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Abstract

In plants, adaptation to stressful habitats is considered as a tactic to growth and
development. Nowadays, acid rain has been a serious environmental problem in
China. Therefore, studying and predicting the responses of plants to acid rain and
improving the growth of plants are of important topics. We used quantitative real
time-PCR to study relative expression of four calcium-related genes, including
calmodulin9 (CAM9), CBL-interacting protein kinasel (CIPK1), endoplasmic
reticulum-type calcium-transporting ATPasel (ECAL), calreticulinl (CRT1). The
plant species are the acid rain sensitive species including Liquidambar formosana
Hance and Schima superba Gardn et Champ and the tolerant species including Pinus
massoniana Lamb and Taxus wallichiana var. mairei (Lemée & H. Léveillé) L. K. Fu
& Nan Li. All plant materials were treated by the simulated acid rain with pH=3.0
(pH=5.6 was used as control), in which three calcium levels including low calcium
with 2.23mmol/kg, medium calcium with 19.98mmol/kg and high calcium with
102.23mmol/kg were set for LCa, MCa and HCa. Samples were collected on the first,
third and seventh day after SiAR treatment. And then quantitative real time-PCR was
used to study the relative expression of four calcium-related genes in the selected four
species under SiAR at three calcium levels.

In medium calcium level, CAM9, CIPK1, ECAl and CRT1 changed
significantly under acid rain. Also, the four genes were affected by different calcium
levels. Treated by simulated acid rain, the expression of the CAM9 and CIPK1 in four
trees decreased significantly. Meanwhile, CRT1 and ECA1 performed higher levels
with increasing concentration of the calcium. On the contrary, reducing the calcium
concentration, the expression of CAM9 and CIPK1 revealed higher levels, CRT1 and
ECA1 decreased significantly. Compared with the calcium-related gene expression
change of tolerant species, S. superba and T. wallichinana var. mairei, the gene

expression change of L. formosana and P. massoniana were more significant. We also
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found calcium-related genes of most the sensitive species showed earlier response to
simulated acid rain than that of the tolerant species under enough calcium condition.
Meanwhile under calcium deficiency condition the calcium-related genes of sensitive
species were later than that of the tolerant species. The results showed that plants
could utilize calcium to alleviate the damage of acid rain by the regulation of
calcium-related genes and calcium supplement enhanced the plant resistance to rain
acid significantly. The sensitive species were more vulnerable to acid rain, also were

affected significantly by calcium concentration than the tolerant species.

Keywords. sensitive species, tolerant species, acid rain, calcium, calcium-related

genes

v









Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn



