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Influence of simulated climate warming on Cd accumulation dynamics
in subcellular compartments of Triticum aestivum L.
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Abstract; A simulated climate warming experiment was conducted to evaluate the combined effects
of elevated temperature and CO, concentration on the bioaccumulation of Cd in wheat seedlings. The
aim of this study was to explore the process and the mechanism of the crop responses to the stress of
Cd in future climate scenarios. The results showed that compared to control, elevated temperature
and CO, increased Cd bioaccumulation factor by 1.98—3.37 times in the shoots, by 1.90—2.48
times in the roots. Moreover, Cd concentration was also significantly increased with the increase of
temperature and CO, concentration in subcellular compartments of roots and shoots of wheat
seedlings. The largest proportion of Cd was found in the soluble fractions which were the main storage
site for Cd in wheat seedling cells. The increase of temperature and CO, had no significant effect on
the proportional distribution of Cd in the subcellular fractions. In addition, the root - to — shoot

translocation of Cd increased significantly under the highest temperature and CO, treatment
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conditions. It is likely to further strengthen the negative effects of climate warming on ecosystem,
human food security and other aspects on multiple levels.

Keywords : climate warming, wheat seedlings, Cd, subcellular.

HHRBO AR LT T R (IPCC) 55 5 UOPAEIE , 2R IE RS EL U BB, HA 9511
FEARSIE 2 C RGNS T, R REAF 36 FE 7T A T 9 2.7—2.9 °C L CO, WK BE T AT 59%—79% ") i
BE 5 CO, R RN KA BB A o T B e 3 B RS 7, 2Bk O, LI T 9 11
BB A VP A R B, TR S0 ot A Ml 2 A 3% A 5 B0 AT 3k 2 B 5
X T AR A Ml 2 75 2R S PR R 22 B 8 S B A0, T, SRk S U
T2 25 60 2 R 2 T T 22 AL R BRI S 5 5 i — [l RO 50 1 5
R (ELiSC— Y27 ) A R e A, BORSA A A I £ 22 4 B B e,
AR LR L 2 I AT S

SEAE K, CUATBFIE % 90 0 9R FE T T 35 4P JLR I Zn Ph A, Cr Sb Al Cd 1 Wl
B4 AT B TR T T M NP REF Y Cd YR EE , CO, VI T i A A KA
(EMIRT Cu Zn S8 FTE R AU, TR REMETE 2 Cd ROV KBTI 0 LRSS CO, Y e
ST MR T W B B AR e, B SR RO, ELAEAE % (0 ] %
SRR I 22 5. BUAT EOBIFSE 1 T HE S TR 00 R ) A0 90 [R5 A5 ik 02 S £
B S — BRG], Tt MR 5 O, M FE 30— 0 , 0801 (A A M 2 25 2R P it
T RS B RO SR 0 R 2 Rt PR, 7 S IR 5 CO, Wk T i85 X i B
T I R A MO ARSI R 2 ., 7 T8 A2 T T T R e

EJLAAER, L Cd A A - 5 7 4 5 2 B kS PR 1A 300 1 W — 7
RITFSCHE ) Ca R A A - AUR R TE 2 6 A KA sl by FUA Bk e, FLL
RS R SRR, TRPERRA, 55 7 B 4 A S I 1 KO R 58 4 A R M AR A
T Cd R 2 P ) A AT O 45 R ) AEAGVREE Cd( 10 g ) AT
L 15 CO, I A T8 T 5 350N AT o 0 85 5 A BT A A 19 50

PR |- A3t — SRR R85 AR 5 A 0 B 22 2 0 1 B 25 0 P 7 % 3
HICHIBLIR BUR A SCH Cd BN RIERERS 5 1528 50 g | R BIRHAR A0 A T B
TR CORIERA THEING BB BRI, % 570 M BB Cd B IR 15 CO, R IBE
BTHER AT Cd (0375 5 SR B0, LU — AR 7 R BRI AR AT B T M0 e e 2
Col TH3EL O BROURORL P o7 B HOBLR , hr e S AR 2 T T A 5 KU A PR 00 £ 52
SRR A B e

1 #BS 1 ( Materials and methods)

1.1 WFoEHb s

BRI AE H ARG R 22N T AR5 T 8 P IR0 3 b ( 35°35'N, 104°37' K ) 7. 1% 3 Hb S ¢
PIA& TS BRI 0 R EEE  AERE TN & 380 mm, AE¥E 7.7 °C , T2 T 2 0S5 305 n 2 To i
WEACHE , IR A X FZ A A 7= 057 X, BEAEY LIS ok DR BTN 3 TR A
At AT AR 1) 2 (R S M BARAAE | R i 48 SR G T 6 1 P bl X T 5 SR, DA LA
M FRAR MY A 3 Al A 7= X
1.2 It

BRI TE N TR #E T A TR S K 28.8 m 5% 20 m 5 4.85 m, N G FH 594 m? %%
AR ZERE ST 3 A E A /NS AR E S R T RS GBI RS AR ARS i
TR R G RS B LIRS CO, 4R ARG AMDERGEANNG RGN 217 FE P re i il &
Gl AT RGN AR SCIA R IR B AT CO, A M R AR I B T Y
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K AR et Tl R TEES T, A= IR L= AME I 0—3.5 °C, 8iF L= AR 0—7 °C, €0, 7K
AT AN I 0—1000 pmol +mol ™. SEE B[] = A IR ( A SRR ) I s i 19.7 C |, IR AIK
IR 9.3 °C,CO, K FPBITE 352—374 wmol - mol ' IZ RS H 2007 I MhiafT, A LT FRAEZN
T % S OB — R BR

5T 3 MEAUAL IS5 F (TC1 ' TC2 1 TC3) Al 1 DS HIRRTIR(A) 416 1 FoR. A S0 90 1 55t
W 3AEE .3 MERAL A BIFE Fak 3 NS N TAEE LT, AN IRAE B T E 5D 20 m 4b
() E 8K R T

R 1 B ER AR B R

Table 1 Details about the three simulated climate treatments and the untreated control condition (A)

A TC1 TC2 TC3
R EETH i/ C +0 +1 +2 +3
COLVREFFE/ (mol +mol ™) +0 +50 +100 +150

1.3 /N R SR

PEHAR BRI PG 1 5 /N2 R+, 1 30% 1) H, 0,18 B AL B, FEIRIE 1Y A b b 2 28,5 d Je e i K
— BN DT B A 2.5 L Hoagland B IR IR b R ARk 8 MRANTT IR 12 7.
3d B IR 12 AL 4 4 A 3 A AR 3 IRE R A E T RSN A) e 3 ARSI
PRRAMEZE S (TC1 TC2, TC3) , [FE M K5 F2 M A CdCl,, i Cd™ WL E] 50 pg-g ', 5 3 d ik
1 WS TR (R Cd™ ¥ AE ) T TR 3R EDTA S20/NEZ 4B A Cd Wk, G 72 A CdCl, i
R IR Fe-EDTA FH FeSO, (FeSO,- 7TH,0) B .27 d J&, Wkt , L8 Pk ok T, BT
Na,-EDTA % (pH 6.0, 10 mmol-L™") F-4 30 min, U 258 T /K bk T4 AR B R B T
=70 °C VKA PRI,
1.4 WAHAE ST B Ak e o b

PR 5 g Bl ARt & DR AE -4 C A AIRIR A 0T TR B 22 50 3 Ak S A i £ 22 Y Tris-HCI
(pH 7.5) \ R AR EEHEEE (C,H 0 0,S, ) 5 2H . R FH AR IR 22 30 B8 O R AR ST 3R AT /N 22 Gy B AR k43531 43
S F1(YURE S AN e ) P2 (4IRS ) A F3 (AR AT R4y ) 55 3 AW A0ME Z0 . 1 S 20 3K i B
fiR ] 80 pm JE e A 8,300 g B0 30 s, K5 U8 BRI IR B O I DTYE IR A, IEER A3 B 1 4%
JEIRAE 20000 g BS.0> 45 min, JEEFER N F2 %, B2 BIFIR F3 2440 Cd &R0 t 220 K 2: 4
BT Hr SR FH A B8 0 - D IR TS 2 5 ik
1.5 Git5iE

G153 M1k F SPSS 16.0 for Windows ( SPSS Inc., USA) &t it #4317, 2 KR F Origin 9.0
(OriginLab USA) GEil AT, 5 5 R0 (BF) AT .

BF 00 = Con” Crncaium »
BF 0 =C oo/ Crctium s

o, € PR CAVREE € IARERIY CAdVREE | C, o, AHRTFRWPY Cd WS

R RE(TF) AT .

TF=C 00/ C

K, € HEEB CAd VR, C |, HARERIY Cd W,

2 R 51718 (Results and discussion)

2.1 /NEYIERR T Cd R

B R B H WK R WA M A 200 A R s AR O AL 1 R (P < 0.05) ,/NZ 4l iR it
BB Cd O E SR B BF (H/NT 1, BEALFEIREEF CO, MBS B3 hn AR H-350 Y BF {AL AR B &1y T
A A A0 BZH A T BRZE A S T 1.98 | 2.64 3.37 4%, AL EBAH HE X BRZH 43 S5 1.90 .2.38 .



1418 B2 5% 1k 2 358

2.48 i (EAER R AL BE AN CO, MR BEAL FREEAF R LT3 sl gz SOk | IRLBEFT CO, R BEBA T o
XHI Cd B 5 5 ) B O S 2 AT [ A AR B2 PR T AR BF (B0 Bl 2 5 AY 4.15.4.00,3.75
3.06 1%, ULHITARTRRXS Cd AR 4R 35 o T .
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Fig.1 The combined effects of elevated temperature and CO, concentrations on the Cd BF values in wheat shoots and roots

LRB TS R S AU R RIR L Cd e R R A AR I B e 45 5O A LL N A A AR it
TR A 2RO LR SR et 2 5 O B3 — PR S T AR A e e —E R LR TR Cd
B REMTEEMN I URAEATT T T A 27— R ANV 2 H LE B AR AR O, 10K il <Ak
XHEY) Cd W BRI R SR AP B2 7R ARTR R Cd BT A B WA A b B O SR — 20 TS
7R IR CO, M BEH AT B TAERIC S AR I FIZR B AR P A HEAT | 32 m A AR R iy e s i e ' L )
A TR A B M a2 R i A i e R AR Cd I IRICRIFL 2. R R R A
VR AEARES Cd M AR 1 AR KA B A, 2 Cd AEHR A 5 SR 3 . TC3 Ak 5 AR

M3 Cd B 4 AR KRR EJeE TR Cd & 48 B 2 Cd B e AR 25 0 IX B Ak i 7 I
I I RS AR RN B R A7 R B U Cd B [ AR BRI RS 2 R O AL R 1%
J&— M P-type ATPase AtHMA4 A RE AR AR ™ IR I B 485 Cd B F iR T ¢
BACE, N E Cd B B AR m) -3 2 AE AR R 2500 R AR BB Cd B 4 8 T, i 5 HA I 58
SER—FLT BN AR R A 54 R D i —Fh [ B AR LR A A2 ML
2.2 /NEYER HER Cd B ANk

FE/NZ G AR A A ELZ Cd v B Bl A 33U AT CO, R B R 1 i S Rk 35 S RS I a3 (141 2,
P < 0.05).M3#B F1 JZ (40 M BE S A0 MO wE ) 45 A0 B4 (TC1, TC2 F1 TC3) AH Eb X #E (A) 43 B3 m 1
115% ,219.1% %1 255.6% ; F2 J2 ( Z0fds ) AH HOXT B4R 5035  1 68.1% \131.3%F1 163.9% ; F3 JZ= ( 4L ]
VEPELH ) AH EE T BRAT BB T 101.4% 148.4% 1 258.9% HREB F1 JZ2 4 4L BHZH (TC1 TC2 Fl TC3) #H L
X HE(A) B3N T 39.9% .92.3% 11 77.4% ; F2 JZAH Fe Xt BE 43 B3I T 59.3% ,190.5% 1 171.9% 5 F3
JEA X R BN T 117.7% (146.6% K1 172.2%. SAKAT | I5EEFN CO, ¥ FE (R4 s 35845 310 41
L2 Cd e BERE M Tk 3 3K SR A B gT 4 R — 80

ARG IR R CO, VR FE MRS T B G N /IN22 4 v 4 T A L2 73 % Cd i) B 4 S 4 A
EE NI DI AN - Do O W 7 S 1= R0 F 3 e 0 i o A R = T i o O B ) STER TR e SRS A 58
—JZHRE , SRS E XS /N2 WA Y Cd & S RS2, A ] RE R B AR & i &4 M ASRE
DT AE Y. 2 S, 2 ) S X ) i ol 00 /N 22 0T 9 % TR, AL, 18w el /N 22 AR R Cd e BE AR L X
HRFEAIR 20.5%—43.4% , X Ui/ NEFEARFRAE W A FEHALUT R Cd & R TE—Ash B2 it 72
OSSR AR R 2 R4 T IR B CO, MR B T (R B — 3500, 1 A DL v S 4 A B IR 55 C o, 1k
BT AR T IR A e e B UL | T AR SE X IR B E AN A SRR, AR UE T ok Ab P ST
5 W01 55 XoF BRI A5 T e 17 S 560 56 b mT AL [ of R R s 36 0 N T A = 50 A R, B R S = 8111 9%
FH B R AR AR AT B 52 A2 IEAE S0, LAAT BT Cd MR B2 76 /1N 22 &) v B S0 240 B v 1 185 21 i
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Fig.2 The combined effects of elevated temperature and CO, concentrations on the subcellular

Cd concentrations in wheat shoots and roots

(F1:Cell wall and debris;F2:Organelles; F3;Soluble fractions)
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The combined effects of elevated temperature and CO, concentrations on the proportional distribution of

Cd in the subcellular fractions of wheat roots and shoots

(F1:Cell wall and debris;F2:Organelles; F3 . Soluble fractions)

H RS RES COME T2 WA M ZH 73 Cd 70 A RS2 e 77 76— 2 R 1, Cd A&
ANZZ BB S A% S A B 2 B LU ) 43 A 5 e A A B R I A s AR R A Y SR iR
T RN AR R LU Cd AR /NAZ 4y AR T 4 FU )53 A O CO, TR BE T R R A5/
A HIH AN B Cd 3 A 52 WIS 1 R DL AR 48 e oA, B — L S PR — Tk CO, MR BE X/ N2 4 i
AR A Cd A 2R AT RE S B AR BN, 25 W I T i, HEAS AR ] BEAEAR R
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BE F WA IR, S BURA M EE SN AN 3
2.4 NELER Cd AR ST AT RS

TR R B (TF) RRAS W b S WL EE 42 R JC RAEA IR N BB A5 00, &l 4 TR (P < 0.05) ,Cd £E
N2 Y T EAR )RR TF FifA BRI SR CO, Mk B8 A3 I S i 2 IR ik 34 £ Ab B2 TF {53 5
X} IR () 1.02.,1.09 £ 1.34 7% 54K 7 TC1 A1 TC2 AbFRZE R, Cd 76/ 22 2t b EAR 1) 38 A0 i 52 &
BCTF) BN 2 {AE TC3 ALBRAE T W 14,

0.26

0.24

Cd translocation factor (TF)

e
>
T T T T T T T T 1

=
=

A TC1 TC2 TC3
Treatments

B4 RES COBA TR /INEZL T Cd A AR AR IR 5 R
Fig.4 The combined effects of elevated temperature and CO, concentrations on the translocation factor (TF)

values for Cd translocation from wheat roots to shoots

ZRMEAE AR 7 50 1 RO G2 5 05 T 45 3 28 G 2R, A — e TR SE [, R it
Fr B SALIT E 22 B U BE ) T e i O, AT 2628 M VT AL 0 g 7K o R0 ) T ) IR AL .
RN, CO, MR PE T ) 25 S8t B SALIKIFEESR /N, 843 SALGH], BRIRAAL R, ZE B R AIR. IR
JER CO, #e J3E ] ik i IRF, 728 AR S8ONDRE PEAR DR B E b A BRI , 807 TC1  TC2 AR BEAS AT, Cd 7
ANZE G AR ) R IR A AL RN 2 TE TC3 BT, R — 253 it 2% 1 4 9% I 1 5%
R T CO, MBS 7= 2 ) 7 1) 2800, 5350/ N2 4y v 8 2 BV LS 25 08 o, ARG 1 Cd- F AR 1]
MR IR AT ST 25 BN 36 AR AL AT REE—E R L nid M e ok Cd A A AR AR o) b AR
AR R , NI E , X — G B AT RE AR (B dh L 55 242 it — 20 0 A AR AR B2 T 51 %
8 PR, T L E AL

3 758 ( Conclusion)

(1) USRS 2 AT B B /N A W v T Cd B B o0 A, Bt BEABLIR EE A CO, ¥R L Y T, /&2
LR AR Cd B R 1 B A .

(2) /N IRAR AR A S A B ZE 73 Hh Y Cd 9 88 [ R B A ADL LB A CO, ¥k B 4 T e T 49, L%
WAL 73 Y Cd 23 A F A PR E

(3) AR ZH Cd BT FEAE AR A n] PR 0 5 20 M B v | I O 400 Y R P 2 032 Cd 7/
A2 gy v A P A R R AL FEA AR TP A Cd TR XA D,

(4) FErh AL FRIEE R CO, MR BRI AME T (TC1,TC2) , Cd A AR ] 5 (14 32 A% A REAH AT AR
(EA S AR BE A CO, M AR B] (TC3) MWL A2 1 Cd A AR 1) AR A2 A%
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