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Uptake and transport characteristics of cadmium and nutrients in different varieties of maize (Zea mays) at

seedling stage

FAN Yu, ZHUANG Zhong, ZHAO Lijie, ZHANG Chen, WANG Qi, LI Huafen, WAN Yanan”

(Beijing Key Laboratory of Farmland Soil Pollution Prevention and Remediation, College of Resources and Environmental Sciences, China
Agricultural University, Beijing 100193, China)

Abstract: With the development of mining, metallurgy, industry, and agriculture, soil cadmium contamination has become increasingly
serious. Screening of low accumulation varieties is an effective method to reduce cadmium in crops and its intake by humans. The uptake
and transport characteristics of cadmium and its correlation with other nutrient elements in 24 maize varieties were studied through
hydroponic experiments. The results showed significant differences in the uptake, transport, and accumulation of cadmium among different
varieties of maize. The cadmium content in the shoot and root ranged from 40.8 pg-g™" to 83.8 g g™ (dry weight) and from 544 pg-g™" to
1 204 pg- g (dry weight), respectively, with one time difference. The transport factor ranged from 0.060 to 0.297, with a difference of
approximately four times. There was a significant positive correlation between cadmium content in shoot and cadmium content in root, and
also between cadmium content in shoot and transport factor. All varieties were clustered and divided into three different cadmium
accumulation types, and 11 types of maize were selected as low cadmium accumulation types. In addition, the cadmium content in the shoot
exhibited significant negative correlations with phosphorus, manganese, and iron. Among 11 maize varieties with low cadmium
accumulation, three with calcium accumulation, eight with magnesium accumulation, and one with zinc accumulation, two maize varieties
(Weike 702 and Denghai 652) with low accumulation of cadmium and easy accumulation of nutrients were selected.

Keywords : maize variety; cadmium; absorption; transport; nutrient element
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Table 1 Tested varieties of maize

#%*5 Number il Variety 1 A X 35 Suitable planting region
1 FiEE702 NI B AN 7S &
2 JeAEIN 368 dex
3 K99 RHE AR
4 R 1L e[

5 G618 MBI AT IADINS €2
6 K918 demt R L RS
7 FEEE 105 bk

8 AR} 728 Jb5T R i

9 HUAR} 828 Jem

10 it 652 A

11 £ 101 At R b e A
12 A HL6531 LY B | At
13 i R968 AR AT A TS
14 455 pis | AN LB ANy E )
15 #9058 WAL LR TR R
16 F £ 30 B[00 S | AT E
17 iR 517 B |50 e N 3453
18 15909 SO I B AN TR RN ST
19 FEF-206 SN IR EIANITR S &
20 23 BRI N 2V i
21 ES518 FENEEIR G AN TR NS &
22 SekE 047 7R

23 751 605 NN IRT B AN IR RS &
24 41K 202 K

1.2 {8t

AKFE IR TE M R AT o B
Tl A BE 14 RLFD 17 109% BUE K (Ho05,m/m) o
I KA 10 min, FEPE, HIZE KI5, R 5 78
20 CHIRBOENRAMF Tk 24 he PRk 5 — 8
T US40 S, 78 SR /INGE R T 28 K 55 97 6 d.
B KB — 05, PR K — B 2k 2K
EAAT RS R E SR (R 2~ IR . BRI
241 : Ca(NO3), + 4H,0 2 000 pmol « L', KH,PO, 250
pmol « L', K;SO4 750 pmol « L', MgSO, + 7H.0 650
pwmol « L', KCI 100 wmol - L™, HsBOs 1 wmol « L™, Mn-
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B E R IR

SO,+H,0 1 wmol - L™, CuSO,+5H,0 0.1 wmol - L™, Zn-
SO, + 7TH.0 1 mmol + L', (NH.)¢Mo;0s4 - 4H,0 0.005
pwmol - L', Fe( 11 )~EDTA 100 pmol - L™, % & 4@ AL
FELL CA(NOs)2 - 4H0 T SN AL 5 TR W E
10 wmol - L', Ji 0.1 mol - L ) KOH B HC1 745 F7
pH ] 6.00 A S ANELE 7 dHE—KER
W PR SRIIESS SR E R R K% 19 d R ok

ORI E KL B AR 3292 22 200 mL pH 2k 5.5 1935k
Ji % (1 mmol-L™" CaSOs,2 mmol - L™ MES) H, Vi 1z
B TEAR R4 . FHURARIR T 3R /K 4, 43 5 L b 3R
HRES , 7E 60 CHIBEAT LT KBt T 5 i TR M
T4, P B A 55 B TR & 43 9615 {X (ICP-OES,
PerkinElmer Avio 200) I 52 75 i W P 48 B 85 VR .
B EE ER ER . DUE AR HES L A
(GBW 10049 K Z0) JEA T 45 , EIFRAE 5 4> Bl
YA Fev/FiR 2535 FE P9 ([EIBCRTE 80%0~115% 2 18] .
1.3 HiEabiE

{d Fi] Excel 2003, SPSS 26.0. R 4.1.3 #47 $ i 4b
PEF BT, SigmaPlot 12.5 il & o SR BN R F 25
Hr CANOVA) Fl Duncan £ 5 L8 55 (P<0.05) #E 17
Gt b B AR (] ) 26 ZRE 3 Pearson AH 43 BT i
TE o R JHIRR CCBE 2 T8 2275 Rk kA T 2R 2537 -

B i AR (g - g7 =M 34 5 & (g -
g ) xH EI T () R R T i (g g DX R
T () IR R T4 & ()

538 A= AR i (pg e g /AR R AR
(pgg "M,

2 HRESH

2.1 REEKREMHEDNE

7E 10 wmol - LAY FR AL BHKSE R, AS[a] i Ff K
A B M R (BR2) . ROk BT i
AL 35 (K £ 99)0.357 g+ #%' 51 18 5 (H
$1.909)0.767 g k", FHMEH 0.590 g #k'. R T
ARV B 35 (R K 99)0.073 g+ #4751 21 5
(B8 518)0.147 g+ bR, P XME R 0.112 g-#k7'0 AN[H]
F oK R ] AE P a0 25 5 AT RE R B TR RS R A
RV Y 22 S 1 Y o
2.2 AREIEXBFITEL R KT

244 F K SR AR i (LT ) AR
6 A I I (AT B ) W L R o AN
Fp ok iR 2SR B . W E AR A
15 (5% 702)40.8 pg- g ' 51 24 5 (4: 5 202)83.8 pg-

1% WHART]
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Table 2 Dry biomass of different parts of different maize varieties

BAfL:g-plant™
445 Number fhfl Variety  Hi1_ 3 Aboveground H & Root

1 fiFE702 0.408+0.071cd 0.080+0.018abc
2 Je&FHN368  0.612+0.157abed 0.141+0.032ab
3 K F 99 0.357+0.107d 0.07320.020bc
4 LEFES 0.564+0.099abed 0.102+0.017abc
5 I 618 0.652+0.123abed 0.146+0.023a
6 KE918 0.722+0.121abc 0.129+0.033abc
7 LR 105 0.423+0.119bed 0.08720.024abc
8 HARET728 0.713+0.161abc 0.128+0.032abc
9 R 828 0.412+0.063cd 0.07820.013hbc
10 R 652 0.39020.106¢d 0.08620.027abc
11 fedE 101 0.676+0.176abed ~ 0.115£0.027abc
12 A6531 0.450+0.012abed ~ 0.084+0.014abc
13 HURL968 0.614+0.125abed 0.12020.033abc
14 &5 0.474+0.067abed 0.08620.010abc
15 ¥R 2958 0.674+0.172abed 0.118+0.042ab
16 FE30 0.565+0.124abcd 0.114+0.027abc
17 R 517 0.626+0.130abcd 0.13020.022abc
18 151909 0.767+0.166a 0.138+0.036abc
19 - 206 0.646+0.097abed 0.112+0.018abc
20 mE23 0.373+0.152d 0.072+0.019¢
21 B 518 0.724+0.162abc 0.147+0.023a
22 Jelk 047 0.761+0.076ab 0.141+0.016ab
23 i 605 0.72120.075abc 0.132+0.019abc
24 415202 0.695+0.238abed 0.141+0.043ab

T R PR P AR E 2 (n=5) , A FUAR R /NE FREFRORA

[F) it Fofr ) 22 572 4 2 (P<0.05) o

Note: The data in the table are means+SD (n=5). Different lowercases

in a column indicate significant differences among varieties (P<0.05).
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Figure 1 Cd content in shoot(a) , Cd uptake by root(b) and transport factor(c) of different maize varieties
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Figure 2 Correlation between Cd content in shoot and Cd content absorbed per gram(a) and transport factor(b) in maize(n=107)

0
400

1400

CAIES Ry R ER 4
FAAERE B ER BB S AL R o T b AR S

BE V) VREZ AR e MEAS B3 WIS R RE Ok ) e HL M
ARG R NS B R RS R A, Bt
S R L= STV 0 B T S v L i
T I, B VES BE B B VR VBRE R LR T E AN E
KRRt T 2%

XF 24 B FOKR L ARG BE VR BRI TR
AT ARATES BE R VBE S BRIR ALK (B 4), )
PERBLEER B R, 5 BRI 350 (K 4a) . 4K
202 B 518 BT 652, Sy R EESSAIAT 8 A (1A
4b) AHFE 702 2% F 23 B 518 FEF- 206 5 FF 968
KK 99 4K 202 B 652, & BRVHZSHI LA 7 /b
(Flde) 2 K23 .45, R K918, 4 K202, H i
909 & 605 L 702, RBVEERA LU 1 (1A
4d) : 5 1968,

X A 11 AR AR B AR R OK I 3 PG A by 2R

8 e by BT R 5y R FPEE D) BB Tk

100
Tw 80 -
o
u: N
g 00r
E =
f £ 40f ®
= E r=0.530%*
TE ol P<0.01
3 °
=
]
0 . . . . .
0 0.1 0.2 0.3 0.4 0.5

32 28 Transport factor

®3 AEMMEXM AR B 55 .5 0 & KEEEEREG)

Table 3 Correlation of Cd,P,Ca,Mg,Cu,Zn,Mn and Fe contents in shoot of different maize varieties (r)

Cd P Ca Mg Cu In Mn Fe
cd 1.00
P ~0.225* 1.00
Ca 0.026 -0.094 1.00
Mg 0.164 0.248% 0.520%* 1.00
Cu 0.106 -0.147 05027 0.241% 1.00
Zn 0.178 0.429%x 0.102 0357 0.235% 1.00
Mn ~0.386% 0.315%* 0.435%+ 0.293 -0.018 0.112 1.00
Fe ~0.233* -0.009 0.076 0.041 0.262%* -0.027 0.226* 1.00

T 4 RIR P<0.05, #3278 P<0.01, 2R FSUR A B0 X AH &1 1 i 5 A 736 o

Note: * represents significant correlation at P<0.05. **represents significant correlation at P<0.01 and the tank bottom corrosion, and testing the

correlation by two—tailed test.
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Figure 3 Cluster of Cd content in shoot of different maize varieties
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Figure 4 Cluster of Ca(a),Mg(h),Cu(c) and Zn(d) contents in shoot of different maize varieties
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