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Effect of cadmium stress on yield and yield components
of different wheat genotypes
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Abstract: To investigate the effect of the soil Cd concentration on yield and yield components of different wheat
genotypes, a pot culture experiment was performed. Six high-Cd accumulating wheat (HCA) and five low-Cd accu-
mulating wheat ( LCA) were used under 0. 28 (CK), 5, 10 and 20 mg/kg soil Cd concentrations. The wheat yield
decreased gradually and significantly with increasing Cd concentration in the soil, and the 1000-grain weight
(TGW) , tiller number, spikelet number and kernel number per spike decreased gradually, while the effective tiller
number increased significantly in the 5 mg/kg treatment, but was reduced significantly at higher soil Cd concentra-
tions. The correlation and path analysis procedures were utilized to investigate the effect of Cd stress on yield and
yield components of the different wheat genotypes. The resulis showed that Cd in the soil can easily lead to signifi-
cantly reduced wheat yield, mainly because of shriveled grains and empty seeds, which suggested that Cd may
affect fertilization or pollination, and growth of the embryo or endosperm. In addition, the yield, spikelet number
per spike and kernel number per plant of HCA genotypes were significantly lower than those of LCA genotypes un-
der the four different soil Cd concentrations, TGW was unchanged between HCA and LCA, while the effective tiller
number of the former was higher than that of the latter.
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BEE" =R R EH , R ACIER R E B
FAVA BT B3 v AN BT 0 8 L3 4 (Cd) 5
JuBok B E, AT eI, R FNEEE
2.2x10" t Cd AL, pE L Cd BRTY
fE(0. 097 mg/kg) Ml KA (13. 4 me/kg) HITIT 5
Tk FoF 2 (0.06 mg/kg) A K fEH (0.7
mg/kg) 3, CAITRTER TR R 5 B
R A TR B RABOANBREEEEMN
BEaEz -, Cd BY R B AR SRR
TRt et R AERE T, fe Y R 3E,
FIERACBEREL, 0 I 70 W, B = 225455 @
B — B E AR

NERBREREERBEYZ —, BERSEE
Xt Cd V54 FERFEMR Cd X /N B BRI 4% A B3
PRI . TR Cd A s /N = B R Jr
i, BN RS S BLIEAT TR B
T 75 it Cd Iz R A e 5 T B9 A
ML ERAR -, KETFEPIE T 2 B/ EE
0.0.03.0.1.0.3 1 1.0 mg’kg Cd IE T HARKE
UL, ZIAE 0. 03 mg/keg W2 B AR/ K AN
TR WERT 0.3 mg/kg AWHIAEK; 228
IR T AR C W BE M A T /N A K R ST
TROLEE RF, Cd IE N 0.1 ~ 0.3 me/kg i, £k
L ER BT BT E R R Cd Wy
5.0 mg/kg M, /NAZRIAE R RIS ST 06T [, ¥R IA
21 50.0 mg/kg if, A= KM= HZ B B4
HOAAARIA] Cd R BER] 22 52 B, (] Jalil 457
e Ao BE IR 2257 AN W 2 A58

AFIZEE BN Cd B8 e 7 22 AR R, H
KT HRPIFHER D . A TREA T 2007 R4
HIRTERT 102 A IR E R /NETE T35 Cd E N
0.4.5 1 20 mg/kg HIBHIE N 76 Cd LR T RUAT
T St 6 kL Cd R AR R (RIFRRAHR) A
5 FRL Cd IR 22 (R RRARAR 22) /e @ o0
NGB A RS 2 11 A0kt A5 ik g 4
&I CA 1T RAEOL, R T AR Cd M T A
(I D 2 /Ny 7 R S A BRI 1 R R 4k, AR e
i Cd P B/ TR Cd R =B
BT L4 Cd Xt/ Z A =S LR, Jy Cd
ToRETRI SEAN AT e A RIR AR o

1 ARSIk

L1 {5t
A AT P R T DU A A AT S

24 S HEY R BABHER (0—15 cm) , H pH Jy 4. 85,
2 1.9 ¢/kg B LR 31.3 gkg. B & 262. 10
mg/ kg GEEE 15. 24 mg/ke HEREH 145. 27 mg/ke.
Cd ¥ 0. 28 mg/kg, REGH LN 6 43R AR/
2S5 MR EANE" mEH H, ~H AL,
~ Lso FTR BRI By P01 RV B2 BV E M EFR i
RO,

TR B4 > Cd HEEEE , B : 0. 28 (R
AhIE Cd, /EXTER CK) \5.10 #0120 mg/kg, LA CdCl,
- 2. 5H,0 AR Cd, UE BRI TR RTIEA
i Cd BRI HARE,3 REL ., K%
130 em, HAR 25 em, WA LA AT MBS L
7.5 kgo NEBFETIIR R BER AR
PR (o Hrét) , # I N 0.20 g/kg P,0,0. 15 g/kg
MK,00.15 g/kg BIbRERE . BB AEE S
o BT LB RAK VA, A B R M
KHA=,
L2 FESFWHBSHE

INZE B BRI, X4 03 S Al /)
EW B R AR B /D TEE RO T
IEE

+ AR SR AR AT 1% Cd R
FRF Rl yerE ke
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BENE T EE AT R ST
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BT TR0 2008 AEXT TG B B 11 bR
TR Cd HEM = BAIF LT AR, 2 F4 R
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AR, H — Hy TEAFWE Cd B T %3
R,L — L WA R, iB/NE R Cd R
#1252 R, BB AR RE o
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BiE Cd MR &, /N T RLE = 8 B & R
flk. K2 & ih, Cd # B 0.28 mg/kg Al = 20
mg/kg, 11 iR B = B 11. 83 g [ R
6.01 go Cd ¥&BESAN 5.10 1 20 mg/kg Hf 735 XS
(Cd 0.28 mg/kg) Jik = 12. 60 % .38. 46 % #1 49. 20
% . B 1% Cd #BEIRE] 10 me/kg B, B E
LEANE T8
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#£1 FRERYNEFREFDREAME TFRERRGES (my/ke)
Table 1 Grain Cd concentrations of different wheat genotypes under different soil Cd concentrations
T =) M FE Cd concentration( mg/kg )

No. of CK 5 10 20

material 2007yr 2008yr 2007yr 2008yr 2008yr 2007yr 2008yr
H, 0.4763 0.4938 4. 0625 5.3251 5. 8681 10. 725 9.7175
H, 0.5571 0.4776 4.3365 5.8012 6. 4883 7.9391 9.3418
H, 0.4482 0.3624 4.1333 4.9411 5. 8557 7.338 10. 2020
H, 0.4782 0.5510 6. 0799 6. 8946 8. 6842 10. 7538 10. 9339
H; 0. 4300 0.3873 3.8357 3. 8209 4. 1790 8. 5604 8. 4428
Hy 0.4723 0.3011 6. 1070 4. 6853 5.3526 10. 3206 9.5920
L, 0.18% 0. 1524 1. 5561 0.9195 2.0384 3.9979 3.3939
L, 0.2329 0. 1667 2.3671 1. 4783 2.2701 3.9308 4.1729
L, 0.2983 0. 0988 1. 9248 1.7677 2.5255 2. 4205 2.6815
L, 0.2610 0.2645 1.833 1. 5180 1.9145 3.3435 3.6558
L, 0.2691 0.2293 2. 4706 1.2849 1.7877 3.3358 2.2447

¥ (Note) : CK ) Cd & 7E 2007 ££2 0. 4 mg/kg,2008 4E% 0. 28 mg/kg. Soil Cd concentrations of CK were 0. 4 mg/kg in 2007, and 0. 28

mg/kg in 2008.

F2 ARRERBET 11 5/ EMHBRI7=E(g/pot)

Table 2 The yield of eleven different genotype wheat under different soil Cd concentration

MEEE Y E Cd concentration( mg/kg ) 1y E
No. of material 0.28(CK) 5 10 20 Mean
H, 13.59 aA 9.95 bB 9.29 bB 10.42 bB 11. 59
H, 3.54 abAB 6. 04 aA 1.75 bB 2.10 bB 3.37
H, 14.79 aA 12. 41 abAB 10.77 bB 10.11 bB 12. 11
H, 3.59 aA 2.83 aA 1.80 aA 2.14 aA 2.75
H; 8.57 bB 14. 14 aA 7.97 bB 7.59 bB 10. 24
Hy 5.59 abAB 7.68 aA 3.34 beBC 2.11 ¢C 4.97
L, 25.54 aA 15.36 bB 12.99 bB 8.28 ¢C 15.61
L, 14.38 aA 10.21 bB 9.26 bB 7.88 bB 10. 56
L, 8.04 aA 5.83 bAB 4.96 bcAB 2.78 ¢cB 5.80
L, 14.09 aA 8.26 bB 5. 84 ¢BC 4.74 cC 8.70
L, 22.72 aA 21.39 aA 14.50 bB 7.49 ¢C 17.59
FE15{H Mean 11.83 aA 10.34 bB 7.28 ¢C 6.01 dD 9.39
TREBCV(%) 52.89 aA 27.28 bB 18. 84 ¢C 11.26 dD 23.35
187 L 5] Reduction( % ) 12.60 ¢C 38.46 bB 49.20 aA

T (Note) : [FATEUEIE A [ K NG 7843 B8R Rl — B BH7E R R W TR 22 54 B 3% (P < 0.01) AL 3 (P <0.05) Values followed by

different capital or small letters in a row mean significant difference at 0. 01 and 0. 05 levels among different Cd concentrations, respectively.
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PR W T BT AR B AS R R BT R B, Bl
AHUPLIOTER , BORHE] B B AR AR BE R, A
Cd ¥R BAC &, /NP B B AR B HIAH G I3
Prak ], AR R A r =-0.4973; @RS ITERE
B, Cd YR BEXT /N A = B B E RN 0.2043, 7]
W, —RIFoL T, Cd ES/NEFRE TR, MK
P

IR A 1,11 AR -2 7= R AR B
17.59 ~2.75 g/pot, = & Fx i B2 FHRE Ly, HIR
Ly X 2 A RHE 4 MRE T PR R BE R T
HEMB(ER2); Kbk Cd B BH R, 2
PR BARE, W AE AR — 2 T A A AR

FER R Cd ¥R BE B AH ELAR X /N 22 7= B R i
WARK, R2 alF H, [l —ZE K B/NE A R
Cd P TR B MBS AN T2 B HidH
11 Rt BRI 3 Ml s AR Cd ¥
BERMAA R, U0 H, , f SR 9. 09 % 5 B Cd
CBE (X 0 7 B R, 36 7 0), B AR
63.64 % ; H, Hsfl He R4 Cd ¥ Z (5 mg/kg) Bl
i, P ESE AN ), Cd W BEHE L 5 mg/ke B, 7= R iR

IR, 5 27.27 %,
2.3 Cd BmEXAREEER/NMNEHRSER/NE
AL

1 3 WM, 4 Cd ¥RBEDy 5 mg/kg I EAEA
ROTBE 16.7 A~ X B S5 BE 16. 0 A~ E N ;
13 Cd BN E 10 mg/kg B, 11 f A4 R 3058
BEFRAR B E T (P <0.01) ,Cd #E 10 5 20
mg/kg [BIAM P BEZE A B, HUIHEE L% Cd
W HR R, A A BT R E NG B,
BB BES Cd WM R r =-0.2662;
BAEIIHT, Cd WX /N2 B BE R D R 3K
A 0. 0586,

11 /N ZEA R Cd Byl T L3R U BEF 1
AR, AR TE R 23.2 ~ 11 4 A e 2 (R4
B H, B Ly s REVRADR L, 1 Ls 2%
DEERZ . ABIYBEX Cd WL MR N AT 3y . BE
% Cd WIE R A S BEGHA B AL H, (H,
H, L, ML, 5 #); FEH Cd WL K3 A o BED]
B EIA L LA L s B Cd ¥ B3 A 2%
SYBESS I BN S B R A H, Hs A H,

#3 FREHBNEZEESERREME THRSEEN ETE/NFEH
Table 3 Effects of cadmium on effective tillers and spikelets of different wheat genotypes

£FYRBE Cd concentration( mg/kg ) EHE
WtRS 0.28(CK) 5 10 20 Mean
Nooof  shmem  MEBC AVEEEC NG IR MBS AEEE BN AEER MEK
material Tillers Spikelets Tillers Spikelets Tillers Spikelets Tillers Spikelets Tillers Spikelets

(No. /pot) ( No. /spike) ( No. /pot) ( No. /spike ) ( No. /pot) ( No. /spike) ( No. /pot) ( No. /spike) ( No. /pot) (No. /spike)

H, 10.1 aA 16.1abA 11.4aA 17.7aA 10.8aA 15.4abA 13.4aA 13.7bA 12.2 16.7
H, 20.6 bA  5.8abA  25.9 aA 8.4aA 23.5abA 4.7abA 23.3abA 3.3 bA 23.2 5.5
H, 19.8 aA  17.6 aA 17.2 aA  14.7aA 16.1aA 14.7 aA 15.1aA  13.3 aA 17.3 15.2
H, 14.5aA 12.8 aA 13.1aA 11.7aA 13.8aA 12.1 aA 13.7 aA 9.1 aA 14. 8 12.2
H; 9.7bA 18.1 aA 13.5 abA 16.6 abA 10.1 abA 14.4 abA 13.4aA 14.2 bA 12. 4 16.9
H, 15.5bBC 19.6 aA  26.1aA 17.2aA 16.1bB 16.5 aA 10.4 ¢C  16.1 aA 18.2 18. 4
L, 17.4 aA  16.3 aA 18.4aA 15.7aA 18.2aA 13.7 aA 17.5aA  13.1 aA 17.8 14.6
L, 22.4 aA  16.8 aA 18.6 abA 16.9aA  19.8 abA 15.8 aA 18.7bA  16.1 aA 20.2 16.7
L, 12.1 aA  21.1 aA 11.7 abA 19.3 aA  10.7 abA 18.1 aA 8.3bA 18.3aA 11.4 20.6
L, 17.7 aA  17.7 aA 16.1 aA  12.1bA 15.3aA 12.8bA 13.8aA 12.8 bA 16.6 14.8
L; 19.8aA 23.2aA 20.3aA 23.1aA 16.5aAB 21.2 aA 12.7bB  21.3 aA 18.4 23.6
-5 Mean 16.0 bAB 16.3 aA 16.7aA  15.2bB  14.8 beB 14.3 bB 14.5¢B  14.3bB 16.6 15.9

{E(Note) : FATEUEIE AFIK VNEF B MR F] — R AR SR R T 22 548 B3 (P <0.01) .3 (P <0.05) Values

followed by different capital or small letters in a row mean significant difference at 0. 01 and 0. 05 levels among different Cd concentrations, respectively.
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RIBEHHE LR CRENES, M
BB D, Cd WA 5 me/kg B FRIBTR K, 5 %)
FRAHEL AR B . Cd MM 5 mg/kg 38N 10
20 mg/kg, NERAE W A, BEAA RE, A
KIPHTRIA, NZE/ RS Cd W IR RS r =
—-0.2638; A=A, Cd Y BEXT /N /NBE SR E
¥ 0.0575,

He NI 3 Y R N /R 4 R
Cd e T, N2 /NERP $ fHAS ALV B Oy 23. 6 ~
5.5 4 MRRBIRLF Ly F0Ls NE/IMBEU S . R
B 11 A/ NZE MR A ] Cd ¥ 52 B W B TIT 7 H , 4
REBBH/NEE Cd W BT AR A AU, ooy
63.64 % ; B Cd ¥REIE N, NMESE Z BB E
Jo i E WG WA WA AL 18,18 %,

2.4 CdpEXARERR/NEREEMTHER
=0

NERERLFON Cd ¥R R BUR . BEE 3
Cd ¥ EZ TR, /N E R BB B /L, Cd ¥ BEh S
mg/kg I BEBL R IH 2 &, 76 Cd W EM T 10
me/ kgt FEH W BE 1932 =5 /N I BB J0s /D, 25 ke
LR ; 78 Cd R 10 mg/kg J5XTHERLEUR

WA (3R 4) o AHRIMTRIA, NERRZS Cd
WEE AR, r=-0.3302; BERMPrER, Cd #
BEXS BRI B A B RE R EC 0. 0901,

He N R /NEROREUN S AR 3, 11 /b
ZPPRIBERLEE 4 VR IE T P78 (T D 30. 4
—~ 7.9 K, B2 7 TR Cd BRBRDREL, A Ly, e
DHPE Hy 5 BB L, ALy FRAE Cd FUR ORI
Z , AR AR ZAERBAR AR AR

Al —ZE RN TEA R E Cd pia T Bk %
ARZEFRARN . Cd ¥ BEX TR WA B A
H, Hy H, Hg L, Ml Ly, 5 54.55 % ; FiE Cd ¥&E
R R B A B H, Ly L, AL, o
45.45 % .

K4 WFEM, AR Cd Y P NETREEZR W
%o CA¥RED 10 mg/kg, 2/ NA2 TRIEE B 5 A8 L BY
I FHE . 13 Cd WKBE/NT 5 meg/kg B, TR L
AEE; Cd BN E 10 mg/kg I, TR LR
BE; Cd WBEARSHR N E 20 mg/kg, TR EBHA
B, MHRAHRM, /NETHRES Cd WKE M
KER r=-0.4011; @RIIHT, Cd X TRLE 1
WEZRECNO0. 1329,

*4 AREEENZEARRERE FHEMEMTHRNE
Table 4 Effects of cadmium on kernels per spike and 1000-grain weight( TGW ) under different wheat genotypes

U E Cd concentration( mg/kg ) SFHE
o R 0.28 (CK) 5 10 20 Mean
No. of MR TRE OB TREE R ThE MR TRE R TRE
material Kernels TGW Kernels TGW Kernels TGW Kernels TGW Kernels TGW
(No./spike) (g)  (No. /spike) (g) (No. /spike) (g) (No. /spike) (g) (No. /spike) (g)
H, 34.7aA 24.59aA 24.2bA  24.25aA 24.0bA 23.06 aA 26.0 bA  21.91 aA 29.0 24.94
H, 9.7aA 20.79aA 12.1aA 22.98 aA 4.3 aA 20.48 aA 5.5aA 19.53 aA 7.9 20. 87
H, 30.8aA  29.35aA 28.1aA 31.16 aA  25.9 aA 28.52 aA 28.4 aA  26.15 aA 28.7 29.22
H, 9.3aA 27.66aA 10.6aA 21.94bAB 9.1 aA 21.68 bA 7.1aA 15.34 ¢B 9.6 23.14
H, 25.5 abA 37.49 bB 25.7 aA  42.59aA 22.7abA 35.39 bB 16.7 bA  35.46 bB 24.0 40. 30
H, 12.3 aA  31.86 aA 9.7aA  30.89 aA 7.7 aA 27.32 abAB 8.8 aA  23.83 bB 10.2 30.26
L, 47.4 aA  36.52aA 30.2bB  32.42 abA 27.2 bBC 31.35 bA 17.2 ¢C 32. 86 abA 30.4 33.18
L, 15.8aA 44.93 aA 15.4aA 39.47bAB 13.7 aA 41.39 bAB 14.3 aA  35.67 ¢B 15.0 40.76
L, 20.2 aA  33.29aA 15.8 aA  32.67 aA 15.8 aA 30.59 aA 16.6 aA  21.67 bB 18.3 31.68
L, 22.1aA 38.92aA 17.1abA 30.37bB 14.2 abA 28.33 bB 12.1 bA  29.75 bB 17.4 33.94
L, 31.5aA 36.96 aA 30.4 abA 36.87 aAB 29.3 abA  30.60 bBC 22.1 bA  28.39 bC 30.4 35.31
S Mean  23.1aA  31.24aA  19.9bB  31.07aA  17.4 beBC 27.49 bB 16.1 ¢cC  26.99 bB 20. 1 31.23

HE(Note) : [FTHUEB A FIR /NG T8 43 B3R 7R [F — B8R A R S HCE R R M BE R 22 A0 B 3 (P <0. O1) FL B2 (P < 0. 05) Values

followed by different capital or small letters in a row mean significant difference at 0. 01 and 0. 05 levels among different Cd concentrations, respectively.
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11 f/NER B PR E R BRI Cd BURH
Ly /IR Hy5 540, TRLR Cd R R
L, L, Al Ly T RIERER; BALE, MR
BITRER TRERMR . drsbiEdl, e R
Cd BUR (B TR/ NP AT 1T o

Al —ZE NN AEA RS Cd il | TR e
RBLEAMR 11 frdtk s Cd WL RGN
KB FREA H, Hg Ly L, Ly 1, F1 Ly; Cd ¥ BE
Xt/NAE T RLE R A R B H, H, FH, 3
Cd ¥ BEN 5 mg/kg B TR0 E JolH 04 AR B
TREECE Hso AT, REFUNEZ BT HLE ZHEE
3% Cd WeEERIHE a0, BIEEE 3R Cd B2
HOHR 15 /N2 B JEART R ™ o
2.5 FHCdEERERSFEREBETFHXRE

iAW T R Cd i\ R 5B
KR B T8 Cd RAR B AR (H, — He) Fl7R
Cd IRRVEM B (L, ~ L) B — B 002K, 4
R B 1) R, W BR3P 2/ NER
MR E KT RARESR, THREZRABE,
T 205 BE 3 AR R AR S = o D I — R 1 O
T, F AR R R TE B AR R BERE B, A Ak BE U
i, TR AR R SRR B SR, 22
B TR B R S RO F LR, W Cde R
LRI MR ZRE R ST ER MY E
R IR RO , 2R e AR 3 A R, B
TR T R

40r

B HCA 0O LCA
31.6309
301 27.4
20} 17.6154 18.1
. 14.1 X
12.5 14
10} 6.8‘
R Iy EE EEH fENET TRE

Yield Tillers Spikelets ~ Kernels 1000-grain wt.
(& (No.) (No.) (No.) (&
1 AEERBEXRBNE=BHIFLR
Fig.1 Compasion of yield indices between low-Cd and
high-Cd accumulating wheat
[ 7 (Note) : HCA—= 4% 1 2 High-Cd accumulating;
LCA—{E4AFH & Low-Cd accumulating |

3 iTig
IR BEE Cd YR B3 I/ 2 7 T

ANBE B BEORLE A TR EE AT RE Cd WRE R = 2
iR, SXIEALL, 78 Cd ¥REEDY 5 mg/kg Hf/NE
/BB R 2 IR Cd WRE DY 10 me/kg I,
TR I R, {EE I SRR R R R
A3y BETE CA YR 5 me/kg iF B8 38N, ) B
FWEHR R, BB E R, BRI R W
10 mg/kg, ZLHUHSE" Ak E T 5 BTN AR
Al Cd WX /NEERB UK ZRBE; W Jalil
PN Cd e BE M 22 7R B3, A5 IR B
PG LR B, A [R] 45 R W] BE S5 ik d bR i 4%
AFRA K, mLEH, LS Cd wEELL 10
me/ ke, 48R ER G0/ N A2 P B AR B 87 EE 52 3
S, 7 B S AR R TR B R . BRI, X
53 B+ (4 Cd ¥R 10 mg/kg) , BE
7K Cd BUR/INZZ i i, 503 SO HLA ORI AL
AR RAYE W A A AL

FIREE H, FE R R RN RS
Cd WREZ I /N B R A S BB R N, T
Cd RN/ ERZE IR, RBERERE A2,
R W g2 K ks B 2§ At
P, SEEARA BENUF ST BT B KL, Cd d AT B
SR/ REIE FRE PR, S BT B I LA IR
ARTHREIERT, ERIER., EY Cd KRR
B i e Rl i B = 2 AR AR, Pl 1 — TR
SMEE AL R BIAARRH . Cd HEEEHE PO
WER P AL, RS R HES PRSI
. 9BLFLRRZ, FHRIEFRS; Cd BIF
KOG, AR A RS, IR R IRt
I o3 B FE R BERE Ot & 1R T BIIDUR 2E15 25 X VR ) B9

BRNERK . A% R R R A R I

g, IR R Cd SRS R LS E AR5
2oha BIREREREAPRHLTOLR, REHE#AT
REZ WG ERA K, SEUNMED GBI
'K,

| /N2 5 DR 2 [ g 22 e i 0 1 A Cd AR
B FERR MR EIEREG M RHE N #—2F
FREEUR , B EARTETS 3 EH A IXHE T, BRZ BT X
Ao AREF L, ALy il 7E Cd Bl T =85
i /NEEEC RO TR AR, TR AR &
P TR Cd BUR R R

5 % X #k:
[1] S HEERE ARG ] PR
I ah45,1999,10(3) : 21 -27.



538

MY EFSER/F#R

17 3%

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Zhou Z Y. Control of heavy metal pollution in vegetables [ J].
Devel. Res. Resoure. Environ. Ecol. , 1999, 10
(3):21-27.

BLER, RE AR, RIE  F. P E IR T R E R
[1]. ®EERS,1991,12(4): 12-19.

Wei F S, Chen J] S, Wu Y Y, Zheng C J. Study on the back-

Netw. Nat.

ground contents on elements of soils in China[ J]. Environ. Sci. ,
1991, 12(4) : 12-19.

VER R MmESRETHESEIM]. b
PREERLE R, 1995, 24 -36.

XuZ L, Yang J R. Heavy metal in terrestrial ecosystems[ M].

HE

Beijing: China Environment Science Press, 1995. 24 -36.
WER. BEFRARRRIE M A REET]. #
SRR 1994 ,2(3) : 71 -76.
Guo D F. Environmental sources of Pb and Cd and their toxicity to
man and animals[J]. J. Environ. Eng. , 1994, 2(3): 71 -76.
Costa G, Morel J L. Efficiency of H * —atpase activity on cadmium
uptake by four cultivars of lettuce[ J]. J. Plant Nutr. , 1994, 17
(4) ; 627 -637.
Gussarsson M. Cadmium-induced alternations in nutrient composi-
tion and growth of Betula pendula seedlings: The significance of
fine Toots as a primary target for cadmium toxicity [ J]. J. Plant
Nuir. , 1994, 17 2151 -2163.
Pettersson O. Differences in cadmium uptake between plant spe-
cies and cultivars[ J]. Swedish J. Agric. Res., 1997, 7. 21
24,
Mensah E, Allen H E, Shoji R et al. Cadmium (Cd) and lead
(Pb) concentrations effects on yields of some vegetables due to
uptake from irrigation water in ghana[J]. Int. J. Agric. Res.
2008, 3(4): 243 -251.
RIE, ER A, WHM,F. ESBERINEX/ LR
BAZREGRBMMAPIF[T]. WA T,2008,3(1): 51
-53.
Ji S ], Wang J W, Huang L P et al. Study on influence of cadmi-
um on growth of Triticum Aestivum and forecast of contamination to
wheat[ J]. Grain Proc. , 2008, 33(1);: 51 -53.
T, TRAIEEL, KA. AFEAKE T NEXT A FigR
SRR R R R B 22 R D], R AE A AR, 2002, 13
(4): 454 458
Zhang G P, Motohiro F, Hitoshi S. Difference between two wheat
cultivars in Cd and mineral nuirient uptake under different Cd

levels[ J]. J. Appl. Ecol. , 2002, 13(4) ; 454 -458.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

RO B, SN/ KR B RN R R R B[R] 22
SLT]. VbRl 2% ,2003,30(1) : 62 -66.

Cai B S, Cao L K. Effect of cadmium on growth and the tolerance
among wheat genotype[ J]. J. Northwest Sci-Tech Univ. Agric.
For. (Nat. Sci. Ed.) 2003, 30(1): 62 -66.

Zhang G P, Fukami M, Sekimoto H. Genotypic difference in
effects of cadmium on growth and nutrient compositions in wheat
[J]. J Plant Nutr. , 2000, 23(9) . 1337 -1350.
Jalil A, Selles F, Clarke J M. Effect of cadmium on growth and
the uptake of cadmium and other elements by durum wheat[ J].
J. Plant Nutr. , 1994, 17, 1839 -1858.

Athar R, Ahmad M. Heavy metal toxicity: Effect on plant growth
and metal uptake by wheat, and on free living azotobacter[ J].
Water, Air Soil Poll. , 2002, 138(7) : 165 -180.

R IKKE, KR, % /N2 5 E A B FRE R R
RYUESL[I]. P EKEEMR,2010,26(15) : 1-8.

Yang Y M, Zhang Q Y, Zhang ] ei al. Genotypic differences of
cadmium accumulation in Triticum aestivum and screening of low-
accumulation material[ J]. Chin. Agric. Sci. Bull., 2010, 26
(15).1-8.

S, TR HTEIM]. JUR: FERLRHL
AL ,2000.

Lu R S. Soil analysis way in agricultural chemistry[ M]. Beijing:
China Agricultural Scientech Press, 2000.

HEFREAIS . DT RRERS P EIM]. i
o E SRR AR, 1992, 82 -84,

China NEMC. Modem analysis of soil elements[ M].
China Environment Science Press, 1992. 82 -84.
LM, KRR, PRk, TR, A A X M 3 ) O R 5T
BERE[T]. AEZA%E4R,2001,21(12) ; 2125 -2130.
Jin H M, Zhang H L, Zhao Z Q, Zhang C G. Progresses of
plants response to cadmium[ J]. Acta Ecol. Sin., 2001, 21
(12) ; 2125 -2130.

Sait D E, Prince R C, Pickering I J, Raskin I. Mechanisms of

Beijing :

cadmium mobility and accumulation in Indian mustard[ J]. Plant
Physiol. , 1995, 109 1427 -1433.

Assche F, Clijster H. Effects of metal on enzyme activity in
plants[ J]. Plant Cell Environ. , 1990, 13. 195 -206.

Siedleka A, Baszynsky T. Inhibition of election flow around phot-
osystem I in chloroplasts of cadmium-ireated maize plants in due
to cadium-induced iron defiency[ J]. Physiol. Plant, 1993, 87
199 -202.



