ey TRl 24 2011,30(1):14-20

Journal of Agro-Environment Science

A [E] fm Fh e 2= X £ BhaB Ao bz B £ R 3R
EWA Y, EAAFEY, K R MEW

(L5 SR REAEMBEEEE, IR F5 266109; 2. 1INRE R A£G R ERBT I O/ R YR A8 RS Y HEAR E A
K, PP 2501005 3 RIFINEABEAEM R, K 030031)

B A ATREARARE, BT T RESME AT 10 MHE BAE R KRR Rim 250, 4R%W,4 5 umol - L
RIRALFLSS , HhiaesE AP PR R I S RIS R R R AR T PR SR BIARFREERN TR, AR SR
[EFETER B 1022 5, 0 L 2R B B 287K s AR R R S S AR B TE R B 22 1 MR R b e iz SR B
BEWELR o H BB E T HEE TR R AR & B A AR L UEA T IR 0T, WK 10 iAok 4 2% DfRsE a0 Hitt e ; @z 210
it ; @iz £ Hi k5 ; @B/ MEmMES . KA S S E3AE KRN, F LA E Rk, £ HBRK
it s , FERR AR TS G 45 E AL, 5 S A T RS T Jext A SRR A XURS: -

RHE IR - ST BRI ; ol 5 TR

hE 4 %5 . X503.231 XEkERERS: A XERS . 1672-2043(2011)01-0014-07

Responses of Oat Cultivars to Cadmium Stress

WANG Li—xiang'?, FAN Zhong—xue**, ZHANG Xin**, WEI Ai-li®

(1.School of Life Science, Qingdao Agricultural University, Qingdao 266109, China; 2.High—tech Research Center of Shandong Academy of
Agricultural Sciences/Key Laboratory of Crop Genetic Improvement and Biotechnology, Shandong Province, Jinan 250100, China; 3.Depart—
ment of Biology, Taiyuan Normal University, Taiyuan 030031, China)

Abstract; A hydroponic experiment was conducted to investigate absorption and accumulation of cadmium as well as its effects on the growth
of ten oat cultivars. Our results showed that shoot and root length, biomass, chlorophyll and carotenoid contents of the oat cultivars signifi—
cantly decreased after cadmium treatment. The toxicity of cadmium was different among oat cultivars. There were significant differences in
both Cd content and accumulation. There were no direct relationships between absorption, translocation and tolerance related to cadmium. A
clustering analysis was made according to the tolerance index of oat and the shoot to root Cd content ratio(S/R ). Based on our results, oat cul—
tivars could be classified into 4 groups: group 1(low translocation /high tolerance ), group 2(high translocation /high tolerance ), group 3 (high
translocation/low tolerance ), group 4(low translocation /low tolerance ). Interestingly the growth inhibition ratio of the oat cultivar Pin—5 was
found to be minimum. Pin—5 had lower Cd content and translation and showed a higher Cd tolerance index, suggesting that this particular cul—
tivar grows in polluted soil and poses little risk to food chain.

Keywords: oat; absorption of cadmium; cultivars; tolerance
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Table 1 Effects of cadmium on the growth of different oat cultivars

i ﬁ Cultivars %E Shoot length/Cm
=]:

#24 Root length/cm

Hb T E Shoot DW/g-#k™  #i F#BTE Root DW/g-#k™

0 pmol-L* 5 pmol-L* 0 pmol-L™*

5 wmol - L

0 pmol -L* 5 pmol -L* 0 pmol - L* 5 pmol -L7*

Gk 15 Bayou-1
UGk 3 5 Bayou-3
Gk 5 5 Bayou-5
Gk 6 5 Bayou—-6
i 5 5 Pin-5
F174 2 5 Baiyan—2

66.4+3.75 £

72.1+5.39 bed 59.4+3.58 ¢d  30.8+2.12 ¢  30.3+2.25d 0.768£0.03 b  0.504+0.08 b
70.3+3.05 de 58.8+5.76 d  38.6+3.33 b 33.2+191c¢ 0.779+0.03 b 0.572+0.04 ab 0.210+0.03 abc  0.174+0.04 cd
73.9+4.28 be 60.7+£3.63 bed 37.2+4.13 b 34.4+3.50 be 0.953+0.16 ab  0.744+0.09 a

76.843.03 a 62.9+4.77 ab 39.1+x3.00b 33.6+3.45 ¢ 0.905+0.11 ab 0.498+0.20 b

0.149:£0.03d  0.145+0.08 d

0.251+0.16 a  0.213+0.09 ab
0.197+0.11 be  0.161+0.20 cd

54.1+257 e  31.7#325c¢ 30.0+2.50 d 0.764+0.05b 0.634+0.08 ab  0.163+0.05 cd  0.150+0.09 cd
70.1+425 de  52.9#5.15e 455+2.88.a 41.2+2.97a 0.895+0.05 ab 0.548+0.12 b

0.238+0.05 ab  0.217+0.12 a

5¢3lE 8478Mengyan—8478 74.6+4.80 ab  65.5:3.48 a 384491 b 332+3.72 ¢ 0.885:0.14 ab 0.586+0.01 ab 0.205+0.14 abc 0.185+0.01 abed

HHE Jinyan
%R 1 B Yanke-1
1%-% Baoluo-1

34 Mean 71.6 60.3 37.2

67.9+4.95 ef 63.5£3.47 ab 36.7+4.88 b 34.1+4.25 be 1.002+£0.10 ab 0.754+0.18 a  0.205+0.10 abc 0.203+0.18a bed

72.6+3.86 bed  62.0+6.61 be  36.9+4.80 b  36.1x4.59 b 0.957+0.30 ab 0.612+0.17 ab  0.203+0.30 abc 0.186+0.17 abc
71.5+3.01 cd 63.1+2.59 ab 36.8+3.65b 26.9+3.67 ¢ 1.054+0.16 a 0.708+0.02 ab 0.212+0.16 abc 0.180+0.02 abed
333 0.896 0.616 0.203 0.181

T [F—F T R E RN 4 Duncan BT 715 B E K (P<0.05), TR,

Note : Bars marked by the same letter(s ) are not significantly different at P<0.05 according to Duncan’s Multiple Range Test. The same below.

22 CdMARRMBMEMREMEAE NESEN
A

MER R AR N BREASIEAPREIRELE
MIFER . MR 2 ATLAE W 7ETC Cd iha T, ki
MMM AARGEER . WRETENEEN
2.07~2.79 g-kg ' FW, M-4% a & EHTEE N 1.58~
2.08 g-kg? FW; M4E b T RMTLER 0.43~0.71 g-
kg FW; KE1% b REEMILELY 0.33~047 g-kg™
FW, £ IHEFR S IR 1 B AR K, £ 5 pmol - L Y
Cd JbFE , AR SR S E S B R a b
ZEDMXHE PERWTEES AN B EE
KA, B TR T 14.3%.14.5% .15.4% .15.1%
Cd 85, ARG A HEZ i RS & Y M
BRFAEER, B NREBESR B EKTE. HRES
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% F ab W LERER, A RA LERG I, FTRER 4%
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Fa My Hb b AR A B Cd & B B2 E ] R
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H Cd Wb AR A e B B Kk 3.0 52454 s [RIBT, #h T
T Cd & EM 4.75 mg kg™ 3] 17.96 mg-kg™, ZEfk
VEEETE 3.8 f5 A4, UAHHTERR IR CA V554 T, T
&R Cd M B 128 1k R 8 B8 BURk M 2 B BB AT BT Cd 4
PR Z S, XHE# E3 cd R EBRTEE N 043~
1.36 pg-#&7, i B/ 23k 6 5, R iR
15 # T Cd FREEMIEREH 0.97~3.65 pg- 1k,
HA /N5 8478, I KW EHERL 1 5,

£ 5 wmol - L' i Cd 4bFH 20 d J&7 , AR fh b2
Cd SR BEBFAZSR, ANRMEREESH
BEKF. #h B Cd TREFHREMER 15,5
14.02 mg-kg™, [ T 5530 8478, 1% 1. 25 25 F L 5 ol
HEM EF Cd & BRI 1 568 1.7 4% T
# Cd & B RINE 6 5, Bk T 57 8478, 1k .
ERETHARR, HE#TH Cd & BREAHHR 1
B 175, B Cd RERRKENK S 5,85
SEE 8478 M R 1 B AP X 4 MR ESRA
B, SHMMMERREE, thih B3 Cd ER
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Table 2 Effects of Cd on chlorophyll and carotenoid contents in different oat cultivars

MR/ kg FW M4 alg-kg” FW M4 blg-kg' FW K% PR/g-kg! FW HEREK ab
L Cultivars Chlorophyll Chlorophyll a Chlorophyll b Carotenoid Chlorophyll a/b
0 pmol-L? 5 pmol-L? 0 pmol-L" 5 pmol-L? 0 pmol-L* 5 pmol-L* 0 pmol-L? 5 pmol-L* 0 pmol-L* 5 pmol-L*
=}
igljy&oi_? 2.43+0.07b 1.78+0.05de 1.88+0.05 ab 1.40+0.05d 0.55+0.02bc 0.38+0.01bc 0.38+0.01bc 0.28+0.0l1cd 3.42+0.06bc 3.75+0.03a
g 3 5
Bayou-3 2.21+0.13¢  1.53+0.05¢f 1.73+£0.10 be 1.19+0.05¢ 0.49+0.03bed 0.34+0.01c 0.36+0.03bed 0.25+0.02d 3.56+0.04ab  3.70+£0.07a
g 5 5
Bayou-5 2.18+0.10cd 1.93+0.01cd 1.7120.08 be 1.50+0.01cd 0.47+0.02bed 0.43+0.01be 0.35£0.01cd 0.31+0.00bc 3.64+0.05ab  3.48+0.06a
ik 6 5
Bayou—6 2.46+0.09b 2.19+0.12bc 1.93+0.07 a 1.73:0.10b 0.52+0.02bcd 0.46+0.02bc 0.38+0.02bc  0.36+0.02a 3.69+0.05ab 3.51+0.03a

= =
n;ij—? 2.07+0.09¢d 1.91+0.12bc 1.58+0.06 ¢ 1.48+0.09cd 0.49+0.02bcd 0.43+0.03bc  0.33+0.01d  0.32+0.01b  3.25+0.04bc  3.49+0.08a

a2 5
Baiyan-2
5E3HE 8478
Mengyan—8478
Jinyan
P15
Yanke-1
% Baoluo-1 2.12+0.02cd 1.99£0.03cd 1.70£0.02 be 1.56+0.02¢  0.43+0.01d 0.42+0.02bc 0.34+£0.00d 0.34+0.01ab 4.00+0.18a 3.65+0.06a

2.04+0.15d  1.45+0.05f 1.58+0.12 ¢ 1.11+0.04e 0.4620.04cd 0.34+0.01c 0.35£0.03cd 0.27+0.01d 3.41+0.07bc 3.32+0.06a

2.56+0.05b 2.03+0.0lcd 1.99+0.05 a 1.58+0.00c 0.57+0.01b 0.45+0.01bc 0.40+0.00b 0.32+0.00bc 3.50+0.04bc 3.50+0.07a

2.54+0.06b 2.48+0.20ab 1.98+0.05 a 1.91+0.15a 0.57+0.01bc 0.57+0.05ab 0.37+0.02bed 0.37+0.03a 3.50+0.02bc  3.36+0.01a

2.79+0.07a 2.64+0.49a 2.08+0.11 a 1.93+0.15a 0.71+0.16a 0.71+0.34a 0.47+0.05a 0.36+0.04a 3.04+0.81c 3.29+0.76a

3 CdMEMARKERM Cd 8. .CdRRER M FEAMTER Cd SEEEKHM

Table 3 Effect of Cd treatments on Cd content, accumulation and shoot to root Cd content ratio( S/R) of different oat cultivars

HiEF Cd & B/mg-kg?  HUFH Cd B /mg-kg™ M1 LF Cd R E/pg- 4k #H1FH Cd R E/pg- R

L Cultivars ~ Cd contents in shoot Cd contents in root Accumulation of shoot Accumulation of root

S/R(%)

0 pmol-L* 5 pmol-L* 0 pmol-L* 5 pmol-L? 0 pmol:L* 5 pmol:L* 0 pmol-L* 5 pmol-L* 0 wmol:L* 5 pmol-L*

il

%a%oi—? 0.95+0.00d 8.44+0.05d 14.37+0.47c 286.34+8.48bc0.73+0.03bed 4.25+0.68c 2.14+0.04bc  41.40+3.87¢ 6.61+0.19d 2.95+0.07cd
g 3 5

Bayou-3 0.76+0.01f 8.97+0.41d 8.53+0.32¢ 279.47+3.31c 0.59+0.02cde 5.13+0.34c 1.79+0.02bcd 48.67+3.03de 8.94+0.19¢ 3.21+0.11bc
W 5 =

Bayou-5 0.73+0.00f 11.54+0.42b 8.21x0.21e 316.72+1.56b 0.70+0.12bcde 8.59+1.10a 2.06+0.18bcd 67.31+10.62bc 8.94+0.22¢ 3.64+0.15b
W 6 =

Bayou-6 0.47+0.01h 11.89+0.15b 7.20+0.46f 448.78+21.17a 0.43+0.05¢ 5.92+2.36bc 1.42+0.02cde 72.44+4.28ab 6.57+0.56d 2.65+0.09d

= =}
nPni:—? 1.22+0.05b  8.87+0.45d 15.69+0.87b 279.42+15.26¢c 0.93+0.06b 5.00£0.83c 2.56+0.38b 41.99+1.86e 7.77+0.75cd 3.18+0.34bc

B2 5
Baiyan—2

57HE 8478
Mengyan—8478

Jinyan
#R 15
Yanke-1

{#£% Baoluo-1 0.50+0.00h 11.29+0.73b 6.03+0.24g 317.61+3.97b 0.53+0.01de 8.00+£0.20ab 1.28+0.08de 57.08+2.14cd 8.25+0.41c 3.56+0.27b

34 Mean  0.86:0.02 10.94+0.26 9.96+0.36 317.40+1248 0.76x0.10  6.65£1.10 1.95+0.23  57.36+£5.90 3.52+0.21 9.32+0.05

1.01+0.02¢  9.92+0.09¢ 6.05+0.17g 270.05+16.56c 0.90+0.05b 4.93+1.18c 1.44+0.10cde 58.68+5.74cd 16.66+0.89a 3.68+0.26b
0.65+0.00g 13.97+0.24a 4.75+0.31h 436.91+22.10a0.58+0.09cde 8.19+0.16ab 0.97+0.11e 81.03£11.99a 13.65+1.00b 3.20+0.22bc
0.85+0.02¢ 10.45+0.03¢ 10.78+0.20d 280.49+18.47¢c 0.85£0.09bc 7.88+1.85ab 2.21+0.11bc 56.95+9.19cd 7.88+0.31cd 3.73+0.26b

1.42+0.05a 14.02+0.01a 17.96+0.36a 258.28+13.89c 1.36+0.43a 8.58+2.35a 3.65x1.24a 48.09+6.56de 7.93+0.44cd 5.43+0.29a
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Table 4 Cluster analysis based on shoot inhibition percentage and
S/R of different oat cultivars

RA Fah AR IR % SR %
Cluster Cultivars Shoot inhibition percentage
1 BsE 17.00 3.17
2 ik 35 K 5 5 B 24.42 3.53
3 MWk 15 . E#E2 5 5 35.15 3.76
8478 FHeRL 1 5 R—F
4 itk 6 5 45.02 2.65

3 GRS

Cd BREYRAENFTFITE, YA Cd W E
R, AT RIEY A B EEA R IE
WHERET . AREE LR TRE Cd 1545 10
M HEE MMAERK W, KBE S pmol L Cd Ab3E
J& R 10 e A AR R b B S T
WAEMEAFREN T, mEREYR M T
Tl B T AR R WA i o R FE A o A9 2R
B, RRFMEESFT Cd A EHE2ER, KPS
BARIEIEERN, R 17.0%, 7] REYZ Cd FEE
AN JBFHXIT Cd & Fh s ARG 6 5 [ HE 2 54
K ZEs e, 4350k 45.0%.38.7% , J& FAEXT Cd 4
B AR, HoA SR Cd A FEMNZM,, Akt
15 Cd X HesE b b FE I HIAE A R FHb T3,

X5 Cd Xf/hEM A K2R —5, UL
R EREM 2 Cd WFHE,

MR AR EMYHTEEEANEEY R &
WA EEM SRR EEFNS . Cd FBIHEE
SETR, TR HE T Cd 5HEE/ER, Wk 4
FRORR A B, R HE S R 4, S E B R S A
TR, NIRRT R A & 809, Cd AFEAEF
THETGESE , BB THSE b MHE, M
F2EHIEL 3 S MK S B AW 2 S GHED
A4 R a/b 1 HLEFEAL, VLB K o WEERTS
et b ERUR, XA RER A E SR Cd Xk
A RNAE R HD—— 4 a MR NS R PR
TR JFEE H M o X 5 X1 AR AR BRI I 9 45
R—F, MHERRBFPHLRE o/b B HAERS I, FTREM
FE a/b WA SHYTH Cd HRFHAE X, AfdtE—
RS

£ Cd MR R 51, Ay 10 e
HFAEHEER 2 Cd AR, &M% WFF SR H{EH
TETE/NTF 100%, 680 Cd £ ZFH BAEME AR, [
EIEBA RRE—/NRS, T AR R 2R, XS
H EFEIR R 7EXT BA A F,
H#E2 5 SREABERTH S S, AN 2 SRR
SE4E Cd BRI L& S 559, Mk EH Cd
HIRE N ELIE 5 598, Cd TEHEERTWER,
B P25 IN R, W RES Cd BE AR K2 2405
FARNE AT 2K SRR R BRELEY
T B E K4 T4 A SR LR 2 F it
BT RE %,

— UL, FEI R B AR B LML A HE
AR, AEHERRHLE H , FE A EA BR SR 2R ok
MR Z [ _E3a f B E s g s A
THIBE S . B4R THG , 45 B e R AR, &0
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