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Abstract: Cadmium (Cd) is considered one of the most toxic heavy metal pollutants, and can be easily ab-
sorbed through the roots into the plant, and then migrates in the food chain. Consequently, Cd can not only af-
fect the quality and yield of crops, but also cause a great threat to human health. In this study, the plant height
and root length of maize ‘Nongdal08’ in the hydroponic solution containing titanium oxide nanoparticles
(TiO,-NPs) supplied with Cd were measured. The changes in the activity of superoxide dismutase (SOD), plant
heights, root lengths and apical staining were detected to study the effects and the mechanism of TiO, nanopar-
ticles (TiO,-NPs) on the alleviation of cadmium stress on maize seedlings. The results show that plant heights,
root lengths and F,/F,, were significantly improved, whereas the damage of maize root tip was significantly de-
creased using the TiO,-NPs pretreatment, compared to Cd stress. Furthermore, Cd stress can significantly in-
duce the activity of SOD in leaves, but the magnitude of changes of SOD is decreased in the TiO,-NPs pretreat-
ed sample. The Cd content measured at various treatments indicated that the Cd absorption in roots was
decreased under TiO,+Cd and ZnO+Cd treatments, but the Cd migration to leaves did not reduce by TiO,+Cd
or ZnO+Cd treatmen, whereas the Cd content in leaves was increased by ZnO+Cd treatment, which may exac-
erbate the Cd transfer from roots to leaves. These results suggest that TiO,-NPs could reduce the biological tox-
icity of Cd, thus alleviate the inhibitory effect of Cd on maize.
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Fig.2 Effect of TiO, on the growth of maize plants under Cd

stress
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Fig.4 Effect of TiO,-NPs on the contents of Cd in maize roots and leaves under Cd stress
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Fig.5 Effect of TiO, on the chlorophyll fluorescence and the activity of antioxidant SOD in maize under Cd stress

AEETE L RoRTAb B IS 22 57 42 35 (P<0.05); BRI AETE AN F/ING 7 /F3R00R 2 57 11 3 (P<0.05) .

i FTIOFCAAbH 5 ERARR Y FE K 58, 5
Xof HECRH B TG BE 2 X3, i BA 7R Cd Ak B2 R B N
TiO, )5 FHCAAb B 5] 2 ff) T K AR 5 453495 BH 2 0k 55
ATICl+CdabH 5, TR YLt fe fF 5 sl A
CAAb BTG B 2 X 53], 1X 35 B TICL % CAAL 3 5] kS 1)
FREB A5 %G B R M AE ), o] LR ITIO N
CdEjJ AR ARSI A S E R (E3). TTCHE

RGO G LML, TiO,-NPs4E R | CdJifiE T

RIS T

TEYIAR RIS ) EE 4 JE Cd nT ATA) 138 4 31 1

S, KRR TR DAY R KR %S .
Wang?5(2012)#3E 1 44 K ik CuO-NPsTE £ oK
(1732 % LA K 55T o0 e o 8 L E O T R R
(TEM) 1 fig B (6 B A (EDS) K6l &% FLCuO-NPs 7

ETARFET W, X R CuO-NPsHE WS M T A i
FEMMRIZH B 2F o 43 MR SILIG AN = 4 HE 2 [ TEM

3B WL R I, CuO-NPsid 1] LU 2 38 5 9 e 3 4
M AR P o AR LGRS (2015) K ILAUL B I W £E
CuO-NPs&IF AL 5, BLE AL B4 B inSOD,
POD. CAT LA Hidh g i S A B (APX) ()3
R 15 o

YUK AR TR F AR B RIETERR RGN
HEREAQ U, G PR ), &R
ARKE (RKHEEE2002). AT FLRKILTIOLNE
EU%E'Z{EWE%%%‘EE@H&LI&&J\EB\ RS hE
AR KO AR AL, RS YA R (SusE
2009). FEFEEQOLO)IT T 49K TiO, %) £ K
T PUAACERIE HE R i, R BLLE 9K R B R

W IR E A 4 SOD, CATYHE I FIPODE 1
BT . TiO AR g s 47 s i S Ak B 4 il
SOD. POD. CAT%H)i4(Hong%$2005).

CABE T INEYA N & A FIRE RSN, &
R N TG PR AR R, I R AL IE, I
gste, NmMsEYNELK. B THaREE
N RERE A B AR, S A BIROR, M
VIR EYERE TR, S8R REIENEES
FHARIET . YangZ5(2012a, b)HF 5T & Fi, TiO,-BC
%of Cd> W Bt 5 T~ TiO,-NPs, i ix 2 JE = 19 Ti0,34
BE S RARC A XA T AN R ., 7T B A2 E i PR AR
LR B B T R B AR 5 PR L A i AR
RN,

YK ZnOMFE R R AN TIONZE YK A K], 7] R
{10 Ji7 DR oK 4 e T AR P 2 M AROR ZE RAR K, 4
KZnOKI AW EPE K T TiO,-NPs. ¥ f# FZ K
ZnOFIFeO th i i 5 /N Ce O, M TIO, B H BE K
B EEVE, 9K ZnO BEPEANUR B A A I B
T, [FIE A 9ROk B B 17 FH (5 4k 5 Rk IR
P12013; B AR 5 A452013) 0 FEAHT 75 o RN,
JRAETIOHCAMZnO+CAIA P 1 VI R4 CdIY
WL, {H AR Cd Ay b3 A (it #, 1 B
ZnO+CdILIg i 1 ik (1 Cd & &, nlaehnfE 1 Cdi
MR ) G R (B 4) o AR SO IE FITTCHR R G 11
SRR, 9K ZnOLZE AR CAa IR 225 11
)&%TﬁDTIOQ NPs ( %ﬂiﬁjﬂj) HEEE&99K
ZnOMCAIL & AbFE TR PR R Y, 99K ZnOZE fiF
Cd i il AE K 1 ROER A U TIO,-NPs (45 R K51




1638 T A P22 IR

o I, AHFT R 45 R R T AL TiO-NPs & 2%
fiEECd 8 i BEAB KA R, TiO,-NPsZZ i CdJiie
AT BE A RN TIOPEAR T R KAE R X CA Rk, B&
RERAL P CAIRE, M FEARCAXT E KT
B

TEARFH, CARELfE, TR 66 20%
B FFE. CA+TIOANEL R, 66 3R 5% FE AR
b T W A8k, CA+TiCLARER J5 H F o &R0
B R F%, B AT WTiO Ab 3 ] DLZE R CA b 3 5] i
(156G 4 (B5), 3k 1M 22 A Cd b 2 5] & 1) A= K4
Hl(B2). 75—, CAiiaRE % 7 5y SOD,
M TiO,+CAIRZE | SODIIKME T, X £ B, TiO,
AT BE 2 0 I Y e ORAE AR TR PR 97 B anSOD
(1495 1 DLIRE 5 7% M S A HL O, I LR, AT 9 4% Cd
[PEEFIEM

SE R

SR, 8T, R, EUME(1994). KR 256 /) TTCH EE R
MR, TOKEFE, 2 (4): 44~47

SEIGH, T, FHE, JREMS, A 75 H0(2015). SMIEIHSE & N TR(EBR)
oF Cu e 3 17 56 700 40 P () 2% A . Rl AR 32 3R, ST (3):
287~294

M8, BT, ROUAE, LN, A, %K HQ2011). BRI RIS S
AR (AR S G 3B B 3 A B AR 2 S AR, o [ KR
2, 25 (3): 291~296

XISCHE, R e, SRALVT, 25t AR, FE(2010). Bt KR -F 81 & S ik
AR g LA RLEE, 49 (4): 842~844

Bl KM, g, 12 5, S 2R, P R JE(2002). KARME#ER &
W 2F AR IR R M LERAT 7T, KGR, 21 (3): 168~171

B4k, TR T(2013). N TH0KM R S AR BAEH: Y&
PE RS A2, 25 (1): 156~163

WRRAE, 2RI, A5, BETAE(2005). QKA AL S R
FRENAS AR K. AR BRI, 41 (3): 313~315

FIE, WorH, ER, HREI2007). 40K ARG SR RE
AT R A E R ISR, Rk &, 27 (5): 102~105

T, THE(2008). WXTEMIR RN B FEH. T RKMEGER
%215 (4): 1~5

TRET, TR, w4, HocE, M, 224 R(2010). A& MK
PR TIO MMWCNTs X TR A K S R I 5m. 3R
BRI, 31 (2): 480~487

ST, A2, B E(2015). CuOgh Kk X 0l mE I ik F A4 K Je 2B
PRSP SE00 . FE A B 2E3R, 51(6): 955~961

B, 07 A5(2013). T GUORBURLIG I 5518 KT
Moo FEERIY, 34 (11): 4495~4502

IO, E PR A4 H(2010). HRR TORGNE ALK IR A L
S 0 TS AL BRI SEAb AR AR, 25 (3): 118~123

FKIKT, JELLAE, /0%, RANE(2014). FME K ER G 48 i T &
JRGNH AR B RIS PR AU QT 1 SR A Ak . A A 3
224, 50 (10): 1555~1562

Arasimowicz-Jelonek M, Floryszak-Wieczorek J, Deckert J, Ru-
cinska-Sobkowiak R, Gzyl J, Pawlak-Sprada S, Abramowski
D, Jelonek T, Gwozdz EA (2012). Nitric oxide implication in
cadmium induced programmed cell death in roots and signaling
response of yellow lupine plants. Plant Physiol Biochem, 58:
124~134

Baker CJ, Mock NM (1994). An improved method for monitoring cell
death in cell suspension and leaf disc assays using evans blue.
Plant Cell Tiss Organ Cult, 39 (1): 7~12

Cobbett C, Goldsbrough P (2002). Phytochelatins and metallo-
thioneins: roles in heavy metal detoxification and homeostasis.
Annu Rev Plant Biol, 53 (1): 159~182

DalCorso G, Farinati S, Furin A (2010). Regulatory networks of cad-
mium stress in plants. Plant Signal Behav, 5 (6): 663~667

Frazier TP, Burklew CE, Zhang B (2013). Titanium dioxide nanopar-
ticles affect the growth and microRNA expression of tobacco
(Nicotiana tabacum). Funct Integr Genomics, 14 (1):75~83

He J, Ren Y, Pan X, Yan Y, Zhu C, Jiang D (2010). Salicylic acid al-
leviates the toxicity effect of cadmium on germination, seedling
growth, and amylase activity of rice. J Plant Nutr Soil Sci, 173
(2): 300~305

Hong F, Yang F, Liu C, Gao Q, Wan Z, Gu F, Wu C, Ma Z, Zhou J,
Yang P (2005). Influences of nano-TiO, on the chloroplast aging
of spinach under light. Biol Trace Elem Res, 104 (3): 249~260

Jiang YP, Cheng F, Zhou YH, Xia XJ, Shi K, Yu JQ (2012). Interac-
tive effects of CO, enrichment and brassinosteroid on CO, assim-
ilation and photosynthetic electron transport in Cucumis sativus.
Environ Exp Bot, 75 (4): 98~106

Juneau P, Dewez D, Matsui S, Kim SG, Popovic R (2001). Evaluation
of different algal species sensitivity to mercury and metolachlor
by PAM-fluorometry. Chemosphere, 45 (4-5): 589~598

Krantev A, Yordanova R, Janda T, Szalai G, Popova L (2008). Treat-
ment with salicylic acid decreases the effect of cadmium on pho-
tosynthesis in maize plants. J Plant Physiol, 165 (9): 920~931

Lin D, Xing B (2007). Phytotoxicity of nanoparticles: inhibition of
seed germination and root growth. Environ Pollut, 150 (2):
243~250

Lin YF, Aarts MGM (2012). The molecular mechanism of zinc and
cadmium stress response in plants. Cell Mol Life Sci, 69 (19):
3187~3206

Rejeb KB, Ghnaya T, Zaier H, Benzarti M, Baioui R, Ghabriche R,
Wali M, Lutts S, Abdelly C (2013). Evaluation of the Cd*" phy-
toextraction potential in the xerohalophyte Salsola kali L. and
the impact of EDTA on this process. Ecol Eng, 60 (11): 309~315

Sfaxi-Bousbih A, Chaoui A, El Ferjani E (2010). Cadmium impairs
mineral and carbohydrate mobilization during the germination of
bean seeds. Ecotoxicol Environ Saf, 73 (6): 1123~1129

Song U, Shin M, Lee G, Roh J, Kim Y, Lee EJ (2013). Functional
analysis of TiO, nanoparticle toxicity in three plant species. Bio
Trace Elem Res, 155 (1): 93~103

Su M, Hong F, Liu C, Wu X, Liu X, Chen L, Gao F, Yang F, Li Z
(2007). Effects of nano-anatase TiO, on absorption, distribution
of light and photochemical activities of chloroplast of spinach.
Biol Trace Elem Res, 118 (2): 120~130




Wi 1 45 R S A BIOBORINT R M8 TR A K S S A 8 1639

SuM, Wu X, Liu C, Qu C, Liu X, Chen L, Huang H, Hong F (2009).
Promotion of energy transfer and oxygen evolution in spinach
photosystem II by nano-anatase TiO,. Biol Trace Elem Res, 119
(2): 183~192

Wang Q, Ebbs SD, Chen Y, Ma X (2013). Trans-generational impact
of cerium oxide nanoparticles on tomato plants. Metallomics, 5
(6): 753~759

Wang Z, Xie X, Zhao J, Liu X, Feng W, White JC, Xing B (2012).
Xylem- and phloem-based transport of CuO nanoparticles in
maize (Zea mays L.). Environ Sci Technol, 46 (8): 4434~4441

Xia XJ, Zhang Y, Wu JX, Wang JT, Zhou YH, Shi K, Yu YL, Yu JQ
(2009). Brassinosteroids promote metabolism of pesticides in

cucumber. J Agric Food Chem, 57 (1): 8406~8413

Yang F, Hong F, You W, Liu C, Gao F, Wu C, Yang P (2006). Influenc-
es of nano-anatase TiO, on the nitrogen metabolism of growing
spinach. Biol Trace Elem Res, 110 (2): 179~190

Yang WW, Li Y, Miao AJ, Yang LY (2012a). Cd*" toxicity as affected
by bare TiO, nanoparticles and their bulk counterpart. Ecotoxicol
Environ Saf, 85 (3): 44~51

Yang WW, Miao AJ, Yang LY (2012b). Cd** Toxicity to a green alga
Chlamydomonas reinhardtii as influenced by its adsorption on
TiO, engineered nanoparticles. PLoS ONE, 7 (3): €32300

Zheng L, Hong F, Lu S, Liu C (2005). Effect of nano-TiO, on strength
of naturally aged seeds and growth of spinach. Biol Trace Elem
Res, 104 (1): 83~91




