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Abstract: The plant height spike length and grain yield of wheat varieties Zhengmai 9023 and Xiaoyan 22
were analyzed under the stress of heavy metals Cd Pb As Hg and Cr in field conditions. The results showed that
the spike length of Zhengmai 9023 decreased under the stress of Cd Pb As Hg and Cr and the similar results in
Xiaoyan 22 were also found under the stress of Cd As and Cr. The plant height of Xiaoyan 22 reduced under the
stress of Cd Pb As Hg and Cr but it increased in Zhengmai 9023 under the stress of As and Hg. The plant height
increased with the higher dose of Cd and/or Pb and decreased with the lower dose of Cd and/or Pb but showed a
reverse trend under Cr stress. In addition the grain yield of the two varieties was significantly lower under Cr stress
than CK but was higher under Cd Pb As and Hg stress. The yield threshold value of As Cd Cr Hg and Pb was
53.42 1.31 749.73 7.43 555.57 mg/kg for Zhengmai 9023 respectively and 42.58 1.80 828.18 10. 30
437. 01 mg/kg for Xiaoyan 22 respectively.
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Tab.1 Applied dose levels of different heavy metals
0 Sk (1) (2) .
Heavy metal . g/kg) Times /(‘mg/kg) Times /(' mg/kg) . /( mg/kg)
Times  Heavy metal Heavy metal Heavy metal Soil background ( 1T)
As Na;AsO,( V) 0 0 0.75 18.75 1.50 37.50 25.00
Cd ( Cdso, + 5H,0) 0 0 1.00 0.60 2.00 1.20 0.60
Hg ( HgCl,) 0 0 1.00 1.00 2.00 2.00 1.00
Cr CrCly( 1M 0 0 0.75 187.50 1.00 250.00 250.00
Pb ( PbNO;) 0 0 0.50 175.00 1.00 350. 00 350.00
: =(012 ) x If ( GB15618 - 1995 )
Notes: Dose of heavy metal = ( values of 0 1 and 2) x soil background levels( 1) .
1.3 20 2o .
N N N Excel 2003 DPS 7.5 N

N 1.5m o



A G T A
e 120 z
Cd.As.Cr 2 22
2 Pb
2.1 N :Pb2 > Hg2 >Pbl >CK > Cdl > Asl > Hgl > As2 >
CK Cd2>Crl >C2( 2).
Pb 2 9023 As.Cd.
Cr 9023, 22
1 Cdl > Hg2 > Crl > As2 > ; Hg-Pb 9023
CK > Pbl > Pb2 > Asl > Cd2 > Hgl > Ci2, 22 ( 3).
2
Tab.2 Effects of varieties heavy metals on wheat spikes length and plant heights
/cm Plant height /em Length of spike
treatment 9023 Zhengmai 9023 22 Xiaoyan 22 9023 Zhengmai 9023 22 Xiaoyan 22
Asl 58.2aA 64.5abAB 7.9abA 6.4abAB
As2 59.6aA 66. 1aA 8.3aA 6.4abAB
Cdl1 56.6aAB 63. 8abAB 8.5aA 6.5abAB
Cd2 59.1aA 64. 1abAB 7.8abA 6.3bAB
Crl 60. 1aA 59.5bcAB 8.4aA 6.2bAB
Cr2 48.1bB 55.9¢B 7.5bA 6.1bB
Hgl 58.8aA 65.0abA 7.8abA 6.4abAB
Hg2 59.7aA 64.2abAB 8.4aA 6.5abAB
Pbl 57.3aAB 65. 1abA 8. labA 6.5abAB
Ph2 58.8aA 65. 6abA 8.0abA 6.7aA
CK 57.7aA 67.7aA 8.2abA 6.5abAB
P<0.05 P<0.01 o 3~5 1
Notes: uppercase and lowercase letters means significant levels at P<0.05 and P<0.01 respectively. The same as Tab.3 -5 Fig. 1.
As2 Ph2
Pbl .Cd1.Cr2 9023 Cr2 ; 22
: Crl > : CK > As2 > Pb2 > Pbl > Hgl > Asl >
Hg2 > As2 > Cd2 > Hgl >Pb2 > Asl > CK >Pbl > Cdl > Hg2 > Cd2 > Cdl > Crl > Cr2(  2) . Cd.Pb. As.
c2( 2), As Hg 9023 Hg.Cr 22
Cd.Pb Cr (P <0.05)
5 (P<0.01) ;5 22
:Cr>Hg >As >Pb >Cd :Cr>Cd>Hg>As=Pb
( 3). 5 22 ( 3),
3 N
Tab.3 Total effects of varieties heavy metal stress on height of wheat and length of wheat” spikes
/cm Plant height /cm Length of spike
9023 9023
Treatment Zhengmai Increase Xiaoyar%222 Increase Zhengmai Increase XiaoyanzzZZ Increase
9023 /decrease /decrease 9023 /decrease /decrease
As 58.9aA 1.2 65.3aA -2.4 8. laA -0.1 6.4abAB -0.1
Cd 57.8aA 0.1 63.9aA -3.8 8. laA -0.1 6.4abAB -0.1
Cr 54.1aA -3.6 57.7bB -8.2 8.0aA -0.2 6.2bB -0.3
Hg 59.3aA 1.6 64.6aA -3.1 8. laA -0.1 6.5aAB 0.0
Pb 58.0aA 0.3 65.4aA -2.3 8. laA -0.1 6.6aA 0.1
CK 57.7aA 0.0 67.7aA -0.0 8.2aA 0.0 6.5aAB 0.0
2.2 N 0 4 CK Cr

(P <0.05) 9023
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: Hg2 > Pbl > As2 > (P<0.05) Pb.Hg
Cd1l > Pb2 > CK > Hgl > Cd2 > Asl > Crl > Ci2;5 :
9023 Pbh2 >Hgl >CK >Pbl > Cdl >Hg2 > As2 > Cd2 > Asl >
Cr Cd Crl >Cr2, 5 22
1 Cd <Pb < As < Hg < Cr( Cr As 5
5) . 22 CK As.Cd. : Pb<Hg<Cd<As<Cr( 5).
Cr Cr
4 N
Tab.4 Effect of 5 varieties heavy metals on weight of wheat glumes and the spikes respectively
/( kg/hm®) Weight of glumes /g Weight of per spike
Treatment 9023 Zhengmai 9023 22 Xiaoyan 22 9023 Zhengmai 9023 22 Xiaoyan 22
Asl 961.3abABC 864.3abABC 1.41bB 1.70abA
As2 1 123.0aAB 1 031.2aAB 1.48bB 1.82abA
Cd1 1 121.8aAB 1 072.7aAB 1.50bB 1.65abA
Cd2 1 088.3aAB 907.7abABC 1.45bB 1.61bA
Crl 629. 6bcBC 523.2bcBC 1.91aA 1.78abA
Cr2 492.5¢C 309.3cC 1.44bB 1.85abA
Hgl 1 108.5aAB 1 212.0aA 1.49bB 1.89aA
Hg2 1 282.7aA 1 070. 6aAB 1.53bB 1.69abA
Pbl 1221.1aA 1 102.2aAB 1.38bB 1.66abA
Pb2 1 114.7aAB 1 275.2aA 1.514bB 1.79abA
CK 1 113.0aAB 1 181.9aA 1.55bAB 1.68abA

:Cr>Pb>As >Cd >

CK 9023 Crl Hgo 22 Hgl
1.91 g/ Pbl 1.90 g/ Ci2 Cd2
1.38 o/ 2
: Crl > CK > Hg2 > Pb2 > Cdl > Hgl > “Hgl > Ci2 > As2 > Pb2 > Crl > Asl > Hg2 > CK
As2 >Cd2 >Cr2 > Asl >Pbl( 4), >Pbl > Cdl >Cd2;5
9023 :Cr>Hg>Cd>As>Pb(  5) .
5 Cr Hg 5
5 N
Tab.5 Total effects of varieties heavy metal stress on weight of glumes and the spikes
/( kg/hm®) Weight of glumes /g Weight of per spike
9023 9023
Treatment Zhengmai Increase Xiao a3222 Increase Zhengmai Increase Xiao 3112222 Increase
9023 /decrease ¥ /decrease 9023 /decrease ¥ /decrease
As 1 042.2aA -70.8 947.7aA -234.2 1.45bA -0.05 1.76aA 0.06
Cd 1 105.0aA -8.0 990. 2aA -191.7 1.47abA -0.03 1.63aA -0.07
Cr 561.0bB -552.0 416.3bB -765.6 1.68aA 0.18 1.82aA 0.12
Hg 1 195.6aA 82.6 1 141.3aA -40.6 1.51abA 0.01 1.79aA 0.09
Pb 1 167.9aA 54.9 1 188.7aA 6.8 1.44bA -0.06 1.73aA 0.03
CK 1 113.0aA 0.0 1 181.9aA 0.0 1.55abA 0.00 1.68aA 0.00
2.3 (P <0.05) CK  Cd.Hg.
1 Pb.As 22
0 Cr o 9023 :
2 CK (P< Cr2 < Crl <CK <Cd2 <Hgl <As2 < Asl <Hg2 <Pbl <
0. 05) Cr Cdl < Ph2; 22 :
Cr ; Cd-Hg.Pb. As Cr2 <Crl < CK < Hgl < As2 < Hg2 < Cdl < Cd2 <

Cdl.Pb2 9023 Pb2 < Asl <Pbl.
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Fig.1 Effect of 5 varieties heavy metals on wheat grain yields
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Fig .2 The relationship between heavy metals and grain yields
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Tab.6 The threshold value of two genotype
under various heavy mental mg/kg Cr 9023 )
o023 2 : Cd.Hg.Pb.As
Treatment ~ Zhengmai 9023  Xiaoyan 22 Notes 5 5 C
As >53.42 >42.58 (2 '
cd >1.31 >1.80 Cd.Hg.Pb. As °
Cr =749.73 =>828.18 2
Hg =7.43 =10.30 ( o6) 6
Pb =555.57 =437.01
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