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W' EeJRusok, UHFIKR, WA N TIEFREZBKAEER T, JFl i Sy sext NS B o™ Eai . b
Z T R R AR PP SR ) R A, SR T HOGS 7S AR R AR BRI SR 0T FY R SR PO R SO 3 PR SR 4 L v AN B Al o SR ZK
FEE AR, BB TWIRA CRIGRIRASMEMR TR, EORFUET N 40.3 mgkg™) MRFRMEEA G
BN 100mgkg ™), AL 7P SBEMBRACHR IR B SR HUE 2SR HIREAL IR (AR AL, FRASE . A ik
AR BRI EHORFACEEN (dsrd Rl dsrB) F2JE, VLROKREIA KR . SRR A RIS R SR )5t
SRR EL . GERERN], HRBRIRAC L R BRI R, REH A SRR INE R GBI T 27.4%); BN TOKAERANZE
FHOR IR, FEIK TR 2R BRIz, e & FRAR T /KRR PR R SR i) RAAS B e b 17 14.7% ) AR
UBTRR B e T IR P RERAR KT (BN T 124%), BT RR RIS IR E L, KT REAES SRR R RN 25
T RGN R AR, I FRAR T IR R MK QA T 11.6%) . ZKREAT BRI 7K e v (1 H O 7 Jod 2 73
H 5 e AR R e PR IS R B A0 B B 3 TEAE G (P<0.01) , T 398 At A LR ORI R AR 1) 0 450 5 133 4K
FRLRR e S U H R BB B R B 2 RO (P<0.01) o IZATFEUER T H ST AR AE 398 -7 A 28 v 0 2 < o P ) 2 24
R il R AR RS S LA B SEBURE K k25 Fit 2 1A i 4R 3 1 BRI ZE Ak AN B S AR s

KR B AR WRERELEJRE, RRR, K
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7K (mercury, Hg) & —REMHRBIE SRS
), NERESIOREAA IR, AadEm
B Bl IHIE . KA TR AR e Tl 1%
ORI EERYE (Fengetal., 2008a; Wang et
al., 2012; Natashaetal., 2020; Liuetal., 2022).
BopT e E LR EWELS R TR, KA 1.6%H4K
MR T T 11 28bR#E (5K (total Hg, THg)
JREECN 03— 1.0mgkg !, BISLFRE 37K 5 4L
W] 43 IR (Zhaoetal., 2015a). 50 KIN, 1L
HOKIREH L3t ERE hgedB MAEDI#EE,
IR £h 16 (sulfate-reducing bacteria, SRB).
P& JF B (iron-reducing bacteria, FeRB) 7= 5
BRI B R, bk AR A oy B R

(methylmercury, MeHg) (Gilmour et al., 2013; Parks
Jerryetal., 2013; Liuetal., 2014), HJ&E5RKZ—Fp
P R, A LUAR BAE KRR FRL I i 7K R E5
B NS fi B (Feng etal., 2008b), i1 1956 4F
H AR AE B 7KARIR AL 1971 4 AP 7 DR £ P 2 FR 3k
KRG G /N 22 T B HY R R v 2 55 T AR 1 g S
FFE R «F 1 (Manetal., 2021). 52 LR {5 4L
KRB RAARAE T ORETIX, WAFE T )
WRBEEL T YR AU BT AR H - (Zhao et
al., 20200, fEHHE, i Qb X (1) b fE B H W 2%
e R BRIE T, KREREUX —&R S 94% —
96% (Zhangetal., 2010), FfH BT RIEDEERL,
78BS TG Gt X ) JE R 2 T KRR TR R R T

EE&TB: EXRARBFIEETE (42030702; 42207052); XIBHEH4-HHFELEETH (2021A1515110574)
TEH R HIM (1994 454D, 4, WE-ERFFA, W07 o LKAk RR TR IS NLH] X8 . E-mail: huangyingmei3691@gmail.com
LRI —EE . BRAME (1990 4D, 5, L, BT IO KR R U R R AL R A AR E ST B AL I WL . E-mail:

sxzhong@soil.gd.cn

SEIRMEE : 22558 (1968 44D, 5, WFsti, Mt, SNSRI SAEE (3 £EI5 %P8 . E-mail: cefbli@soil.gd.cn

WisHER: 2023-03-16



1116

SRR 3255 6 WI(20234E6 A )

FHIESR I XS T (Liuetal.,, 2019). ¥E4RiE, 7E5
M TR X, 7K H K & o B8 & s
140 ug'kg ™' (Horvatetal., 2003), EP{7E KT HIK
W BT, ZKFE AT FH 5 0 R R o i o B (A
T 100 pgkg™ (Qiuetal., 2008). FUt, IR
HH - 8K a1k & rp B SOk RIS is ML, TR
T HH R38R T e T4 i B L3R A A

i (Sulfur) R—MEENEFRITR, AmTHE
YIRAEK AT (Yuanetal., 2021). DA L
SR SRR A ORI B R A R, S EUED -
AT PR (Singh et al., 20115 Yuan et al.,
20210 WFFKRIN, FLBR A LA SR H IR
754% (Lietal., 2017; Yuanetal., 2021), [FAIFfi&nA]
DL /KRG HR S R AT B 7R 1 228 (Rothenberg et
al., 2016). fin] LLEE /K FEAR & 1) 2 A Ik
(phytochelatins, PCs) %+ Bt H ik (glutathione, GSH)
4B (metallothioneins, MTs) FIIER 12567
fi (nonprotein thiols, NPTs) Z5iliEs> ¥ K& % (Li
etal., 2017), IXLCHREE S0 H 4 J8 A 1R = el
77, AT LA B 4 ml KR EE R iE (Lietal.,
2017). SEiHANEEME, HF6E (elemental
sulfur, S(0)) BA 5 = PIRE . TGS (1R HOH LA
J AR BRAIANAS, DR B T AR A AR A 7= R 28 4
FAVEPERLR AR R A FI ] #E (Zhao et al., 2015b;
Mattielloetal., 2017). H—J7 M, {EFRIFRIIK
5 G A N PR AMY T LIS I AR He(ID)-fiR
fE 5 &%) (RS-Hg-SR) MifbK (HegS) M1k,
PR EAR PR - A2 3h M (Lietal., 2017), i&7]
DU E K FEAR R RITE G, A BT BRI S R AR
FH S R TE K FEFFRL ) 28 (Huetal., 2007; Lietal.,
2017). #R1M, 7ELL HgS A FEILAMI RIS Y 3
ISINE AR, 3K REH F IR R, SR8
At HegS MIA NI AESRIR (W1 Hg(GS)) B
7k (HgCl) $hnzRpI#a01% (Li et al., 2019),
TXFRAS— B I ] e ISR R T L.

SRTAT, 4T A 5T 3 24 v 7E B T AR PR K
IR SR AR RN 7 THT 5 S = PR B 0 HR R 7R 7 - 358
—IK TG Z HOL RS s ML) 52 e A 9« 408 B, ARAF
Frid i HIE ARSI, WHAT T BT (100 mgkg D
X 7R e 4 LR i & 0 0 K FERE AR I AR K L
Je BRI s i se ), i3k — D s B 7 BT XS
T IR R E S B hE R E, A B
T 1) 5 A H 2R 15 Y8 R

1 MRIFTEE
1.1 B HIRFIKES
FARBUI ] D 52 48 53 BH T 3 Lok A 14

K Y R H R E - B (27°32'57.52"'N
109°12'47.38"E ). 1358 (1 554 7R AT R B 5K 1) o £ 43 4
535N (40.3+0.950) mg-kg ' Al (7.35+1.48) ugkg o
TIEFEHREE (pHD. PHE F2C#: 77 (cation exchange
capacity, CEC). &k A ML A1 553 70
(7.3340.20) (26.0+0.10) cmol-kg ™'+ 2.82%%0.02%-
(31.5+2.40) g'kg ™ Al (1.6240.01) g-kg ' o LKA FE
oA H A (Nipponbare, Oryza sativa L. japonica) .
1.2 BRRESHFERRE

TIEAHRNKT EBREY . RIS 0.85
mm 5/, 5 T 2R . ERATRa T, A
T ARG Gy - R S N R B R X KRG oK ) R AR
AT BERISZ M, #E T 0. 50, 100, 500 mgkg ™
BT A ERH FEAT IR A . W AT RN, AR B AR A
AT DA I PR K g R SR AR Bk R AL, [
IFREL, 100 mgkg ' HFFRARALEE L 50 mgkg™!
Jo T Ak BE T KRB AR 3 A SR R R B R T & 4 BT R
HHAE (Lietal, 2017). RUIARFFCRBL, PAFRHT
Ab 3T e R T K FEAR BB R 18 e, DR, DA
100 mg-kg™" JyHLFUAR AL BRIKJE o B AL
YR (Control) FIHLJFEHE (Sulfur, 100 mgkg D
2R FRAH, BEAMEPRE 3 ANEE . B Tke
3%, KEpmE LR, WOKBARE 1R
JE R 4 MoKFEH, BANAEFIHREE 3 om IR
AR TEARFERGEI (28 105 KD, REEEMIK
&, IR KRR IR 22, L PR, [RIET I
LKA bR A, IR Lo Py, — f PR
AR T80 CHAKIRIKAE PR AF UL & T AP 7 #r
H— i SR AT R R TR (=78 °C, 10
Pa) (Alpha2-4 LD plus, Christ, Germany). [ )5,
f A AT R B , NS B A S AT
MR B Et 0.075 mm 59, N HESEH
%H o
1.3 HKESHIIBIEHRDT

it P 445 302 2 80807 73 X (HQ40d; Hach,
Loveland, Colorado, USA) J5i A7l .2 + 4% Eh 1 pH,
Al T 20 P RO /K g ks, A A4 202 R0
43 M (SPAD-502 Plus CHLOROPHYLL METER)
(Konica Minolta (China) Investment Co., Ltd.,
Shanghai) JEKFEEE 1 MM SRR K. M
F & 7t 3E A SO4% (1CS-600, Thermo Fisher,
USA) (Ontiveros-Valenciaetal., 2012; Shuetal.,
20160 ; fERHEANKHTAC (Shimadzu, Japan)
or W A 438 o R % A MLk (dissolved organic
carbon, DOC) (Chenetal., 2018; Zhang et al.,
2023); A I (NH4)2S:05 77 (0.0135 mol-L™,
Sigma-Aldrich, USA) #4358 b A ) ] R FH 11
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MeHg (Zhu et al., 2015), 343 HFIF CuSOs-
methanol 1771 KOH ¥& 742 B AR YIRE 5
f) MeHg (Man et al., 2021), /R HEB0R+ 1
MeHg £ &R e B, HEali K R B, 2581k
WG, FHSMHEREA R T RE (GC-
CVAFS, Brooks Rand model IlI, Seattle, USA)
fTI & (USEPA, 1998). NI4T &K, AR
#EYII CC580 (i IPLAR#) 1 TORT-3 MR
JoEMED 5 BRI AL & [ #E AT, MeHg A
W58 103%—131%A1 117%—129% (n=3).
EEFEN R UEZ (standard deviation, SD)
15 7%6 A, 704125 A MeHg it & iR BT 1.55

ng L7l
MeHg &Y & 4K+ B:
B=wW(ricey/ W(soin) (1
A

Wiricey /K& MeHg 34 i & 7 4

W(soil) 3% MeHg iz 4%4 (Pandey et al.,
2016; Shuetal., 2016; Buscaroli, 2017) -

MeHg iz 2% T:

T :W(stem/leaf/gfain)/ Wi(root/stem/leaf) (2)

e

W(stem/leaf/grainy /K T8 ==/ /¥R B MeHg Jiii &=
pai

Wirootstem/leaty—/KAEA/Z5/MH MeHg Jii &7
% (Manetal., 2021) .
1.4 TIEGE Y DNA RUZERANTh e E E R E S0

HEFIRR R 0.25 g WikIITIEFE N, H DNeasy
PowerSoil Pro Kit (QIAGEN Inc., USA) #4733
AEY) DNA B3R, B85 5 bt A0 AR R 838
J5 % (dsr, dissimilatory sulfite reductase) dsr4- dsrB
FERHEATHE %) 2 & (Dranguetetal., 2017; Zhouet
al., 2020) . SERf2J6E & PCR (quantitative real-
time PCR, qRT-PCR) KRJNAAZR A 25 ul, 2 Filk A
5% (% 1) Ml qQRT-PCR [ 46452 S iR
(Zhouetal., 2020) , fiH] CFX 384 real-Time PCR
Detection System (BioRad, USA) #EATH 1 [ v,
R P AR T b v HI 2, 33520 90% —
115%.

1.5 Giitoth

FRAE 3 N A2 B 2 SR 1~ S B R A
#, KM SPSS 18.0 GEil B AFREAT L &7 = 0 Hr
A ¢ K56 53 BT LU A S HAE A A B R) 22 7 B2
%, fH SigmaPlot 14.0 #ff (Systat Software, Inc.)
X g R AT 43 K

2 #R5118
2.1 BRWEXTIEFRN (NH) ,S:0, 3REN At R 5k
(MeHg) RESHHIF M

HE 1 aTa, XT3 MeHg FiE 0 E0N
821 pgrkg™!, WRANFRARALILS, %% MeHg SR
BT E TR 11.6% (P<0.01) . JeRifImia Kk
B, 3 R O] AR OB A S?, HoaT
Pl He &8, A% HeS, MDA
AR, ISR HE SRR, 8 MeHg &
B (Lietal., 2017) o (NH4)2S:053 $#2HL
A MeHg 7K F AT LAHE 7 A% FH = 338 o n] 98 b 42 Wi e
FIH ) MeHg BI7K°F- (Shuetal., 2016). ik 1

10.00
xR
e RSN

~ 8.00 A *%
op
-
an
=
ﬁ '
& 6.00
g 0.04
=8
o
jun)
©
=

0.02 A

0.00 -

S5 PRI
S5 ]

1 HERFABAFRET (100 mg-kg~') SbIRLALIEFN
(NH.) 280 IRENZS R ESR B 0

MeHg contents in soils and (NH4)2S20;3 extract

in control and S(0) (100 mg-kg™") treatments

Figure 1

= 1 ERTSLEE PCR AR SIS S 8% 4
Table 1 Lists of primer pairs and thermal cycling parameters for gRT-PCR

DA EIkZE 515 (531 VT
st DSRIF ACSCACTGGAAGCACG 95 ‘C 405,94 'C 605,56 ‘C 405,72 ‘C 2 min, 40 cycles; 72 ‘C 4 min
DSRIR GTGTAGCAGTTACCGCA
dorB DSRp2060F CAACATCGTYCAYACCCAGGG 95 'C 305;95 C 55,55 C 345,72 'C 345,40 cycles; 72 ‘C 4 min

DSR4R GTGTAGCAGTTACCGCA
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7

Frw, X HE 3% H (NH4),S,05 #2 LA MeHg it &=
SrHN 0.0176 pgkg™', HUFAR AL B A 3 R
(NH4)2S:03 $2 LA MeHg Jii & 77 FU B (K % 0.013 8
ngkg ', WEFHET 21.8% (P<0.05) . XK H
Jo i AT DA S 2 A AR 35 e RO 0T 4 AR 4 B R R 1
MeHg i & 70 %, MM K 3% MeHg # /K F5
WL L2
2.2 BRI HIEM RN

iR NGRS ne: SL A AT SR E 3oL
EL X HEAH, B i AL BE 2H P 3 Eh. pH 2 R & (
2a.b), 1l DOC i &4 #3125 10.0% (P<0.01)
(Kl 2¢) . DOC Ji & 43 88 s 5 i r S AE A
K, ZA RIS DOC WL E A% (Wang et al.,
2020) o X HE 3 SO i B4 40N 27.0 mgkg ™'
PR AR AL B2 5 SOL2 IV i 4 B0 3 B v B
60.3mg-kg ! ($2 124%, P<0.01) (F2d) . It
4h, qRT-PCR &R 7R, HBBAEEEA S dsrd
dsrB FE K # DUECH LG 54 JR 20 4 00 32 7 80.8%
(P<0.01) F128.1% (P<0.05) (K&l 2e) . dsrd Fll
dsrB R it A0 A R 600 SR I, 8 mT DATEBR R
ERIE Ji I A AR R 2R 3 A A A, R T
PENBRIR 28 B AR & (Gaoetal., 2022). iR
R0 SR B XU RN, BILE FR 3L SR ) 7 A A 2 B
Ak PR EEER (Zhouetal., 20200 . Eik
s, — 0, AR 3 R R AR F
TWBRIEHE. iR, "HRESOS
hgcAB T W) #E T& WX 20 TE ML oK 1 R 2 A0 2
(Gilmouretal., 2013; ParksJerryetal., 2013; Liu
etal., 2014), SHUKFE+ MeHg 1 K& 2! (Zhang
et al., 20100, 53—J70, F&H IR &4
MeHg 1% R4 (Zhou et al., 2020), fEAH
BRI He WRETT, BRERERIEE R . 7 H o b AN
SNl i Al L I R AT L R v

(Oremland Ronald et al., 1991; Kronberg et al.,
2018). [AlUt, &f 53 B B )i fim b R 4 vy 1 L age b
SO BR34BT B R 2o i 1 R0y 1,
TR £hIE 7 B v B £ 2 5ok R RR R A IS, 2
5T EHEAERE, f£—EfE B T MeHg 1)
Rafi, HETIECI ek MeHg Jii &8, (2 EARK)
WL 75 2 — D 7
2.3 BREXKFEERE KRN

ExhHRAR L, BT AR AL E A HR K R i e Y
I (P<0.05) (K 3a) , KR, 25, HARFRLRY
W) L 26.8% 64.7% (P<0.01) . 40.0%
F140.4% (P<0.01) (F3b) . ML, BHFRE
B, FEFRTG G KB A ISR (100 mg L")
AT DA KRG R bR AR R AR KR ) 5T
(Huangetal., 2024) , Ff H &K ILA NG 5 i ok
F 8 R A SRR S S 2R K (Najafietal., 2020;
Yuanetal., 2021) . S5xFREAHEL, HOFUARACEEZH
KRG B AR X 4 R K (SPAD) & & $#25
27.4% (P<0.01) (& 3¢) , FHIRMHE TN
Jr i ol DA K R R 6 &R FHRE 7, (R BERERR
WA IV, YRS REUKTEL S
138 B A 282 197K 28 R % (Lunde et al.,
2008), Xk IE S BT IR AL R TG YA FH 4K
Fefk & rh B IRtk R AE K HITEH
2.4 BFREXEKRPEERRES BN

Xof HRZH A B R K FE AR R MeHg il 243 24
23R 16.9 pgkg ™ A1 39.2 pgkg™, T AL B AL B
R KR AR MeHg R B2 070 51 T B4
% 13.9 pgkg! A 33.5 pgkg !, FHEEN 17.8%
(P<0.01) F114.7% (P<0.05) (& 4a) . 5xFHR4H
FHLG, BB AL BRZH KB AIZE ) MeHg it &
SR 8.05%H1 6.05%, i it MeHg i &
SEIEINT 16.9% (K 4a) . Hboh, WA HHKFS

-160 75 800 80
(a) (b) Tt o (d) i (e) = R R4
- = * 2501 ST
-120 2600 60 T
g & < 2001
% =1 = =
£-30 400 = 40 = 1501
38 = = BN
tE] bt ¥
i el 100+
-40 S 200 4 20 B
A 8 501
" 7.0 - romsy 0! 0-
IR SRR AR SRR XA BRI BRI g dsrd - dsrB
A3 AbEL biga Ry

() RMBBEHRSL: (b) MR (o) VIR PR E: (& WRIENA: (o) HRIER (dsd Bl dsrB) 518
B2 sTRRFEBRE (100 mg-ke™) LIRLA IR RANTHAEEE 2 DUH AN

Figure 2 Determination of physicochemical properties and functional gene copies of soils in control
and S(0) (100 mg'kg™") treatments
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#® N =
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(a) KFEHRF:  (b) KRR AR CFRRED « (o) KR AR5k & (SPADME)
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Figure 3 Determination of rice growth parameters in control and S(0) (100 mg-kg™!) treatments

" @ T To
a A = Y
— R =
[ — g
40 80
*
%k

‘:\ N2
2 =
£ 30 - £ 60 @
S = b
= 2 N
& g #
I 90 - S w0 %
=S ) §
2 4 % s 14
5]
=

10 20 1

0 0 T T 0

wEOR s R i AL E5it ot 4L HLFR
TR 13 13

() KREARRALH P ERI R RS (0) KERFRASH FRERRREMLG: (o FERNENEERT
El4 PRFABFEH (100 mgkeg™) LIPLEKBEAREANPERRED BN ELRBERNENEEEAT

Figure 4 The contents and distribution of MeHg in different tissues of rice plants and bioaccumulation factors of MeHg
in control and S(0) (100 mg-kg™") treatments

¥R MeHg i 2L 86.4%, i 553 i AL 2 3t RRZAAR L, AR AR RIS T AR REAR B 2K
K FEFF R MeHg Joii & 11 LUl PRI 22 83.1%, M F MeHg (0538 (38 2), 3% ] DL SR s in 4.
{HARFIZEH MeHg Ji & ¥ Fo i) 5 0 REZHAR B, 43331 JFRBR G KRG Al 25 MeHg BB 2080 F M, Tk
P T 20.9%1 25.7% (K 4b) , R WA N B 5 MeHg i 270 $0 Tt o MeAh, FRLSAR AL R ZH AR |
JE BRI T K RBAFRL T MeHg 43T, AT fig 5 8B LA B MeHg %512 RECT B, R0
Perm T MeHg TE/KREARFRAIZEHE 10 20 Bl A %o X R AbFRME] T AR AL B K AR MeHg [M3%12, &
YK FERE PR MeHg 18 22819 2.06, 1 5L B FUKFEF R MeHg R80T B (Kl 4a)
AbFRAH K FERERE MeHg (HE £ T 5.3 F %S IKFEFFRLH MeHg BIAEPA BAA N 32 Bl
1.91 (P<0.01) (F4c) , RTINS AREEM T 7K AEAR S A L3 it MeHg (Strickman et al.,
KA M A IE R MeHg, T RE SR N R B S £ 2017), MeHg #E KGRNS5, PTG SidE4 &
1% MeHg it 870 20 FEKE X (Lietal., 2017). TR IO R E &4 (MeHg-cysteine), Bl
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F2 XTERMEBFRE (100 mgkg™) AIBLAKFEEK
RERBIEETRE

Table 2 The translocation factor of MeHg of rice plants

in control and S(0) (100 mg-kg™!) treatments

WE R MR FPRIR -2 FPRZE Rk
WEH 283 0.696 19.8 0.246 7.00 28.5
HRRT 228 0.548 14.5 0.240 6.36 26.4

Ji CA— P 0L T8 729 5t (1) 1 AR A4 N e e
iz, A EKRERH B (Tang et al.,
2020). AREERFEH], TR AL A KRR R MeHg
FRB T, TIRes AL H FEAIK 1 1% MeHg
B A 0] 7 K FERE R M R MeHg
I MeHg fE/KFEIEMR N ) iaid B A 5%
2.5 tEXMSH

FHIME AT HT R BH, BERRIKFE MeHg Jit &5 30
IKFEFFRLH MeHg i & 73 505 33 (NH4)2S,05 2 HL
A MeHg & Fiz A3 BA BE IEAHR R R (K
5a. b) o T (NH4),S:05 $2HUE MeHg v # K8 EL
PO A, 5T B 70 E50) BRI AT DA S BUK R FFRL
o MeHg iS50 RS [FIR, FRATTA I g
DOC JR &%, SO& i &9 H 5 13 (NH.),S:0;3

42

20

FEEUA MeHg i 2 3 )35 B A 35 Rl 9 56
Z (B 5c. d) o EZRIWIFRT R, DOC il
T IRIBJE R EMN K IR He FIAEE B, T
Jk/> MeHg )77 (Tang et al., 2020), M{EKRTG
Yl 3 R N IR R AR T DL i 3R e ML
A4 (RS-Hg-SR) [HFR#EA (HgS) M, [Fi
TR K FEARREALAITE AL, FRAR /KRG AE R+ MeHg
(B (Lietal, 2017,

3 g

TE 7K 15 G - 438 v S B o B PRI T 48 AN
(NH4)28,053 $#2HU A MeHg B 5 & 400, M1 7 i
PR 830 i B R e, T REE 2 5 R AT RE 1)
A 2 5 PRAME 2 AL, £—ERE L
i3t 7 MeHg M FEfE . BB AL AT AR S KRt
GAERRETT, MM BE KRR A K. thah, B
R AL F AN 7oK FEAE R N L RIS MeHg 19
T2 LA MeHg TE/KFEME MR N HI 36 ia i /e, JCH 2
HEEALBIKFEFF R iz, TS EOK R R
MeHg BRI TR AR F NIRRT G X K FE
TEPRkF MeHg AV RICLLAEH MeHg 15 441&
St T HEIR S R

~ (b) ~
‘ ‘
g z
2 394 18 2
] =
X 5
g i ] i
& 36 16 =
o0
3 3
2 2
& 33 14 4 fz
& 2
® 2=0.62, P < 0.01 2=0.87,P < 0.01 ﬁ
30 12
720 75
~ c) o (d)
Ton [ =~
& B
& 690 60 1 ~ @ i‘n
= g
] =
& By
18 660 45 /\h
e ® 15
- . =
2 5]
% 630 30 1 ® e &
° 5
2=0.73,P < 0.01 2=0.79, P < 0.01 H
600 15

0.013 0.014 0.015 0.016 0.017 0.018 0.019 0.020 0.013 0.014 0.015 0.016 0.017 0.018 0.019 0.020

+3HE(NH,),S,0, 2 I AMeH g &2 7 8/ (ngkg™)

(a) AR R TR EL (b)) BHOKRETFERREN S, (o) £ DOC IENH, (d) 3 SO mES S+

1 (NH4)28,05 FREHUES F 22 7R i 270 B A S 1 0 A
5

IKFERESR R E 5 BT IEIBIEAR S I8 (NHY) .50, IRBUVS R ESR R E B BRI XM 4

Figure 5 Correlations analysis between MeHg contents in rice plants and physicochemical properties in soils
and MeHg contents in (NH4)2S203 extract
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Abstract: The heavy metal mercury (Hg), especially methylmercury (MeHg), is highly prone to transfer from soil to rice plants, posing
a significant threat to human health through the food chain. Element sulfur (S(0)) is widely used to reduce the accumulation of MeHg
in rice grains. However, the effects of S(0) on rice growth traits and the regulatory mechanism of MeHg uptake and translocation
remain unclear. Therefore, this study conducted a rice pot experiment, including the control treatment (Hg-contaminated soil from the
Wanshan Hg mine in Tongren City, Guizhou Province, with a total mercury (THg) content of 40.3 mgkg™') and the S(0) treatment
(added at a content of 100 mg-kg™!). A comparison was made between the two treatments in terms of soil properties (including redox
potential, pH, dissolved organic carbon, and sulfate), MeHg levels in the soil and (NH4)2S203 extract, abundance of soil Hg
transformation genes (dsrA and dsrB), rice growth conditions, leaf chlorophyll level, MeHg content and distribution in different tissues
of rice plants. The results showed that S(0) treatment significantly promoted rice growth and increased leaf chlorophyll synthesis (an
increase of 27.4%). Furthermore, S(0) treatment increased the accumulation of MeHg in rice roots and stems, reduced its transportation
from roots, stems, and leaves to grains, and ultimately decreased the accumulation and content of MeHg in rice grains (a decrease of
14.7%). On the other hand, S(0) significantly increased the level of sulfate in the soil (an increase of 124%), stimulated the activity of
sulfate-reducing bacteria, which may participate in both the Hg methylation process and the degradation of MeHg in anaerobic
environment, thereby significantly reducing the MeHg level in soils (a decrease of 11.6%). The MeHg contents in rice grains and whole
plants showed a significant positive correlation with the MeHg content in (NH4)2S203 extract (P<0.01), while the content of dissolved
organic carbon and sulfate in the soil showed a significant negative correlation with the MeHg content in (NH4)2S203 extract (P<0.01).
Therefore, this study demonstrated the important role of S(0) in the soil-rice system in mitigating heavy metal stress and provided a
theoretical basis and practical evidence for the development of measures to reduce Hg pollution and achieve rice attenuation and
detoxification.

Keywords: sulfur; methylmercury; sulfate-reducing bacteria; Hg bioaccumulation; rice
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