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Abstract A field tiial was condur’led to identify the Key faclor% aff(-“(’lllﬁ 1ntra%p9(1ﬁ(' variation in the cadmm‘:l Cd) cofffent in the grain of winter wheal: Three wheal
cultivars with low Cd acc umulatlon and two wheat cultivars Jmth hlgh (Cdageumulation were planted. The Cd accumulatlon and transport and ionomic traits were exafined in
dlfferegj organs of the testéd wheat cultivars. Additionally, LOI'IeldthH dndlysls dﬂd pringipal component analysis were used to identify the key plant organs, translocation
patlivays, and elementsy that| determine the intraspecific vanatlon in th¢:Cd content _1}1 awheat grain. The results showed that the bioaccumulation factors of Cd in glume, rachis,
internole 4, dnd node 1, as well as the transport factors of Cd from rachig to-grain, from rachis to glume, from internode 1 to rachis, and from node 1 to internode 1, were
significantly‘eorrelated with Cd hioaccumulation factors in grain. The above-mentioned bioaccumulation factors and transport factors of Cd made a great contribution to the
principal cf;mponems that could discriminate between the wheat cultivars with low and high Cd accumulation and were significantly different among cultivars. Therefore,
glume, rachis, internode 1, and node 1 were the key organs affecting the genotype differences in Cd content in wheat grain, and Cd translocation from rachis to grain, from
rachis to glume, from internode 1 to rachis, and from node 1 to internode 1 were the key pathways controlling the variety differences in Cd accumulation in wheat grain. The
analysis of wheat ionome showed that the bioaccumulation factors of Mg and Mn in the key organs and the transport factors of Mo, Cr, and Pb in the key transport pathways
were significantly correlated with the bioaccumulation factor of Cd in wheat grain and contributed greatly to the differentiation between the wheat cultivars with low and high Cd
accumulation in the principal component analyses. Thus, in the above-mentioned key organs and transport pathways, Mg, Mn, Mo, Cr, and Ph were the key elements
affecting the genotype differences in Cd content in wheat grain.

Key words: wheat; cadmium(Cd) ; genotype differences; bioaccumulation factor; transport factor; ionome
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Fig. 3 Transport factors of Cd between different organs of wheat
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Fig. 4 Correlation analysis, principal component analysis, and variance analysis of Cd transport factors between different organs of wheat

2.3 A[EIA/NA SRR R AR 25 5
FERSE R /N2 AR Cd B B 35 PR AR 2 S 1) G
FEAYE s i R A RER b AT 1IN AR
T B FIARPR Y 13 FPOCER S i, T XL R
TEAPRL, BT, REAH TR0, T R02 FYTEl 1 AR 6
B I E SRR, LSRR B Rk B BT, 1Y
6] 1 ST R 1 20778] 1 25 4 Dl PR R iz R
B0, IF LA D At 108 12 AR S 20 A R 32 B0 A
FEA/NE SRR LR, T35 R 2 BT R E
FE TR BT AN BEA ZX 23 Cd AR AR 3R Al
PR HAR S A A R A 4 R B 31 .
ABFFE LA TC R ERFRL Y 5 2R BRI R R 2]
FPRLI e 18 RBO D), S BARTRITT R A/ DR N Y
RS FFIE. A 5 BTN R/ N RFRLR TC R Y
HARBEII DR 14 MOCR P N 4 R E RS hAE
AN BREERNAMEE LMWK S5(a) ~5
(d) ]. 7Em w4 R Mg R K J& TP A5 1 R i

BIRILHR , AR & B AR & s W Zn A1 Mo
J& TP LT R TR, 78 LI RRE AL B i 3 A
%R Mo. #Erh 48 & AT SR B AT Y Cu
BRI B T BRI Mo 9 E R
BOHMS. AR E £/ Fe F1 Al £ T3 Fp & 1)
B (B 10°) | AR RPRL 5 5 = 3P oIk 10°
£ ARHE AR ST 2R AR 1) AL 1) % 12 RECATH 14
FhoCER IR 3 2 i e )y | Feishe J) h 55 Fnf
IBREJME[ ILI 5 (e) ~5(g) . Horbr, i BLR i il
Mg Fl K 195515 2800 AL TR R S T Cu
Pb . Mo %% iz ZEN A 5 5 TR 2 i .

WA TR EERE, iz RECGHRLA Cd
B RBGA TS SR 2 R, W TR
RRE BRI, AR E D Mo 5FFRLAY Cd &
SERBI B E ML (P <0.05) ; MERAFRIAL,
HARZBE T Mg 5FRM Cd &ERBPHEDEE
IS, Xt T4z 280, Mo 7F 4 k5% iz i FE i



3 1 XA o AR /N o v B s s 1 AL RHAIE 22 57 1601

1.5 0.3
@ . (b) 00033 | (@
--_----—v
° ° 0.04
sl —m— LR — 0.0030 |
. —h— FE22 v
—v— @206 |2 = 0.03 0.0027
ﬁ —k— RFE165 A
fu v 0, %,
2 09 | —o— AREY - 0.0024 |
) N 0.02
" 0.1 r 0.0021 |
06 | v
t 0.01 ooo1s | * .
| A [ ]
* L ]
0.3 | 1 1 | 0 1 1 | 1 1 1 1 1 0.0015
Mg Zn Mo K Cu Cd Mn Ca Pb Ba Ni Cr Fe Al
0.18
V.
St a (e) N 6] (®
. * * *
v h\"": * 012 -
*
59 . *
® 05 |
I . 0.06
v
\d " -
1k * “-_____‘_‘—-———-2
0 1 L 1 1 1 1 1 1 L 1 L 1 0 1 1
Mg Zn Cu Ba Pb Mn Cd Ca Al K Fe Mo Ni Cr
—_ 4 ' r ;T f._-. ) ”" - - Lo .p r o -
'y'y SRR ERAIR S R B O eE R k =
z Fig. 5 -}B‘foa‘ccq'mulation factors of“,d-i‘fferex"at"l élements in‘wheat grains and transport factors of different elements from spike to grain i
=~ F j i 2 .’

| 1 o o # £ |‘ o 4 F.
RO SHRL Cd B R BT E M L, AT ﬁﬁ%*ﬁa‘é@g\ K 77, Mg T Min 75 3 k3 i)
VELRAR FORDE AR IEADG ) K AEiEbkee ) S Sk Cd G0 FLA 36 1 MG HE, T Mo, K|
(RS 5 B kR G T 9 R S TS P Cr T Cu DUAE SRS B A 1 Cd 3
RSB T] | BIRA s RO IR BRI,

A 5 Ph 7R B AR 51 5 1 A4 25 TE R I B S R EOREEE RB BT 3 1
JERBCTHRL Cd B R B B ARG MIZET  AMAHT AR R, 9 A F AN ST A Sy
i) 1 FEAN AR S RRON S BE GG, B WREX A Cd BRI/ SR, A TD R AE XK E
Sb,Cr Al Cu 45 2 A8 RACTHPRL Cd BTAER WSRO BT (A0 463 7 , v 3 1o e o 1 0

®2 MEFNFEATENEERY BERYEHFH Cd SERBHEXEN R
Table 2 Correlation coefficients between bioaccumulation factors and transport factors

of different elements and Cd bioaccumulation factors of grain in wheat

kAL #ist i RLER iRl TG R AL b Eb R R EEIE R LD R R TR

Cd 1. 000 0.971™  0.982"  0.948™  0.929™ 0.960 ** 1) 0.814 0.821* 0.878 **
Al -0.028 0.650 " 0.373 0.228 0. 159 -0.232 0.171 0. 061 0. 107
Ba -0.420 0. 000 0. 460 -0.683" 0. 038 -0.492 0.117 0.536 -0.801™
Ca 0.342 0. 604~ 0. 146 0.375 -0.062 0.232 0.584 " -0. 066 0.423
Cr -0.025 -0.027 -0.432 0. 540 -0.284 0.277 0.486 -0.633" 0.710*
Cu 0.756 " 0.283 0.152 —-0.420 -0.003 0.644 " 0.173 0. 494 -0.594"
Fe -0.182 -0.151 -0.287 0. 154 0.232 0. 065 0. 001 -0.303 0. 005
K -0.249 -0.464 0.548 0.223 -0.534 -0.667 " 0.726 ™ 0.590 " 0.545
Mg 0.462 0.806™  0.887"  0.684" 0.871™ -0.859 ™ 0.208 0. 361 0. 007
Mn -0.721* -0.315 -0.670" -0.737™ -0.781" 0.561 0.432 0.684 " 0. 440
Mo 0.248 0.266 -0.327 0.561 -0. 198 0.611° 0.607 * -0.727 0.759 ™
Ni 0.430 0.399 -0.116 0. 462 0. 491 0.340 0.396 -0.407 0.519
Pb 0. 425 0.329 -0.675" 0.337 0.250 0.741" 0.604 " -0.593 " -0.254
Zn 0.503 -0.046 -0.575 -0.446 0. 180 0.640 " 0.339 0. 084 -0.450

1) n=12, “Fm® P<0.05, ™ F/Kx P<0.01

o
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Table 3 Loading values of bioaccumulation factors and transport factors of different elements in wheat in different principal components

FPRL e T Tl 1 Tl L E DR BT WA BIRERL Y1 B 1
PC1(28.8% )" PC1(39.8%) PC1(34.1%) PC1(38.3%) PC2(19.9%) PC1(43.1%) PC1(48.1%) PC1(34.1%) PC1(30.9% )
Cd 0.910% 0. 818 -0.81 0.378 -0.352 0.321 0.245 0. 344 0. 384
Al -0.109 0. 847 0.016 0. 296 0.176 -0. 080 0. 085 0.039 0. 152
Ba -0.514 0. 666 -0.09 -0.319 -0.150 -0.256 -0.116 -0.417 -0.278
Ca 0. 155 0. 497 -0.168 0. 281 0.242 0.276 0. 366 0. 198 0.287
Cr 0. 047 -0.114 0.538 0.334 0.272 0. 307 0. 362 0. 345 0. 398
Cu 0.748 0. 042 -0.238 -0.072 0. 261 0. 369 0.279 0.034 -0.223
Fe  -0.101 -0.063 0.171 0.277 0. 158 0. 104 -0.031 0. 135 0. 092
K -0.090 -0.712 -0. 681 0.134 0.378 -0.101 -0.027 -0.219 0. 286
Mg 0. 111 0. 671 -0. 608 0. 354 -0.412 -0.301 0.230 0.112 0. 090
Mn -0.89 -0.117 0. 920 -0.226 0. 303 0. 106 0.295 -0.335 0.269
Mo 0. 126 -0.153 0. 033 0. 150 0. 356 0. 328 0. 356 0. 385 0. 358
Ni 0. 551 0. 071 0.078 0.234 -0.145 0.298 0. 348 0. 305 0. 339
Pb 0.520 0.254 0.724 0.321 -0. 060 0. 347 0.265 0.338 -0.077
Zn 0. 624 0. 088 0.513 -0. 144 0. 204 0.278 0. 342 0. 023 -0.207
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