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Grain cadmium enrichment characteristics and safety risk assessment of different oat varieties

MA Fengyi', ZHAO Baoping', ZHANG Ru', YANG Bo®, WANG Yongning’, GUO Xiaoyu’, CHEN Miao®, LIU Jinghui'

(1. College of Agriculture, Inner Mongolia Agricultural University, Hohhot 010010, China; 2. Inner Mongolia Agriculture and Animal
Husbandry Ecological and Resource Protection Center, Hohhot 010000, China; 3. Bayannaoer City Cultivated Land Quality Monitoring and
Protection Center, Bayannaoer 015000, China; 4. Urad Rear Banner Eco—Energy and Environmental Protection Station in a Rural Pastoral
Area, Bayannaoer 015500, China)

Abstract: To reveal the key influencing factors affecting the Cd content of oat grains, 18 oat varieties were taken as research objects, and
two consecutive field trials were carried out in 2020 and 2021 to study the effect of Cd enrichment and transport between different organs of
oat on grain Cd content. Cluster analysis was applied to determine the TH(Q value to screen low Cd accumulation varieties, and a safety risk
assessment was conducted through correlation analysis and principal components to analyze the key organs and key processes affecting
grain Cd enrichment. The results showed that 13 cultivars, including Bayan No.7, 201229-1-1, 2009-7-1, Bayou No.14, Bayan No.6, and
Baiyan No.9, had low—accumulation varieties of Cd in grains, and Bayan No.4, Yanke No.2, Mengyan No.2, and Baiyan No.17 had a high
accumulation. The concentration factor and Cd transport coefficient from root to grain, stem to grain, and leafl to grain were significantly
positively correlated, and the transport coefficient to the grain contributed significantly to the differentiation between high and low Cd
accumulation oat cultivars. Therefore, the stem is the key organ that affects the difference in Cd content in oat grains, and the transport of
Cd from root to grain, stem to grain, and leaf to grain is the key transport process that causes the difference in Cd content in oat grains.
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JE T A HO A [7] i B gt 22 HEA T 22 4 KUK A, 8 7kg
A WA RN B Cd 15 G Ak B 42 4 R T it
B

1 #RE5FE

1.1 RIS g

K HIRE T 2020 45 1 2021 4E4E N 52 i B Hb X
B gEAT R 5 b AR 2 R K A 187.4 mm, A ¥l
14.3 °C, iR K X -3 i bERe s+ XX T 64
B IR TS E S Cifr . kX 1R
AR 1 TR .
1.2 kA 5 iE it

MR HE A2 SR AR 18 Ffr, L MLke 7 5 [ 201229-
1-1.314% 35 .200919-7-1 . % 5. 311K 145 1154 4
5 e 65 T b A Bk K T AR B 2E BE BRI, A
Fl2% 1S 25 FHH3 S NG HIRX
AW B2 BE SR AL, (25 IE9 S e 11 5
FIHE 1555 F1HE 17 5 | 198 20 5 1 75 M4 1 3k 4k
Ar Bk B AL R0 S AN T 1 IR 2.

JNXTE AR R 21.6 m*(4 mX5.4 m) , 471 30 em, 26
17, BEALRE RN, 7025 B2 ol 4.5%10° kg - hm ™ By FEA T,

&1 KHEIRE S TR AR

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

. { B B AR R B A i .
AR e A 751‘)1).31 ﬁffﬁlﬁ?@ l_x.i’ffﬁ ﬁd&ﬁ’fﬂ PHIE l‘ﬁ%?)dﬁli 4 Cd
AEA) Total Organic Available Available Alkaline Cation exchange .
Total Total . . . p . Soil total Cd/
Year nitrogen/% phosphorus/% potassium/  matter/  phosphorus/  potassium/ hydrolyzed nitrogen/ alue capacity/ (me-ke )
o s s/% \E .
g PRosp (g-kg")  (g-kg’)  (mg-kg") (mg-kg™") (mg-kg™") (cmol kg™) grxe
2020 0.029 0.084 2.10 20.7 53.0 228 192 7.35 7.9 0.82
2021 0.135 0.098 9.03 225 65.0 264 174 7.61 17.5 1.51
F2 HikHERMES
Table 2 Serial number of tested oat variety
4ii*5 Serial number il Variety 45 Serial number i Variety 45 Serial number i Variety
Y1 Ik 7 %5 Bayan No. 7 Y7 1134 6 %5 Bayan No.6 Y13 [17#€ 20 5 Baiyan No.20
Y2 201229-1-1 Y8 H3HE 4 5 Bayan No.4 Y14 F134 2 5 Baiyan No.2
Y3 Witk 35 Bayou No.3 Y9 &Rl 25 Yanke No.2 Y15 9 5 Baiyan No.9
Y4 200919-7-1 Y10 %ﬁ@?}ﬁMengjydn No.3 Y16 [SE: IS%Baiyan No.15
Y5 i 5 Product 5 Y11 SEE 2 Mengyan No.2 Y17 [ 17 = Baiyan No.17
Y6 Bobi 14%Bay()u No.14 Y12 [ JHE ll%Baiyan No.11 Y18 SEHE I%Mﬁngyan No.1

WWW.QEs.0r9.CN
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Hi R T
1.3 HmFE B SERNE
L3 1R SR A Ak 3
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HEZ 20 em AR PR 88, B BRIE L5, FEE N B
SRIRT TR 5 I FH U 4335 BURE i 200 g, 43713 2 mm
F110.15 mm i 5 £ F

B /INDX 2 ORI, 42 B 3 A HURE | 4331 SR S A
YIRS (RR 225085 K 25 88 ok k6 ) V25
S HURFRLRE 5, 43 90TR A J5 e BRI 4032 B JURE
105 “CA 7 30 min, 85 CHE 2 it £ 16 % , £ 03 WAL IS
g2t 100 B i .
1.3.2 F8hRiE
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W3 D B S - SO FIAEL AR Y Cd B
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KMEFE AP Cd & 5 REU(BCF) MG 12 2B (TF)
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TF=%$F 119 Cd & i (mg-kg /A E 219 Cd & &
(mg-kg™)

EDI=(CXFIRXEFXED)/(365XBwxAT)!"

THQ=EDI/RfD
K BCF 8 5 RA FOR XS Cd G TT 5 TF
NI FEL, FAE CATEMEZ RN i i 72 EDI Ny
HAJENE SR THQ AR faH 25, 2T A K
T 3 YRR 4 S KU B TTAS 71, XY THQ<1.0 B,
DA Ay N AR 70 o 110 4 8 o A At R i S 11 5 v AS
i CORMEEAPRIP E S8 & i, pe-keg s FIR NN
HAYHEARE g N -d ™ EF 2R EE 2 JL365 d-a';
ED NRFEAEIR  BU70 a3 Bw M AEE AT & BiL65S
kg NUSAT AT EEME B 70 a3365 MEAL RE RID
M EPII R, ng-kg-d o AR B R 4
FKEYEAR 2611 g- N-d ™ R4 58 A RS
HZRS,CARIRD }1.0 pg-kg ' -d 1,

f# ] Excel 2010 X 5cd 17481 b B2 1], 2R
JH SPSS 22.0 #4717 22 43 Hr MR 2 3 B, R H Origin
2021 #F 4 7 F 43 B E 222

1% WHART]

HRES

21 AEmMEEERECIEE

AN[FIHEZZ SRR V2K i B FPRL Cd AN R
3R, 18/ HEZZ i Al & 1 Cd & FE S R I A >H->
o> 25>k kL. 2020 4F I 32 i BlOFFRL Cd % i 7
0.088~0.289 mg- kg™ Z [H] , H:H1 Y4 Fl Y15 ¥f L Cd &%
HAT A EZ &5 Z 2R 0.1 mg-kg ' (GB 2715—
2016) , HFRFE N 88.89% ;2021 4F Fif & S AlokfRL Cd 7
A 0.199~0.542 mg- kg™ 2Z [8] , 18 M fHa it Ff Cd
rE R E R E e RE, BAREN 100%.
22 AESMBMEIFF CI EEREHM

H4 2020 4 F1 2021 AN [F] d A e R PR Cd 15 1
WAL RIS AT 00 A CARR B b CA R R
B AR CARLERI 32 ik 1 FR , HAT Rk CA AR
SRR SRR A Y1.Y2.Y3.Y4,.Y6.Y7. Y10, Y12,
Y13.Y14.Y15.Y16.Y18, 5= i A4 72.22%; A
KL Cd AR RRFPER S A Y5, o5 el S AP Y 5.6% ;
A KPR Cd B B R R R S R AT Y8 Y9 Y11.Y17,
A b AN Y 22.22% . FETE 4R TP AR TS e X T
P remh i A IR SR ry st A
23 AEAMEECIEEBMTEER
2.3.1 IR ShFPHEEE 45 38 B Cd B SERHAE

HR A R 2 s 18 e 2 i A4l b K3
A~ CAd LR R TR] CA TR BT P S 2 E &=
FEOLE 2, PIAEBIRSGEA RV WA E 5 R
K, HUOh M I ANFISE R Cd & 4 R B0 s T 2540
KR, B AR AR Y8 YO Y11 4b, Ho e 22 i
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Figure 1 Cluster analysis of Cd accumulationin grains of tested

oal varieties
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=3 HEZRECIEE(mg-kg™")
Table 3 Cd content in every organ of oat(mg-kg™)

A ah il R % I e KPR
Year  Variety number Root Stem Leaf Glume Seed
2020 Y1 0.782+0.104bcd 0.292+0.009bcde 0.508+0.028h 0.450+0.030ab 0.133+0.005cdefg
Y2 0.969+0.117ab 0.448+0.070a 0.533+0.118b 0.377+0.020bcde 0.170+0.033bc
Y3 1.165+0.178a 0.239+0.008defg 0.495+0.084b 0.338+0.051def 0.162+0.023bed
Y4 0.665+0.069d 0.166+0.023g 0.447+0.027b 0.271+0.052f 0.098+0.006gh
Y5 0.910+0.157abed 0.360+0.076abc 0.467+0.047h 0.424+0.008abc 0.289+0.018a
Y6 0.723+0.04bed 0.167+0.004g 0.518+0.036b 0.344+0.012def 0.143+0.013cdef
Y7 0.677+0.056¢d 0.195+0.013defg 0.440+0.066b 0.401+0.003abced 0.168+0.029bc
Y8 0.937+0.076abed 0.271+0.021cdef 0.375+0.103b 0.288+0.038f 0.123+0.006defgh
Y9 1.013+0.211ab 0.375+0.116ab 0.753+0.196a 0.451+0.012ab 0.268+0.031a
Y10 0.732+0.051bcd 0.191+0.025efg 0.447+0.135b 0.441+0.078abc 0.107+0.017fgh
Y11 0.840+0.029bcd 0.228+0.025defg 0.424+0.035b 0.341+0.009def 0.163+0.014bcd
Y12 0.751+0.036bcd 0.185+0.017fg 0.396+0.011b 0.379+0.025bcde 0.112+0.005efgh
Y13 0.875+0.076bcd 0.212+0.013defg 0.493+0.071b 0.465+0.042a 0.115+0.012efgh
Y14 0.885+0.159abed 0.181+0.046fg 0.479+0.094b 0.322+0.009¢f 0.109+0.018fgh
YIS 0.829+0.085bcd 0.183+0.013fg 0.497+0.074b 0.324+0.014ef 0.088+0.013h
Y16 0.959+0.148abc 0.248+0.01defg 0.562+0.023b 0.421+0.015abe 0.186+0.018b
Y17 0.886+0.227abed 0.229+0.053defg 0.391+0.019b 0.434+0.008abc 0.108+0.007fgh
Y18 0.956+0.047abc 0.295+0.028bcd 0.545+0.069b 0.373+0.021cde 0.150+0.001bcde
2021 Y1 1.217£0.155bed 0.270+0.012cd 0.469+0.083d 0.355+0.011ef 0.235+0.012¢
Y2 1.033+0.069bcd 0.258+0.029cd 0.550+0.066¢d 0.309+0.05f 0.233+0.044¢
Y3 1.257+0.082bed 0.360+0.052bed 0.672+0.098bed 0.502+0.069cdef 0.255+0.039¢
Y4 0.976+0.018cd 0.422+0.118abc 1.032+0.265a 0.714+0.039abc 0.234+0.007¢
Y5 0.915+0.191d 0.304+0.054bed 0.546+0.051cd 0.364+0.028ef 0.225+0.032¢
Y6 1.350+0.271abc 0.348+0.013bed 0.672+0.029bed 0.344+0.043ef 0.214+0.056¢
Y7 1.123+0.046bcd 0.262+0.089cd 0.644+0.179bed 0.351+0.127ef 0.220+0.069¢
Y8 1.307+0.068abc 0.387+0.125bed 1.003+0.261a 0.821+0.057ab 0.542+0.072a
Y9 1.056+0.077hed 0.395+0.008bced 0.671+0.032bed 0.507+0.014cdef 0.456+0.004ab
Y10 1.343+0.233abc 0.295+0.059bed 0.665+0.055bed 0.392+0.052def 0.255+0.045¢
Y11 1.620+0.355a 0.562+0.099a 0.677+0.207ab 0.889+0.072a 0.510+0.034a
Y12 1.493+0.193ab 0.377+0.095bed 0.701£0.111bed 0.617+0.137cde 0.308+0.071¢
Y13 0.996+0.064bcd 0.297+0.047bed 0.594+0.078bed 0.370+0.062ef 0.262+0.006¢
Y14 1.180+0.065bcd 0.375+0.034bed 0.791+0.238abc 0.520+0.029cdef 0.273+0.039¢
Y15 0.996+0.069bcd 0.232+0.018d 0.6+0.043bcd 0.277+0.055f 0.199+0.029¢
Y16 0.981+0.148bcd 0.295+0.102bed 0.609+0.126bed 0.401+0.076def 0.269+0.030¢
Y17 1.317+0.136abc 0.447+0.101ab 0.901+0.113ab 0.628+0.073bed 0.436+0.067ab
Y18 1.065+0.067bed 0.364+0.040bcd 0.600+0.056bcd 0.506+0.094cdef 0.315+0.026bc

VE  [FIZVEER 5 AN 7] 7B 35 R [ i Fl 2 [ AE T 35 22 5 (P<0.05) s Bl A P B H e Am DR 25 . Al

Note: Different lowercase letters in the same column indicate significant differences among different treatments (<0.05) ; data are presented as means+
standard error. The same below.

BCF x>BCF gy, HAN[A] Cd FH BRI AP & 28 B & RABEATH RS MT , a5 R a3 4 T . 2020 4F 1

ERBNT 1. 2021 AR AE R F B, 2510 Cd 5 45 B 5 S FPRL CA I 5
2.3.2 MEE KR Cd B4 R ECS HAb R E Cd B 4 R 5 RPN EAEER
B AH S 1 MAHEFE 2538 Cd & 4 R B0 £ 143 o M 28y &

Fe e b RL Cd W 42 R B S LA AR B /Y Cd & 4R (P& 3)n] LA L, PIAR R 3 [R) S B R 2 —

Fur
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BT 5 ) S BCF e 1 BCF =, H. BCF 11 BCF gy 10
BRGR , RWIZEN Cd & R REOWFER CA S A 1
N, 5 A B A FEZE 8 Cd 35 X RERL Cd 2 i
Wi 48K s BCF 5 Fll BCF 0 B3 4038 , R WA 1 Cd & 4R
FRBOHAPRL Cd Fr A B e/, 25 FRnid  Z5n]
AE e e AR Cd 22 R B
24 AERMHEE CIFHEHMLEER
2.4.1 IN[A] b FPIRERZ 25 45 1 1] Cd 3% 18 F-AIE

AN HEZE fi Pl Cd AR B b 35045 25 B 1O F5H2 &
BOUNPE 4 Fr R o 2020 412021 4F f 45 R 01, bR

R4 BEMHNCEERYERRECEERHPMAEXYE
Table 4 Correlation between Cd enrichment coefficient of oat

grain and Cd enrichment coefficient of each organ

FA) Year BCFy BCF = BCFw BCF g
2020 0.178 0.613%%* 0.339 0.180
2021 0.512% 0.741%%* 0.497* 0.712%*

T #3718 0.05 K E YB35 0.01 K- M 2. 3%
AHRAE, R,

Note: * indicates significant correlation at the 0.05 level, ** indicates
extremly significant correlation at the 0.01 level. The same below.
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Y8.Y9. Y17 7E 2021 A3 5 H | & 3 A 3] 2519 Cd
eis FRBRAR . M EIRA AR s R SRR
i Pl Cd A ZEBIFFRL S8 5T | BFRL 555 Bk
WL iE R BB B A e (ES) .
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AN]SRk Cd B R B 3 B ) Cd §54z
BRI T AN 2 5 BT o PRAE S S[R3 8y
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it i O I 2 TE A DG OC R 1T Cd A ZE B (1)
18 FECTRARL Cd B R RN B UDCOE R

MHERZ 2 A H Cd Fe iz RBOAFRLE & R BN+
B33 M 28 A B (P 6) 0] LA HY |, A i 6 3 ] 2
K, TF sepue  TF s A1 BCF o 15 B 030, 2 W AR 2187
K RIRERL F5E B RERE 2 1 AR X RERE Cd 5
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Figure 2 The enrichment coefficients of Cd in various organs of different varieties of oats
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Figure 4 Cd transport coefficients from roots to aboveground organs in different oat varieties
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Table 5 Correlation between grain Cd enrichment coefficient and Cd transport coefficient among organs
) Year TF s TF v TF s TF v TF ez TF s TF fers TF sasenmt TF e TF yermare
2020 0.606%* 0.153 -0.021 0.907#%* -0.438 -0.514%* 0.521* -0.134 0.851%* 0.910%*
2021 0.403 0.083 0.596%* 0.867%%* -0.278 0.630%* 0.747%%* 0.691%#%* 0.795%* 0.229
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Figure 6 Principal component analysis load factor plot for transport coefficients
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