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Ar & =Sl WiFE WIBH 410399)

O LS ATORRONMRL, fE 2 AKX IFREHERRR, AFFS AR U T B R R (R

2K M ROFPRDWGR (CA) A AEYE , HUASS AT Cd S 2s 5, IFATEER 1 Cd & itilbf A DG A3 HT . 26 B
B, AF AR EORAOM . 25 MAUEORL Cd s 5 R %y 0.85~1.09, 0.44~0.86. 0.64~1.36 Fil 0.04~0.25;

25 M, KPR Cd 1B IE RE N 0.42~0.91, 0.59~1.44 Fi 0.05~0.27; HHEVE/MHTAS RN, ZEFF5MF i Cd
i A ARG . AR R A KA AR S, ASTRL SR FOR AR L 25 nE L FPRIAY E AR R AU I 3.00~4.12,
1.93~3.20, 2.18~3.96 F10.16~0.94; 25 M-FIKFKL Cd (¥4 iz &S50 0.63~0.86., 0.61~1.30 Fl1 0.04~0.24; AHK
PEOMIZEIRE, 25500 KPR Cd Fit 2R & A, &340 E Cd BUBHIL N 280, —Fphmt . MR, 25,
FPRIAY Cd Bt fRRFRAL, D5 —F2AR . ih. 25 FPRIAY Cd A RIRFRAC. e BRSLHAIE AR & 22 Sk PkL
1 Cd & i 2 5 A E AR, R e SRR AR £ 22 SAPRLIY Cd S Aslibe, HAy 7 - Fhe
2 A X PR S8 A 3 I S
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Cadmium accumulation characteristics in different maize varieties

WU Qinggui*?, TIAN Feng®, ZHENG Ran*?, LYU Dan'?, LIU Songgin'?, LUO Hongbing“?"

(1.College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Maize Engineering
Technology Research Center of Hunan Province, Changsha, Hunan 410128, China; 3.Liuyang Agricultural Development
Affairs Center, Liuyang, Hunan 410399, China)

Abstract: Field experiments were conducted to explore the characteristics of cadmium uptake in various organs(roots,
stems, leaves and grains) of eight maize varieties exposed to varying cadmium concentrations across different regions.
The study involved comparing cadmium(Cd) content across organs at maturity, and performing correlation analysis on
Cd content in each organ. Results showed that in Liuyang, the enrichment coefficients of Cd in roots, stems, leaves and
grains of different varieties ranged from 0.85 to 1.09, 0.44 to 0.86, 0.64 to 1.36 and 0.04 to 0.25, respectively. The
transport coefficients of Cd in stems, leaves and grains ranged from 0.42 to 0.91, 0.59 to 1.44 and 0.05 to 0.27,
respectively. Correlation analysis indicated a positive relationship between stems and leaves. In Yunyuan, the enrichment
coefficients of Cd in roots, stems, leaves and grains of different varieties ranged from 3.00 to 4.12, 1.93 to 3.20, 2.18 to
3.96 and 0.16 to 0.94, respectively. The Cd transport coefficients of stems, leaves and grains varied from 0.63 to 0.86,
0.61 to 1.30 and 0.04 to 0.24, respectively. Correlation analysis showed an extremely significant positive correlation
between Cd contents in stems and leaves, as well as stems and grains. Statistical analysis revealed two types of Cd
accumulation distribution in organs: (1) Cd contents of leaf, root, stem and grain decreased successively; (2) Cd contents
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B, FENFEARPSHFET REEFIEHARVIFY, hbluo68@hunau.edu.cn
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of root, leaf, stem and grain decreased successively. Notably, Cd content of Xiangnongyu22 grains grown in Liuyang at
this Cd concentration exceeded the ‘“National Food Safety Standard Limits of Contaminants in Foods”. However,
Xiangnongyu22 planted in Yunyuan met the standard, and the remaining seven varieties grown in both regions complied
with the “National Food Safety Standard Limits of Contaminants in Foods”.

Keywords: maize; cadmium; enrichment coefficient; transport coefficient

Cd —FprEaptk e H o T n i e g e R,
RHREERY Cd XA A A KA — R R E Y,
R Cd SRS E KB, GILL SEMAI
NAGAJYOTI EBIaFE R, X Cd WE KT 10
nglg B, XMHEPAEfEE . Cd HEid SYE R R
X N R fE %, s AL . AL
T1VI Kby B ANIE e

A Cd By ZEERAM, HAR Rl
Cd 241 pH {E . AR . HRERGE YRR 2 200
PrAE R 2R A2 Bl R R 4 T R SRR
FRHEREE, R ESR Cd BT rmlor X
5 2 SIS ORI Sl Y, PRBE Y Cd SE AR
IR, R IR IR R85 3 s A F KA
W TR FRIRIE Cd 25, sk i
B 2K AR R E R SRR R
fEPb, Cd ZAT5 M 11, Cd BRI, T
o 250 Bt RPRE SRR AR, FORMER
BABNLHY Cd S EEE Cd W E T AR T o AR
GO IR R, FOKRMR . 25 L APRIE Cd

Wi AR EEAR, H AR AR EOKXS Cd 4 AR
AIF]o ERFFAFDSIBESE R, AEEREFN AF4E
B Cd S itfA e A 2E s, i BERE . AR,
ZEFFL AL ORPRT Cd AIISCRR AR . 2
SFI R SEORIGR MR, TR A
B AR, 2R RPRLIY Cd VREEMRIRFEAR . ANk
H L BFTEAE 2 DB DXRIAR AN [R] s ol R A48 Y
Cd &2, WITRaE Cd WolryrsE, LU
e AP SO 2 FOK A

1 X5 RN

T35 b 43 3 A5 I8 i AR ol R s el il i
T2 D0 B T A P4 o s el J - 3 4> Cd & = 0.18
mg/kg, X HFEEHLIX + 384 Cd %1k 0.86 mg/kg.
MG BSR4 805 Y XU 45 9
FRUE) (GB 15618—2018), 2 Iith + 4 Cd &
T T A b - S Y U e, (IR R A
A HETS YRS B RIE . 2 IR B
L 1.

F1 2N EMATIRIBUME R

Table 1 The soil physicochemical properties in the two test areas

L R il S HHLF/ AL ALY TRl A
(gkg™ (gkg™h (9kgh)  (gkgh (mgkg")  (mgkg")  (mgkg?
W BRI AR 1.56 19.49 0.57 28.10 4.88 7.63 254.17 395.62
R AR K2 1.00 14.78 0.88 20.22 475 12.15 283.83 155.78

2 MB5REE
2.1 il SR

TR A R A R A AR B (51 2E) 8
an A, AFE 4 AEE R K SR OHIR £ 22 5
WA E 27 5 MZEE 1 SFINR E 36 5)F1 4 /i
B KMFGRAET R 35 250 192, AR EIHE 2
SRR 1),
2.2 Wit

KB 50 1. FIE 5 R 3200 #E/
(667 m2), FEFHTRIS>/MX, /NXK 3m, FE1.2m,
AR 3RS, 4t 24 AKX, A3 RIT 2021 4E

4 J1 9 H. 4 F 11 HTEIRE A 2z bl St Fnil]
A BT IA W A . T, 58 ORF 7
T 2 kL, BEEFKRFFRC 3 K, i N PL K
SE AN, P K S E = 15%)50 kg/(667
mAMERAL, O, S0 ER . K
AR ] i) A ] S R 8
2.3 MEFE

i i8 GB 5009.15—2014 { £ it ¢ 4 E ZARE
FRER I AE ) (7 I B KA AR Y Cd
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24 HIRGtS S
iz ] Office 2012 #EA 7 &4 4 P4 s >R ] SPSS 20.0

AT 2253075 SR Origin 2021 HEATAHSEME /T .

3 H#EREHSMN

3.1 X ERBMERENRIENT

3.1 1R FARARE 2R EBTNAEE
R 2 Al AT, AN BH 8 A oK SR AR 1Y

*2

Cd SR, HAE 36 SRS, WHEEL1 S
1 27.0%; 2519 Cd iy 0.37 ~ 0.74 mglkyg,
HoAriik £ 27 11 Cd & S IR, AR £ 22 S0,
AR K 27 215 100.0% ; M1 Cd 2 a3tk 0.55 ~
1.17 mg/kg, HA K E 36 SAURAL, Mk E 225
M fmr, BOMA £ 36 55 112.7%; APRi Cd & i
JUHY 0.04 ~ 0.22 mg/kg, AR 22 SHFRIAY Cd
e, WIZEE 15 WK E 27 SRR, MR E
22 SOMZEE 15 WK E 27 515 450.0%.

HPAEM A E AP ERRAAZREN Cd IE

Table 2 Cadmium contents of various organs of different maize varieties in Liuyang site

Cd 7 t/(mg kg )

fi R ) - FPHRL
R E 36 5 (0.9440.03)a (0.4020.06)de (0.5520.07)c (0.0520.01)b
Mk E 22 5 (0.8140.03)bc (0.7440.04)a (1.1740.02)a (0.2240.02)a
MR E 27 5 (0.830.08)hc (0.3740.03)e (0.7020.15)b (0.0420.01)b
MEELS (0.7420.05)c (0.4620.03)cd (0.6820.08)bc (0.0420.01)b
25 192 (0.9340.04)a (0.4740.02)c (0.7120.07)b (0.1020.02)a
WA E 3% (0.850.06)ab (0.5540.06)b (0.6820.11)bc (0.1240.02)a
PG 1S (0.890.02)ab (0.6140.04)b (1.0820.02)a (0.0520.02)b
WAR G 2 5 (0.8720.09)ab (0.5140.03)c (0.6540.12)hc (0.0540.01)b

(RIS ) B 7R P ] 1) 25 5948 B2 78 X (P<0.05)

3.1.2 4B EHRE 2 RLARE BT 45T

H2e 3 A4, AaPEl i 8 A F KA Cd
S ERTEEA 0.54~0.74 mg/kg, HAkAHE 3 S
ferr, WARAKE 2 SR, AR E 3 S
27.0%; 2511 Cd iyl 0.35~0.58 mg/kg, Horh
MR E 22 SH0fE, AT 36 SRR, MARE
22 ‘SRR £ 36 5 65.7%; M Cd TR

0.39~0.71 mg/kg, HH A £ 36 SAEfL, ML E
22 SR, BN E 36 55 82.1%; KPRy Cd
SRR 0.03~0.17 mg/kg, HHK E 22 S
e, WIARE 365, MARE 27 5 MHEE 150
BAR, WA E 22 SR E 36 5. Wk E 27 5
JMZEE 15 i 466.7%.

%3 BEEBWAREKREHRAIEREEN CIEE

Table 3 Cadmium content of different maize varieties at maturity various organs in Yunyuan site

Cd 7t/ mg kg™

o
ot i % i ¥R
WK TE 36 5 (0.7140.07)a (0.3540.07)c (0.3940.03)d (0.0326.01)c
MK E 22 5 (0.7020.07)ab (0.5840.09)a (0.7140.01)a (0.1740.03)a
WK E 27 5 (0.5740.06)c (0.3940.02)bc (0.5340.05)bc (0.0326.01)c
WMEE1LE (0.5940.08)bc (0.380.04)bc (0.5240.05)bc (0.0326.01)c
2531 192 (0.7340.08)a (0.4420.06)abc (0.4520.09)cd (0.070.01)b
HARFHE 35 (0.7440.08)a (0.5240.11)ab (0.6040.07)b (0.0920.02)b
Ak 2= (0.6240.05)abc (0.4926.07)abc (0.5240.05)bc (0.0420.01)c
WA NG 25 (0.5420.05)c (0.3840.10)hc (0.4520.07)cd (0.0440.01)c

RIS T B P A 22 527 563 1277 S (P<0.05).
HIXERAMEEEMEEER ST
) P AR B R At 4aE & £ 7
FAXEEJE RGeS AT E RGN,
M ATTLIEH, WP 8 4 F oK AR, 25

3.2

3.2.1

M PR E R R R I E R RECh
0.85~1.09, H:H ik £ 36 SR Cd & 5 R B K,
BERTMAE 225 MRE2TS, HEELYS
(), SHAh 4 MFNZERARE; HZEE 150
Bk, BMRE 36 SHMK 22.0%. ZEFF I EERE
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N 0.44~0.86, HHHIK T 22 SHyRKk, BERT
HAb ARl WAL 27 SHRAL, BHATE 22 51
fik 48.8%, M H S ERECH 0.64~1.36, H K
22 SHYERK, BT IHAMS AR B 1

5 WK E 36 SRR, BOHK £ 22 51K 52.9%.
KR s 4 250k 0.04~0.25, Hirhiif £ 22 S4¢
PRI, B T AR R M2 E 1S,

Bk E 22 SA91K 84.0%.

x4 MPAEMHEIK ERBIERE Cd ERAK

Table 4 Cadmium enrichment coefficient of different maize varieties in Liuyang site

i Cd K& ALK
" # % i R
MR TE 36 5 (1.090.03)a (0.460.06)ef (0.6420.08)b (0.0626.01)de
MRE 22 5 (0.9520.02)hc (0.8640.05)a (1.3620.02)a (0.250.03)a
WAk 27 5 (0.9746.09)b (0.4440.04)f (0.8140.17)b (0.0540.01)de
MEE 15 (0.8540.06)c (0.5340.04)de (0.7840.10)b (0.0420.01)e
250 192 (1.0840.04)a (0.5540.02)d (0.8246.08)b (0.12246.02)c
HAE & 3 5 (0.9940.07)ab (0.6440.07)bc (0.7920.12)b (0.1540.02)b
PEERKE 1S (1.0320.03)ab (0.7020.04)b (1.2640.02)a (0.060.02)de
WAR G 2 5 (1.0120.11)ab (0.6020.03)cd (0.7540.14)b (0.070.01)d
1R 5 5% i ] 92 534 858 3L (P<0.08).
3.2.2 R fEEMAER B R A4 e 45 £ R e is REUROR, B& S THAMM R MR E 36
. e L BWEAL, A E 22 51K 53.8%. M EkiE R
PURS U, ATIRIARLE . T R 7 0.59~1.44, HHAE 22 SR, BEHT
. ~d. s N D B s D =)
Xf Cd [%%18 REUFAEZE 5. 8 AR IZEXT Cd 11

i ZE0h 0.42~0.91, HH AL 22 525 Cd
5 NPAEMMHR ERQFIERE Cd B ERK

Table 5 Cadmium transport coefficients of various organs of

different maize varieties in Liuyang site

L Cd (W4%is 7
Dﬂﬂ" ).
E i KPR
MR E 365  (04240.05)d  (0.59+40.07)d  (0.060.01)d
MAE 225 (0.9140.08)a (1.4420.05)a (0.2740.04)a
WARE 275 (0.4640.08)d  (0.86+0.24)c  (0.050.01)d
MEE 1S (0.6320.09)b  (0.9240.15)c  (0.0540.01)d
£ 192 (0.5040.03)cd  (0.7640.10)cd  (0.11240.02)c
MAHEIE 35  (0.6520.11)b  (0.8020.07)c  (0.1540.03)b
PEEKE 1Y (0.6840.05b  (1.2240.01)b  (0.0640.01)d
WARERE 25 (0.6040.04)bc  (0.7520.11)cd  (0.0720.01)d

[FIZ AR - BE7R it E] 69 22 58 B2 2 X (P<0.05).

HAp SR, BOMATE 36 S 144.1%., KPR
538 ZB0N 0.05~0.27, HARIK T 22 SH9RK,
T HARAS R, BOMRE 27 SHMEE 15
i) 440%.,

3.2.3 AR KSHEE LR

M6 ] LIEH, THI*HE*‘:M:E E SN
KRR & B R PTE 2 57 o *ﬁ%ﬁﬂ@é’%%ﬁﬁ
3.00~4.12, HrPHIAHHE 3 Sa9ok, BEETH
KRG 2 50, SHADSFZESFADE, BOHK
FI¥R 2 5007 37.3%. £ E £ RH0CH 1.93~3.20,
HARE 22 Sk, BESTHAE 365,
HHA SRR A EE, BHAE 36 S
65.8%. MAYEHERECH 2.18~3.96, Hiik

m

*6 FaEEMEIN EARRIERD Cd ERAK

Table 6 Cadmium enrichment coefficients of various organs of different maize varieties in Yunyuan site

L Cd W E LRI
I?IIII*':Fj TN 7
R E-S - FERL

WK TE 36 5 (3.9640.37)ab (1.9340.18)b (2.1840.17)c (0.1726.04)c
MR E 22 5 (3.8740.39)ab (3.2040.51)a (3.9640.08)a (0.9440.15)a
MR E 27 5 (3.1740.25)ab (2.1520.21)ab (2.9440.19)bc (0.1740.06)c
WMEE1LE (3.3040.21)ab (2.1340.40)ab (2.8920.28)hc (0.1626.05)c
2531 192 (4.0740.44)a (2.4640.36)ab (2.4840.39)bc (0.3626.07)hc
MEHE 35 (4.1240.44)a (2.9140.58)ab (3.3640.40)ab (0.4940.09)b
PEEREE 1S (3.4640.28)ab (2.7240.40)ab (2.8740.82)bc (0.2240.06)c
WA G 25 (3.0020.53)b (2.1140.54)ab (2.5040.29)hc (0.2040.02)c

[RISAN ) B b ] (4 22 S A e 7 7 S (P<0.05).
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2

22 SRR, W T HAmMR, KA E 36 5
i 81.7%. FPRLIE R R EH 0.16~0.94, Hril
RE 22 SRR, BESTIHAMMFY, BOMHZE
£ 15095 487.5%.
3.2.4 A5 AMAEK B R S AP 4809452 £ 7

MR T LR W, RRFKEFEZE . o kokr
Cd MW¥HE REFEES . 220 Cd WFHE RECh
0.63~0.86, #AbFiAIZFEALE, HPMZEE 1S
MR X Cd if%is 250 0.61~1.30, Hr
ERRE 1 SMEk, BESTHRE 36 5. s
£ 15 Z5E 192, WMIAREE 3 S LUK ARG 2
5, SHMMSFNERARE . FR Cd iE R
¥R 0.04~0.24, HApkE 22 SHHRELA, BES
FHAb SR, Ak & 36 59 1 500%.

®7 EEEMTEEXDMERE Cd WEERY

Table 7 Cadmium transport coefficients of various organs of

different maize varieties in Yunyuan site

s Cd Wiz R R
o % - kPR
MA<TE 365 0784010  (0.9720.18)b  (0.0420.01)d

MAKTE 225 0.8340.16
MARTE 275 0.7340.23
MEE15  0.8620.33
25 192 0.63+40.06
WAHE 35 0.7020.07

(1.0340.09)ab  (0.240.02)a
(1.0940.30)ab  (0.060.02)d
(0.840.12)bc  (0.0820.02)cd
(0.6140.07)c  (0.1040.04)bc
(0.8240.12)bc  (0.1240.03)b

PHEIKE 15 0.8040.16 (1.30260.04)a  (0.0740.01)cd
MAR 4% 2 5 0.6320.08 (0.6440.20)c  (0.0620.01)d

[FIZ AR - BE7R it E] 69 22 58 B2 2 X (P<0.05).

3.3 EAXREF[EBEIESEMNHEEMEDT

3.3.1 R rafdsl 2ok AR EE Cd AFhG48 % M oHT
MK 8 aLIAEH: A Cd SE525, M, ¥

B Cd S B UG, DR FP Y Cd &bl

2 HRURAERI TR Cd Sl HAmES A Cd

SEEIEASE, 2Ry Cd S5 Cd S

AR B EIEASE, SFPRA Cd i W A G,

#8 NPAEMMN EHREREE Cd SEHHELER

Table 8 The correlation coefficients of the cadmium contents

in different parts of maize in Liuyang site

. NIES Y1
e B -
ES -0.18
it -0.17 0.86**
KPR -0.05 0.79* 0.58

st f3 SR AR G i 3 (P<0.05) Tl fi 3 (P<0.01)

3.3.2 #AEANEREE R CdSEHMK T
MNFE 9 WRIEH: A Cd SH5ZE, MK

FERLR Cd S IEATSE; 2509 Cd S 5 FPhL

(4 Cd 55 S A 25 IE ARG, BEWIZE /Y Cd S,

WHIFPRL) Cd &2t 3 B iy Cd &t

FPRIAY Cd S 52 P B ARG, YWY Cd 5 &

i, AERLRR) Cd SR B BT

*9 EEMHRAEREREE CIIENEXRY

Table 9 The correlation coefficients of the cadmium contents

in different parts of maize in Yunyuan site

. MR REL
FLyE! —
Uit = -
E3 0.48
nt 0.19 0.85**
FPRL 0.53 0.87** 0.81*

ok S R A e 35 (P<0.05) Fil i 3 (P<0.01).

4 meSIE

FARMRATNOL Cd R ZERNALERER
IHREANIR] . LRSS AR E T A AN ] B X i B
SEMPERIASRIAAEZE 52 AR R, AR
TR Cd Wy EZ & T, M EHh Ik Cd Z 5,
P e A A i B LA A0 2224, Bk A2
AIBFTE A R, TR, i, 25| KPR Cd
TR . AIRIREIREM, AR TR S F %
#EI Cd S 2 Bl — Rl
ML 25 PR Cd SR HRFEAL, X 52aEnT
AIBFIEE AR T — R AR L i, 25 FPRir Cd
TRHORIENL, X5 REMR P AR 5
HOX 2 FEOCA BN AT AR LR | SRR Y
AR, BRI RA R R — 25

WERBE—E T BT R T
JERRETT o RIS B AR RS, HMIIRNAR
SESEIER 0GR Cd s R, WE 4
J& Cd MR R Ez 2 b E I BE T8GR . AT
e, BRIARE 22 5 PERNR 1 SAh, HAEL R
ML 25 FPRIRY Cd B A R UK. it
ATRUEH, RBLR Cd MREEGR, 25 AR
AR RAE s, FURI AT REEAR 25 | iS5k ks
Fizhy Cd B, X5 IMERE LB T4 R
ez Z BRI G R AR A AN B9 23 BC R D0 LA
LA E A i e A B0 N ) oK
Xt Cd ez REUF e S, RBUR AR Cd
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MR 1] 3 F¥0%E B2 A RE 1 555 2728 A5 R

B,

WIFHEEHL 8 DEORAAFIFFRL Cd 1Y%z R 50

INT 1, #5250k 0.05~0.27, HbAy 7 E KN
FIOMAKE 27 5. MIAKRE3G S, HEE LS, L
AT 15 MARETE 3 5. 25l 192, AR AR 2
SYFERLR ) Cd & iR TE SR ME(< 0.2 mg/kg);
FEFA DS 8 A~ F K SFIFFRLH ) Cd B LT
E X b, H 8 MNEKMFIMATRL Cd s REEY
/INT 1, B RECH 0.04~0.24,
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