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Differences of cadmium and zinc accumulation and translocation in different varieties of Zea mays
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tion College, Yunnan Agricultural University, Kunming 650201, China; 3.College of Resource and Environment, Yunnan Agricultural Uni—
versity, Kunming 650201, China; 4.Agricultural Environmental Protection Monitoring Station of Yunnan Province, Kunming 650201, China;
5.Institute of Geographic Science and Natural Resources Research , Chinese Academy of Sciences, Beijing 10010, China)

Abstract: In the heavy metal contaminated soil of cadmium-zinc(Cd-2Zn), the effects of Cd and Zn on the growth of 20 maize varieties a—
long with differences of Cd and Zn accumulation and transfer between different maize varieties were studied in field experiments. The pur-
pose of the field experiments was to screen out maize varieties with low accumulation ability of Cd and Zn. The results showed that there
were significant differences among 20 maize varieties of plant height, leaf area, biomass as well as yield under combined stress of Cd and Zn.
Meanwhile, there were significant differences among 20 maize varieties of Cd and Zn uptake by root, stem and leaf, kernels Cd and Zn accu-
mulation and translocation ability(P<0.05). The seed Cd contents of 2 varieties were more than the food sanitation standards set by the state
(<0.2 mg-kg™). The stem and leaf Cd contents of 13 varieties were more than the national feed hygiene standard ( <0.5 mg-kg™). The
kernel stem and leaf Zn contents of 20 varieties conformed to the food sanitation standards ( <50 mg-kg™). The Cd enrichment coefficients
of 7 maize species<1, the stem and leaf transfer coefficient of 13 maize species<1, and all the seed transport coefficients were less than 1.
Data analysis results showed that there were still certain absorption capacity of the maize to soil Cd, but the transport capacity from root to
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shoot and from stem and leaf to grain was weak——The Zn enrichment coefficients of 20 maize species<1,the stem and leaf transfer coeffi—

cient of 18 maize species<1, and the seed transport coefficients of 6 maize species<1.Data analysis results showed that the absorption capac-

ity of the maize to soil Zn and the transport capacity from shoot and stem to grain were strong. Evaluated by the index of maize biomass,

grain yield, Cd and Zn content , Cd and Zn enrichment coefficient and transfer coefficient, 5 varieties of Hong Dan 6, Hong Yu 1, Yun You
78, Ping Dan 2 and Ping Dan 2 could be used as Cd low accumulation Maize Varieties, and Ya Yu 98 could be used as Zn low accumulation
Maize Varieties, and were fit to be planted in Cd, Zn polluted soil in Gejiu lightly and moderately.

Keywords: Zea mays; cadmium; zinc; accumulation and translocation; screening
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Table 1 The cultivars of Zea mays

i i ' i ' i i i
1 = Fii 88 6 LT 6 5 11 PR35 16 FE 25
2 =i 25 7 DLET A 892 12 I 12 5 17 FE5%5
3 ZH 105 8 a1 13 P2 18 JFp 2 B
4 =X 220 9 A 167 14 5k 25 19 T+ 98
5 I 4T 10 Z1 78 15 SRR 20 e 5 5




18
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Table 2 The differences in growth and yield of different varieties of maize

AW (DW)/g- #™

s e /lem -1 FH/em? W 125 Shoot % Root rem/kg-hm
1 258.50+2.12j 856.80+17.25hij 130.56+7.40gh 11.87+1.36fghi 8 577.90+135.30g
2 290.50+6.36abcdef 928.90+0.92defghi 155.20+9.51de 10.13+1.27ghi 8 278.80+274.95g
3 305.00+7.07a 954.10+19.94bcdefgh 159.99+13.98cd 18.00+3.61abcd 9 943.20+112.80b
4 283.50+2.12cdefgh 874.50+10.61fghij 150.48+0.71def 7.76+0.39i 8 354.10+230.40g
5 289.00+5.66bcdfeg 964.00+5.85bcdef 146.31+6.43defg 9.82+3.76hi 9 154.50+29.25de
6 297.00+9.90abc 903.00+80.61efghij 184.92+11.00a 13.21+0.80efgh 9 528.00+352.20bcd
7 279.50+4.95defghi 1 035.01+23.35abc 182.12+16.47ab 16.69+4.280bcde 9 357.90+£103.95cde
8 287.00+£9.90bcdefg 939.90+84.78cdefghi 160.80+2.67cd 18.80+1.05ahc 9 912.60+370.80b
9 305.50+7.07a 907.30+8.06efghij 165.00+3.82bcd 13.85+0.84defg 9 486.30+173.55bcde
10 279.00+1.41efghi 860.00242.00ghij 158.7420.35¢d 11.83+1.99fghi 10 760.70+177.75a
1 273.50+9.19ghi 961.00+36.77bcdefg 136.4421.61efg 11.57+0.25fghi 8 452.50+30.15g
12 298.00+11.31abc 1 049.50+15.63ab 129.05+4.77gh 15.97+1.28cdef 9 785.40+78.00hc
13 275.00+7.07fghi 986.40+0.85abcde 159.04+6.30cd 15.12+0.47cdef 8 489.70+113.25g
14 266.50+4.95ij 839.30+£105.01ij 139.89+11.04efg 18.02+2.90abcd 7 126.20+11.10h
15 290.00+1.41abcdef 1 071.00+14.85a 177.11+16.14abc 14.56+1.11cdefg 8 643.90+310.95fg
16 300.00+5.66ab 876.20+42.71fghij 135.20+4.68fg 10.33+0.28ghi 9 036.00+£343.65¢f
17 293.50+7.78abcde 1 020.20+42.71abed 135.29+1.49f 13.95+0.77defg 7 450.50+£303.30h
18 287.50+6.36bcdefg 809.80+33.59j 136.54+2.74¢ 13.76+0.28defgh 10 758.30+34.35a
19 295.00+7.07abc 919.70+23.12efgi 115.64+2.35h 20.92+0.40ab 8 196.90+138.75g
20 271.00+1.41dhij 1 075.30£8.13a 175.06+4.41abc 21.92+1.27a 10 652.10+62.4a
FHE 286.20 941.59 151.67 14.40 9 104.85

T PR EARERR (n=3) , [7]—BIAN ) 5= B3R 25 i i 2 1] 22 57 {1 35 (P<0.05, Duncan i) . Tl

Mo ARFR Zn F 5 0 A Y {E 43 51y 28.86~68.55
mg- kg™ F1 48.58 mg- kg™, 25>k 19.90~41.71 mg- kg™
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35.10 mg-kg™, 7E Cd-Zn &5 MET 20 A~ K S Fh
HOFRRLFIZE MY Zn S B S E R B AR
(=<50mg-kg?).
2.3 EK Cd.Zn REFMFEIEHMIERSW

A R BCHE K RE W SRAEAE ) X 4 R IR
WL RRE T, R 4 0[50, Cd-Zn &AM 444 F 20
A E KRS 23 Cd .\ Zn IR IR B R8I T
# 25 (P<0.05), 20 A~ E KAl Cd & HERECH
0.618~2.436, H.:#h 6.8.9.10.13.17.18 5 7 4~ AP iy
EERE<L, B 7 AR AL XS 1+ Cd
HIRISCRE 73055 , AR 13 N Eh R . 20 > K b A
M EFR Zn (5 4R RO 0.056~0.131, ¥/hT 1,
FrAs i EOK T 8 Zn A IRIACRE 155 o

FoKFERL N ZE T Cd . Zn SR A ZSALERIE S ®
KRR B 4 8 T RE A ¢, BRI 7E9) 28 T
fif & At Cd Zn LR EE AR |, il fEis R

Bilt— 24 Cd . Zn fh 250 mbERL G 2 B RE ) 2 &
fEtEm M 225, Wbz RE(ER 4)kFE , 210K
Flrh Cd #2555 12 RE K PREE 1a RBGEH 51N
0.495~2.187.0.094~0.992, H jhFhli] 227 5% (P<
0.05), Hrf 12 A~ s A 28 - s R A<, T i A i ol
Frhift iz ZE<1, BEIHX 12 4> FOK AP XS Cd
H R ) RS RE eSS, 1 HZ 20 AR
oKX Cd iy 25 R ERL Y% 12 AR T ¥ 855 . 20
A EKAFP Zn BYZEM-5E 08 R FERIRE 1 RG]
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Table 3 Cd,Zn concentrations in root, stem leaf and grain of different varieties of maize
. Cd/mg-kg™ Zn/mg-kg™
s
Uit Euy FPRL Uit Euy FRL
1 0.47+0.02cd 1.03+0.02a 0.31+0.01a 44.34+0.16hij 32.08+0.26bcd 35.08+0.55bcde
2 0.55+0.01bcd 0.97+0.00b 0.09+0.01efgh 47.36+0.91fgh 36.85+0.81abc 35.03+0.55hcde
3 0.45+0.03d 0.86+0.02c 0.07+0.00ghi 38.59+0.45k 41.71+0.93a 33.38+1.48def
4 0.55+0.01bcd 0.75+0.02¢ 0.09+0.01efgh 54.69+0.58bcd 37.17+0.47abc 34.69+1.21cde
5 0.64+0.01abcd 0.64+0.03g 0.09+0.01fgh 53.86+0.92bcde 36.54+1.05abc 31.22+1.73efg
6 0.53+0.04bcd 0.39+0.01j 0.06+0.01i 53.22+0.69bcde 39.13+2.49ab 31.08+1.47efy
7 0.55+0.01bcd 0.82+0.02d 0.08+0.01fghi 46.68+0.11ghi 34.24+2.65abcd 36.26+1.51bcd
8 0.55+0.01bcd 0.37+0.01j 0.08+0.01fghi 46.70+0.04ghi 28.56+0.40cde 37.16+0.58bcd
9 0.53+0.05bcd 0.27+0.04k 0.20+0.01bc 42.16+0.01ijk 19.90+1.72e 43.22+1.23a
10 0.48+0.06cd 0.39+0.03j 0.07+0.01ghi 40.72+1.55jk 28.66+0.56¢cde 35.05+1.71bcde
11 0.61+0.07abcd 0.60+0.00gh 0.12+0.01de 50.29+0.01defg 24.95+1.49de 38.90+1.63b
12 0.72+0.02bc 0.55+0.02i 0.22+0.01b 68.55+0.11a 28.02+1.30cde 30.68+1.17fg
13 0.64+0.17abc 0.39+0.00j 0.09+0.01efg 57.89+1.57b 26.65+1.24de 38.85+2.13b
14 0.52+0.11bcd 0.58+0.01hi 0.07+0.03ghi 28.86+1.12I 31.59+0.21bcd 36.28+2.11bcd
15 0.57+0.08bcd 0.70+0.00f 0.14+0.02d 50.36+0.62defg 38.66+0.78ab 43.38+2.21a
16 0.64+0.14abcd 0.54+0.00i 0.09+0.01efgh 44.26+1.62hij 30.39+1.81bcd 33.94x1.21def
17 0.56+0.04bcd 0.36+0.04j 0.11+0.01ef 56.17+0.81bc 28.40+0.33cde 34.76+1.18cde
18 0.53+0.01bcd 0.37+0.01j 0.07+0.01hi 51.87+0.52cdef 25.84+0.67de 28.38+2.44gh
19 0.78+0.01a 0.61+0.00gh 0.19+0.01c 46.00+0.19ghi 31.51+1.01bcd 26.14+1.62h
20 0.64+0.02abcd 0.70+0.03f 0.12+0.01de 49.02+0.24efgh 32.88+0.62abcd 38.56+1.67bc
SEXE 0.58 0.59 0.118 48.58 31.69 35.10
TALRE AR BRI 0.5 ARAAT
1 AR 0.2 50
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Table 4 The bioconcentration factors and translocation factors of Cd, Zn of different varieties of maize
. Cd Zn
G ~ X - \
BCF 2t TF ¥R TF BCF 20 TF ¥R TF

1 2.436a 2.187a 0.401bc 0.099bcd 0.723bcd 1.105cd
2 2.267a 1.749bc 0.107c 0.109abc 0.779b 0.958d
3 1.980b 1.929ab 0.094c 0.131a 1.086a 0.801d
4 1.796bc 1.368de 0.099c 0.115ab 0.680bcdef 0.934d
5 1.429de 0.991fghi 0.189c 0.107abc 0.679bcdef 0.855d
6 0.941f 0.727hij 0.153c 0.113abc 0.735bc 0.797d
7 1.919bc 1.480cd 0.099¢ 0.104def 0.735bc 1.061cd
8 0.806fg 0.670ij 0.222c 0.081abcd 0.605bcdefg 1.420bc
9 0.618g 0.495j 0.992a 0.056f 0.472efg 2.183a
10 0.885fg 0.810ghij 0.181c 0.082def 0.705bcde 1.222bcd
11 1.440de 0.989fghi 0.185¢c 0.069ef 0.496defg 1.559b
12 1.320d 0.761hij 0.547b 0.082cdef 0.4109 1.096¢d
13 0.921f 0.632ij 0.272bc 0.080def 0.461fg 1.461bc
14 1.312d 1.159defg 0.126¢ 0.092bcde 1.089a 1.193bcd
15 1.648cd 1.340def 0.235¢c 0.108abc 0.769b 1.123bcd
16 1.226d 0.878ghi 0.203c 0.083cdef 0.688bcdef 1.120bcd
17 0.881fg 0.653ij 0.362hc 0.083cdef 0.505cdefg 1.235bcd
18 0.907f 0.695ij 0.179c 0.078def 0.498defg 1.100cd
19 1.398de 0.778hij 0.181c 0.090bcde 0.685bcdef 0.829d
20 1.646¢d 1.096efgh 0.135¢c 0.095bcde 0.671bcdef 1.174bcd

Lable Num 5 1:5 2:0 2;5 Lable Num 19 1:5 2:0 2:5

a3 3 A7 7

uLl':rﬁ‘ 10 10 uﬁgﬁi 14 14

uLl':rﬁ‘ 14 14 uﬁgﬁi 8 8

fhAh 18 18 SR 2 2

AhFh 6 6 — hafp 10 10

AR 7 7 AR 1 1

w8 8 mn 4 4

anfp 13 13 A 17 17

i 16 16 hhFp 3 3

a2 2 mnAP 16 16

ShF 4 4 ShAP 11 11

HLF 5 5 mE13 13 3——

ShAP 11 11 hhfh 20 20

GF20 20 il 9 9 7

ShFP 17 17 sl 15 15

AhF 15 15 -~ ShFh 5 5

hTy ] 9 T AP e 6

mnfp 12 12 ] A 12 12

il 19 19 S 18 18

A1 iFily 19—

B 1 AEEAR@FFFHIF Cd SEBRES

Figure 1 The hierarchical clustering analysis diagram of Cd
concentrations in grain of different varieties of maize
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Figure 2 The hierarchical clustering analysis diagram of Zn

concentrations in grain of different varieties of maize
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