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Z5 . BERRY 64 TR ST A 22 B F0 A R AT St bR AR i AR 2R ROk R Cd B R AR R R AL AR
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Differences in cadmium accumulation and translocation in different Zea mays cultivars

DENG Ting'?, WU Jia—long', LU Wei—sheng", GUAN Yi-zhan’, LI Gui-jie', ZHANG Qiu—hua', YU Fang-yu', ZENG Zu-lei'

(1.College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2.Guangdong Jingdi
Planning Technology Co., Ltd, Guangzhou 510630, China; 3.Qujiang District Agricultural Research Institute, Shaoguan 512100, China)
Abstract: The objectives of this study were to further test and verify the high and low Cd accumulation in maize cultivars screened in previ-
ous studies. A field experiment was conducted to discuss the differences in the characteristics of Cd accumulation and transport in six
maize cultivars. The results showed that there were significant differences in root and shoot biomass, Cd content in roots, stems, and leaves,
and in the Cd accumulation coefficients, accumulation, and total accumulation of the six maize cultivars during the silking and maturity
stages(P<0.05). During maturity stages, the Cd contents in shoots of Huacainuo 3 and Guanghongnuo 8 were 16.38 mg-kg™ and 13.64 mg+
kg™, the accumulation coefficients were 7.45 and 6.20, the transfer coefficients were 1.88 and 3.02, respectively. The contents of Cd in
grain in Huacainuo 3 and Guanghongnuo 8 were 0.65 mg-kg™" and 0.63 mg- kg™, respectively, which were far exceeding national food hy-
giene standards(GB 2762—2017) and feed hygiene standards(GB 13078—2017). The Cd accumulation coefficients in shoots of Yuecain-
uo 2, Huayu 8 and Guangzinuo 6 were 2.07, 1.39 and 1.85, respectively. And their contents of Cd in grain were 0.19, 0.17 and 0.15, respec-
tively, which were higher than the national food hygiene standards but lower than the national feed health standard. The accumulation coef-
ficients of shoots and grain of Zhongnuo 1 were 1.85 and 0.032, respectively, and its Cd content in grain was 0.07 mg - kg™, which did not
exceed the national food hygiene standard. Our results indicated that Huacainuo 3 and Guanghongnuo 8 could be used as high—accumula-
tion maize cultivars but not for food or feed, while Zhongnuo 1 could be used as a high—accumulation maize cultivar for food or feed.
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T ] Ry 35 b DX B b 39 T 4 I e E Y, Hop
CAAIT5 YL LA | W . Cd HAT 5o i A= 0 B v fn
PER 25 5 B VR P W ISR R, T A B AL E
AR, £ 2K (Zea mays)%ﬁa ] i T R AR
Wz —, dFh iR A AR K AR KR
5 PR 5 48 BRAE A 51 B9 R AN TR) oK A
X Cd By s SR R ) B W 25 R Hidh
S SR EOKR XS Cd B s AR AR IR, 7E Cd 5 e 13
SEBE FHABKRAW I, Kk, — el L
I 0L 0 2 CA IR B Bl , IORAT & & dh DAERIERY
Al B ER A R UEAR 2 s 5y — 7 I O Y
Cd 757 B3R il b K AT DA Ay A 18 52 3 D L A
FH o R B 2ok 2 a6 DA 11 A T 0K s e 43 331
PEH T Cd = BLR LRl (FRRAG 35 FIT£04R 8 5 ) A1l
AR A (BT 25 ) S 6 S ARG 1 %) A
HRIE"HE AR 8 St ok CAMRAL R Fh . A
B e E DL b 2/ R AL R S R AT 4 AR B R, A Cd
15 YA A 73R8 , 38 2L B9 28 AS [R) K A4l 22491 Fn
A AR B X Cd i R E 2 5 i — %
UEHX Cd &y R R J7, Sy Cd 5 e dth ) 22 4
FIFHFIAE D6 52 R AR

| MRS

1.1 ket

IO T AR e L IX S, a1
KRG A L BEALPE BT R - pH 5.36+0.08, A HL
31.76+0.33 g- kg™, Bl R A 94.5+1.10 mg- kg ™", 3 55
81.02+0.33 mg-kg ™', HALH 187.7+0.80 mg-kg ™', Cd 4=
7#2.2+0.06 mg-kg' o LT KR 2 A R AR (4
TG 3 S L0k 8 5) F 4 MR R A (kG 15
BRRG 2SRRI ERE6 ) i AR 3
SHAEE 8 S AR R R T, AR 2 5 )
KRR PR T ARG S M) k65
Mg L= R B & MPRE 15 B a1/
1.2 g gt

R I 6 AL FE (6 4~ KoK S A, B Ab PRI 4
WEL  HF 244 /MK BENLIX L HES . 30 /N X R
F K 24 m, 8 0.5 m, AL 12 m?, BEAS/INX R AR 1 7
Tk, AT IRIEE 50 em, BRI 30 em. RI6 H PY 5 A
AT LIIH BRI BRASON o B /XA 2 R F KB 1, (A
A+ 2~3 em, PREFB IR E — 30 FOR KM 3 At i
HEATIANE , B OB LR B/ INX 20 B s MR A= K ]

iR FH R B A T R it A 7% A i it 2 PR
(15-15-15) 5N Ol 1 3t 600 kg - hm™) , 3% 15 38
Jiti R & (it JH#+ 300 kg-hm™) . 20154 8 H #&Fh, 431
F10 A T RIZIIR 11 H TR BB I Ik
1.3 H@RRESNE

22 AN BT, 43 BIAE A /N X B HLI 5 P
TR, AR R FRERL B IR )  ARK B ok
KRR K R 2l KIS BE IS L 7E 105 CT R84 7 30
min, JFFE 70 CHET EEFEE, W TRE. £X
FALAT KL o 43 KA 25 i FIOFERLRY 65, 23 100
HIe i g6 o 1 HEEEAHE i 2 B (- Bk A 43 B
(35 = B YR (1 J7 a2 o 34 Cd R A HCL-
HNO;-HF-HCIO. {H i , B IAS BT A5 AR
ME A 2R F s 6% B ) (GB/T 17141—
1997) o FEFRFE S B Cd Il 2 2 R b % 2 B K br
HE £ R I E ) (GB 5009.15—2014) , %
HNOs—HC10,(4: 1) {4k o3RRI R I H i Cd
5 F W i 43 56 56 JEE 7 (HITACHI=-Z72300) 5 .
-4 R A R R I AR UHES e o (3
GBWO07405; 84 : GBW 10015 ) #E4T B f 55 1, A i Af
st 22 25 R AE A VS RN
14 CARREE EERHAEZEY

FREHE CAHRER=FHE TYRESHE
Cd &

2Rt HRXT Cd s AR R =20 il Cd Y
+ 4 cd

FERLXT Cd 1w 4R RB=HF R Cd % 5t/ 1458 Cd

FERLXT Cd 1Y 50z R E=HF R Cd 55 fE/ZE
Cd & &"
L5 HiEAES S

K H Excel 2003 #E1 75 fis 48 3L, [ 3R 5dis 48
SE A £ 5 1% (Mean +Standard error) . 12 Ji] SPSS
23.0 GE A AT O 22 43 B, IR R OB A 2% vk
(Duncan ) #1722 5 W5 AT 50

2 ERG5H

21 AEIEXEMHEYE CISEMCIRERE

i1 22 30 F1 B BGH AN [R] 5 A BOR S E A
Cd & EAFWFR 1 Pron . ez BI2Ent 15 &8 26.29~
51.95 g~ Mk AR EBT T i 7.22~13.85 g k15 A2 £ 8
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5 BRI T 2 R A OK S A (P<0.05)
ik 15 VBORRG 25 FIAR AR 349 FORZ8n T i
WEE T B 65 M) 40k 85 1R 3 5 Itk
T 85 KA R T 5 A T AR A, Sk
13.85 g #K ' Fl113.05 g Bk, HiAth 4 4> S Fh FORAR T 5T
HITES g M A o MU 2R T R 34.50~
76.26 g+ E HRES Tl 4.79~11.85 g Bk FERL T
Ji i h 44.59~60.26 g+ tk 7 EOREAR 25 AREHE 3T
K 845 KM T it i 3 5 TG 1 5 ) 550
65 ) LI 845 s AR K 8 FORAMIR A T i B
FH A SRR ARG 15 FORMFER T = B = TR
TN 35 F)L1KG 845 HE T 3 5 E KA R T o
k.

il 22 A A ] it b oK 250 Cd 5 22 2.63~13.12
mg- kg™, HHR Cd 5 M 5.96~12.03 mg- kg™ FE R 3
SR8 S EokZENM Cd B & T A
B, 43 035 13.12 mg - kg AT 12.10 mg- kg™ s fl4F 145
HRRE 25 L E-S K65 EoKEM Cd & &
ZRARE HEE S HIEE 15 KM Cd & 2 i
K, BEHT) BB SH 4KE8 S, ik 15 | &
k25 R3S EESSE KRR AT EZ
[ JC 3 22 5 W LA Y, 204 8 5 FoK 28t Cd &%
B RS R M, R 8 S ARG 1 5250 Cd
G, MR SR A . A ZE i Cd R 3.07~
16.38 mg- kg™, HEFE Cd 1% £ 7y 4.71~12.33 mg-kg ™', ¥f
$i Cd 58K 0.07~0.65 mg- kg™ ARG 3 51

JTELRG 8 5 FOK A Cd % K/ 2R >R >
L, TRG 155 (B 25 TSR 65 AR E S
RS ZE S HERL RN 35 F1) T L0KR 8 5 R oK 25
Cd &5 510 16.38 mg- kg™ F113.64 mg-kg ™', 8.2
FHAth 4 A4S i R, Hodr AR | 8 5 ORI Cd 5 i
N TE 85 T K AUAR TR Cd & i+ (12.33 mg-kg™) B3
i A 5 AN SR ARG 15 B 25 AR 3
SZICRE S, LG 85 TR Cd & 2 i
I ARG 3 5 /I 200G 8 5 TR AU AR Cd 75 B it
1, 0 98 0.65 mg ke Fl10.63 mg - ke, I 2 T
4 A4~ LD AR 15 VEORAG 2 5 AR K 8 S AT SR
65 FKHRL CAd S HEIAE0.2 meg-keg ' AT, i 1 &
FKHFFRL Cd 5 FE A%, 12 0.07 mg-kg s

1l 22 JAAS 7] it o K ZE AR 3 Cd B R 435
4 0.087~0.598 mg ¥k~ F1 0.046~0.159 mg - ¥k '; 1 F%
W6 35 H 204 8 45 FOKZEn CA B Rt b 2 i/ L
fldh®h, HAERAR 3 5 B T 44k 8 5L K 85
FRARES Cd LR R i kK, B3 & T 1 5 VB R RE
25 TR 6S TGS S HIR B EEAE S, B
ERTEEM2S 8 eS ARG S K
T 35 T L0KG 8 5 b Al K 25 Cd AR 2 & 4391l
Fb HAR 0 125 342.629% 1 659.06% , 13 B 33 AN it A &
KAE A 22 IR A Cd 32 R BRAEZE M T foRG 15
HWRAR 25 AR 85 )T EEAR 65 KA FIAR R
CAdB R 2= AN . s 25 nt AREFBFFFRL Cd
TR 73 914 0.142~1.103.,0.022~0.143 mg « Kk il

F1 HLBNERPARRMERNTRE CIEEMRREE

Table 1 The dry weight, Cd concentration and accumulation of Zey mays cultivars in silking and maturity stage

RE: oo T J5i it Dry weight/g-#£™ Cd ¥4 Contents of Cd/mg kg™ Cd BUZHE Accumulation of Cd/mg- bk
Stages  Cultivars 251 Shoot #2 Root FEHLSeed  ZEMT Shoot M Root  ffkiSeed  ZEM Shoot #2 Root FFRL Seed

2z 1ERkE 35 45.32+1.60b 13.85+0.29a — 13.1241.02a 9.77+1.11abe ~ — 0.598+0.065a  0.135+0.015ab —

Silking 41458 12 30.012.40¢ 7.42£0.79h —  12.10£2.30a 596:1.53c  —  0.347:0.038b  0.046:0.013¢ —

T B2 S 45294147h 7.22091h — 3.45+0.08b 9.30+1.27abc  — 0.156+0.006c  0.070+0.018¢ —

EE 8 51.9542.99a 13.05£0.52a — 2.63:0.39h 12.03£1.56a  — 0.135:0.018¢  0.159+0.025a —

| EEKE 65 26.29+0.52¢ 8.100.61h — 3.29:0.30b 7.96+0.63bc  — 0.087+0.009¢  0.065+0.009¢ —

ffkf 15 43.42+0.90b 8.27+0.75b —

stage

3.76+0.21b 11.38+0.63ab  —
TR R3S 67.03+5.36a 10.03+0.82ab 44.59+5.81b 16.38+0.88a 8.81+0.48b 0.65+0.09a 1.10320.121a
Maturity  ppppe g 2 38 27:44.69h 4.79+0.26d  45.00+2.09b 13.64+1.95a 4.71+0.71c 0.63+0.10a 0.520+0.088h

0.163+0.010c  0.094+0.011bc —
0.088+0.006b  0.028+0.004a
0.022+0.002d  0.028+0.004a

BN 2S 71.27+0.81a 7.53+0.68¢c 53.46%2.75ab 4.56+0.53b 6.55+0.11bc 0.19+0.03b 0.324+0.034bc  0.049+0.004cd  0.010+0.002h

fEF S 76.26+5.38a 11.85+0.61a 47.03+5.61ab 3.07+0.20b 12.33+2.16a 0.17+0.02b 0.232+0.014c¢
JEE 65 34.5043.07b 7.51£0.95¢ 52.02+5.19ab 4.07+0.50b

0.143+0.021a  0.008+0.001b

4.89+0.08¢ 0.15+0.05b 0.142+0.022¢  0.037+0.005c¢d  0.007+0.002b

Pk 15 46.7043.07b 9.47+0.61bc 60.26+2.62a 4.06+1.23b 6.44+0.16bc 0.07+0.01b  0.257+0.079¢  0.061+0.003bc  0.004+0.004h

AR RING SRR IR AN ] RD OK 0] 25 5 18 3 (n=4, P<0.05) .

Note: Different lowercase letters indicate the significant differences between different treatments (n=4, P<0.05).
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0.004~0.028 mg- ¥k HERHG 3 5 T oK 2L Cd B R &=
2 T AL S AR, R 65 FOKZEM CA R AR
EEAGEESS E MM CAR B am e, BE&mT

LA, ) 20K 8 5 FOR IR R Cd LR & A5 AIG 4
7F}%373$HTLQIF';87:7£7K*%*¢CCI$ ZEREST

{1@4 ﬁllfﬂﬁ ’ﬁ]*’q;l?\ﬂ? /*EPQ.? bIS%\
r‘ F6v3§ﬂ<*¥ﬁﬁﬁ€d$ ZRTE0.01 mg- ¥k LU
T, A AR R 15 F K A LT AR R AR
JUT- BT b EoRAEZE 1) Cd B R fe i o
22 AEGEMEXRI CINEERBMEZREY

22 B AN [] i P B K ZE X6 Cd 1Y) 48 R BRI
1B R BONE R o ASE SR ORI E A R
4 1.20~5.96, Horr AR 35 F 204G 8 5 FOKAH
PREXF Cd 1) & 42 504 31 R 5.96 F15.50, 5 32 i T H:
L 44~ 5L AP (P<0.05) 5 fT0RG 155 (BRAE2 % B ES
SEH S EAEMNX AN EE R 122

i) o AN A K SR Cd %1z R 50 0.25~2.74, 3L
EP ITLAE 8 5 EOKRZEM N Cd (05 is REROK, B
TG 1S (B2 RE-S ) BT,
TG 35 HAR o 1.40, FZZ A 6] ff B KAR X Cd
M & B RETE 2.70~5.47 Z Al (F 2) , i E £ 85 18
FRT) ARG8T,

BB AN [] i o K ZE X Cd 1 & 5 R BCH
1.39~7.45(&13) . HERKE 3SR 206G 8 5 oK ZE
P e AR FR B 2 T LA 4 A4 R (P<0.05) , 135 2]
6L L kG 1S (BE2S XSS T K6 S
FOKZEMXF Cd 1Y & 4 REIE 2 /247 o ARl Rl EOK

oo}
1

O &EREBCF

: : O %32 ZBTF
6F -I— ‘}

BCF and TF of Cd in shoot

25 Cd 1Y 4 R RO 12 R

35 85 2% 85 6 1=

KA Fl Maize cultivars

AFRNE FREFIR AR iR R 0] 22 5 235 (n=4, P<0.05) . T |7
Different lowercase letters used to show the significant differences
between different treatments(n=4,P<0.05). The same below

| LA R EXRZHN CAHNEERHBNEEZ R
Figure 1 Stem and leaf BCF and TF of Zea mays cultivars in
silking stage

ZENXF Cd FE RS REGIE I 0.27~3.02, A2 35
FE0HG 85 TR ZE M 56 88 BB & 5 T HAth 4 4
i Al (P<0.05, 18 3), HLT 4045 8 5 & & THERHE 3
S0 BRI A A D K AR XF Cd 1w SRR
2.14~5.60(E 4) , 72 % 8 5 fe iy H o 2 5 T HoAth 54>
A (P<0.05), ) 210; 8 S F1) 4505 6 5 ek

Sr
a
%33456- ab
E&E ab abc e
=]
H be
2o 4 c
< 3
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= O
ingy==!
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0

ERAE LR Bhe R TR M
35 85 2r 845 65 1%
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Figure 2 Root BCF of Zea mays cultivars in silking stage
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Figure 3 Stem and leaf BCF and TF of Zea mays cultivars in

maturity stage
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Figure 4 Root BCF of Zea mays cultivars in maturity stage
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04r .
ﬁ O &% R B BCF
R a _ :
il T OFERHTF
® &o3r ~[~ %
= 5
s =
'Ei? = b
S Lol b b
= 2 ab ab ab a T
2 HEEN s
*

OTEEm um BEW  EL SRR T
3% 8% 2% 8% 6% 15
TR PP Maize cultivars
Bl 5 BEHEA AR E i ERFFRIXT Cd K E R REMEIERE
Figure 5 Seeds BCF and TF of Zea mays cultivars in

maturity stage

WS PN, SR FHE 35 F1) 200G 8 5 £ KA HL
Y & B2 R B0 51 h 0.296 F110.286 , i 3 & T Hifth 4 4
M (P<0.05) . kG 15 (BERE2S EEST
N 65 B OKFFRLXT Cd 1 5 E R B 0.1 LR .
AN i Bl B KA RN Cd 1955 R 22 035 L 0.016~
0.056, £ E 85 FE KRN Cd FEH BB , i
Hm TR 15 (P<0.05) .

3 itig

TYIHEIUE H AT i 2 R H AT R E S8
BB RR kR s EEY R R EERT
Yo+ HERY SC RN H R UESE Y A A R A
i/ A BRI PR P 25 S R, 3
8 S BRI TP AE — S SR BRSO R
MR, B ) R IR R AR
AR KRR S o ARSI R O SRR R AR
B A, ELA R DX

5E L CAEZRYIAIR], FRAAL LA IR YR
PRS2 T 4 Ja 1 BB 0 T T A AR 08 A B2 I DA &
P AR [ B KA R EE R AR, T 1 B
WE AR . Y FORFPRL Cd 2 A K1
BT AR E(GB 13078—2017,<0.5 mg-kg ™) i, #Y
W FEAE A8 SR At 22 S WSO AE AR I om L, T e 2
Hh b B [ S T AT S0 R T A R A
TP - S8 52 BB 5 24 KRR AT A R e DA
FaifE(GB 13078—2017) B, 1] L2 JEAE B HIOR
KFERLA R , T AAERL AT VR R At 3807 T 1 A
18 5238 43 FF M LA B4 Hp Ab B SR 3“3 A 7 g
SRR,

T, 1 JC BB AR HER AT Cd i IR 4R oK

FPEAT I AR, U HOR CA s B fl . AR X
AR MR ICRE T KN R AR A B e R R
FIR T IREE S5 A P 202t AR 9 K (1 26
5 5 —3, G, R AT Cd AW RE g RN ph HiAR
B R E e o 8 E I R A YR 4
HEF UL HE WA 718, — 2 08D AR RN 2 4 A
W, R T A TR AR o X AR AT R 1
TR, CAIRE 4 FOK AT REFELES & T 40 i BE
S WO Cd WS PR, (LR B AR 2%, b —d B X
Cd X Al A sl & “ 28 RE I BRI T Cd ) N —#%
B MR M CAIRE E T KW, CdE s
AL FOK AN A AL AR RE D 85 . LAk, HR
FOK SRR BE T 22 DL R OKR A A DL R 4
NFEAR , BEIA T EOK SRR T N AR AR
FUR SRR 7, IR B 34 2 2% 4 T 1 Cd 5 e
RSP Y LIPS B it/ N {1 7o o4 S U R 9 R e o
B B A EENIEE L

FFHAS ] dt ok Gl RO 3R ) 2 S P 7 34 1R 45
A AR BRI AR B K SRl SRR 2 4
FOCTE L, TPy S o H ARG, AR KR
AR PRI 4 R R DL 4R s R R T4
BV, R R FE 20 FIIESF 958 Ml fE N ) A b [X & 2
Fbe 1) B 4 SR AR FR R ARl . S A% LR ) )il
RPN 428 J& CA Ik RS Bl o 2 HE 1 5550 1o H
T8 56 07 10 1 ) T RRERE CA AR AR B2 5 b, HokERE 1)
Cd V-3 88 0.069 mg-kg'o AR 6 1 E
KA, kR 15 FOKFARL Cd % 55 0.07 mg - kg™
A B dh % 4 H Z AR ifE (GB 2762—2017, <0.1 mg -
kg™) g2 CARB B AOK W FE4R TS Y LI T 2
77 RG24 AR 8 SRR 65 FOKKFRIAT A
[ 52 4R AR AR VE (GB 13078—2017,<0.5 mg-kg ™),
Al DLHAERRDR ARG 3455 1 2085 8 5 F K AFRL Cd
S TR S R 1A AR E PR A (GB 13078—
2017) ,ASREFVERRRL, Ei B A i L e n K. It
Ab A5 E K FFRL Cd 1 5532 F2 B0 (K T #1 -
SE S Mg O SO HE T AER BE S G, T RE S
B TR ZEM o Cd & R A

XFFHEYME SR, & R R B LR A Y b -
T A JE i O ARHEY SR AR
BTG 3 5 H) 20K 8 5 T K25 Cd Y & 42 R B ()
W 7.45 1 6.20) ik iz 28053 1y 1.88 F13.02) i
0 T H SOk A IS - E e TSRS T 184 FOK i
FhAE AN 4 Cd % 50 5.0 mg- kg™ Z5 14 F XF Cd
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)& SR is 22 5%, FOKZEMT 1Y Cd & 4R R B
200514 0.068~0.902 F10.19~0.83 ; [ 7 42 45008 1ok
FH ] S50, A9 T 25 A4 EOK S RPE L85 4: Cd &
T 50 mg-kg ! S5 I X CARR BRI 25 5, I
FOKZEM ) Cd & R R R 80505 0 0.063~
0.899 #10.038~0.554 ; 14 %4 £ WIF 5% & IR it 38 £ oK
1) Cd & 48 R B S 250530 R 3.84~4.98 F10.12~
0.16; ZAMREEPINFFE & ALY 9 Fh K1Y Cd &4 R
KOMEERE R B0 510 1.16~1.76 F10.268~0.902; Yang
SEPL BRI R oK 3 Cd & 4R FE iz R A
0 43931 A7 0.12~1.04 Fi1 0.04~0.45 ; Retamal—Salgado
SEPTIE A % B RS TE) ShR EOK Y Cd 5 4R R B S
i 2009 0.20~1.20 F10.57~11.82, % |, A5
ARG 3 5 I 206; 8 5 HoA B 1 Cd & 45 Al
Hihe ). BRibz b, i T - g E AR S A
Yy, HbR A Py N S R N Y ARG
AR KR 35 Y oK ZE M TR B 67.03 g+
R HEOKZE I Cd B SRR B 1.103 mg, 4% E
AL E 60 000 # - hm 2315, —Z= 0] DL 2Bk 24 66
g-hm? % Cd, —4FE 0] LU AE 2~3 2%, — 2L DL 2BR Cd
2132~198 g-hm™, JoH7 58 W98 L B4 13 Cd
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