB AE 7.04~7.53 Z 0], 4+ 2 DOM £ 7.64~7.97 Z
[&] , %% 2% DOM 1E 7.18~7.73 Z 1] , /K #& #% T DOM £
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