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e 3 A ARTRL M R A (IRFR 22 Cd oK R, 53R . 18 AN FORMFNZErT Cd Britfrre 25, Horp
15 ANFERFZEM R Cd F MBI T (B DARE) (GB 13078—2017)25:K, #BFR%N 83.33%; Ahi Cd i
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Screening of Zea mays cultivars with low cadmium accumulation
in the Chang-Zhu-Tan area
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Abstract: The differences of Cd accumulation and enrichment in soil were studied by 18 maize varieties in the field, in
order to select the low accumulation cadmium maize varieties suitable for the Chang-Zhu-Tan area. The results showed
that there were significant differences in Cd content in stem and leaf of 18 maize varieties, and there was a significant
difference in Cd content in grains; the Cd content of stem and leaf of 15 maize varieties exceeded the requirements of
feed hygiene standard (GB 13078-2017), the exceeding rate was 83.33%, and 5 maize varieties exceeded the national
food safety standard. The requirements of “limit of pollutants in food” accounted for 27.78% of the tested varieties; the
enrichment coefficient of Cd in stem and leaf of 18 maize varieties was 0.28-2.72, the enrichment coefficient of Cd in
grain was 0.03-0.30, and the transport coefficient of Cd in grain was 0.03-0.28, all of which were less than 1, indicating

that the corn had some absorption capacity to the Cd of soil, but the ability of transferring Cd from stem and leaf to grain
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was weak, which leads to the low enrichment capacity of Cd in corn seeds. According to the corn yield and the

accumulation performance of Cd in the grain, three low accumulation cadmium maize varieties including Yufengyu 88,

Fuke 07, Datian 1 suitable for the Chang-Zhu-Tan area were preliminarily selected according to the corn yield and the

accumulation performance of Cd in the grain.

Keywords: maize; low cadmium accumulation; variety screening; enrichment coefficient; transport coefficient;

Chang-Zhu-Tan area
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FE M 90.60~136.40 cm, V-1 116.90 cm, #435
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FEHL 6 SHIFEE 10 5 3 AR CER IS . bk
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Table 1 Basic characteristics of Zea mays cultivars
iR Jasy=g. 10 7S} i Pk /em B R /em BIHRFE/%

Jeik 901 116 e Ok (294.30+10.45)AB (134.40+6.29)A (0.00:£0.00)B
FH 65 116 pEE Bk (282.20+6.92)CDE (105.20+7.60)D (0.00£0.00)B
HE 518 115 TR ik (258.50+5.91)1 (90.60+8.69)E (15.28+6.94)A
PRAR 13 116 PR RSy (263.40+5.56)HI (105.60+5.70)D (4.63£0.80)B
#BET 88 117 Bk RS (264.60+5.38)HI (114.60+6.44)C (0.93+0.80)B
HE 13 117 Bk RS (283.50+8.55)CD (111.70+5.06)CD (18.06+1.39)A
¥y 1505 115 T R ) (285.30+8.08)C (133.80+7.79)A (18.52+4.88)A
JEE 1388 115 AP = (295.70+6.55)AB (135.80+4.94)A (0.93+0.80)B
T 88 116 T i (265.30+6.72)GHI (96.10£8.02)E (3.24+1.60)B
HE 105 115 TR Ry (274.10+£5.32)EFG (124.10+£7.98)B (0.00£0.00)B
R 07 116 R L E (257.40+6.36)1 (113.20+6.89)CD (2.31£2.12)B
HE 533 117 I Bk (265.70+5.41)GHI (111.70+7.67)CD (0.93+1.60)B
FHME 210 116 Bk ) (274.90+5.32)DEF (124.60+6.33)B (1.85+0.80)B
K+ 28 117 e ) (287.70+5.08)BC (115.60+5.53)C (1.85+2.12)B
JERL 2158 115 e & ) (296.50+6.19)AB (135.10+3.60)A (20.83+5.01)A
KKR1%5 117 TR Ok (298.30+5.52)A (136.40+5.72)A (1.39+1.39)B
B E 801 117 TR g (257.20+5.49)1 (105.60+5.06)D (2.31£1.60)B
I 15 117 pEEE Bk (270.00+14.39)FGH  (110.10+5.72)CD (3.70+1.60)B
P 276.37 116.90 3.70

[ FEHE AN A RS - Bl 7R 25 S i 2 (P<0.01),
HIXERRBHTERERZERESR
& 2 AL, BRI 15.07~19.64
cm, P 15.66 cm, HBASHFPE] 2SS4 S, H
R 518 YRS, TR 210 M5k ;
FEYFEHLR 4.61~5.38 cm, 48 4.92 cm, S
ERAREE, HhgdhE 801 MkEAM, KF 28
A P A A TECH 14.00~19.03, 342
16.42, F5rShFpE 2 S 5, Hriwel 07 ri
TR Z, G811 S5 MEXS TR ECh

=2

3.2

30.73~40.57, FMEN 35.88, TSR] 2% K
B, HpilnE 1 SmirkiideZ, ek o0l (i
s BEK R AN 79.43%~96.20%, FI{E
H7 85.69%, fnAlE)2ZE AR E, Hrh kR
JEHT R 801, FARMIEIA 135 (AR E R
il 28.40~38.93 g, V1N 33.28 g, ERAranAPIA]
S EE, HhBEE 88 Mk iR, K
413 1.

il E R~ 2R

Table 2 Yield traits of Zea mays cultivars

A K /em Kl /em TEATEL ATRIEL HFF/% Rt /g
S535901  (15.93+0.80)CD 47940.14  (14.20£0.20)C (30.73£1.25)F 83.2042.55  (37.33+£0.75)AB
FE 6T (18.7740.96)ABC  4.74£0.24  (16.03£1.25)ABC  (37.7742.99)ABC 89.76£2.59  (32.33+2.11)CDE
HE SIS (19.6442.71)A 533£020 (17.60+2.02)AB  (37.00+1.04)ABC 84584352 (38.47+0.95)A
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e T /em FEH/cm FEATEL TTRIEL HFFR /% EHRLR R/ g
Rk 13 (17.70+2.18)ABCD ~ 4.82+0.38  (16.33£1.96)ABC  (37.40+1.20)ABC 79.43£9.64  (28.40+£0.70)F
BHE 88 (19.00£0.23)AB 4994035  (17.03:0.25)ABC  (34.50+0.62)BCDEF  86.69+1.92  (38.93£1.94)A
WE 13 (19.48+1.16)A 5.07+0.16  (17.62+0.0)AB  (34.30+2.12)BCDEF  84.88+3.67  (34.17+3.84)BCD
i 1505 (18.46+0.36)ABC  4.99+0.07  (17.00£0.53)ABC  (35.50+0.66)BCDE 84.68+3.33  (34.17£0.38)BCD
JEE 1388 (17.34£0.44)ABCD  4.71:0.06  (15.20+0.87)BC  (35.40+0.92)BCDE 80.44+0.72  (28.63%1.17)F
FEE 88 (17.71£0.99)ABCD ~ 5.07+0.30  (16.13£1.33)ABC  (38.30+2.11)AB 85.2142.96  (32.47£0.50)CDE
HE10%5  (1825£1.37)ABC  4.92+0.14  (18.33:0.90)AB  (33.50+2.26)CDEF 86.43+4.57  (32.83+1.00)CDE
twEk 07 (16.38+0.70)BCD  5.09£0.45  (19.03+1.02)A (31.97+1.76)EF 88.87£2.22  (34.93+0.97)BC
FHIE 533 (16.76£0.25)ABCD  4.71£0.60  (16.43+0.21)ABC  (36.43+1.11)ABCD 85.59+3.22  (33.40£0.69)CDE
FHE 210 (15.07+0.33)D 475+0.06  (15.93£0.12)ABC  (32.36+0.25)DEF 87.43+0.54  (30.30+£0.52)EF
KE 28 (17.66+0.24)ABCD ~ 4.61£0.15  (15.63£0.86)BC  (37.13£0.70)ABC 85.85+2.87  (33.60+0.70)CDE
JEBL2158  (17.71£1.21)ABCD  4.86£0.06  (15.46+0.76)BC  (40.23£2.97)A 82.89+2.01  (30.57+1.50)DEF
KK1%  (17.07£1.11)ABCD  4.84+0.02  (15.60+0.40)BC  (37.40+1.14)ABC 85.13£0.99  (32.20£0.70)CDE
B E 801 (16.26£0.78)BCD  5.38+040 (17.97+3.27)AB  (35.37+2.62)BCDE 96.20+17.59  (32.27+£1.25)CDE
%15 (18.64£0.02)ABC  4.94+0.11  (14.00£0.35)C (40.57+0.68)A 85.16£0.40  (34.00+2.23)BCDE
FHIE 15.66 4.92 16.42 35.88 85.69 33.28

[N AS ) K5 k7R 22 0 8 25 (P<0.01),

& 3 nlgn, HEl AN KO ol
9.68~14.44 kg, VK 1233 kg, BREZEH
3.84%~14.17%, #RoymFhE] 0 25 bl i 3 . Bk
518, #F L 88, ML 13, ¥y 1505, #£% 10 5,
R 07, EHWE 533, KK 15, #ihE 801 559

#*3 R ERRMEE

Table 3 The yields of Zea mays cultivars

A AP I HAR S R BURAK, BB
9 PR Z[H] - EE R RN BFEE 88 i/ &
e, N 10 032.79 kg/hm® s HKEARFE 07(9768.77
kg/hm?); PRAC 13 (P~ Rfik, 4 6725.58 kg/hm’,

i INKF-E5 7 e kg P75/ (kg-hm™) AN R R S R AR %% P
Jeik 901 (11.41%1.15)CDEF 7927.57 10.05 14
FH 65 (12.31£0.62)ABCDE 8552.89 5.03 10
2E 518 (13.96£0.60)AB 9699.29 433 3
PR 13 (9.68+0.72)F 6725.58 7.46 18
BEE 88 (14.44+0.98)A 10 032.79 6.81 1
E 13 (13.22+0.74)ABC 9185.15 5.61 7
i 1505 (12.61£0.74)ABCD 8761.32 5.83 9
JEE 1388 (11.4120.96)CDEF 7927.57 8.37 13
FEE 88 (10.88+1.54)DEF 7559.33 14.17 15
FE10E (13.32+0.57)ABC 9254.63 427 6
ek 07 (14.06£0.54)AB 9768.77 3.84 2
T 533 (12.74+0.85)ABCD 8851.65 6.70 8
FME 210 (10.75+1.18)DEF 7469.01 10.93 16
K28 (11.55+0.85)CDEF 8024.84 7.40 12
JEFL 2158 (10.30+1.21)EF 7156.35 11.79 17
KK1%5 (13.35+0.69)ABC 9275.47 5.15 5
ik 801 (13.89+£0.85)AB 9650.66 6.18 4
15 (12.07+0.68)BCDE 8386.14 5.66 11
FH(E 1233 8567.17 7.20

ISR A ) K 5 B7R 22 5 .35 (P<0.01).
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Table 4 Correlation coefficient between agronomic traits and yield of Zea mays cultivars

ek FHICREL
3] A 1 BIRER (L3N FeiAH FEATHL TR AR ARR
T 0.791%*
R 0.158 0.038
(L3N —0.058 -0.363 0.465
e —0.594**  _0.498* 0.350 0.260
TEATEL —0.571* —0.344 0.155 0.156 0.596**
TTRIEL 0.058 —0.255 0.275 0.442 -0.037 -0.366
HAFER -0.416 -0.302 -0.248 -0.206 0.456 0.454 -0.178
HRITE  -0.255 -0.241 0.081 0.340 0.400 0.203 -0.280 0.202
i -0.354 -0.195 -0.046 0.284 0.559* 0.622%%  —0.289 0.556* 0.651%*

COTRBIEMS; R REHIR .

AR LA LR R? S 0.675, S R?
90.631, M 5 A1, FEE(Y). BEATEUX) . ERL

() Z A A EH 5 Y =—3562.9+368.033X,+
182.920 X, FEATEY . EORREXT =B N IEAEH

#5 HEMmMTEEREHERMEIERSH
Table 5 Regression model parameter between yield and agronomic traits of Zea mays cultivars
e AR bR T R
EVEEY: PRz
W —-3562.900 2184.525 -1.631 0.124
TEATE 368.033 108.317 0.511 3.398 0.004
ERL 182.920 50.248 0.548 3.640 0.002

3.4 MHIXEREMHFFFR AN CdZEER
M 6 mlAl, 18 AMULEFIZE Cd Sy

0.43~4.14 mg/kg, “F¥Ih 1.56 mg/kg, Hh5aHFHI]

25 0% YRR A FRME (GB 13078—2017),
Cd MIBREM 1.00 mg/kg, 5586 5, FHE 518, K
13, WE 13, 4eF 1388, #EFE 88, FEE 10 5,

#F 6 HiXBMENIFRS CdEE
Table 6 Cd concentrations in stem leaf and grain of Zea mays cultivars mg/kg
e Cd & e Cd &

EX AFRL EX AFRL
ik 901 (0.53+0.20)c (0.13+0.10)B FEE 105 (2.10+0.47)bc (0.14+0.11)B
FH 65 (1.010.80)be (0.07+0.02)B R 07 (1.76+1.15)be (0.09+0.04)B
HE 518 (1.17£0.70)bc (0.08+0.01)B HME 533 (1.61£0.69)bc (0.06+0.01)B
B4 13 (1.41£0.43)bc (0.110.03)B HE 210 (1.22+0.85)bc (0.09+0.01)B
BET 88 (0.93+0.53)bc (0.05£0.01)B K28 (1.13+0.48)bc (0.070.00)B
WE 13 (1.98+0.15)bc (0.07+£0.02)B JEEFL 2158 (1.85+1.36)bc (0.09+0.01)B
i 1505 (0.43£0.20)c (0.06£0.01)B KKR1%5 (1.4240.50)bc (0.05+0.01)B
e 1388 (1.7520.48)bc (0.08+0.01)B B E 801 (4.14+2.83)a (0.45£0.04)A
#£E 88 (2.53+0.85)b (0.16£0.07)B g 15 (1.0941.15)be (0.06+0.00)B

18 A R — I AR 5 AR [N L RS R0 7R 25 53 1 35 (P<0.05) 125 AR 2 25 (P<0.01),
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fEFF 07, FHMIE 533, FHME 210, KF: 28, JEH
2158, KK 15, HHHE-0l, KK 15%154%
KEFZENE Cd & RSB AR, AR EAE R R
HHA AR Cd 50 0.05~0.45 mg/kg, TR
0.11 mg/kg, T 801 Ml & FHAMF, R
i (B EEEZE BTl YR E ) (GB
2762—2017) Cd HJFRE(0.10 mg/kg), JEik 901,
PR 13, FEE 88, #£E 105, FrithE 801 454
FOREFEFPRL Cd B EAR, RNEEH.

35 HIXEXRRMCINEERBSHTRYES

He 7 a4, 18 ML FPZEn Cd EER
Bl 0.28~2.72, ¥4 1.03, Hirb, BT 801 2%
M- Cd & 5 R8s, T HAR A AR i 1505
AR 5 B S RRERL Cd 15 5 2 50h 0.03~0.30,
YA 0.07, Hidr, Bk 801 Pk Cd INEHER
B, DEETHMSM, BEE 88 MRL;
PR FAPRL Cd 1F5E Rk 0.03~0.28, 3550
0.09, Hrp, 553k 901 AFHL Cd HF5i2 REUR =,
FEn THARA R, B 13 AL,

®7 iR Cd NERRRSHTRY

Table 7 The bioconcentration factors and translocation factors of Cd in Zea mays cultivars

. 221 Cd Fki Cd ﬂﬁca . 22 Cd R Cd ﬁﬁca
JEik 901 (0.35£0.13)c (0.09£0.06)B  (0.28+0.19)a HEI05  (1.38:031)bc  (0.10£0.07)B  (0.08+0.08)b
FH 65  (0.67£0.52)bc  (0.05£0.02)B  (0.11£0.10)b kL 07 (1.16£0.76)bc  (0.06£0.02)B (0.06+0.02)b
HE 518 (0.77+0.46)bc  (0.05+0.00)B  (0.09+0.07)b FHWE 533 (1.06£0.46)bc  (0.04£0.01)B  (0.05+0.03)b
R4k 13 (0.93£029)bc  (0.07+0.02)B  (0.09+0.05)b HE 210 (0.80£0.56)bc  (0.06£0.01)B  (0.10£0.06)b
BEE S8 (0.61£0.35)bc  (0.03£0.00)B  (0.08+0.08)b K 28 (0.74£031)bc  (0.05£0.00)B  (0.07+0.02)b
WE 13 (1.30£0.10)bc ~ (0.04+0.01)B  (0.03£0.01)b JERL2158  (1.21£0.89)bc  (0.06+0.01)B  (0.07+0.04)b
i 1505 (0.28+0.13)c (0.04£0.00)B  (0.16+0.07)b KR15  (093£033)bc  (0.03:0.01)B  (0.04+0.02)b
JEF 1388 (1.15+0.31)bc  (0.05+0.01)B  (0.05+0.01)b B E 801 (2.72+1.86)a (0.30£0.02)A  (0.14+0.06)b
FEE 88 (1.67£0.56)b  (0.10+0.05)B  (0.06:0.03)b IGHE 15 (0.72+0.10)bc  (0.04£0.00)B  (0.06+0.01)b

18 AR R — TR 5 RN . RS SR B8 25 57 0 35 (P<0.05) 125 S i 2 (P<0.01),

XL AR Cd 1Y s 5 REGHA T RIS 50T,
ZERULE 1o 18 AFORMFI AT 4328 3 25 55 1 80
fEtEEE 07, B 2158, HME 2100 R4 130 B
0 5 10 15 20 25
HRE 07 [ ' ‘ ‘ ‘ '

JERL 2158
FHE 210
Pk 13
H%ET 88
KK 15 H
i1 1505 |
T E 533 H
B 15
HE 518 [
JEE 1388 [
W E 13
K 28
FrH 65—
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Fig.1 The hierarchical clustering analysis diagram of Cd bioconcentration

factors of Zea mays cultivars
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