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BRI 7 rh A5 R 22 N RS 50 BT 75
I3 (35°35N, 104°37E) #HT. i3S ELIA T
T, HBRE N BRI, EREN R 380 mm, FLAEN
A ZEFIRK, IS 60% MM TTE 7—9 H. FHE
7.7°C, 6—8 HIWHE 4510 18.4, 202 M1 17.9C. WT
T E ARSI 2 CREBEK IR, WFRARME A X E
BN AT, FEAEY LR . TR SR A
GRNFE. EELEUES N E . JEH I pH (R
BUTUTHE D B 92 0 6.7, 72 mg/kg, HRE. MER
53900 33.6 Fll 82.4 mg/kg, AR SBED AN 5.54
26.8 mg/kg.
1.2 Rkt

BRLRIGE N TR =T N TAREEWE 1, K
28.8m, G 20m i 4.85m, EN HHIEA 594 m?,
el RS WH RS, BRENRS. iR RS
WHRERYSE . [HE EWT RS, CO 47 R GE. #MG RGN
BARGHM . BT PR REG REE L& FRE
PR FE I EAE, SRR . BENRI CO, S5 SR 1
YERFAERIE T K
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Fig.1 Artificial climate greenhouse
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Gt BT 43 0 3P £ B TF I« SR PRI e 32 o 4 i 45
ESBl; R ERENRS, HW. SMNER RS AR,
TERRERE I R Gy N AT IR AOC ], BEnT LA E
SIRIEEAIME 4~7°C, XUl = NS =AM
2~3.5C; —RAMmBIFR RS, e aEaA=E NPT
KPR RGN 2 & 9FJ-1250 B f il AW LA A o
BT RE T EAMNR L 30°C UL R IR &
[HAIAZTHEF NI RS, B CL(W)DRO.12 4k
AP R B 4%k 75 mm PR ] B8 20 S P S 2

H T RIRIG IR AT, M 2007 VLS, FEVEML
BEER 1.2 F1 3 C AL, ESE 3 a iB 1T N LAMIRE,
LR TUSAT bl FHAK 2K

IEZGRE A 2010 4ETT4R, 5 A BT [FIAE 3%, ik
B0 FFURTT 20T S AL B - e FE 23 4, BRALSEAR pH (. &
L. CEC ANREZRALRE (P>0.05) . R AH
FEEEEWK R 1, AN E AN 1.5 mx8.0 m=12 m?,
ATHE 20 cmo FH/NEE (Triticum aestivum L.) hFE 7
19 AR 2SR 35, SWFES 2 K, Bk
TN R 2 1K

Fz 1 AILSEERMEBEEASIKELE

Table 1 Treatments of simulated warming manipulations in
artificial climate greenhouses
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TR SRR RTECRE 1 R TIERE IR AN X
¥ 5 MFER S (25 cmx25 cm) BURE, SR L6V AL 5 AR
[ RV oy s N { O RPN 53 E 5 R o . DR B2
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(TOTAL) AR E (DTPA) o JREILRIIE
Y] R 5> ) DTPA 0.005 mol/L+CaCl, 0.01 mol/L+
TEA 0.1 mol/L (pH 7.3)% 42§ SR HGE FE 4 72 5.00 g
TIERES (<2 mm) I 50 mL ) DTPA-CaCl,-TEA %
W, IRETEIMNEE K 210 r/mim $E % 2542 H 120 min,
E R AR 23 B 5 LR R A o BT
1.5 SFAE
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Fig.2 Concentrations (Mean + SE) of analyzed trace elements in soils and DTPA values under different warming treatments

DTPA $& IR & T 22 9 B RaEL B A g n, 3°C
THEALFEAE DTPA $#2HUK Cd. Pb. Cu. Zn Fl Mn )ik
JEAH LERT AR #2303 = T 26.3% - 14.7% 19.0%-+
120.6%A1 112.2%. {H15 1 CAPELLEL, 3CRBELIET,
DTPA #2HUf#) Pb. Cd # Fe MW %A B#F 481k

AT I, DTPA $2HU Zn. Cu Fl Mn iK)E S
W QO BEEHIEADC, eI gm T fE 5 5m h

DTPA-Zn=2.054+0.854X, R*=0.995(p<0.01) (1)

DTPA-Mn=3.45+1.06X, R’=0.948(p<0.05)  (2)

DTPA-Cu=1.158+0.068X, R>=0.966(p<0.01)  (3)
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WEETEE 1. 2 Al 3CIAREEAAE T AAEIGTE R 1 S5 FRE
hoCd WKE, SXTRACEAHLL B R T 20.5% 27.7%
1 43.4%, [N, PO5 2 SHPRIE Cd g 5 X FE AL 21
FHEE R BRI/, 230 NBET 9.7% 11.1%F0 11.1%,
MV 3 ¥R Cd IKE S50 AR 2051 T B 6.0%.
10.5%F1 13.4%. [FIFE, WEFm 1. 2 F 3CRIEE, ff
PO 1 SR Cu SXAREEAR L3 3 R T 11.2%-
5.9%8130.4%, TP 2 SAFRiH Cu iR 5% EAH L 2
SR B 8.3%. 18.0%F1 25.1%, PH5 3 SFFkih Cu K E
5 A L2 90 R % 10.3% 15.6%F1 10.8%.
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Fig.3 Relationship of trace elements in spring wheat with temperature raising
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{2 Fe F1 Zn PG BLENANR], WA 1°C AT 2°C b2
SAF T AN 3 AN SRR Fe A1 Zn < 55 bR
ThEmmsahn (& 3) , ehn Zn, TS 1CH 2°C R
LT, PR 1SRRI Zn e B0 Sl Lo R A B39 41 28.9%
F135.8%, 1M 3T, 3 F/NEFFRIT Zn R
PO 1 SRIPEE 3 5 Fe IR 2 CAHA LA AN
[FIRERE e Ul BB R S LT, AN]SRl ) /N2
X Cd. Fe. Zn Fl Cu WIS R e ) BAT 38 22 S 1k
TRV RS ¥ B T v T R PSR b 2 S

h k20 A3 Wil B T AN RN S BRI Cd P
Fe. Zn Al Cu (15200, FIH [H1H 874047 T8 (XD Fl
AR Cdy Pby Feu Zn Al Cu 3K )55 &
) , giReagdTE?2.

F=2 HEFFRIH Cd. Fe. Zn F CuiREFLEE/X R
Table 2 Relationship of Cd, Fe, Zn and Cu concentrations in
spring wheat grain with temperature

PIvs S - \Y & B E Wy R iflif
(iR y=-0.114x+0.811 0.970  0.59
Cd  pis2E y=-0.025x + 0.7 0.698  0.65
iR = y=-0.03x + 0.665 0.978  0.61
(iR y=-0.658x+7.737 0.708  6.29
Cu Jif2%5 y=-0.775x+9.11 0.997  7.64
i35 y=0.26x" - 1.042x + 6.948 0.990 591
i 15 ¥ =-6.81x>+21.764x + 46.959 0.989  63.73
Zn  PER 2% y=-29375x>+10.366x + 56.655  0.982  65.75
iR = y=-6.01x>+21.026x + 51.161 0.952  69.41
(iR y=-14.858x*+37.326x + 15423  0.988 171.51
Fe Pi52% y=-1.445x"+ 14.087x + 163.68 0916 18523
i35 y=-14.95x" + 39.8x + 181.05 0.913  202.70

e OB 2050 WRETE 1.9°CHE, x IR, C, y I
INFEXTRIP TG RN, mg kg, DW.

AR 22 K Phe g b X 2050 4EAEIS R T
LOC TG 5, 5 /N2 A K I Y H 33t L I A
VYT 2.2°C, AR EE R (1) /N R R e 3R i
A4k, TBAF] 2050 AEPHALT R HL X F /N 22K R
Cd. Cu. Zn M Fe [ )51 &4 030 FEKs 4 AIAE 0.59~0.65.
5.91~7.64. 63.73~69.41 F1 185.23~202.70 mg/kg, 5 [H
FAD T AR Cd (0.1 mg/kg) + Cu (10 mg/kg)
HlZn (50 mg/kg) fe kVFn] fRE LY, AR AR L
It N, PR R BN R Cdy Zn AEADKE

43 B PR AR A 490% K11 27%, T Cu & B Ba1E
GATSRETEEZ N .
3 i g
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CUEA LTS AR AR R ) S e L AL
TR iRt e m B i i i, NRE R, Hadic—u
WA AR AT 5 i H BT (R A 85575 B ] . LE 01 Fangmeier
SR L R IL/INFE PR Zn 25 0 2 IR FEBE CO, 9 % Tt
i N, RN S FENRE AR LA
A AR, AR AR IR T S E IR BT R A
HIBEREN, A SCHRIRE R D

Sardans 217 Hby b DX VB A 1L R4 T BE TR A
FRNEAR Erica multiora F Globularia alypum WJR & IG5
B AR T, RIEETH SISO, E, multiora
2R Cd IR ERIIN T 55%, 1 Cus Pb 7E G alypum "
WY FBET 50%F1 32%. FFH 1°CTHES I Erica
multiflora " P Cu Fl Zn WP XS IRAL BRI I 57%F1
50%, 1 Globularia alypum W+ Zn WRIZEHEIN 100%,
{B5[ Erica multiflora W Cd F1 Pb ¢ EAH LLX) FE 4070
BT 67%A1 43%. 347 SCHRIRIE, 388 T i)
AR TEAS L IR A A0 I 5L 1) 30325 1 AT AN )R i
S, DRGS0 A A6 IR s 2 e e TR R T
et T S A R AN IR BB R T R IR

TEASCHIBIEGT, 3 M ASFFRL Cd AT Cu HOWRE,
R B T R R B, AR R RS LN, AN
AR R T H IR E TR M BOE R .
Marschner!'”. Rooney A1 Kalffl'" [{mF5Y, X ML
KR A IRRHE W, s P EBORE AW a4 U
JAEDHRETE 3 AT B A Ko 0 ARz (R AR PAROR 5 b 1) 1
P R DU AR A ) i K 4 i P2, O DR o T
NERH IR T H, AEIAR m AR A e ) R
WA N 42 8 e R RE T I R, 2 P BLN R RL R Cd
A1 Cu UL Bt B2 T v Sy R, E2LR I TN A
TR R AE KRR T R o mfodeR!
53—J51Hi, Moreau KT AEY), LLAK Chen %5P7AI
Ramesh %P K A EIIRFACR L, 1X 2 FfERIN 1
sl cd*s Za® AR BAT T IR UMY, OF HL,
YA b 2 %8 R s S A ZIP ( zine-regulated
transporter, iron-regulated transporter protein) X Zn* AT
ESESEFIVE R BEME o b EHERRT, WRE TS S OLT,
ANFZAL PO Zn® S R S 1 2R 1 T Rl R A
H T ANEERFRON CAP LR, BECT /N RARLp Cd MR
E YDA =T N

FEMLE T TCHI2°CIEBL T, 3 RN ZE kKL Fe Al
Zn [ — R T s N, JFH, VRS 2 5 Fe
P B P T T eI (RP=0.900) , FLAT ML AU )ik
JEMGNE o AH 3°C AL AL 5 AN il Al N 2R KL HK) Fe Al
Zn WAL 2°C AP 25 T [ (p<0.05) o —Fhm] BEMA
B 0~2°Cid LT B, 40 i rp e Ve R e v, 1
INT/NZERFRIG Fe Al Zn FRA) F A0 B IR A 3k e
A 3 CAEHN TP 1 5 3 5/ NF PR il sl )
THH], GHEXNZ 2 FOTEAMAIERE M. DA
B Fe R Zn JE K 22 g2t S AN m] B/ b (R 4 e 73 2,
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Fe R4V &AWk &E A R4 s Y. 1 1EY
)P TR TG, Zn R RFTE SN 200 22 Fhi 1) 4 1k
BAHEE N 7, (EAL G DNA & p. JE R RIE R B AR A
VEZ AW BRI e 5 T BT AR P, SRR
PEin T AN s RO A 9 A B Y, B B 4
JeE (RN, DA R AL 1E 4 i R Be - 2 LI AL )
SEOT GBI E . ik, HAEBFEICE Cd ML,
INFZRFRE Fe R Zn (3R 8 52 300 408 5 PO, P A0 i vk

3 FNERFRL Cdy Fe. Zn Al Cu IKJE 5 /N3 S RPN
T 2 S B2 (p<0.01) o 3 BN F R 4 FlR
HICHEMBRMESHEMNZER, XRZESHLAEY
FIREAEAE,  Eoln S AR Ak R bl 7 AR
It 46 PokFEREK, 7F+E Cd FEMFEIY N 2 mgkg &
R, 46 FlUKFEREK Cd s S ECR LR 0.428~
2.558 mg/kg, ZE5EE . Stolt L5 & B /N 22K
XFCd IR RE T T NS DRI 5 /N 2 R s
Cd & E R T BN R Cd S, ST XRE A
FEFRBE AR, M B B A IR 0 W I o P 2 S
P, e AR O EIIR R TEAS . B R &
E R BB, B R R RS WA LR |
B EIER S A R A AR T AR AR R R B, 43 i
Yima e LI R RO RS A BA . DU, HiE
S 4 R B G R A AR RO — A S A
Cieslinski Z5717F 1998 4EFHiL ¥ Cd BB/ i Fh 51
Cd BB SR LIRS, W I T Cd BLENE
s AR B - I A T R AT MR ) i M s T Cd
USSR, R R Cd BB/ NE SRR 4 Cd AR
SR ER. JFk, Liu ZEP85E R AS [F] 5 Rl x5
Cd W) 2= S PERBESE,  RIAR 2R 20 WA A 4 1 A HL
R S Cd WOGE EE IR, SO T IR 4

SR, EARFITHRAEEEAAE T, 3 /N kR 4 Ff
IRE IR M ZE R M IFAERIE B4, RIL 1CARFEAAF T 3
FNZERFRITR Cdy Fe A1 Zn WM 25 Fed /]S, 1% BRI
3CHIMFLAE T, 3 Fi/hZEFrkih Cd. Fev Zn fil Cu ik
25 AR OK (B 3) o it W R SR A AR AL R T
A ST, TR INZZ IR i 0 3 R R R T
ASKFEEREM, XN 2 B R BN B,
PAR AN AR 25 S IR HBEN A Ja B SR A 155 18
IRANWEFL R
3.2 BEASHERATHC. InBRRE

B THRARIG AT, 3 BN FPRLR Cd 9% bl i
JE T =i B, 10 Zn BRIV JE S0 TRAGBEAH L s, A
ANFITHE B A AT T, 3 Fl/NEFFRLT Zn B AHEAKPAR
AHIAL, 40 2 CARbHAS 3 Fl/NAEFFRL T Zn 543 Sl X i
AAERTF R 15%~37% (K 3) o MlIX—45 8, 7k 15
H X E PG -3 R Cd Al Zn KPR AN T R iR AR
TR T, H% MR X X 2050 4ES AL Tl
FIEAETHE 1.9CHER, B/ AR cd PR, &K
KA A8 /D N R s TR A ) 1R R B AR AR MR PR
490%LA I, Zn WP R I B AR 27% 0L o DRI

PSR IR ] | 9 [R5 [ AR VSR AE Cd ¥ e Hb X i J IR
TH Cd FEmIEMIERA R Cd #FIER, ANt
PR A5 R LR () — AN ABUTBER T R 5511 Shiphamis
JE, R E Cd B o HE 2~998 mg/kg, AR b A K
HIVEYI T3 % S 0.25 mg/kg, LA s i) Cd iR 2
HABHX ) 15~16 15, FFFRE A 21 AR Cd 1
Yo B0 112 mg/kg, 8k T 260 mg/kg MIERME T
AH Cd 7KV Rt X s R Cd s E0h 2.2
mg/kg) , 1M IRk AR B S Cd a3 kb
NGRS R B Zn, Fe Ml Ca &K A
b 27 s, AAW Zn, Fe Al Ca IRFEMIRE, AU
T N AN E 6 Cd B, [\l IS AT R AR AT AL &
ok Cd PR . RIE, RS AR A X N 1)
iz A Cd 1 BUEAN BRI T A 18 58 b, SOk
fiEH FE g Zn E IR, Rl OKTE Zn
W SERFRI, S5 % A Al Fe B RELZ 52 5 % L)
NLFEAET T HR A 0 ) 20 ot S e ), e
ECZT 2011 4 1 H 10 HEEIE THREE. i lREmR
o P VUL 3 E S Fey Zn WU, DLW
S R I/N PRI Fey Zn W BEVGLE TH i 59 00 1)
gEO, VLIRS AR AR B TR 2 CITS oL, BT
FHFRIX Feu Zn B HEACFIIE R, £ 28 AN
IR /INEE Cd 5 4K, T HIEREREII N Zn B IR K F-.
3.3 HEEABRWMHELEFRETENRNEM

LICHI 2°CHJE T A BESE = T B2 L3R B Cd
WRE, JFH, 2°CHI 3 CAFEAEREZ L3P T cd 19
I (B 2a) , XM SR B R R ) SR ARG
R M X gy od f9EEYE, B RN TE Cd R
H L (0.03~0.05 mg/kg) T IR A M
Cd JRE% (0.01 mgkg) "o R0, B2 5 bR
£ Cd 03305 A 3G 0 T v Ak B M 2 1) /N 22 P v
R, AR, WIS AN R R RS T R R
Frm i SR, BB RS TT, Cd X
Y EEE R G R T /N FRIN Cd K E 4R, JF HIX
oo s o i P58 S v A S B

BHE b 5 Fe it 43 8018 626~29 575 mg/kg) W]
T SCHR AR I ) 3 b R B B, AT R A
FIEP RS R TS TR AR S AR 1
VBRI R E IR B ) B R R, R T 5 A 1k
At FREAH DG 1 /N 22 B i rh R U

Pb IR R 5 Cd fil Fe AN, HAEHHZE L3 A 58
AR AR D 52 B T b B 5w, IF HE BT
ARERXE 3 FlNZEFFRIH Pb [ E SR W, SRR
EWAH BRI, KR P M HUREA R SR,
e 5 e - e WU RIR 2 T W PR T s 0, BT - e
W Po FUE R R

TR AL BN B 8 Cu R Zn POIKREERAT B
FRM, DTPA $REUK Cu A1 Zn (3 58 B i 5 T va i 44
(& 2) . Avila 1 Rodrigo™ 75 PG HE A 57 28 J& i ul il %)
MIIEE R, KB Zn 1 Cu HAG B3 TEIIFERE (450
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F132 g/(hm*a)) , R LA G 2 BAT RIS,
BEEESHINT Zn M Cu A A A AL T
Retk, AERDEVIRETHHZ b aEa e, mH, WBE
GANIE 3T e we= L3 AEAEE /) 1L 30 G A D W e 47 QA7 | 9b
HEL BN T Zn A1 Cu AEHIEREEhE, w1
XF Zn F Cu WP AE ST, XS/ AL RS & T B2
Zn fl Cu AR

4 2 it

BRI BT b e () 5 PR T R R
PER R AR, I HLE 2 52 ) B A [R) A B4 T P
1 3 FhZH Cd. Cu. Fe Ml Zn E4EK V. 3 FlivNEEFTF
ik Cd A Cu s /K BEWLE i S B, nl RE 2 i
FETF R s oL T AR BRI T /NSNS Cd Cu 1R
M TVEES KA R 2 23 A T v 1 T ) S A
FEMRET R | R0 2°CARERA AT, T 40 i i s 2 1
i, 3 FNZERPRL Fe A1 Zn I BEVRE T s n, 18
e EAR ST S I DL, WFPRL Y Fe T Zn AFER
e B, ARAMRAGEE T ST, X, i
WG, DA AR e e EHE R, L
S A W rh v R SR R s, W] AR R R R TR
WfRTE, I EP S EUR =T R YA BRSO .

(5 % X% W]

[1] TIPCC. In: Houghton J T, Ding Y, Griggs D J, et al. (Eds.),
Climate Change, 2001[M]. The Scientific Basis, Cambridge,
Cambridge University Press, 2001.

[2] TIPCC. Summary for Policymakers of Climate Change: The
Physical Science Basis. Contribution of Working Group to
the Fourth Assessment Report of the Intergovernmental Panel
on Climate Change[M]. Cambridge: Cambridge University
Press, 2007.

31 ZA, T, Tgiul, 55 PEEH SR
WSRO [T]. HhEkEBl AR, 2002, 17(3): 314—319.
Qin Dahe, Ding Yihui, Wang Shaowu, et al. Ecological and
environmental change in west china and its response strategy
[J]. Advances in Climate Change Research, 2002, 17(3): 314
—319. (in Chinese with English abstract).

[4] Kattenberg A, Giorgi F, Grassl H, et al. Climate models
projection of future climate. In: Houghton J T, et al. (Eds.),

Change. The

Contribution of Working Group 1 to the Second Assessment

Climate Science of Climate Change.
Report of the Intergovernmental Panel on Climate Change
[M]. Cambridge, Cambridge University Press, 1995.

[5] Morison J I L, Lawlor D W. Interactions between increasing
CO, concentration and temperature on plant growth[J]. Plant
Cell Environ 1999, 22(6): 659—682.

[6] Tubiello F N, Amthor J S, Boote K J. Crop response to
elevated CO, and world food supply. A comment on “Food
for Thought...” by Long et al., Science 2006, 312: 1918 —
1921[J]. European Journal of Agronomy, 2007, 26(3): 215—

233.

[7]

(8]

[12]

[14]

[15]

[16]

[17]

[18]

[21]

Eissenstat D M. Trade-offs in root form and function[M]. In:
L.E. Jackson (ed.) Ecology in Agriculture. San Diego,
Academic Press, 1997, 173 —199.

Poorter H, Remkes C, Lambers H. Carbon and nitrogen
economy of 24 wild-species differing in relative growth-
rate[J]. Plant Physiol, 1990, 94(2): 621 —627.

Bassiri Rad H. Kinetics of nutrient uptake by roots: responses
to global change[J]. New Phytol, 2000, 147(1): 155—169.
Marschner H. Mineral Nutrition of Higher Plants[M].
London, Academic Press Limited, 1995.

Rooney N, Kalff J. Inter-annual variation in submerged
macrophyte community biomass and distribution: the influence
of temperature and lake morphometry[J]. Aquatic Botany,
2000, 68(4): 321—335.

Ekvall L, Greger M. Effects of environmental biomassproducing
factors on Cd uptake in two Swedish ecotypes of Pinus
sylvestris[J]. Environmental Pollution, 2003, 121(3): 401 —
411.

Hooda P S, McNulty D, Alloway B J. Plant availability of
heavy metals in soils previously amended with heavy
applications of sewage sludge[J]. J Sci Food Agric 1997,
73(4): 446—454.

Macek T, Kotrba P, Suchova M, et al. Accumulation of
cadmium by hairy-root cultures of solanum nigrum[J].
Biotechnology Letters, 1994, 16(6): 621 —624.

Baghour M, Moreno D A, Hernandez J, et al. Influence of
root temperature on phytoaccumulation of As, Ag, Cr and Sb
in potato plants (Solanum tuberosum L. var. spunta)[J].
Journal of Environmental Science and Health. Part A.
Toxic/Hazardous Substances and Environmental Engineering,
2001, 36(7): 1389—1401.

Albrecht A, Schultze U, Liedgens M, et al. Incorporating soil
structure and root distribution into plant uptake models for
radionuclides: toward a more physically based transfer
model[J]. Journal of Environmental Radioactivity, 2002,
59(3): 329—350.

Lynch D V, Steponkus P L. Plasma membrane lipid
alterations associated with cold acclimation of winter rye
seedlings[J]. Plant Physiol 1987, 83(4): 761—767.

Li Y, Gou X, Wang G. Risk assessment of heavy metals in
soils and vegetables around non-ferrous metals mining and
smelting sites, Baiyin, China[J]. J Environ Sci 2006, 18(6):
1126—1136.

s, BRI B ITEM]. dEst: AR
AL, 1999: 146—226

Hernandez L, Probst D, Probst J L. Heavy metal distribution
in some French forest soils: evidence for atmospheric
contamination[J]. Sci Total Environ 2003, 312(3): 195—219.
oh A N R IE A AR b R R R bR vE (GB
15201—1994) . fr it Hh 4R BRI FRdE (GB14935—1994)
Rl 5 P BERR B A7 GB 13106—1991[M]. dbxg:



312 4 B

Myt AURARON /N AR RER TG R A I 3 R R

103

[22]

Pl bt AL

Fangmeier A, Gruters U, Hogy P, et al. Effects of elevated
CO, nitrogen supply and tropospheric ozone on spring wheat.
2. Nutrients (N, P, K, S, Ca, Mg, Fe, Mn, Zn) [J]. Environ.
Pollut. 1997, 96(1): 43 —59.

Sardans J, Peiiuelas J, Estiarte M. Warming and drought
change trace element bioaccumulation patterns in a
Mediterranean shrubland[J]. Chemosphere, 2008, 70(5): 874
—885.

Volder A, Gifford R M, Evans J R. Effects of elevated
CO,, and differential
day/night atmospheric warming on root growth and turnover
of Phalaris swards[J]. Global Change Biology, 2007, 13(5):
1040—1052.

atmospheric cutting frequency,

[25] Pregitzer K S, Burton A J, et al. Soil respiration, root biomass,

[27]

[30]

[32]

and root turnover following long-term exposure of northern
forests to elevated atmospheric CO, and tropospheric Os[J].
New Phytologist, 2008, 180(1): 153 —161.

Moreau S, Thomson R M, Kaiser B N, et al. GmZIPI
encodesasymbiosis-specificzinctransporter in soybean[J]. J.
Biol. Chem. 2002, 277(7): 4738 —4746.

Chen W R, Feng Y, Chao Y E. Genomic analysis and
expression pattern of OsZIP1, OsZIP3, and OsZIP4 in two
rice (Oryzasatival..) genotypes with different zinc efficiency
[J]. Russ. J. Plant Physiol. 2008, 55(3): 400 —409.

Ramesh S A, Shin R, Eide D J, et al. Differential metal
selectivity and gene expression of two zinc transporters from
rice[J]. Plant Physiol. 2003, 133(1): 126—134.

Lehtonen K K, Leinié S. Effects of exposure to copper and
malathion on metallothionein levels and acetylcholinesterase
activity of the mussel Mytilus edulis and the clam Macoma
balthica from the Northern Baltic Sea[J]. Bulletin of
Environmental Contamination and Toxicology, 2003, 71(3):
489—496.

Vallee B L, Auld D S. Active-site zinc ligands and activated
H,O of zinc enzymes[J]. Proceedings of the National
Academy of Sciences of the United States of America, 1990,
87(1): 220—224.

Goralska M, Holley B, McGahan M C. The effects of tempol
on ferritin synthesis and Fe metabolism in lens epithelial cells
[J]. Biochimica et Biophysica Acta-Molecular Cell Research,
2000, 1497(1/2): 51—60.

Nilsen E T, Orcutt D M. Physiology of Plants under Stress
Abiotic Factors[M]. New York,JJohn Wiley and Sons, Inc.,
1996.

MO, TR, YL, A AN KRR K
R ESSRFHRE2ER, 2006, 22(1): 67—69, 83

[34]

[35]

[36]

[37]

[39]

[42]

[45]

Zeng Xiang, Zhang Yuzhu, Wang Kairong, et al. Genotype
dif-ference of brown rices in Cd content[J]. Journal of
Ecology and Rural Environment, 2006, 22(1): 67 —69, 83. (in
Chinese with English abstract).

Stolt J P, Sneller F E C, Bryngelsson T, et al. Phy-tochelatin
and cadmium accumulation in wheat[J]. Environmental and
Experimental Botany, 2003, 49(1): 21—28.

Guoy G E, Marschner H. Contribution of an arbuscular
mycorrhizal fungus to the uptake of cadmium and nickel in
bean and maize plants[J]. Plant and Soil, 1996, 184(2): 195—
205.

Jones D L, Darrah P R, Kochian L V. Critical evaluation of
organic acid mediated iron dissolution in the rhizosphere and
its potential role in root iron uptake[J]. Plant and Soil, 1996,
180(1): 57—66.

Cieslinski G, Van Rees K C J, Szmigielska A M, et al.
Low-molecular-weight organic acids in rhizosphere soils of
durum wheat and their effect on cadmium bioaccumulation
[J]. Plant and Soil, 1998, 203(1): 109—117.

Liu J G, Qian M, Cai G L, et al. Variations between rice
cultivars in root secretion of organic acids and the
relationship with plant cadmium uptake[J]. Environmental
Geochemisty and Health, 2007, 29(3): 189—195.

Reeves P G, Chaney R L. Bioavailability as an issue in risk
assessment and management of food cadmium: A review[J].
Sci Total Environ, 2008, 398(1/3): 13—19.

Graham R D, Welch R M, Saunders S A, et al. Nutritious
subsistence food systems[J]. Adv Agron 2007, 92(4): 1 —74.
Vig K, Megharaj M, Sethunathan N, et al. Bioavailability and
toxicity of cadmium to microorganisms and their activities in
soil: a review[J]. Adv. Environ. Res 2003, 8(1): 121 —135.
Surindra Suthar, Sushma Singh, Sachin Dhawan. Earthworms
as bioindicator of metals (Zn, Fe, Mn, Cu, Pb and Cd) in soils:
Is metal bioaccumulation affected by their ecological
category[J]. Ecological Engineering, 2008, 32(2): 99—107.
Vasquez M D, Lépez J, Carballeira A. Uptake of heavy
metals to the extracellular and intracellular compartments in
three species of aquatic bryophyte[J].
Environmental Safety 1999, 44(1): 12—24.

Avila A, Rodrigo A. Trace metal fluxes in bulk deposition,

Ecotoxicology and

throughfall and stemflow at two evergreen oak stands in NE
Spain subject to different exposure to the industrial
environment[J]. Atmos. Environ 2004, 38(2): 171 —180.
Asensio D, Penuelas J, Ogaya R, et al. Seasonal soil and leaf
CO, exchange rates in a Mediterranean holm oak forest and
their responses to drought conditions[J]. Atmos. Environ
2007, 41(11): 2447—2455.



104 Aeb T2 25 2011 4¢

Influence of climatic warming on accumulation of trace elements in
spring wheat (7Triticum aestivum L.)

Li Yu?, Zhang Qiang"*, Wang Runyuan’, Liu Ning®, Wang Heling, Xiao Guoju*, Gou Xin®, Ma Zhiyin?
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730020, China; 2. School of Chemical Engineering, Northwest University for Nationalities, Lanzhou 730030, China;
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Abstract: The objective of this study was to investigate the effect of temperature raising on solubility of trace elements
in soil, and the bioavailability of trace elements in spring wheat (7riticum aestivum L.) A simulated warming
manipulation was conducted to evaluate the effect of temperature raising on Cd, Cu, Fe and Zn accumulation of spring
wheat in Dingxi, Gansu province, the semiarid northwest of China. The results of the study revealed that temperature
raising will lead to a significant change in trace element concentration in soil and spring wheat. Compared with control,
the strongest effects of 3°C temperature raising were that the trace elements concentrations in grain of Xihan 1, Xihan 2
and Xihan 3 decreased by 43.4%, 11.1% and 13.4% on Cd, and 30.4%, 25.1% and 10.8% on Cu, respectively. But it was
converse for the concentrations of Fe and Zn in grain of spring wheat, the concentration of Zn increased by 28.9% and
35.8% respectively in grain of Xihan under 1°C and 3‘Ctemperature raising treatments. According to the change of
temperature raising with 1.9°C by 2050 in semiarid northwestern of China, the elements concentrations in spring wheat
will be in a range of Cd (0.59-0.65 mg/kg), Cu (5.91-7.64 mg/kg), Zn (63.73-69.41 mg/kg) and Fe (185.23-202.70
mg/kg), respectively.

Key words: temperature, trace elements, climatic change, spring wheat



