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throughput soil culture analysis; B: Phnotype of varieties sensitive to aluminum; C: Histogram of the frequency distribution of fresh weight in
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the population; D:Phnotype of varieties tolerant to aluminum.
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Fig.1 Evaluation of tolerance to aluminum of natural population of Brassica napus in acidic soil
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Root length of varieties with contrasting aluminum sensitivity under no aluminum treatment in the hydroponic trials; C: Root length of varieties
with contrasting aluminum sensitivity under aluminum treatment in the hydroponic trials; **, *** indicate significant difference at 0.01 1 0.001
levels.
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Fig. 2 Fresh weight and root length of Brassica napus varieties with contrasting aluminum sensitivity
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Fig. 3 Clustered heat maps of relative root elongation rate in the hydroponic trial and fresh weight
in the pot trial of Brassica napus varieties with contrasting aluminum sensitivities
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>: Primary root length; D: Morin staining; E: SPAD value; F: Root to shoot ratio.
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Fig. 4 Phenotypic differences among Brassica napus varieties with contrasting aluminum
sensitivities under with Al and without Al treatments
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Fig. 5 Root DHE (A) and HPF (B) staining of Brassica napus varieties with contrasting aluminum
sensitivities under with Al and without Al treatments
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Fig. 6 Antioxidant enzyme activity in the shoot and root of Brassica napus varieties with contrasting
aluminum sensitivities under with Al and with out Al treatments
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Screening extreme varieties with aluminum tolerance and analyzing
physiological mechanisms of aluminum tolerance in Brassica napus

ZHANG Wen,HUANG Yidan,ZHANG Pengchao, XU Fangsen, WANG Chuang, DING Guangda

College of Resources and Environment/Microelement Research Center/
Ministry of Agriculture and Rural Affairs Key Laboratory of Arable Land Conservation
in the Middle and Lower Reaches of Yangtze River, Huazhong Agricultural University,

Wuhan 430070, China

Abstract 997 natural Brassica napus varieties were used to screen rapeseed varieties sensitive to alu-
minum (Al) and study the tolerance mechanism of rapeseed to Al toxicity. The two-step screening method
of soil culture initial screening and nutrient solution culture re-screening was conducted. The aboveground
fresh mass and relative root elongation were used as indicators to screen Brassica napus varieties sensitive
to aluminum. The physiological mechanism of aluminum tolerance in rapeseed was analyzed. The results
showed that 997 natural Brassica napus varieties had significant genotypic differences at the stage of seed-
ling in acidic soil. 142 extreme varieties with different aluminum sensitivity including 77 varieties tolerant to
aluminum and 65 varieties sensitive to aluminum were screened. A nutrient solution culture system was
used to re-screen the 142 rapeseed varieties under aluminum and no aluminum. The results of cluster analy-
sis showed that 97 varieties exhibited good consistency of growth in two cultivation systems. Two alumi-
num varieties (806 and 985) tolerant to aluminum and two varieties (482 and 811) sensitive to aluminum
were finally determined after multiple repeated phenotypic experiments. The biomass of varieties (482 and
811) sensitive to aluminum under aluminum toxicity decreased by about 45% compared to that under non-
aluminum treatment, and root growth was significantly inhibited , while varieties tolerant to aluminum had
no significant difference. Compared to varieties sensitive to aluminum, varieties tolerant to aluminum accu-
mulated less aluminum in their roots under aluminum toxicity, had lower levels of reactive oxygen species,
and significantly increased the activity of antioxidant enzymes including CAT and POD in their roots com-
pared to that under no aluminum, indicating that it may be one of the important physiological mechanisms
of aluminum tolerance in rapeseed.

Keywords Brassica napus ; acidic soil ; aluminum toxicity ; two-step screening ; extreme varieties ; alu-
minum tolerance
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