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Application potential of Salicornia europaea in remediation of
Cd, Pb and Li contaminated saline soil
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Abstract: Coastal and inland saline-alkali soil is important reserve land resources. However, some parts of saline land are
now under the threat of heavy metals such as cadmium (Cd), lead (Pb) and the light metal lithium (Li). Phytoremediation with
halophytes could be the most economical and effective way to restore the contaminated saline soil. In this study, the growth,
physiological and biochemical indexes and ion contents of halophyte Salicornia europaea under different concentrations of Cd
(0-50 mmol/L), Pb (0-50 mmol/L) and Li (0—400 mmol/L) were investigated to evaluate the tolerance and accumulation of
the metal contaminations. The results showed that plant height, fresh weight and dry weight of S. europaea decreased
significantly with the increase of Cd and Pb concentration. Low concentration of Li (< 20 mmol/L) promoted the growth of
S. europaea, while the growth of plants was inhibited under higher concentration of Li (> 20 mmol/L). The tolerance order of
S. europaea to Cd, Pb and Li was Li > Pb > Cd. Cd, Pb and Li stresses may negatively affected Na and K uptake and transport
in S. europaea to affect plant growth. In addition, the antioxidant enzyme system synergistically responsed to resist the
oxidative toxicity of different ions. The contents of Cd, Pb, Li in roots and shoots of S. europaea also increased with the
increase of treatment concentration. Furthermore, Cd and Pb contents in roots were significantly higher than in shoots, while
more Li accumulated in shoots than in roots. The aforementioned results showed that S. europaea had strong tolerance along
with a high accumulate ability to Cd, Pb and Li, indicating its application potential in restoring Cd, Pb and Li contaminated
saline soil. This study laid a basis for further exploration of the tolerance mechanism of S. europaea to Cd, Pb and Li stresses,
and gave a new perspective for the usage of S. europaea to remediate Cd, Pb and Li pollutantsin high-salinity alkali soils.
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% 1 RT-qPCR 3|#%5I%
Tablel Theprimersusedin RT-gPCR

Unigenes Name Primer sequenes (5'-3’)
Setubulin F: CAGTGCCTTTGAGCCATCTTC

R: CTGAATGGTTCGCTTGGTCTT
Unigene27795 Cu/ZnSOD1 F: GTTGCCAGGAGTAAGTCCAGTAAT

R: CCCCTAAACCTTTCACCATTGT
Unigene37487 Cu/ZnSOD2 F: CTATGGTGAAGGGTGTGGCAGT

R: AAGTTGGATGAAGTGGAGTGAGC
Unigene8744 Cu/ZnSOD3 F: ACAAACCGTCAAAATGGTCAAG

R: CACCGTAGGTGTGAATGTGGAAG
Unigene24860 MnSOD F. GGGTCCTGATTTGGAGTGGT

R: CAAGGTTCTGGGTGGGTGTG
Unigene44444 FeSOD F: ATCCAAAGCCATCAGAAGACG

R: ACAAGAGGGTTCACCGCATT
Unigenel5348 POD16 F. CTCAAGCAACCCTTCGTCTG

R: TCGCCGTCCAAGTTCTACAC
Unigene51885 POD20 F. CAGAACAACCGAGTCACGAGC

R: ACAGTTGCTGAGGCTCCATTTT
Unigenel2380 POD64 F: GTTGAGACAAGTTGAAGGTGGGT

R: TAATGCGAAGAAAGCCGTGG
Unigenel4013 POD57 F: ACCTCCGCCACCGTTAGAAG

R: TGACCTTGGGAGCCAGTGAG
Unigene30762 CAT F: CGTCCCTGAAGCATCTTATCG

R: GAGCAAGCAGCGTTCTCCC
Unigene55182 GPX1 F: AACATCTCACTTGGGTCTTTGAAT

R: CCACATTTTGAAGCAACATTGAC
Unigene6973 GPX2 F. CTTATTTATTGAGCAGAAAGCGTC

R: CCAGAAAGAGAAAAGAAACCCC
Unigene51860 APX3 F. TTTCACCAACCCTGGAGTATCAC

R: CTGGAGGTCCTGCTATTGCTTT
Unigene46108 APX6 F. GGAGGAATGAATGGCTCTATAACA

R

:AGTCAAGTCTCCCTAACCGAACA
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Fig. 1 Effects of different concentrations of Cd, Pb and Li on the growth of S. europaea. Seedlings of Salicornia
europaea were treated with different concentrations of Cd, Pb and Li for 30 days, and phenotypes (A), plant height,
shoot fresh weight and shoot dry weight (B) were shown. Scale bar=1 cm. Different lowercase letters in the same
polygonal chart indicated that there were significant differences among different treatments under the same stress

(P<0.05).
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Fig. 2 MDA contents of S. europaea under different concentrations of Cd, Pb and Li. Different lowercase letters in the same
polygonal chart indicated that there were significant differences among different treatments under the same stress (P<0.05).
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Fig. 3 Gene expressions of antioxidant enzymes in response to different concentrations of Cd(A), Pb(B) and Li(C)

treatmentsin S. europaea.
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Fig. 4 Antioxidant enzyme activities of S. europaea under different concentrations of Cd, Pb and Li.
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Fig. 5 Cd, Pb, Li contents in roots and shoots and translocation factors of S. europaea. Different lowercase letters in the
same polygona chart indicated that there were significant differences among different treatments under the same stress (P<0.05).
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x2 IR EHEEE TS Naw K SEHEXMESH

Table 2 Correlation coefficients between metal
elements and Na, K elements
Stress Na K
Cd Root -0.105 0.071
Shoot —0.858** -0.243
Pb Root —0.376 —0.665*
Shoot —0.532 0.274
Li Root 0.635* —0.901**
Shoot —0.706** —0.436

“*" means significant difference at P<0.05, while “**”
means significant difference at P<0.01.
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BA R 16 S [ 4 Jh 3 b B B A [ B R Ak
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Pb 500 mg/kg), Tl H.Af7% T #i3% Suaeda salsal®!
WEZE Atriplex triangularis®™ #13# & 5 Sesuvium
portulacastrume145 £k A Af ), BRI, #h A1 BE7E Cd,
Pb H 15 Yk B v B B R i T 71

(EASE AR, AR R ATTE R R 5
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R fii#£ 200 mmol/L Li ri8 T, 2R A FA T HE WA
RAEWHE TR (K 1B), Hibs B34 Li Wk
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