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Variations of Cd Absorption and Accumulation in Different Wheat Cultivars at Seedling Stage
LIU Yan—yang, HUANG Ping—xia, MA Ke—qiang, DAI Qi-gen, ZHANG Hong—cheng
(College of Agronomy/Key Laboratory of Crop Genetic and Physiology of Jiangsu Province, Yangzhou University, Yangzhou 225009, China)

Abstract: The differences of Cd absorption and accumulation in 25 wheat cultivars at seedling stage were studied under hydroponic condition

in order to screen the low Cd accumulation type of wheat cultivars. The results showed that these wheat cultivars had significant difference in

absorption, accumulation, tolerance index, and transport efficiency of Cd when plants grown in water contaminated with 1 pmol -L~ Cd. Cd

had significant inhibitory effect on the shoot dry weight of wheat cultivars while the Cd effect on the root dry weight depended on the cultivars

which decreasing the root dry weight in spring wheat cultivars but increasing the root dry weight in half—winter wheat cultivars. The Cd con—

tent in root varied from 33.1 to 139.7 mg-kg™, the Cd accumulation in root varied from 2.12 to 9.78 pg-plant™, the Cd content in shoot varied

from 3.6 to 15.3 mg-kg™, the Cd accumulation in shoot varied from 0.45 to 1.44 pg-plant™, which showed that Cd was mainly accumulated in

root not in shoot. Therefore, Cd accumulation in shoot could be adapted as screening indexes. And the 25 wheat cultivars were classified into

three types: high Cd accumulation type, mean Cd accumulation type and low Cd accumulation type.

Keywords: wheat; seedling stage; Cd absorption; Cd accumulation; cultivar variation
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Hi o AR/ NEXT T ARBREREE,
EH Cd R RR S FRRER/NE Cd S B—1F
A . DI, AT AT /N R IR 7=
WA ERRI/INE i 25 A~ BEFE HB AR R
FRAHRAL , JEt Cd RN R AR S, /N2 22
A RMEEE AR

1 #REFZE

L1 g4

PERVLIAE RIEFRAE = i A B RN
w25 A, i FES R 15 MR E 55 3
265 HBEIS BHEI0S & 115 12
5% 135 5% 158.4%% 00118 % 1 5.4
mE25. TERS, TEIG, HEL65, BE
98329 ;L& M/NE N 10 D orRIHEE 18 5 HEE
195 #EF 20 5 HEE 21 5 FRM 24 5 FRIM 25
SR 26 5 8FE 27 5 4kE 28 5 1RjFE 974,
1.2 WA *E

ABIFFE R K B 7 s o K5 2 B 4 TR
B R A, NERRMAIR R EEY,
B AR FIK B T SR NE XN E B i E
AR EHRGED, [EK 8 78 B BURE 5y i BT
WLESFII B /N IRTR MR EE L, PIHART 5K FIK
B J7¥k, Cd WeBEAREE N O Al 1 wmol-L (GB 8978—
1996 FHALRE BE/K HE Cd W EFR Y 0.1 mg L™, {H
SehR b Cd YR EEVT BB, WOASBESR T Cd MR EE
BT 01mg-L7, ¥EN N1 pumol L #HHTF 0.112 4
mg-L™"), 7£ Hongland £%## ¥ (pH6.0) H /il A CdCl, -
2.5H,0, RAVIKEH 1 2 AR F A K —

B E B R LR Bt I RAE R E 25 4
B AR A Cd Ab B A 7K 55 1 1 F Hongland 1533
WIEFE, Hongland F5FEWK 7 d BH#e 1 1K,
1.3 MEBH

F 5 i A A B b A T T E
WS Cd & & o MR TE 70 CHLBEER SR TY
&, BT 100 i, F§ HNO;-HCIO, 1A (4:1)1H
1k, R T M5 Y (SolarS4+Graphite Furnace Sys—
tem97 , Thermo Elemental , 35 [E ) 5E Cd & &,

Z:H8 Metwally 5505 BEHHRE T IR EC, PPN AR
/N S TR R P 5 553

(o SR AR

it BE A= W
CdEBHER(%)=
B 3 Cd B

Hi 155 Cd B Bl ap od e 100

1.4 #iEaiE
FIFH 8 Ja ) DPS %4 Ab B R G 4 it o BT 8K
# , f# A Microsoft Excel %35,

2 GHRESH

2.1 Cd MARE/MERFEYER M

HZR 1 A A, TR 0 B 3R AR R A B &
SEHTFHE 5k 61.08.144.04 mg-plant™, FRAbFE
T, RAEMM BTV ESSHN 61.36.115.40
mg-plant™, AR R T ERUL, X B AL P AR H
i, BZEFAEE, Tkl 321 R %) Rk 2
FHR TR, JLH AL EET IR E A B R
TR . i e 22 5 12 5 R, AR A 5,

® 1 FE/NERME Cd LB TEYE (ng- plant™)

Table 1 Biomass of different wheat cultivars under Cd stress(mg+plant™)

S i F T Root dry weight Hi 3T E Shoot dry weight
X e Control 8L Cd treatment X e Control RAEFE Cd treatment
27 5F Al cultivars SEH{H Mean 61.08ns 61.36 144.04* 115.40
ARABCV% 29.44 27.16 18.51 22.47
FHM: i Fh Spring type SEH{E Mean 60.33ns 56.57 135.47™ 105.40
AR RE CV 25.62 25.63 15.95 16.85
M AP Half-winter type  F3J{EH Mean 62.20ns 68.55 156.90™ 130.40
BRARBCV 35.51 25.70 18.71 22.82
AR AL R ES TR
Examination of average comparison between spring wheat and half-winter wheat
* ok ok

BEM: Significance ns

v XRS50 B 4L Comparison of averages between control and Cd—treatment; ns JG .3 25 5 No significant difference. *P<0.05, **P<

0.01. F[E] The same below.
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REEA X,
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2 3 AT ARAL BT, (/N2 T iR 25
AR B R B KA MR /IME Z B 2 4.6 570
3.2 4%, HAS RS BN 38.5%F 31.7%, k5 Fh
R ZR A TR R B A R E) 22 F 8k R B
KF. MARRETEHENS , IRRBHER R
WRERERN 49 5, RABHER SHEEEREEN
82.9% , 13 HH/NZZ W I A R 44 RS PR HEAR R, b |
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R ER B ER TR BRI FMNE SRR R
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BN SRR B B RS FR R 2250
2.4 WHEIEE

it PP B A [F]/NZE S Rl Cd Ad i, T4

EBOB K, Di B % /N 22 Rt Cd A A T

PEFR O B, UL R T Cd 2 B H A
&, I 4 TE W, HER/NE SRR S BOA 7 B IE
A, VLB /N AR EEG Xt Cd s U A, th
BX Cd BEARMER . FZ5PrRA R R -
TR R4 BE WP R AR B 22 5 . s 4R
BOEMET S B EN Cd BB —E T, - 2pxt
Cd J MUk, B/ E SRR 25 Cd T EFE 8T
Je &M/ BN, BN b R Cd s
KFA4M/NE TF

Bt bR (v) S5 EEBTE () JH B3

R2 ARMERMESESMEER

Table 2 Variations of Cd concentrations of different wheat cultivars under Cd stress

HH Cd & EY5E (E¥{E )Range(average) of Cd 5B FE5¥ F value Cd 58257 2% Coefficient
o Cd in the tissues/mg-kg™ of ANOVA for Cd of variation(CV) for Cd/%

ég‘;ﬁﬁ 1R Root 33.1~139.7(76.2) 546.49%* 31.15
All cultivars i 3B Shoot 3.6~15.3(8.6) 97.64%% 35.13
%’:ﬁrﬁlﬂ’ 2 Root 57.5~114.8(80.8) 327.47%% 21.34
Spring type Hi_E3#B Shoot 3.6~15.3(9.7) 76.46%* 33.71
ﬂé@‘!ﬁﬁqﬁ 18 Root 33.1~139.7(69.4) 783.79%%* 44.51
Half-winter type i _E3#B Shoot 3.7~9.0(6.9) 108.64** 28.97

BRI AR P ESET R

Examination of average comparison between spring wheat and half-winter wheat

#R Root
i3 Shoot

Aok

Aok
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Table 3 Variations of Cd accumulation of different wheat cultivars under Cd stress

WH Cd AR E L Range(average) of Cd FUREEHZE/HT F value of Cd FRREZEF Z B Coefficient of
* Cd accumulation/pg - plant™ ANOVA for Cd accumulation variation(CV) for Cd/%

é%l‘l:ﬁ‘?ﬁ 12 Root 2.12~9.78(4.61) 18.26™ 38.51
All cultivars b1 #E Shoot 0.45~1.44(0.95) 16.75" 31.68
ﬁlﬁﬁ]ﬂ; & Root 3.05~7.76(4.51) 7.91™ 29.43
Spring type 3B Shoot 0.45~1.44(0.98) 13.90™ 29.89
ﬂé%‘:ﬁﬁ:ﬁ 1R Root 2.12~9.78(4.76) 57.75" 49.80
Half-winter type H#i 3 Shoot 0.48~1.43(0.89) 24.41" 35.45

BRI AR P ESET R

Examination of average comparison between spring wheat and half-winter wheat
8 Root ns
| #B Shoot *

R4 AR/NE R

Table 4 Variations of Cd tolerance index of different wheat cultivars

WH Tif 3 215 FEl (4114 )Range (average) TR B 22 34T F value of

of Cd tolerance index/% ANOVA for Cd tolerance index
LR 5L ALl cultivars & Root -35.63~115.79(9.09) 12.99"
H#i |3 Shoot -48.29~25.35(-18.63) 5.50™
FE L Fh Spring type #R Root -35.36~78.57(0.08) 7.86™
b3 Shoot -40.67~7.61(-21.03) 3.81"
RN 7P Half-winter type #2 Root -35.63~115.79(22.61) 24.62"
H#i 3 Shoot -48.29~25.35(-15.02) 8.41™

BRI AR P ESET R

Examination of average comparison between spring wheat and half-winter wheat

#8 Root
1 |3%B Shoot

*

ns

B R (y,) JH_ TR B () 3 MIHEA TAE R 73 M /T
1 M R EC S T B AR B IR AR,

y,=0.933 5x+132.57(r=0.668 1)

i RS ERE B E X,

y=—0.058 5x+7.474 2(r=-0.397 3")

-5 AR R R R TE B B A XU
et IR EOR R B/NE R AR AT RERY
25 TEME

H2 5 BN, AR INE i A iE e s R e KB AR
AMEST B 25.1%F1 8.9%, Wi 2% 2.8 f%, 4
5225007 IE F A RAE P IR B 2 R, HAR
SRECK 24.1% , /N TR B8 R R A P ]
Z R B EIKT, A NE RIS FRORTE
FEZERARE ., RERICENTEHENT , EED
F MR B SRR TR AN INE B R, 2=
SARE ., HBEM/NERFRBHERRNER RN
27.96%, $AME/NE T BRHRBRN R RECY
13.83% , GLBAHRME/INE S FP Y Cd 18 3R AE F Fp(a]

EFR,PEM/NE BRI Cd B8 B BRAE S E 2
F/No
2.6 REI/NE@Fhit AR BEN BRI

KBRS Rl /NZE G F o 3R Cd BB RE 1Y
Z 5, DR S R 3 od BB B N R, R Rk
FRER B RIS 227 7 AR 25 /N i ppdk AT R 28 43
Mr (B 1), RREEREFH, 25 N/NE BFgRI 43
2 ERRER MR ERFRRERI(ER 6),

WRERERBMNERE 55 M 26 55 10 1
S, G HERE R 40% , BB R R 74, 1
BT 46.7% ; LM RFE 34, At
AT 30%, H EECFRRERN 1.24 pg-
plant™, ZR4LTE A 1.09~1.44 g plant™, 4RI FER R
$ 12.73%~25.07%,

WPHEMSMNEREZ IS, WE 21 5% T4
S, G HER R 28%, Horp B R FE 4 4, Gt
BT 26.7% ; LM RFE 34, At
AT 30%, H EEE SRR RN 0.94 pg-
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Table 5 Variations of Cd transport efficiency of different wheat cultivars

H BRAA VTR (71 )Range(average) BRI 25T F value of B 7 FHL Coefficient of
: of Cd transport efficiency/% ANOVA for Cd transport efficiency variation(CV) for Cd(%)
LA ALl cultivars 8.87~25.07(17.09) 7.08%* 24.12
1tk 5Bl Spring type 8.87~25.07(18. 30) 10.90%* 27.96
KM Fh Half-winter type 12.73~21.30(16.53) 2.15ns 13.83
X yp

FPER AR ESI AR

Examination of average comparison between spring wheat and half-winter wheat

1B E M Significance ns
6 HHH/NEMTT Cd MR 2R BRI 55
Table 6 Different types of response of different Cd accumulation
A - CARBRA Cd HHLRA Cd fERURL
High Cd accumulation type Mean Cd accumulation type Low Cd accumulation type
BFEGF BESESBERS BEE2S . TEY BEISHEI3E, JihE 98329 K 1 5|
Spring type 5.\ %#E 10 5. 7% 8 5 #F 00118 BE NS HES 7 6 5. % 158
AT w26 5 EFE 195 EE 205 L2015 HM 255 HRE2TS R BHEE2B S HEITAIRM 245
Half-winter type
F3E 983295umai98329 WG ZR S MAE 7 98329, #EE 18 % 8 1
W 18 2 Huaimails i, AR R 32% , Hrh B G 4 1, Gt
B2 15 Yanglumail AR 26.7% ; LM RFAE 4 4, LR
e AAERRIG 40% . Hy T AIHBRE K 0.58 pe-
M 24 5 Xuzhou24 plant™, A5 KL A 0.45~0.75 pg-plant™, §iz H 3%
H# 62 Sumai6 4 8.87%~21.30%,
#ik 158 Yangmail 58 AEYNE R IR R B BT AN T,
#5215 o | R TR, R ERRA R, RARMES
Bk 13 Yosmi S PE/NEE R B TR T M BR A F A f
% 11 5 Yangmaill AN R BN R i IR BN TR A

%M 25 5 Xuzhou25
%% 65 Yangmai6
## 27 5 Xumai27
¥% 5 5 Yangmai5

%M 26 5 Xuzhou26

## 12 5 Yangmail2
BiEF 2 5 Yangfumai2 f§|
¥EF 19 5 Huaimail9
T2 9 5 Ningmai9

%% 10 5 Yangmail0
T3 8 & Ningmai8

¥ 20 5 Huaimai20
3% 00118Yangmai00118

0 082 164 246 327 409
B 1 AENE@F EE Cd RRERESTE

Figure 1 Dendrogram using different wheat in

Cd accumulation of shoots

plant™, ZR4LFE A 0.81~1.02 g plant™, 4Ria FE 3R
Sk 12.36%~22.18%

Pe/ANE R (3R 1) BN i A-F2 3t B o R
R ERTHLMNE (K 2) o AR/ Hh i
P EIRARR RN, BRI EERT
PR R, BEMNE SR IR R E
AR S RBUNTHAMNZ AR (3R 3). I, A
AN il o e 72 R SRR AR R R AR R A
R R ] LA B/ N2 PP 26.7%
AR R AL G, AN I A G 40% 0 B REY
A o

3 itig

K AEORT SR BTH A 534 BT Cd BFRES
ZORT IR 81513, Hu b ARE M T ARAUR 2R IR
FERBIFRNS /N b A R AR BE AR, %
WA IMEER R TR, EMAESF PRV Cd
X FHEAE L b SR T R A R BE D AN IR, g 25 5 A
AR TR, W B2 A IR T3 T
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25 /N R BITE 1 pmol - L7 Cd AL 38 F Xf
Cd (B EERCETE N 8.87%~25.07% , 31 K717.09% ,
TR R BE MK PR —E SR Cd, (HiEF;
FHh EEF Cd BE /D, KBS Cd TR BERE

25 A/NE A IZE 1 pmol - L7 Cd 403 T 3 |
AR AR Cd & B2 8 E K, #h EIRFAR
A CHRELERBEHREE, R L CdHE
BHATRESNBR,25 ANNE RN 32, &
98329 .78 1 5.9 % 6 5 . & 158 . 18. 4%
% 28 5 #RF 974 1M 24 Bk Cd L BAY, Hoith
EEFH Cd FREE N 0.58 pg-plant™, ZALTEEH
0.45~0.75 pg-plant™,

SE 30K :

[ RCEE, AfS, % LRE R SR %2R
3, 2002(1):1-8.

ZHAO Qi-guo, ZHOU Bing-zhong, YANG Hao. Research on environ—
mental quality and agricultural safety of Jiangsu Province[J]. Soil, 2002
(1):1-8.

[2] 3B, WILITHA, KA. RRGFKF T /NE X8I B Rk
FORR B AR 22 (0. DL AEAS 2R, 2002, 13(4):454-458.
ZHANG Guo —ping, Montohiro Fukami, Histoshi Sekimoto. Difference
between two wheat cultivars in Cd and mineral nutrient uptake under
different Cd levels[J]. Chinese Journal of Applied Ecology, 2002,13(4).
454-458.

[3] 5K LB, FRAMME. Cd* Ph* He™ Ni*Jilh 38 Xk 22 1 A AL BHE P 22

WALJ]. BV FRIE R 2R 2005, 24(2):217-221.
ZHANG Yi—xian, ZHANG Li—ping. Effects of antioxidant enzymes ac—
tivities in hordeum vulgare seedling under Cd*, Pb*, Hg*, Ni** stresses
[J). Journal of Agro—Environment Science, 2005, 24(2).217-221.

4] Zfh, £ R, BEW, & BEEXN/DNEGELE R RRIOL



2530 555 103

A -

E 1945

Rt BRI, e33Rk 2005, 25(5):88-91.

CI Dun-wei, JIANG Dong, DAI Ting-bo, et al. Effect of Cd toxicity on
photosynsthesis and chlorophyll fluorescence of wheat seedling[J]. Jour—
nal of Triticeae Crops, 2005, 25(5):88-91.

[515 B B&E, M 3. KRR E B S g x40 e 5 A 21w
DL AR 5T AL IR 2R, 2010, 29(6) : 1065-1071.
ZHANG Wei, LV Jin—yin, LIU Ling. Different of cadmium absorption
and physiological responses of different varieties of tomatoes to cadmium
stress [J]. Journal of Agro—Environment Science, 2010,29 (6):1065—
1071.

(6] HAfEIR, PR, ¥ B, 5 RIEY Cd MR AFIRPEIZ S 1
FhlRIZE[T]. B FAEASZER, 1994, 5(2):192-196.

YANG Ju-rong, HE Jian—qun, HUANG Yj, et al. Inter—and intraspecific
differences of crops in cadmium tolerance I :Interspecific difference[J].
Chinese Journal of Applied Ecology, 1994, 5(2):192-196.

[7] Arthu E, Crews H, Morgan C. Optimizing plant genetic strategies for
minimizing environmental contamination in food chain[]]. International
Journal of Phytorem ediation, 2000, 2(1).:1-21.

(8] HAfEIR, PR, ¥ 3, 45 RAEY Cd MR AFIRPR 5 11
FhAIZEI]. AR, 1995, 6(H ) : 132-136.

YANG Ju-rong, HE Jian—qun, HUANG Yi, et al. Inter—and intraspe—
cific differences of crops in cadmium tolerance Il :Interaspecific differ—
ence[J]. Chinese Journal of Applied Ecology, 1995, 6(Suppl): 132-136.

(9] X AP L, TRELER, UMK, 55, ROKFEA R B ki 5 2.

Fr E KRR, 2006, 20(3) :306-312.
ZHAO Bu-hong, ZHANG Hong-xi, XI Ling-lin, et al. Concentrations
and accumulation of cadmium in different organs of hybrid rice[J]. Chi—
nese J Rice Sci, 2006, 20(3 ) :306-312.

[10] Florijn P J, van Beusichem M L. Uptake and distribution of cadmium in
maize inbred lines[J]. Plant and Soil, 1993, 150 :25-32.

(1] XIS, 200, FRFE, 5. ARIZEEZH BER KRR Cd RFFE
EFHEII] R IERL2E2EHR, 2010, 29(9) :1653-1658.

LIU Zhao-bing, JI Xiong—hui, TIAN Fa-xiang, et al. Absorption and
accumulation of Cd in different sweet potato genotypes[J]. Journdl of
A gro—Environment Science, 2010, 29(9):1653-1658.

[12] EwnFHE, ABHIE. 58 45 R HE Gim g/ NER Tl Z B[], %
FAEH2AR, 2009, 29(1) : 146-148.

WANG Li—yan, ZHENG Shi-ying. Effect of cadmium, lead and their
combined pollution on seed germination of wheat[J]. Journdl of Trit—
iceae Crops,2009,29(1).146-148.

[B1E =, KEE, BHE, E BXRIE T /DZL A K—k
HE TR BRI [T]. RV IR R4, 2008, 27(3) :1029-1032.
WANG Yun, ZHANG Hai—jun, TANG Wei-zhong, et al. Effect of sul—-
fur on plant growth and some physiological characteristics of wheat

seedlings under cadmium stress[J]. Journal of Agro—Environment Sci—

ence, 2008, 27(3):1029-1032.

[14] Jalil A, Selles F, Clarke J M. Effect of cadmium on growth and uptake
of cadmium and other elements by durum-wheat[J]. Plat Nuir, 1994,
17:1839-1858.

[15] Metwally A, Safronova V I, Belimov A A, et al. Genotypic variation of
the response to cadmium toxicity in Pisum sativum L.[J]. Journdl of Ex—
perimental Botany, 2004, 56.167-178.

[16] ZeLRH, EARZE. SR/ INEERK R E B K HEL R 2 18] 22 52 ()]
FEALRMPLE K2R (A AREERR), 2003, 31(1):62-66.

CAI Bao—song, CAO Lin—kui. Effect of cadmium on growth and the tol—
erance among wheat genotypel[J]. Joural of Northwest Sci—Tech Univ. of
Agri and For(Nat Sci Ed), 2003, 31(1):62-66.

[17) EFF, b2, 3 K, 5. N6 S Fh e X i e i 25 S v
IS Al FRERLEE4), 2011, 30(1) : 14-20.

WANG Li-xiang, FAN Zhong—xue, ZHANG Xin, et al. Responses oat
cultivars to cadmium stress[J]. Journal of A gro—Environment Science,
2011, 30(1):14-20.

[18] WU Fei-bo, DONG Jing, JIA Guo—xia, et al. Genotypic difference in the
responses of seedling growth and Cd toxicity in rice( Oryza sativa L.)[J].
Agricultural Sciences in China, 2006, 5(1) :68-76.

(191 RJRE, Br 7, B F. KFEAR RFx Cd Wi RERp2
HLERBIFSE)]. LEAS 24, 1999, 19(1):104-107.

WU Qi-tang, CHEN Lu, WANG Guang-shou. Difference on Cd uptake
and accumulation among rice cultivars and its mechanism [J]. Acta E-
cologica Sinica, 1999, 19(1):104-107.

[20] ZRIESC, RS, WRARDE, 48, ARRIKFE M FFPAL Cd. Cu 1 Se HY &
BHEF R HAREE BRI F5EREE, 2003, 24(3):112-115.
LI Zheng-wen, ZHANG Yan-ling, PAN Gen—xing, et al. Grain con—
tents of Cd, Cu and Se by 57 rice cultivars and the risk significance for
human dietary uptake[J]. Environmental Science, 2003, 24(3):112-
115.

[21] Baker A T M. Metal tolerance[J]. Neco phytol, 1987, 106 (suppl):93-
111.

[22] Hall J L. Cellular mechanisms for heavy metal detoxification and toler—
ancelJ]. Journal of Experimental Botany, 2002, 53:1-11.

(23] SRR, T EF. A FERAKE K3 4w A KR K3 4 iy

SHFNIELZE SR DA SR, 2002, 13(12):1595-1599.
WU Fei-bo, ZHANG Guo-ping. Differences between barely cultivars
in seedling growth and in uptake of cadmium and nutrients under vari—
ous Cd levels[J]. Chinese Journal of Applied Ecology, 2002, 13(12).
1595-1599.

[24] Stolt P, Asp H, Hultin S. Genetic variation in wheat cadmium accumu—
lation on soils with different cadmium concentrations[J]. Journal of A -
gronomy and Crop Science, 2006, 192 .201-208.



