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W B UEREENRM, 20 F B M R Se® Fn Se' st MLk £ K R g 3 i B (AsA) -4
BH K (GSH) EFR . R KW, WANAWATRAFTBEEK, FELAEE T +HE
R ME HEREATRE A S EERG TR E AWM EZEZLBRET ;KA
Se" BHREMEE EESGERMT SN HFTELQBRARARBHRET T ot &
Ft A (H,0,) 48, H Se™ A EH T Se* A3 . Se™ W E<2.0mg - LA E A MH
JREE B (GR) 5 A Bt H Ikt A b 4 B8 (GPX) 7% £ .GSH 5 Ak & & Bt H Ik (GSSG) &, Se®
WK E=4.0 mg - L7 A FE FE 1K GSH {8 2R B9 4 JU Fn B 0 ME 5 7 Se™ IR £ < 2.0 mg « L7 AL FE G 4R
B M EAAUIA B I B (DHAR) 5 A Bk X A (L 4 B (APX) W& 1%, B A A R 5 1 AsA/
[ AsA+RAH P M B (DHA) | 18, Se* R =4.0 mg - L' 4L 22 By GSH 18 31 ty 4 JiT Fn B 0% 14

B R AR RN A M K E 3T AsA-GSH fESR M < M 4 Ef R iE MW B |4
o FEE KA A AT, Se® Fr Se™ tyE T K E 4% K 2.0 F14.0 mg - L7,
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Effects of selenium valence states and application concentrations on plant growth, ascorbate-
glutathione cycle in Citrus junos cv. Ziyang Xiangcheng. SUN Xie-ping'?, LUO You-jin®,
ZHOU Guang-wen”, YI Hong-wei’, CHEN Yuan-ping’, WU Zheng’, XIE Yong-hong®* ('Life
Science and Technology Institute, Yangize Normal University, Fuling 408100, Chongqing, China;
*Fruit Research Institute, Chongqing Academy of Agricultural Sciences, Chongging 401329, China).

Abstract : Potted Citrus. junos cv. Ziyang Xiangcheng seedlings were used to study the effects of se-
lenium (Se) valence states (Se® and Se*") on plant growth and antioxidants and antixodases in
ascorbate ( AsA ) -glutathione ( GSH) cycle. The results showed that Se® and Se* ( from 1.0
mg + L™ to 8.0 mg + L") stimulated the seedling growth by increasing plant height, leaf areas,
and fresh or dry mass. Applying Se® significantly increased plant Se levels mainly in leaf, and ap-
plying Se** slightly increased Se content mainly in root. Certain valence states and concentrations of
Se increased leaf chlorophyll and hydrogen peroxide (H,0,) content. Se® <2.0 mg - L™ treat-
ments enhanced the activates of glutathione reductase ( GR) and glutathione peroxidase ( GPX)
and the contents of GSH and oxidized glutathione ( GSSG) , while Se®* =4.0 mg - L™' treatments re-
duced the antioxidant contents and antixodase activities of GSH cycle. Moreover, Se* < 2.0
mg + L' treatments increased the activities of dehydroascorbate reductase ( DHAR) and ascorbate
peroxidase ( APX), and resulted in higher AsA/[ AsA+dehydroascorbic acid (DHA) ] ratio. When
Se**=4.0 mg + L 7', the antioxidant contents and antixodase activities of GSH cycle were in-
creased. Together, this study showed that different valence states and application concentrations of
Se showed different influences on AsA-GSH cycle in citrus, and 2.0 mg - L™ Se® and 4.0 mg - L™
Se** were the best concentrations for plant growth.

Key words: Xiangcheng; selenium; growth; AsA-GSH cycle.
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Fig.1 Effects of different concentrations of Se® and Se** on plant height, fresh mass, and leaf area of Ziyang Xiangcheng.
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Fig.2 Effects of different concentrations of Se® and Se*" on leaf, stem and root dry mass of Ziyang Xiangcheng.
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difference for total dry mass among treatments, and lowercase letters indicated significant difference for organ dry mass among treatments at 0.05 level.
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Fig.3 Effects of different concentrations of Se®"and Se*" on Se contents of leaf, stem, and root of Ziyang Xiangcheng.
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Fig.4 Effects of different concentrations of Se® and Se** on leaf chlorophyll and H,0, contents of Ziyang Xiangcheng.
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Fig.6 Effects of different concentrations of Se® and Se** on GR, GPX, DHAR and APX activities of Ziyang Xiangcheng.

PEREAR ;1M Se* HeF<8.0 mg - L' AL 3 GPX % PEA
FXFRE 1 8.0 mg « L' AbEH GPX & PEHS . DHAR
FIH GSH ¥ DHA if i % AsA, Se® ¥k & < 8.0
mg - L ACFEAEUE T DHAR 764,8.0 mg - L' Ab3E
BRI M 5 1T Se™ W FEAE 2.0 F1 4.0 mg « L7 4b B
T DHAR & PESE N, 17 1.0 F1 8.0 mg « L™ AL BRI
PEFEAR. APX fifi AsA A1 H,0, S W 4 i H,0 Al
MDHA ( Bl S G MR ) . Se® W <4.0 mg « L' 4b
P APX MR =4.0 mg - L7 A0 FRIE M T W 0
AN[EARFE Se* MbFE APX i PR AL T % I,

3 i

XA 0 1 A A AR T AR B (e ik A
T B A A T 5 TR B AN [ A 4 X G ) A
JEFE R [, Hawrylak-Nowak %' F 5% 3% B, 24
Se0,” <80 pmol + L' 5 Se0,” <20 pmol + L™ A {2
P AR HRE IR IEITE 6 wmol - L7 ¥ )=
FdRe e, e P8 A o o (O ) A 4 K PSR AE Se™
<5 mg - kg Se*" <10 mg - ke R ALK 2
il A KB & AN B 5T R B, Se™ < 1.45
mg « kg "B AR IE T /NESE IFSE A SR SR A
£, i E G (>2.04 mg - kg™ X HA B AR E
YEF A9 2 B il <8.0 mg - L' H4IREAZ M 3%
TR R AA s hn 7 kT AR kv T T A (R 1
FIEE 2) , H. Se® Fil Se** A P 75 15 d5e A A K e i 4 1)
2.0 Fl4.0 mg - L7 AR BEAN 2 BT LARE % fie #E A%

YA BR T S AR BT RE A DG A (4 i AE BB
SEACACY AT R A5 ) | 5 Bl T ROR
B A —E MR BN, BT BT R 3
AN F S (5~ 10 mg - kg™ ) 30 T e 40
TR L BRURICZ TR 1 Bt T A2 AR 00 2R T
e VAR TG A1 T A A R S G 1 2 AR A G

ARSI XT Se* 1 Se® (W I E F1 22 5 B 3.
AT ARG 73BT /N LSRR RS Se B TR
ERRCRFRIT /NS 2 L Se®  TTTXF Se MR
RES WML Se® " X 5 IATI AT 55 45 AL,
RV R B Wl Se® T Xt Se*t AW e i S AR 559 (
3) AHARLA HE R W], AR A P A0 1R R ST A R
(0.12,0.63 wmol « L") AbFE T K, B A 34 i £ oK
Ay i AT R A B 17 R KA 7 it f 3 v G
PR AR B R T R [RI A X5 AN [ A 25 A6 R LA
22 5A1, R [ 4 A7 1) 1 B FR A A AT o
ARTA).Se™ NN T A K K I 2500 R A8 e A
it RV Y 80% 25 AT, W B WAR R WAL T it A
Se** Ty A - 398 W T 3 77 AR AV 108 A 20k, 34 m T A
Py R s

B 1 it AN TR A0 25 S 0 - 5 A0 i 43 % A
ARARAI AR AN ) A1 256 ) W S 32 0 4 BE AL
WAF AT R, AR 200G b #F B Se® F 2
fEAFAENT H, T Se* AbHR E T ERIE, X 5 E
KU UNZE T RIE T A R — B R R A AT A R A
Se®* F-EL3E 1o Bt R e 42 B 1 UHE KR BRI P PR



1134 PINDRF-25 o B0 ) 1 28555 P X A Al i AR AR AsA-GSH I3 A 52 3533

S FH 1 F AR A A AU T Se* 3 1 R
oH RERR L 12 B I AR, FEAR 2R A A HILAT 2
A 2R | A AR 2R A P e e R S5
MLY, P32 i 20 b, S 80 3w A R AR
RO SR T AT H R A ) W Se®, HL
FEMEAEM A b TR Se M I AE 155, HAR &
hF B

WA REAS P A A K &, I REAS 2 = A
Yrbi s v AT B AL RE S A I AR S R E AR
YA AE R B A, 50 FUE % s a0
EAH BBV R AR it A [F) e B 2
Y RENSHE = A R I ok 38 3 i, JU R Se® 4b
H A R B AR B R — A
FEMEAR FE RS H,0, TERLY T A R
EE)XCEAE KA A 1,0, BU8 A
YT, T e T ) H, 0, 2 WYKLt b, 0 T R
AR R B AER A 1,0, 08 & i RES IR et
Y RARI IE 3 s 55 KRBTSR W BE S Se® Uk
JEMTEE, H,0, B 2Um T 1 Se* A H T H,0,
TGRS (E 4) , LT, Se® X 7 A A K Y 9
BT Sett . 2R AR B 5T K W, 3 S A vk
JE/NF 1.0 mg - LB, H,0, & BEE W T
AR, 4N 1.0 mg - LTI, H,0, 7 iR
AR B R T 1 mg - LB, H,0, &
ORI T R I B Ve R A i 34 .

RN £ 5 °H,0, Bl i a ik RGk
9%, DAZE RS 40 Mo B4 285 AsA-GPX FEFR S A= A TN 3
FELEMBT AL R ST, L AE b T 1 4800 5 A= iR
A I RIK 4 40 B0 A2 06 Pk A 4405 AsA
1 GSH 2 9y 1k Py 1 22 1) Al il 4 bt B AL o, 78
ASA-GPX fEH 2 46 W 19 7K SF- = IS 5 48 4 1 e
WP YIAOE.ZE 1.0 A12.0 mg - L' Se™ ZbHL R | 0
F I AsA T GSH Fr s 454 i K- (B 5) ,GR
GPX Hl DHAR ¥ P55 i, ol DLAIR Wk BT Se® b 28
B, AR A N BB e AL RE 70 %89 .4.0 1 8.0 mg - L
Se®* b A B R N T A AL KT T B, AN BEAE 1 B v
BRIRN H,0,.Se* b BRET , F R B BHT IR I R & &
EX B2 5 OR KT AsA Je Tk 5 TR, DHA B
R i A D H K2 18 R R, 2434 %) 8.0 mg - L7
B A %R i AR A6 A APX FT DHAR & P 7E
M EE T L TF, KR Se b BE T, F AN Y
H,0, 2L PR i g 28 U173 B, Wu %0 B
FERM BN Z A REAZ N GSH A1 AsA 7 & L)
S GR il DHAR {5 ¥, #E 1M $2 5 AsA-GSH 7 ¥ 2

R AITFEI , AsA-GSH JFIRZ A A9 AS [R5 F v
JE RN R Se™ (<2 mg - L") fEMSHEH GR
FTGPX WITEE | M B Se* #2555 T DHAR Fil APX
BIEYE (B 6).AsA/( AsA+DHA) H1 GSH/( GSH +
DHA) 5 # AsA/DHA fll GSH/GSSG J& R ¥Hi
AACBE TR FIFEAR 2 AR T X R FE A i
TELEHL R, Set Ab 3 A R AR N I P B ALK P15 T
Se Ab . GPX 1 1% M Hh 0 SRl 2 e R , Ho s ok
JINTT L e A R A PN i ) 7K T AR BIE Y 5 SR R
Se® Re s . 35 £ = 77 16 4 4% B R B i, JF AR i
GPX TGk, K1 24 135 Se ¥RJE KT 4.0 mg - L™
B, GPX M A % 5 i Se™ Ak A b F ML RE £k
fE/0 A, H GPX 34 T R, B2k E 1 7H5) 8.0
mg « LIS ELEPE AR T X R

4 & B

25 LTk A A AS (R4 25 45 R R H e A ok A A
AR PR 25 A R AH i TS B LR R
], 3 Se® W 5 B Wiz, B oy J2 B A
TR T Se* AR AWM RN iz AR R o H S B AT
TR AT AL HE T A B i ek 2 Y i, H ) s
INT H,0, [ 5 AR R A 2500 55 R [R) vk i et g
F AsA-GPX 1 R4 J5 F B 14 52 1 22 S 45K, MR
Se® AbHHEE R T GSH AU G PR 3, B Wk BE AR T
PR R RIVR B Se™ AbFRAR = T AsA FRIHHE IR
R H RV E Se® i T GSH ARIGHIE IR 2.

275 3k

[1] El-Ramady H, Abdalla N, Taha HS. Selenium and
nano-selenium in plant nutrition. Environmental Chemis-
try Letters, 2016, 14, 1-25

[2] Haug A, Graham RD, Christophersen OA, et al. How to
use the world’ s scarce selenium resources efficiently to
increase the selenium concentration in food. Microbial
Ecology in Health and Disease, 2007, 19, 209-228

[3] Hawrylak-Nowak B. Comparative effects of selenite and
selenate on growth and selenium accumulation in lettuce
plants under hydroponic conditions. Plant Growth Regu-
lation, 2013, 70, 149-157

[4] Hargreaves MK, Liu J, Buchowski MS, et al. Plasma
selenium biomarkers in low income black and white
Americans from the Southeastern United States. PloS
One, 2014, 9(1) . e84972

[5] Boyd R. Selenium stories. Nature Chemistry, 2011, 3.
570, doi:10.1038/nchem.1076

[6] Weil, Zeng Q, Gong H, et al. The association between
dietary selenium intake and diabetes; A cross-sectional
study among middle-aged and older adults. Nutrition
Journal, 2015, 14, 1-6

[7] ChenZ (M f8), Li H-R (Z%), Yang L-S (1
M), et al. Staple food consumption and related sele-
nium intake among residents in Kashin-Bech disease en-
demic areas of Lhasa municipality, China. Chinese Jour-



3534

B A

i 28 %

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

nal of Public Health ("PEIAILTAE), 2015, 31(7) .
915-918 (iin Chinese)

Yuan L, Zhu Y, Lin ZQ, et al. A novel selenocystine-
accumulating plant in selenium-mine drainage area in
Enshi, China. PloS One, 2013, 8(6) : 65615

Dai W (3, £5), Geng Z-C (Jk#4#). The present
situations of the study on selenium in soil. Journal of
Northwest Forestry College ( FidULMZEFEZEH ), 1995,
10(3) : 93-97 (in Chinese)

Liu X, Zhao Z, Hu C, et al. Effect of sulphate on sele-
nium uptake and translocation in rape ( Brassica napus
L.) supplied with selenate or selenite. Plant and Soil,
2016, 399. 295-304

Sun X-P (FMIF) , Xie Y-H (K4, Hu J-Y (4
1£3), et al. Research advances in heavy mental pollu-
tion in selenium enriched soils. Hunan Agricultral Sci-
ences (WIEEARI) | 2015(10) ; 146-148 (in Chi-
nese )

Cai Y-P (%% 7K ). Plant Physiology FExperiment
Instruction.  Beijing: China Agricultural University
Press, 2014 (in Chinese)

Guerrero B, Llugany M, Palacios O, et al. Dual effects
of different selenium species on wheat. Plani Physiology
and Biochemistry, 2014, 83. 300-307
Hawrylak-Nowak B, Matraszek R, Pogorzelec M. The
dual effects of two inorganic selenium forms on the
growth, selected physiological parameters and macronu-
trients accumulation in cucumber plants. Acta Physiolo-
giae Plantarum, 2015, 37, 1-13

Wu X-P (&H#EF), Liang D-L (74 0i), Bao J-D
(8142 F}) , et al. Effects of different concentrations of
selenate and selenite on growth and physiology of Chi-
nese cabbage. Acta Scientiae Circumstantiae (¥IEFl2E
2#4i) , 2009, 29(10) : 2163-2171 (in Chinese)
Duan M-L (BtZWi), Hu B (% k), Liang D-L
(B W), et al. Absorption, bioaccumulation and
translocation of selenium in four different vegetables by
applying selenate. Journal of Agro-Environment Science
(A REA 224 ), 2011, 30(3) : 422-428 (in
Chinese)

Fan ] (% {2), Wang R (£ %), Hu H-Q (#4L
H), et al. Effects of exogenous selenium with different
valences on Se forms, enzyme activities, and microbial
quantity of soil. Journal of Soil and Water Conservation
(KB, 2015, 29(5): 137-171 (in Chi-
nese )

Li J, Liang D, Qin S, et al. Effects of selenite and sele-
nate application on growth and shoot selenium accumula-
tion of pak choi ( Brassica chinensis L.) during succes-
sive planting conditions. Environmental Science and Pol-
lution Research International, 2015, 22. 11076—11086
Longchamp M, Angeli N, Castrec-Rouelle M. Selenium
uptake in Zea mays supplied with selenate or selenite
under hydroponic conditions. Plant and Soil, 2012,
362. 107-117

White PJ, Broadley MR. Biofortification of crops with
seven mineral elements often lacking in human diets -
Iron, zinc, copper, calcium, magnesium, selenium and
iodine. New Phytologist, 2009, 182; 49-84

Sors TG, Ellis DR, Salt DE. Selenium uptake, translo-

cation, assimilation and metabolic fate in plants. Photo-

(22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

synthests Research, 2005, 86. 373-389

Zhao XQ, Mitani N, Yamaji N, et al. Involvement of
silicon influx transporter OsNIP2;1 in selenite uptake in
rice. Plant Physiology, 2010, 153. 1871-1877

Li HF, McGrath SP, Zhao FJ. Selenium uptake, trans-
location and speciation in wheat supplied with selenate
or selenite. New Phytologist, 2008, 178, 92-102

Zhao W (#%  #%), Hui Z-M (#A1HF) | Lin G (#k
M), et al. Effect of selenium on physiological and bio-
chemical indexes of Vitis vinifera cv. Cabernet Sauvignon
leaves under water stress. Journal of Fruit Science ( Py
“4R), 2011, 28(6) : 984-990 (in Chinese)

Yin L-Q (BEANZE) , Zhong C (47 %), Chen W ([
) , et al. Effects of selenium on seedling emergence
and chlorophyll content of Brassica napus L. under wa-
terlogging stress. Southwest China Journal of Agricultural
Sciences (PHEGAN3R) , 2013, 26(4) : 1398-1401
(in Chinese)

Lyu H-X ( B¥##E), Tian C-Y (HK ), Wang Z-Y
(EFETF), et al. Effects of exogenous selenium on
growth and photosynthesis of Apocynum venetum L. seed-
lings. Arid Land Geography (5 IX#h#E), 2015, 38
(1) : 83-89 (in Chinese)

Ozyigit 1I, Filiz E, Vatansever R, et al. ldentification
and comparative analysis of H,0,-scavenging enzymes
(‘ascorbate peroxidase and glutathione peroxidase) in se-
lected plants employing bioinformatics approaches. Fron-
tters in Plant Science, 2016, 7. 420, doi: 10.3389/
fpls.2016.00301

Li D-C (Z&8), Zhu Z-] (RBLZE) , Xu Z-H (1FE
Z%). FEffects of selenium on antioxidative system and
H,O0, content in spinach. Acta Horticuliurae Sinica (
Z2FER) , 2002, 29(6) : 547-550 (in Chinese)
Reddy K, Tappel AL. Effect of dietary selenium and au-
toxidized lipids on the glutathione peroxidase system of
gastrointestinal tract and other tissues in the rat. Nutri-
tion Journal, 1974, 104, 1069-1078

Wu Z, Liu S, Zhao J, et al. Comparative response to
silicon and selenium in relation to antioxidant enzyme
system and the glutathione-ascorbate cycle in flowering
Chinese cabbage ( Brassica campestris L. ssp. chinensis
var. utilis) under cadmium stress. Environmental and
Experimental Botany, 2016, 133, 1-11

Li X-Y (ZEEZ) , Wang X-F ( £%HI%), Lyu L-F (B
SRAE) , et al. Effects of exogenous nitric oxide on ascor-
bate-glutathione cycle in tomato seedlings roots under
copper stress. Chinese Journal of Applied Ecology (Vi
HA2AR) , 2013, 24(4) ; 1023-1030 (in Chinese)
Wang P, Yin L, Liang D, et al. Delayed senescence of
apple leaves by exogenous melatonin treatment: Toward
regulating the ascorbate-glutathione cycle. Journal of

Pineal Reseach, 2012, 53. 11-20

EE BT

TN, Lo, 1983 4FA: Tl Rl FEENFR

AR AT, E-mail ; xieping444@ 163.com

RiE4HE

IQRNIT]

NI, BACHE, TRTOC, A BN S S U B AR A B AR AR AsA-GSH I ERAR2MAL. AR A5 4e, 2017, 28(11) ; 3527~

3534

Sun X-P, Luo Y-J, Zhou G-W. et al. Effects of selenium valence states and application concentrations on plant growth, ascorbate-glu-

tathione cycle in Citrus junos cv. Ziyang Xiangcheng. Chinese Journal of Applied Ecology, 2017, 28(11) : 3527-3534 (in Chinese)



