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HEREREE S JLAF A 7 BT &5 A BILAI Y P4 22 78 Fb) 2
T R SR T R T AR R ) e R R SR
B, e SR ARG A 7 B B Y AT Sl i
FH/INGY T A B (A AC 2R SeMet ) FE4U 6l 121,
IR CERI B P AR 25 AF T A AR I A A AR AL, LY
A RO AR Y 2 et e SR BRI

1 MR5ER*®

1.1 esrd

VA AR 2 47 168 12 1) R HE AR5 ( Citrus reticulata
Blanco. Daya) A5 #4864, oAl A Ry %€ BH A 8% ( Citrus
junos Sieb.ex Tanaka) F 8 BT AR BH#BEdefit, %k}
FIRBIN 10.0 L,

HE3 25 L - 001X 2 2 R ((SeMet) il & £k 4
(CACL) ¥1 53 b4l , LRk B Ak 2R A BR A F
1.2 REigit

ARG F 2015 4 8 H 725 KT AL B2 B =i
A e WA P R AT I R 2R | R
AR B RS AR N 10:10:1, Ffidk K #a s
BT — B AR L) P AT AL B AR AU
ZER ANEERGARTE 2.0~4.0 mg- L7 fifi b BT | A BR
(A K AE b B AR N B K TR Y AR IR i 4
SN 3.0 mg- L', RAE GB 15618 -
1995 4 4 — g4 5 e AL PR, K+ HER S R 0.6
mg- L™ HRAE AR 1 AT SeMet , CACL, BT &1t
it P BRI T 1.0 Lok hZ2@ A g i
X8 (control, CK) 74k T 31 514 3.0 mg- L™, 1M
ARBRAY AR I 3.0 mg- LT HE A RN 0.6
mg- L DRI R iR B MRk gE— H F 5 L, 238
d J& , S5 A0S SR R IF R A3 R, T -40°C vKAf
SEAEIEFH AR bR I 2
1.3 WEIEIRSHE
1.3.1 AR#BirfeTE HPAHE4~6 HREF—
EXEOL IR e G LW e et 7 = o[ =8
RSB, B R EA E Shy A A A R 18 BRI A 4
SR AR R AR A B8 D A S AR PR A AR 2K
=34 VeEHE T IS 105°C &7 15 ~20 min, 60°C 4t
T 72 h R E, FRIES A E T EG R
1.3.2 mfeta b ¥ WA ICE R R T 2OL6E
BANE BT ST B B AS DU A 5 B A BR 2 F
M,

1.3.3 mhAedn's £ 25 AHREXHIG/4R 600 & 5 R4
( biological concentration factor, BCF) & S A 4% T4

JoT A4 oA/ 08 ) - 22 i 5 R vl R Y LR
31N R
BCF =C./C, (1)
o, C; ARG T AP AR N B/ 0 - 24 55 i (AR
PR 25 A SR LA S s A B T ETFR) ;¢ AR
- S B ) B (R AR R BR DL IR )
1.3.4 fedn iz 240 MG XTA/ 40 1 5% 18 R AL
(translocation factor, TF) % SR #H A7 I F 5 ZE (1l 4%
i G IR R/ A Y HE, R IRAOHR .
TF = C,/C, (2)
A, C ARG A BEZE Al 57 & 75 ¢ SR
M AR 2 A/ 585 5
1.3.5 "t & REAMAA(H,0,) 45 MHGEAM
H,0, & & ¥R HI N B 52 B0k ) s, AR 2 2% 250K
PV T
1.3.6 IR MB-SMH KBRS R L 8RR
PUIRIMLAR (ascorbic acid, AsA) |8 AL BB S BT IR 1M R
(ascorbic acid, DHA) .25t H Ik ( glutathione , GSH) | 4,
LTI B H K (oxidized glutathione , GSSG) 2% Bt H Ak
AP ( glutathione peroxidase , GPX) ¥ Bt H KA
J5LH# ( glutathione peroxidase , GR)  HT IR ML iR i S AL ¥
Jiff ( ascorbic acid peroxidase , APX) i & HT IR MR iA J
fitf ( dehydrogenation of ascorbic acid reductase, DHAR)
141 SR D T Bk G 2 W o6 92 ( enzyme linked immunosorbent
assay, ELISA) M , ZB=ICH &R il ik 5% B A FR 2
GIE
L4 HEZITST
BEAALBEAG I 4 A~FEE, FIF Origin 8. 5 #BAFAE
IR o3 A, Horb i 250 22 S R ] LSD 2, 18 35 K
SN P<0. 05,

2 FHERESWH

2.1 WREEXEWLIEAREEEE KO0

A 1 AT AR R AR AL PR AR =8 61,7 em, &
S+ 438 (CK) 24 59. 4 cm ; G728 b BT A B B2
990.4 em,CK 2} 98. 6 cm ; Al4EFHAE A R 0 5 A A i
K TAS,CK 8 A, R A 3G N T AORE A AR A9 Bk
15, B TR S B BT R Bl (EL R A 1 o 2K
SE(P>0.05) , 15 BB A 1A FHER AR 19 A2 K S 80
T NTE
2.2 WREENEWTIEXBEEETENZI

R 1 ATH0, CK M RHEMR T8 o0 12.2 g, ilifa e
AR T E R 12.3 g, CK BIZE TN 10. 8 g, 1M
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Note: CK:Se-enriched soil. SeMet+Cd: Cd-Se associated soil. Different lowercase letters indicate

significant difference at 0. 05 level. The same as following.
E1 mWiR4ENEMIERBEHEKRS FTHERKE FHEENENE
Fig.1 Effect of Se—Cd treatment on plant height, total new shoot length, new shoot

number of Daya citrus in SeMet-enriched soil

AR EEAE AP A % 10. 7 o3 CK B RHEM T8 R 7.7
g, MAERFEA T E N 7.3 g, WALFEAR 25 IR
FHPRIREN 5 B E K- (P>0.05) R 1L
XA T8 B R S AN K
F1 WREENESWHLEAEHBR ZE,
MRS TFERRNE
Table 1 Effect of Se—Cd treatment on root, stem, shoot,

and total dry mass of Daya citrus in Se-enriched soil

WA T E g L i MTHE
Root dry Stem dry Leaf dry Total dry

mass mass

b B

Treatments

mass mass

X R CK

A
SeMet+Cd
AN FRE R R A B ] 22 5 8 3% (P<0.05) . A,

Note; Different lowercase letters indicate significant difference among

12.18+1. 66a 10.76x1.11a 7.67+1.10a 30.60+1.97a

12.28+2.07a 10.71+1.57a 7.33+2.34a 30.32+2.32a

treatments at 0. 05 level. The same as following.

2.3 WREEMNEMIEABEHBEMNBESENR
i

HH L 2-A AT Bl e AR b AR 2K i G
I3k 16.7.0.5.3.2 mg kg™, B CK 4038 Am 9.5,
0.1.1.2 mg-kg™" , BAMR R I A AR >t > 28 A AR A
AR & H 5 CK 25 5% (P<0.05) , CK M iEs &
IO 0 mg-kg ™ AR AR A AR 25 04RO B
9 2.9.0.2.0.2 mg-kg ' (K 2-B) , W BEE T CK
(P<0.05) i@ R I MR >0 >2K 0 30w il 1+ 1%
TR P A 25 AT SR A AR T T A A WA, L 32 22
SIATERR R,

2.4 EWMTEWEEENABHEEENBEEERY
( BCF) #a%%5iZ 2% ( TF ) 9% M

P 2% 2 T HT AR A AR A B S I T AR Y BCR
(P<0.05), 1 TF W) 52 R ke #A, JHEop g Ak B AT 1)
TF ey IS BV ZF K (P<0.05) o Al 1A b B
B BCF Ik T 8; {H 4 9 TF e 1K T 00, 1M
TF  omnoony 120 1008 o 150 1U] 8 09 308 006 400 1 A= 2 5 T A
1) SR AR IR T A%z he T .
2.5 EWMITEFEEEIXEHBH A BEFHO,
SENXMm

% 3 o] AR £ A A R i T RO A
Z ath ML a MEEE b A PRS0
CK /& 17.3% 18. 6% 14.5% 15. 2% , Hith | iH4¢ % a
K P ERMLEZE at+b 55 CK k7225 B 2K
F(P<0.05) ; fliga A b B | H,0, & a3 CK W
N 45. 5% (P<0.05) o b AR AR B A AR E i A £
RAW,=ET H,0, i,
2.6 WESREEAE T E W 1 5 K A AF AR I B - 4 Bt
H RA TR0 JB B 22 i

AsA I GSH J2AH W 1R N (0 Bt S8 A6 9 ot , 76 75 B
H,0, B EEEEEH, MK 3wl i EA: b
PR IHEN G - AsA & 088 CK i E N 8. 6% (P
<0.05) ;GSH F## CK B EFEL 14. 0% (P<0.05) ;
DHA &% CK ¥/ 10. 0% , {5 Rk 5] B K F (P>
0.05) ;GSSG % w4 CK i #F AL 7. 0% (P<0.05)
AsA/ (AsA+DHA) Fil GSH/ ( GSH+GSSG ) 1 J2 2 Mt
YR NP AT I EE SRz — | il A A b 2
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Fig.2 Effect of Se—Cd treatment on Se and Cd contents of Daya citrus leaf, stem, and root in Se-enriched soil

®2 WRE4EVNEWLEABEHEE RS RBMEERBNE
Table 2 Effect of Se—Cd treatment on BCF and TFs of Se and Cd of Daya citrus in Se-enriched soil

Tifi Se B Cd
A o o L o " o
Treatments WHERR /MR s R £/ A R AL BERH I/ fR s 2 Z/REEE R
BCF TF (teat/root) TF (em/root) BCF TF (leat/voot) TF (Gem/root)
CK 1. 1620. 16b 0.28+0. 08a 0.06+0. 01a - - -
TifisR e SeMet +Cd 2.59+0. 32a 0. 20+0. 05a 0.030.01b 0. 29+0. 06 0.11=0. 03 0. 09=0. 04

£33 WRAENEWRLREABREHEHFEXNTEUSSENIZND

Table 3 Effect of Se-Cd treatment on pigment and H,O, content in leaves of Daya citrus in Se-enriched soil

Ak 3 Ik a i Ik b R ESUE AN S I a+h Sk AR S
Treatments Chlorophyll a content Chlorophyll b content Carotenoid content Chlorophyll a+b content H,0, content
CK 1.94+0. 18b 0. 83+0. 09a 0.33+0.03b 2.77+0. 25 1.34+0.21b
i A= SeMet +Cd 2.30+0.23a 0.95+0. 12a 0.38+0.03a 3.25+0. 35 1.95+0. 31a
T ,AsA/ ( AsA+DHA) Fil GSH/ ( GSH+GSSG) HHI% 1 GPX %k W& F R,
CK AR, HYRIB BEKF-(P>0.05) o 1 ERTAT Al
Ak S AsA-GSH AULIEIF (HA A Ak 3 13

ZFAE,
2.7 R4S E W 45 K M AR LR I BR - 5 B
HREKTEER ( ASA—GSH ) B & 148 2210

4 AT AR R A AL B APX 1E PR CK B 3
$EE 23. 0% (P<0.05) ,1fii GPX 14 CK I 3 FEAIX
T 13.0%( P<0.05) ; 4@t AL A B A DHAR i 1 A0
GR {EM# CK 40l i 8 & T 58.0% . 13.0% (P <
0.05) , _biR&h S JCHEAH A XoF A 7 1 A= 106 58 2R
B T MO Y, APX . DHAR (GR il v& M % 1 7+

KAEWFFER I, A0 2R A0 & ALRR Y
FERULBARY P 5 I T 48 RN 2 AE A 1Y
TG , (EARS — LA A AP AR O, B — 7
W, e B AR, XA /A R
SERA) L C AR BAHOGUESE S AR %) A AE T
32 BEL, IR AR A7 A5 22 57, A WE 52 R WA A
TS o AHIF 5 & B AT A7 7 & A 41 T
I 0. 6 mg+ L™ BRI AR I F FE AR AR A9 A2 1, IX LBl
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Fig.3 Effect of Se—Cd treatment on AsA DHA AsA/( AsA+DHA) .GSH.GSSG .
GSH/ ( GSH+GSSG) of Daya citrus in Se-enriched soil
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e B, T LS5 A1 A5 DI AH DG Y AR AR T
R AR e T 3 rp IR O R 1035 i RAF eI A58y
SRS AR NS 10 57 7T R W i D PE D R R
R o il 14 A o 4R R T3 3 1 T, T A 32 ARy
THT AR R MR SeMet 1] RETS Z2 i IR 6 4 iz S H Y
S 55T AR Y0 i U G e B B R 2
FELETRO I AT R o AN [ (38 T A AR, SR
1 EATZ BARAFAE— R MRS P05 B R AR T, RIS ik
JEE (B RE A8 I AER AR 5 i, 0 25 04 2 T 81— S VR R
2 SRR PRI ARSI R A Al
TG A 5 OHE M A X SeMet IR, 42 = TR A
BCF, KB — € (9 bR A 5 0 £ A A7 o
EEREAAAEAR AR HUE M A= Al IR AR P & 1Y
EEAEAFIBAL, X 5 VLB AE S X Bk 4 v Y BT 4
AL, (H AT — SE AR ) WA A ) S A7 B 3t |
L AT R [RIAE X 48 A B — S (25 57

LIRS k2 S e 3 S e So e N A TR AP N R e

HEEIGYe, WF5T 28 0 ANIRAG b # mT 3 o b A A
RGKZ M EERT a3 R A R AR 0 A
—ANEEASH ARG R LI, 7 il 1
ORISR AR AL B R T ORI AR T A H,0,
i, g R E R IHEE X SR a s —
SE R Z AT 56, Khan 2617 WS048 H 46 Bag it
G REREIE N GR 1 GPX I 14 LA B AR 6 14 S b, a2 1
RV Y A K, GPX HIl APX 2R H,0, MIFiFh &
BN AR ST P AR AR AR AL BEEE I T APX 15
PE RS T GPX 3G, X AT RE S ARG 1Y H s &
A 5, ARG A B AE 05 2 M A A 1Y AsA-GSH fE 2R
Rk JE B m TR Y W A Ao 2 I it
SNBARTREASHE I GSH A1 AsA &, 31 GR #1 DHAR
TEPE P25 AsA—-GSH ff PRR0HR ; il G % 12 & T 16 4
B AR ERTRIE XS AsA-GSH A &4 Joi 7 1t Al
BRSPS B Y RBEGE R, CK BN B
By 28 O IR T T AsA-GSH AH Gy it & 2 F01 il 3% 1
(B AL | W4R TLAEAL PRI N T AsA A1 DHA &
O FRAKT GSH . GSSG 75 & L K AsA/ ( AsA+DHA) Fll
GSH/(GSH + GSSG ) /) HL{H ., #F AsA-GSH 1§ 3
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Fig.4 Effect of Se-Cd treatment on APX DHAR,GPX GR activities of Daya citrus in Se-enriched soil
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Effect of Selenium Cadmium Associated on Growth and
Physiological Metabolism of Citrus in Se-enriched Soil
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Abstract ; In order to ensure the safe production of selenium ( Se)-enriched citrus, effect of cadmium( Cd) associated
with Se-enriched soil on citrus growth, uptake and transport of Se and Cd, and antioxidant capacity were clarified. In
this study, potted old Daya were employed as the experimental material and plants in selenomethionine ( SeMet )
condition were as the control for the Se-enriched soil, and in the addition of Cd condition as the simulation of the
association of Cd-Se in Se-enrich soil as the treatment. The growth parameters, contents of Se and Cd, and the efficiency
of cycle of ascorbic acid (AsA) -glutathione ( GSH) in leaves were measured. The results showed that in the Se-enriched
soil, the content of chlorophyll a+b, a, b and carotenoid in citrus leaves was increased by Cd-Se associated treatment,
but no significant effects were found on plant height, length of new shoots, number of new shoots and dry matters of
root, leaves and stems. In Se-enriched soil, Se-Cd associated treatment significantly increased the content of Se and the
biological concentration factor ( BCF) of Se, but decreased the translocation factor (TF) of Se. In addition, Se and Cd
were mainly distributed in roots, followed by leaves and stems. In AsA-GSH cycle, hydrogen peroxide content was
increased by Se-Cd associated treatment, and the contents of AsA and oxidation of ascorbic acid ( DHA) were also
increased. Meanwhile, the enzyme activities of ascorbic acid peroxidase ( APX), the activity of glutathione peroxidase
(GR) and dehydrogenation of ascorbic acid reductase ( DHAR) were increased. The levels of GSH and oxidized
glutathione (GSSG) and the activity of glutathione peroxidase ( GPX) were reduced. The ratios of AsA/( AsA+DHA)
and GSH/ ( GSSG+GSH) were not significantly reduced by Cd-Se associated treatment. This study provides theoretical
basis for elucidating the physiological influence mechanism of Cd stress on Se-enriched soil.
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