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Screening Cd enrichment and transport characteristics of low—cadmium and high—yield spring wheat varieties
MA Fengyi', MA Lichao', ZHAO Baoping"", WANG Yongning’, LU Ruiying’, GUO Xiaoyu®, CHEN Miao*, LIU Jinghui'

(1. College of Agriculture, Inner Mongolia Agricultural University, Hohhot 010019; 2. Inner Mongolia Agriculture and Animal Husbandry
Ecological and Resource Protection Center, Hohhot 010000; 3. Bayannur City Cultivated Land Quality Monitoring and Protection Center,
Bayannur 015000; 4. Urad Rear Banner Eco—Energy and Environmental Protection Station in a rural pastoral area, Bayannur 015000)
Abstract: Screening of spring wheat ( Triticum aestivum 1.) varieties with low Cd accumulation and high yield characteristics can make
spring wheat safe for production and utilization in mildly Cd contaminated farmlands. In this study, 21 spring wheat varieties ( serial number
X1-X21) were studied, and field experiments were carried out in 2020 and 2021. Spring wheat varieties with low Cd and high yield
characteristics were screened through grain Cd content and yield clustering analysis, and the differences in yield, Cd bioaccumulation
factor, and transport factor of the different varieties were analyzed. The results showed that 11 varieties, including X4, X6-X8, X10, X16-
X21, had the characteristics of low Cd and high yield, and a target hazard factor of <1. X14 is a variety with high Cd accumulation and low
yield, accounting for 52.38% and 4.76% of the tested varieties, respectively. Based on the results of the two—year experiment, the
bioaccumulation factor of the stems of low—yielding and medium— Cd spring wheat varieties was 0.4 times higher, and the transport factor of

roots, stems, leaves and husks of low—yielding and high—Cd spring wheat varieties were 2.5, 2.2, 1.8 times and 2.2 times higher than those
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of high—yielding and low—Cd spring wheat varieties, respectively. In summary, 11 high—yield and low—Cd spring wheat varieties, such as

Fengqgiang No.6 and Fengqiang No.11, can be promoted and planted in Cd—polluted farmlands.

Keywords : spring wheat; cadmium(Cd); low Cd accumulation and high yield; bioaccumulation factor; transport factor
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ARFHRAEA 2 T B H A R 15 G S PR TR
MR A A2 B2 i s Cd 7 A7
ToHLTE B b AR R d i, A Cd AT DU - e
e RUR B Al G2 R, FEAR A1 o2 i A
PR R, D80 Ay T R Cd AR R i DRIIEAE Y 2
A R U O I S H R
T4 R AR SR A R A R A W) PP B S AR 119
HE ez 1,

AN EI ) e R I MAC L SRR A [0 AR P
25t 1 2 A F WA R PR $E AR X KRS
A1 ORI A ) B TR AR 3R R B IR A SR AR
EBERT T RAHIEST, o /N2 Cd AT i 1) v 2
RESIM. FAT, A SR /NAE Cd IR R Fof 5 12 1) 47F
FARZ , WA i Ok e 0 L B i AR 245 5 0
J5 3, DI T BR) 139 453 /N2 4 48 o i 16 A2 Cd 1
PR H s B ARICT 40 HAT RS E B FFRL Cd
RBLR HL R N R R

AI )z AR AR /N 7 X AR LB/
ARl FE N S T IX Cd V5 Yk ISP 2 a K
RS, BEATFFAL Cd R SR HL R ™ /N b R i i
FHaHr AR/ NE#4H CdEERE.CANS
B ERPRL e a8 R RS RIS ZE S, B AN
Cd {554 I B 22 4 A - 3R B AR

| RS

1.1 iR Ie R

IS T 2020 451 2021 475 PN 52y T 53 [X RS b
HEAT , M AR I JE e SRR B A A R
14.3 °C 50 it + o X B T 6

ZEU IR R EELE Cdllr, 1 Cd & &
2020 44 1.5 mg-kg' 2021 450 1.2 mg - kg ™', FEAFH
RN 1R .

1.2 ik # Rl 558 & it

BB NZ R 214 ez 2795 kA 45 Rk FEE
55 NS B KARBOLFEBE AL ik 6 5 7=
oS FI105 FER 1S HE 125 hERE K
W Rk AR B 64 (M 125 B 135 B#
155 (47 22 5 g [ 2 R T Al B2 e 4R 4
M7723 . EM604 . PJ627 \H3015,7° 2038 . ' 4 5 | T
505 TR ST T E IR A IR KA R 2 B
ft, I A e S LR 2,

G R FHBEHLIX 35, /X TRTRN 3.6 mx6 m=
21.6 m*, 471 15 em, £ Fl %5 B 4x10°#k - hm™ (JE A
W), A 3UGHLER A, AN THERN, 20204 F3 H 19
H#EFP, 2021 45F 3 A 21 H &R FHIEBE R — %% (N
18% . P,0s 46%) 25 kg - hm™, & 4 JE (N 16% . P,O;
16% .K>0 16%) 15 kg~ hm™, 3& 77 138 jifi JX & 40 kg -
hm™, A B K 3 U, HoAth Pkl 47 31y xCdi R >
b T AR A
1.3 HRRESLIE
1.3.1 IEAE il R AR S b H

TSR, B Al INX A2 /A 5 S U B
JZ30 em AR BR 458, 5B L3P AR B RS
N A RTG53 2 mm F10.15 mm 5 545 -
1.3.2 FEIE SR AR S Ab B

B /INK AR /A O] g B 3 AT BURE , 45oR 4K 20
em MR /NEE MG A AR (R RSE R AR L
B KUER) ZEFF M ST PRI &, RS S
Fig BE U 43 B BURE B L 105 °C %75 30 min, 85 CHE &

F1 KEREAR T HEBAER

Table 1 The physical and chemical properties of the field experiment tested soil

‘ i B \ P st
Ay 2R G 24 B A;\iiiffc Fa:—fj[ipn WA Catirlfn c;}fn%:
o Total Total Total potassium/  Organic matter/ . & Alkaline hydrolyzed pH{H . 8

Year . o o phosphorus/ potassium/ R o capacity/

nitrogen/% phosphorus/% (g-kg™) (g-kg™) o o nitrogen/(mg-kg™) o
(mg-kg™) (mg-kg™") (cmol-kg™)
2020 0.031 0.079 2.27 25.7 82 298 150 6.87 8.2
2021 0.145 0.095 9.85 26.2 34 301 132 7.82 19.7
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Table 2 Tested variety number
Gz Bl G5 bl G5 A
Serial number Variety Serial number Variety Serial number Variety
X1 A4 45 Nongmai No.4 X8 F5# 105 Fengqiang No.10 X15 T 2038 Ning No.2038
X2 A& 3 25 Nongmai No.2 X9 [t 5% 135 Bamai No.13 X16 T4 575 Ningchun No.57
X3 47 55 Nongmai No.5 X10 %54 65 Bafeng No.6 X17 EM604
X4 Fif 65 Fenggiang No.6 X11 B 2% 155 Bamai No.15 X18 PJ627
X5 F:51 95 Fenggiang No.9 X12 L7 225 Bamai No.22 X19 T4 505 Ningchun No.50
X6 #4125 Jichun No.12 X13 B3 125 Bamai No.12 X20 H3015
X7 F29 115 Fenggiang No.11 X14 M7723 X21 T4 45 Ningchun No.4

H i, R RS B J5 2 0.15 mm 07 75 FH .
1.4 WEERSFE
1.4.1 FE&L Cd 2l e

(1) {8 P W08 305 o — A B 0 T W AL o e R v
D2 A+ HERE i Cd 2™,

FREL0.20 g 12 100 H i (4 1 EFE 5, A 5 10k
TH AR AR I AR b, SR = RIS AR IR R AR
A4 mL HNO:.2 mL HC1.2 mL HF, 2 {1 %, 1l 55 %%
B ASGE S, BEARES SASTAT, TRl B e B8
5o AR 3B B, 5 1 H B 120 °CL 40 min; 5 2
FrEz:150 °C, 5 min; 55 3 Hr B : 185 °C, 20 min. {HffLS
WEVRHE 1 h, fEiE XU bR 20k T, E 45 2 50 mL,
1b U T ARG AR b Cd VR B AT AR SR IR o
JETHIAE

(2) {68 P W08 005 ot — B I W AL o e vk
DE AP RE L ) Cd 75 R

FREL0.500 0 g THEAE 5, A S50 IS iR AU Bl &
BT A P R 7 mL HNOs, 2 mL H,0,, =21l
B, 05 5% B e AR v, B AL 3 AT, IRl
A FUSES . N 43R 3B B 55 1B B - 120 C,
10 min; 28 2 BB - 150 °C, 10 min; 55 3 BB . 185 °C, 30
min. VS AR A1 h, 7638 XU R 2R T,
FEZSZ 25 mL, 1b U TH MRS RE AL Cd W B2 A0 A5 0 5t
TR o3 6 B T E
1.4.2 A[F ST/ NAZ P i I

BN FE AR — b RPN X BEALTE 1 m? SRSk | B
AP O oo, B 1 m®
1.5 #iE4bIE

HHERBBCF=&%E Cd &/ HEcd & (1)

i REUTF=FFRL Cd THR/SHE AT (2)

F4 B AR EDI=(C-FIR-EF+-ED)/(365Bw-
AT) (3)

1% WHART]

bR fE S R THQ=EDI/RD (4)
K EDI R 4 8 NG £ 2R 8 it s THQ IR fa 3 R
Bl F PG AR 1S B O R AU, Y
THQ<1.0 B}, IA A A A4 71 iy 119 B 45 g X6k A (A ft B s it
PSEIR AN B 55 C o /NZERPRi P T 4 R 5 i, g ke
FIR BN HAYHEA R, g« N -d" EF R AEEEM
365 d-a™ s ED N AEFR IR B0 a; Bw K
SERIR Y B 65 kg NS AT Jg A WA, BLT70 a;
365 ML ZEGRD A EDI L E, pg-kg-d s
AR E L BAE B RS R E R
261.1 g- N7 -d 7 il SR R B 5 U 1R R 48, Cd 1Y
RD A 1.0 pg-kg'-d"s

K H] Excel 2019 #17 — M 848 42 i1, & 1 SPSS
25.0 Ge it F R b AT B 2 5 22 40 B (ANOVA) , R
e/ 25 22 5k (LSD) HEA T AN [R) Ab BRI (1) 25 57 18
EE R R R G R A F] A AT R 24y
HT 5 2K FH Excel 2019 24 EA T EITE AL BE

2 RS

21 AERMENEERECISERFRCIREN
BE Ay
2.1.1 KA Cd & MoFPRL Cd & i R M

AN F AN AR 25 R O Cd B
W3R, 2020,2021 B4R 45 g A £, A
] i PP /N A2 B Cd 7 i A SO AR > I > 55
~ZE>HFRL s X 10 A1RL Cd 15 i 76 P AR 50 Hh 3 455 45 [
FAT A FRMENE 0.1 mg- kg (GB 2715—2016) ; ¥
H Cd & i 7E 2020 4F AR 20 95.24% , 2021 4F R %
452.38%,

2020 4 F1 2021 4 AN [R] 5 B /N2 FFRLIY Cd
RT3 R Cd L R
A CAF R AR CA AL R AL, anE 1 R, oA FF
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Table 3 Cd content in each organ of spring wheat of different varieties(mg-kg™)
Ay Year  fbFl Variety #i2 Root Z£ Stem I Leaf 5 Glume KPR Grain

2020 X1 0.870+0.149bcdefg 0.350+0.003¢ 0.777+0.019¢de 0.329+0.029bed 0.254+0.008be
X2 1.005+0.122b 0.469+0.08a 0.901+0.004abcd 0.348+0.012abc 0.265+0.007h
X3 1.073+0.034ab 0.312+0.004cd 0.910+0.065ab 0.315+0.012¢d 0.208+0.021cde
X4 0.980+0.022bcde 0.295+0.021def 0.723+0.026e 0.320+0.012¢d 0.175+0.018def
X5 0.769+0.052cdefg 0.266+0.011efg 0.739+0.057e 0.355+0.017abe 0.166+0.046efg
X6 0.975+0.191bcde 0.226+0.005ghi 0.792+0.056¢de 0.328+0.006bcd 0.167+0.019ef
X7 0.998+0.113bed 0.254+0.002fgh 0.792+0.049cde 0.351+0.023abe 0.125+0.02jk
X8 0.724+0.116fg 0.159+0.006jk 0.726+0.017e 0.343+0.026bed 0.154+0.011fgh
X9 0.748+0.095defg 0.243+0.01gh 0.822+0.025¢cd 0.337+0.02bed 0.121+0.011jk
X10 0.681+0.029¢ 0.137+0.007k 0.786+0.012cde 0.391+0.047a 0.077+0.015k
X11 0.901+0.049bcdefg 0.407+0.015b 0.934+0.062a 0.323+0.031cd 0.216+0.015¢d
X12 1.480+0.234a 0.476+0.024a 0.834+0.103abed 0.374+0.016ab 0.321+£0.019a
X13 0.709+0.113fg 0.462+0.009a 0.897+0.046abcd 0.351+0.017abc 0.211+0.013cde
X14 0.823+0.126cdefg 0.303+0.019de 0.773+0.028de 0.348+0.01abc 0.220+0.005bcd
X15 0.739+0.028efg 0.193+0.01ij 0.761+0.051e 0.245+0.005e 0.108+0.024hijk
X16 0.682+0.142¢g 0.262+0.004efg 0.902+0.024abc 0.314+0.007cd 0.113+0.031hijk
X17 0.848+0.055bcdefg 0.237+0.007ghi 0.748+0.031e 0.331+0.009bed 0.144+0.03(ghij
X18 0.660+0.063g 0.208+0.002hi 0.723+0.049¢ 0.255+0.054e 0.128+0.007fghij
X19 0.683+0.022¢ 0.247+0.009gh 0.791+0.074cde 0.326+0.004bed 0.13120.01{ghij
X20 0.955+0.04bcdef 0.237+0.004ghi 0.767+0.017e 0.285+0.015de 0.118+0.011ghijk
X21 0.914+0.047bcdefg 0.259+0.002efg 0.814+0.059¢cde 0.330+0.006bed 0.146+0.012fghi

M Mean 0.868 0.286 0.806 0.329 0.170

2021 X1 0.722+0.018abcdef 0.253+0.146a 0.469+0.02ab 0.237+0.025a 0.116+0.007b
X2 0.638+0.065bcdef 0.217+0.151a 0.431+0.011ab 0.192+0.054a 0.091+0.019b
X3 0.610+0.045bcdef 0.241+0.09a 0.38+0.009abc 0.182+0.045a 0.108+0.008b
X4 0.831+0.097ab 0.234+0.109a 0.424+0.067ab 0.293+0.071a 0.091+0.026h
X5 0.840+0.048ab 0.234+0.156a 0.433+0.015ab 0.199+0.051a 0.212+0.058b
X6 0.531+0.06ef 0.263+0.149a 0.452+0.017ab 0.168+0.059a 0.108+0.022h
X7 0.810+0.033abe 0.242+0.127a 0.417+0.005ab 0.236+0.073a 0.098+0.001b
X8 0.660+0.142abcedef 0.225+0.144a 0.418+0.017ab 0.267+0.026a 0.115+0.006h
X9 0.691+0.008abcdef 0.273+0.11a 0.372+0.041abc 0.308+0.024a 0.09+0.01b
X10 0.770+0.01labede 0.278+0.169a 0.449+0.046ab 0.247+0.083a 0.086+0.003b
X11 0.761+0.066abcde 0.241+0.132a 0.441+0.015ab 0.201+0.023a 0.086+0.002h
X12 0.890+0.1a 0.217+0.11a 0.406+0.047ab 0.34+0.037a 0.081+0.001b
X13 0.751+0.087abedef 0.271£0.148a 0.484+0.025a 0.205+0.02a 0.126+0.005b
X14 0.630+0.085bcdef 0.269+0.152a 0.488+0.006a 0.226+0.048a 0.493+0.265a
X15 0.511+0.039f 0.37+0.196a 0.333+0.074bc 0.16+0.014a 0.347+0.208ab
X16 0.572+0.079cdef 0.25+0.121a 0.423+0.016ab 0.217+0.022a 0.093+0.003b
X17 0.551+0.014ef 0.262+0.125a 0.475+0.048a 0.234+0.029a 0.112+0.006h
X18 0.560+0.014def 0.195+0.109a 0.356+0.023abc 0.196+0.026a 0.098+0.031b
X19 0.791+0.06abcd 0.284+0.109a 0.477+0.085a 0.219+0.023a 0.124+0.028b
X20 0.720+0.025abedef 0.274£0.137a 0.444+0.016ab 0.286+0.119a 0.107+0.027h
X21 0.591+0.095bcdef 0.162+0.111a 0.265+0.066¢ 0.25+0.098a 0.083+0.022b

{5 Mean 0.686 0.251 0.421 0.232 0.137

T« [R50 AN [ B 3R AN (8] b 22 [0 1 S 3 22 53 (P<0.05) 5 Kt - B (e b il iR 22

Note: Different letters after the data in the same column indicate significant differences among different varieties (P<0.05) ;data are meanz+standard error.
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Figure 1 Cluster analysis of Cd accumulation ability in different

spring wheat varieties
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BN SRR TE WA P THQ 2/ F 1,
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2.2.1 PR RAEST
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381.4%, 2021 4F X7 77 & fiw i, X12 A% 5 X7 48 Hofthy
AR 2.26%~332.31%. 2020 F12021 Pi4ESUR 25
FWI, X127 1852 Cd B 52 K X4 Fl X7 32 Cd i
THFZME /N, i A i HARE o

H4 2020 4FF1 2021 A [R] s BB /N 77 R R 45
GRF (B 4) 7T 50k 225 Bl s 2 Ak ™ .
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Different lowercase letters in the figure indicate significant differences among treatments (P<0.05) , the same below.
B3 FARmMENETE

Figure 3 Yield of different varieties of spring wheat
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Table 4 Different types of spring wheat

KA Type 4ii*5 Serial number AP Number
K77k Cd F/NF Low—yielding and low Cd spring wheat LY-LC 1
%77 Hh Cd /N Low—yielding and medium Cd spring wheat LY-MC 2
)7 Cd /N Low—yielding and high Cd spring wheat LY-HC 1
77K Cd #2/N# High—yielding and low Cd spring wheat HY-LC 11
=377 H Cd B /N High-yielding and medium Cd spring wheat HY-MC 6
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Figure 5 Cd bioaccumulation factor of various organs of different types of spring wheat
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Table 5 Correlation between Cd bioaccumulation factor of spring

wheat grains and Cd bioaccumulation factor of various organs

A BCF BCF » BCF BCF s
Year BCFR:-U( BCFsm" BCFLeul BCF(Hume
2020 0.405%* 0.816%* 0.006 0.057

2021 -0.223 0.473%* 0.120 -0.153

T #F0K 0.05 K- F Y E SN, R0R 0.01 P B w25
AR R

Note: * indicates the significant correlation at the 0.05 level, **
indicates the significant correlation at the 0.01 level. The same below.
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Figure 6 Cd transport factor among organs of different types of spring wheat
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Table 6 Correlation between Cd bioaccumulation factor of wheat grains and Cd transport factor of various organs

Ay TF TF st TF v TF wzrin TF s TF »open TF w-ien
YEELI TF, Root-Stem TF. Stem—Leaf TF Leaf-Glume TF Glume-Seed TF Root-Seed TF. Stem—Seed TF Leaf-Seed
2020 0.809* —0.957%** -0.018 0.9927%* 0.845%* 0.579* 0.980%**
2021 -0.221 0.399 -0.348 0.893%#* 0.998#* 0.972%* 0.998%**
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