Genotype Variations in Maize on Cadmium Contaminated Soil
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INTRODUCTION

Cadmium is a heavy metal that presents a great threat on the environment due to its toxicity to plants, animals and humans. Cadmium accumulates in plants and the concentrations are mostly not toxic to the plant itself but are toxic to the animals that feed on them. Due to long human lifespan cadmium can accumulated to toxic levels by eating cadmium-contaminated food (Tudoreanu and Phillips, 2004). In plants, cadmium directly or indirectly inhibits physiological processes such as respiration and photosynthesis (Lagriffoul et al., 1998). Maize (Zea mays L.) as a major crop has been investigated for metal accumulation for decades. Due to its widespread use a great benefit would be to develop genotypes with low cadmium accumulation or genotypes with high cadmium accumulation for phytoremediation. In our research we focused on the effects of increasing cadmium concentrations in soil on maize plants and on the uptake of cadmium and other metals by different maize genotypes that ICP-OES analysis could provide.
METHODS

The experiment was designed with five increasing cadmium concentrations as follows: control, 0.5 mg Cd/kg of soil, 1 mg Cd/kg of soil, 5 mg Cd/kg of soil and highly contaminated soil (approximately 10 mg Cd/kg of soil). Cadmium was applied as CdCl2 solution. Solutions were prepared as follows and the solutions were applied as 10 mL of solution/kg of soil for each treatment (B2: 0.408 g of CdCl2 was weighed and dissolved in 5 L of deionized water, B3: 0.816 g of CdCl2 was weighed and dissolved in 5 L of deionized water, B4: 4.08 g of CdCl2 was weighed and dissolved in 5 L of deionized water. Soil was weighed and spread in a few centimeters thick layer and was sprayed with the according volume of prepared CdCl2 solutions. Each treatment (B1-B4) is composed of 24 pots. Seeds of six maize genotypes (B73, Mo17, B84, Os6-2, OS552 and OS602) were planted in pots (r=275 mm, h= 250 mm) on May 9, 2012. Eight seeds per pot were planted in four replications per each genotype (pots per genotype = 4, pots per treatment = 24). Upon germination seedlings were watered with approximately 200 mL of water. Plant samples were collected during silking. Ear-leaves were collected for ICP-OES analysis.
RESULTS and discussion

Variations in zinc accumulation due to replication and genotype were not significant, but the variations due to treatment were significant with the F-value 69.50 (Table 1). 
Table 1. Analysis of variance for zinc and cadmium concentrations in ear-leaf of six maize genotypes across five different cadmium levels in soil
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Cadmium concentration in maize plants varies substantially, with highly significant effects of genotype, treatment and treatment×genotype. 
Consistently highest concentrations of cadmium across Cd levels were measured in maize line Os6-2 and the lowest in the B73 line (Fig. 1). Maize genotypes were split into two groups: higher accumulating (Os6-2 and Mo17) and lower accumulating (OSSK602, OSSK552,B84 and B73).
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Fig. 1.   Cadmium concentrations in ear-leaf of six maize genotypes across five different cadmium levels in soil 
CONCLUSIONS

Based on the results presented in this study, it is apparent that different maize genotypes accumulate varying amounts of cadmium under the same treatments. The differences among genotypes were increased by elevated cadmium levels in soil. Cadmium also affects zinc uptake by the plants. Increasing the concentration of cadmium in soil resulted in splitting maize genotypes into two groups regarding cadmium accumulation (higher accumulating and lower accumulating).
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