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Ecotoxicity of Sb(IIl ) and Sb( V) on rice by relative root elongation experiments

ZHU Ting—ting?, WANG Yu—jun®, ZHOU Dong-mei*, SHI Wei-lin"", DANG Fei*

(1.School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China; 2.Key Laborato-
ry of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
Abstract: This study was conducted to investigate the ecotoxicity of Sb(Ill ) and Sh( 'V ) on rice by relative root elongation experiments us-
ing a hydroponic culture system containing solution. In the present study, the toxicity of antimonite and antimonate on the selected 44 variet-
ies of rice was studied by their relative root elongations, and two varieties of rice sensitive and tolerant to antimonite and antimonate were se-
lected to explore the mechanism of Sb toxicity. The results showed that the toxicity of Sh(Ill ) to rice root elongation was significantly greater
than that of Sb( V). In the 44 kinds of rice, the value of ECso s,cm) was in the range of 0.82 to 100.24 mg- L™, while, the value of ECso sv)
was in the range of 13.34 to 766.78 mg- L. Yangjing 687 was more sensitive to Sh( Il ) with an ECso of 0.82 mg+ L™, and Xuhan 1 was more
obtuse to Sh( Il ) and the ECs value was 100.27 mg- L, the difference between the lolerant and sensitive rice being 122 folds. Shenliangy-
ou 5183 was more sensitive to Sh( V') and the ECs value was 13.34 mg+ L', and Zixiangmi was more obtuse to Sh( V) and the ECs, value
was 776.78 mg- L™, the difference between the tolerant and sensitive rice being 58 folds. The SOD and MDA contents of the 4 kinds of rice
were measured, and it was found that the SOD enzyme activity and MDA contents were higher in the roots of rice plants exposed to Sb,
which indicated that the roots were poisoned by Sb, and the mechanism of toxicity might be oxidative stress. The results suggested that the
rice plant might be subdued by Sh(1ll ) and Sh( V), and that the inhibitory effect of Sb( Il ) was greater than that of Sh( V).
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Figure 3 The maximum absorption of Sb by different varieties of rice under Sh(1ll ) culture



RIS AN ShOV ) RE KRR 38 2 25 B 1815

46.75% .35.40%
2.3.2 Sh By Ik 2% 5+

TR N o 5 Sh &5 kLY 0 4 K, 5~10
mg- kg ShTEARYLH A b B AP I A K, A
FELE R R I E 5B,6.09 mg- L' ShANHZH , /K AF AUAR
T Sh & I /NF 5 mg- ke, RIATEIZIRE FHE DI
K Z BN AT, A Sh A B ) K A AR X
ShW R AF S B 25, AW sE R B Sh (T ) b ¥4
R — SEAF ) AR W7 W S Ve BE R 2452 Sh(V ) Ab BEZH 119 3
f5R, ARG EE R BN, 76 ShI ) b BT 33X PUFhzk
FEMRAY Sb 7 w2 Sh( V) AL HAL () S5 PIAEERZ
()7 Ml 22 ] R A Dt R PR A < — 2 S8 T fe FH ) A
WIASIA], 2 52 It FH A s ) AN ]

2.3.3 JKFEARAE Sb Wit T B Sk W AL i 1Y) 25 57
SOD (8 S Ak Wy 57 Ak i ) 2 25 00 A PN 5 3k A7 7 1)
it} 2 — , 7£ ROS B AL il v 2 & DG HR 1 T, B Rg
RIS N Ao LA Y, 45 40 B A B e P, B
A0 T S AR A0 1) 2 — 3 Bl R (AL s e )
VI T T BB B0k 1o R 1 9 95t 0 LAt A G 52 174 )
T2, SOD 775 7 14 A& AR 3 B b 200 i 0 2 B e 400 M £
P FR, 3 81 SOD B I AE B 3 8 SOD it 1] £/ 47 A
JEP Y R AN As AL BER /N 20 mg - kg ' B As
Vi JEE 35 I R K 9 SOD B8, 56 B SOD ZEAIS As 4%
PF R LRI R O TR AR AR As KT
20 mg- kg™ B, As 3 i BHAE ) 142 N 19 SOD 2 9820 s
P RMYh IS, Chai ZEWF98 & I Sh BIAETERE

127
10 f
T 8F i
v
L
S 4l
i I ﬁﬂ
LaanaranAAAATARRNNNNNL
R e e R T CoN s
wn Nomo—=xrm TREER D QN Sy = fenl=pope —EE QTR T e
B B m St SR 000 ma En Qo SR EREERE i as R8st
Sagpiiyg REfpox L EoE T oS e = oy peegX
o S 5«5 E a7 ) = =
KA it A
B4 Sh(V)EFRTAEmMAKTEI Sh & KR E
Figure 4 The maximum absorption of Sh by different varieties of rice under Sh('V ) culture
a
1001 ] 5Sr B
a
a
801 4r [
Mo60f _Q” 3t
ke 5
= £
= 40r z 2r
% S
c
20k Ir b b b b
> 2 7z 7
| LclE <z | cllE
Ykl 687 ESUES Pkl 687 1S WMIES183 ESUES

[ no Sb
FEA KA RN T ARG B30 AN R Sb Ak B ) 22 5 2. 2 (P<0.05) . T IF]
Different lowercase letters indicate significant difference between different Sh treatments in the same variety (P<0.05). The same below

B 5 AEETKBHEITRMEIR(A)FSHZE(B)BILLER

Figure 5 The relative root elongation(A) and the concentration of rice(B) with different Sh treatments

[ 6.09 mg-L™" Sh(I)

6.09 mg- L' Sh('V)



1816

YRIEINC RS Y F3755 98

% T 5 K (Boehmeria nivea) %1 SOD & &, (HAZ1E B 2.
PR 3N, 40 mg - L7 Sb @ A T SOD B Gk,
{EL B 25 Vi 5 1) 1E — 25 3 0, SOD i 0% 1 3 i 25 14
Jmnes 3 AT A B 5E & L 6.09 mg - LAY Sh (I ) A1
Sh( V) 4b B 35 & 2 38 fin T /K A AL o SOD BTG %, 5
Sh( M) AHEL , Sh( V) AbFH84 i o g 58 25 (81 6A) .
2.3.4 JKFEHRAE ShHa NN ) 25 5

P I (MDA ) 2 ek s 19 795 1 UG 2800 4 5 g
J 3k S ARAE 4, AT AR SR g Ak S T g B AL
RIS AYFEFRD, MDA B 19 3 03 7 22 80 R PR 4 AL
il THFEN XA B A R E T, As TR IE
380 S BOK FEAR 2£ b MDA B3I 2 1 T As 51
(R 4AAL T 127, Sh 75 e fl ROS 5 i ik 484k, $: 3%
MDA [ & it 3. 545 AR W (1 6B) , K R AR
Z 5] Sh A 2 5 MDA A9 35 Fo X B2 K 5 HLAH
FEF Sh(V )AL FREL, ShCI ) &b FEZH A4 /K A AR MDA 5
WK, RBKARE L Y A K R 22 8] Sh(TH 5]
B E AL 1R T Sh( V) 51 A AL E 7, U B %
Sh I ) R 7K e R 08 114 477 56 B ™ 6

3 #ie

R A 14 28 A 2 9 o) 4 i Pl e 1 08 ) 4
FR 22—, 1 3C LA ECso VE N K FG M Sh RE 1 /UM 1 i ik
FEARESE T Sh XK AR A Py bk, & BLSh (D) X 7K
FEAR A A e 3 KT Sh( V) iR I8 Y 44 Fhk A
AN 8 687 & Sh(I ) A AR Bl 1 52 1 502
ShCII ) ATt 1 & ol 5 BRGAR 5183 J& Sh (V) i & iy
il KSR SHOV ) BYTHPE SRl . AKX ARIFEZS Sh
R B2 AT 2 S 5 K, 7K e e S 4 K% AT 45 7K A Xt S Y
BB 2 0] AT 35 R A DG L (HZ K A X Sh ()

1000

800

600

400

SOD activity/U-g™ FW

200

IKFE AR
[ no Sb

3

E7Lvd 68

M 6.09 mg- L™ ShC I )

Wi i 25 5 T Sh (V) o Sb M T /KA AR o
SOD [ 15 4 A1 MDA 7 5, 6.09 mg- L™ /% Sh Ab B fin
TOKFEM A SOD [l &, HSh( V) 4B 2 & T
Sh( 1) ; Sh 2 #& & 2 34 fin T /K A AR vh MDA & &, H
Sh (1) 4k ¥ 25 55 5 S (V) , WY ShOI ) #7571 2
BT Sh(V).

SHE 3k

[1] Elliott B M, Mackay J M, Clay P, et al. An assessment of the genetic tox-
icology of antimony trioxide[J]. Mutat Res, 1998, 415(1/2) :109-117.
[2] Chai LY, Wang Y, Yang Z H, et al. Physiological characteristics of Fi-
cus tikoua under antimony stress[J]. Transactions of Nonferrous Metals

Society of China, 2017, 27(4) :939-945.

[3] B2 A K . IR it 4R T RIS Y faE TR kM. deat
Rl AL, 1989:150-176.

LIAO Zi-ji. Pollution hazards and migration and transformation of trace
heavy metals in environment[M]. Beijing: Science Press, 1989: 150—
176.

[4] £ A&, FEF, Kb SR, 45 JRE BT IUE A b LAl Rk i o
WE[J]. H L, 2014(5) :9-13.

WANG Xiu, WANG Jian—ping, LIU Chong—hao, et al. Situation analy-
sis and sustainable development trategy of antimony resources in China
[J]. Chinese Journal of Mining, 2014(5) :9-13.

[5] Feng R W, Wei C Y, Tu S X, et al. The uptake and detoxification of an-
timony by plants: A review[J]. Environmental & Experimental Botany,
2013, 96(96) :28-34.

[6] EIGERN . FEY e iy B R 2 K8 SRk i & EITSE[D] ;I :
el K%, 2012:7-15.

WANG Xiao—li. Mechanisms of antimony accumulation and the interac-
tion between antimony and arsenic in plants[D]. Wuhan:Huazhong Agri-
cultural University, 2012:7-15.

(718 5. BT XA T G o BUSRRE AE LI B AL 52 [ D], A6

T E Al RIS B, 2013:23-50.

XUE Liang. Research on characteristic of heavy metal accumulation

3501 B

B 300 a

=

_‘?o 2501

E 200

£ 150t

= a

g a b a

= toor b

a l
c c

0 . C
ki 687 mRE15 Wi 5183 E SN
IR il

6.09 mg- L™ Sh(V)

E 6 A[E ShALETKFER SODE S (A)FAMDA EE(B)
Figure 6 The activity of SOD(A) and the concentration of MDA (B) with different Sb treatments



I 4+ SbCID SOV )XEA BRI KA 9 4 A PRI 1817

and antimony tolerant mechanism of plants in antimony mine area[D].
Beijing: Chinese Academy of Forestry, 2013 :23-50.

819k, X KA A BRI X EOKR AR S R B
FURAITEMAL]. Bk 2441, 2017, 31(8) :1633-1639.
ZHANG Qiang, LIU Fei, JI Lei, et al. Effects of antimony stress on the
biomass, photosynthetic characteristics and antimony accumulation of
maize[J]. Journal of Nuclear Agricultural Sciences, 2017, 31(8) : 1633—
1639.
o) dwikEoC, Bf W, J W AF R [RKAS AR BT A AR ZE A K
i B I 22 S TE )], i SR A, 2015, 30(5) :65-69.
MENG Gui-yuan, TANG Ting, ZHOU Jing, et al. Studies on cadmium
tolerance differences of seed germination and growth of roots and shoots
in different rice varieties[J]. Hybrid Rice, 2015, 30(5) :65-69.

[10] He M C, Yang J R. Effects of different forms of antimony on rice dur-
ing the period of germination and growth and antimony concentration
in rice tissue[]]. Science of the Total Environment, 1999, 243 /244
(99):149-155.

[11] Ren J H, Ma L. Q, Sun H ], et al. Antimony uptake, translocation and
speciation in rice plants exposed to antimonite and antimonate[J]. Sci-
ence of the Total Environment, 2014, 475 :83-89.

[12] Abedin M, Joinal, Meharg A A. Relative toxicity of arsenite and arse-
nate on germination and early seedling growth of rice (Oryza sativa
L) [J]. Plant & Soil, 2002, 243(1) :57-66.

[13] [ 3, AEHE 5 . B IS0 X AR D 17 2 4l v A AR G R i

R[], bR, 2008, 22(1 111 1) :399-404.
HE Jun—yu, REN Yan—fang. Effect of cadmium on seed germination,
seedling growth and amylolytic activity of rice[]]. Acta Agriculture Bo-
reali—Sinica, 2008, 22(Suppl1) : 399-404.

[14] Yoshida S, Forno D A, Cock J H. Laboratory manual for physiological
studies of rice[M]. Manila:International Rice Research Institute, 1976:
7-11.

[15] HEGEFF . AN]AK G348 BN L 3B RhAT 230 R K e I e L 38 86 114
ST D], bt : o ERRA B, 2015:49-60.

CUI Xiao—dan. Effects of different water managements on the uptake
of soil Sh by rice ( Oryza sativa L.) [D]. Beijing: Chinese Academy of
Sciences, 2015 :49-60.

[16] Krachler M, Zheng J, Koerner R, et al. Increasing atmospheric antimo-
ny contamination in the northern hemisphere: snow and ice evidence
from Devon Island, Arctic Canadall]. Journal of Environmental Moni-
toring Jem, 2005, 7(12) : 1169-1176.

[17] % VL, 3T BT K RS 0 A W IAC i 2R 1) 5
KEFHAR, 1994(4) :494-497.

CHANG Jiang, ZHANG Li-gan. Effects of lanthanum and calcium on

J). A

rate of phosphorus and potassium uptake in rice[J]. Journal of Anhui

Agricultural University, 1994(4) :494-497.

[18] Zhang F Q, Wang Y S, Lou Z P, et al. Effect of heavy metal stress on
antioxidative enzymes and lipid peroxidation in leaves and roots of two
mangrove plant seedlings ( Kandelia candel and Bruguiera gymnor-
rhiza)[J]. Chemosphere, 2007, 67(1) :44-50.

[19] Li X, Yang Y, Jia L, et al. Zinc—induced oxidative damage, antioxi-
dant enzyme response and proline metabolism in roots and leaves of
wheat plants[J]. Ecotoxicology & Environmental Safety, 2013, 89(11):
150-157.

[20] F A, RAEHE, BEEE, & ORIRDER BN KA K MR RIEE
FFAEA R MBI TELT]. AV FREERLA 244, 2017, 36(3) :437-442.
LEI Lei, WU Qian-hua, LU Hai—qin, et al. Effects of different forms
of antimony on the growth and root morphology of rice plant[J]. Jour-
nal of Agro—Environment Science, 2017, 36(3) :437-442.

[21] Hajiani N J, Ghaderian S M, Karimi N, et al. A comparison of antimo-
ny accumulation and tolerance among Achillea wilhelmsii, Silene vul-
garis and Thlaspi arvense[J]. Plant & Soil, 2016:1-15.

[22] XUSC3g, B %2, SO, A5 R IR AR OSORI S 18 i 10 5 TR Y 22
ST H AR, 2006, 1(6) :356-360.

LIU Wen—ju, HU Ying, BI Shu—qin, et al. Study of genotypic differ-
ences on arsenic uptake by and translocation in rice seedlings[J]. Chi-
nese Agricultural Science Bulletin, 2006, 1(6) :356-360.

[23] Kabatapendias A, Pendias H K, Trace elements in soils and plants[M].
CRC Press, 2011:951-974.

[24] Wilhelm F D. Reactive oxygen species, antioxidants and fish mito-
chondrial]]. Frontiers in Bioscience A Journal & Virtual Library,
2007, 12(1):1229.

[25] Jin Z, Zhu X S, Cai Z H. Tributyltin toxicity in abalone (Haliotis diver-
sicolor supertexta) assessed by antioxidant enzyme activity, metabolic
response, and histopathology[]]. Journal of Hazardous Materials,
2010, 183(1/2/3):428.

[26] Ma T, Christie P, Ying T, et al. Rape ( Brassica chinensis 1..) seed ger-
mination, seedling growth, and physiology in soil polluted with di- n -
butyl phthalate and bis (2-ethylhexyl) phthalate[J]. Environmental
Science & Pollution Research,2013,20(8):5289-5298.

[27] FE DU, SR T, 4 A, 55 . ORS00 A= K A 52 IR B R D T L
BREIFSEHERELT]. T AR O G 2 B2, 2009, 16(11) 1 1-5.

JIANG Han—ming, DENG Tian-long, LAI Dong—mei, et al. Progress-
es on the effect of arsenic dor plant and plant tolerance mechanisml[J].
Guangdong Trace Elements Science, 2009, 16(11) : 1-5.

[28] Chai L Y, Mubarak H, Yang Z H, et al. Growth, photosynthesis, and
defense mechanism of antimony (Sh) - contaminated Boehmeria nivea
L.[J]. Environmental Science & Pollution Research, 2016, 23 (8) :
7470-7481.



