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J\bstract] Ligusticum chuanxiong Hort. from geo-authentic habitats in Sichuan province of China was selected as the research
material in this study. Pot experiments were used to simulate cadmium (Cd), lead (Pb), and their combined treatments to
investigate the absorption and distribution characteristics of heavy metals, and to reveal the physiological response of L.
chuanxiong to heavy metal stress. Four treatments were utilized in this study, including the control treatment (0 mg/kg Cd
and 0 mg/kg Pb), cadmium treatment (5 mg/kg Cd), lead treatment (500 mg/kg Pb), and their combined treatment (5 mg/
kg Cd + 500 mg/kg Pb). The results showed that Pb was mainly concentrated in the roots, whereas Cd was enriched in the
roots and rhizomes. Pb promoted the transfer of Cd from the underground to the aboveground parts of the plant; however, it
inhibited the enrichment of Cd in the rhizomes and leaves. In the combined treatment, the accumulation of Cd in the rhizome
and aboveground parts of L. chuanxiong was significantly reduced. Compared with the control treatment, the Cd and Pb
treatments significantly decreased the net photosynthetic rate (P,), stomatal conductance (G,), intercellular CO, concentration
(C), transpiration rate (7), leaf instantaneous chlorophyll a content, water use efficiency, and root activity in L. chuanxiong.
Furthermore, the stress effect of the Cd treatment was more significant than that of the Pb treatment. Compared with the Cd
treatment, the photosynthetic potential of L. chuanxiong was improved under the combined treatment by increasing the actural
photochemical yield (YII) and photochemical quenching (g,), and decreasing the non-photochemical quenching (NPQ). For
secondary metabolite synthesis, the Cd treatment significantly decreased ferulic acid and tetramethylpyrazine content in
rhizomes, whereas the Pb treatment significantly decreased ligustilide content. Their combination resulted in a significantly
higher ferulic acid content in the rhizomes than that of the Cd treatment only. These results indicate that the toxicity of Pb was
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weaker than that of Cd in L. chuanxiong. Under the combined treatment, L. chuanxiong could alleviate heavy metal toxicity by

increasing the photosynthetic potential of leaves, water use efficiency, and root activity.

[’QN@I{E heavy metal; Ligusticum chuanxiong; photosynthesis; accumulative ability; secondary metabolite
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Table 1 Correlation analysis of accumulation index and content of Cd in different
organ parts

Cd Pb
Ab 3 R R R EEE3
Treatment Transfer Enrichment Transfer Enrichment
factor coefficient factor coefficient
Cdy -0.63 0.97* — —
Cdgy 0.65 0.98* — —
Cd, 0.98* 0.91 — —
Cd + Pb, -1.00%* 0.98 0.82 -0.68
Cd + Pbyy -0.60 0.91 0.95* -1.00%**
Cd +Pb, -0.75 0.97* 1.00** —0.99**

R IRAEO.OLKT LA Gk 35 5 *RIRAE0.05/KF BARJCHE i3, R: M RH: AR
2 L

** Indicates significant correlation at 0.01 level; * indicates significant correlation at 0.05
level. R: Root; RH: Rhizome; L: Leaf.

K2 FREBMAESESRRRYAEX S
Table 2 Correlation analysis of accumulation index and content of Pb in different
organ parts

Cd Pb
b2 R R CEEY 4 BRAR EERK
Treatment Transfer Enrichment Transfer Enrichment
factor coefficient factor coefficient
Pby — — 0.87 1.00%*
Pbyy — — 0.92 1.00%*
Pb, — — 0.94 1.00%*
Cd + Pby -0.90 1.00%** 0.92 -0.93
Cd + Pbgy 0.79 -0.92 -1.00** 0.99*
Cd + Pb, -0.85 1.00%* 1.00%* -0.96*

R IRAE0.0IKE P A DG 8 25 5 *3RIRAE0.05/KF FAH G b 2. R: M RH: AR
255 L i

** Indicates significant correlation at 0.01 level; * indicates significant correlation at 0.05
level. R: Root; RH: Rhizome; L: Leaf.
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Fig. 1 Accumulation of Cd, Pb in Ligusticum chuanxiong under different treatments. Different small letters show significantly different between the treatments at 0.05 level.
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Table 3 Effect of Cd, Pb and their combined treatments on biomass accumulation Ligusticum chuanxiong

b B Wb 3 (m/g, FW) R (m/g, FW) B (m/g, FW) ML (/%)
Treatment Aboveground part Underground part Total weight Root/shoot
CK 5.28 £0.57a 12.06 = 2.14a 17.34 £2.55a 2.35+0.08a
Cd 3.32+£0.76a 5.55+0.94c 8.87 £ 1.69b 1.64 £ 0.04c
Pb 513+ 1.51a 9.20 +2.23b 14.33 +£3.72ab 1.82 £ 0.05b
Cd +Pb 4.99 +0.89a 9.24 +3.19b 14.23 £ 4.08ab 1.83 £0.03b

RN FhE R R AE0.05KF | 25 5 3

Different small letters are significantly different between the treatments at 0.05 level.
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Table 4 Effect of Cd, Pb and their combined treatments on chlorophyll
content in Ligusticum chuanxiong

gb 4% 3Ka £ 2K b 2% 2Ka/b
Treatment Ch71a Ch],b Chla}/b
(w/mg g', FW) (w/mg g',FW) (wmg g',FW)
CK 1.08 £ 0.01a 0.34 +0.05a 3.35+0.46a
Cd 0.91 +0.38¢ 0.32 +£0.03a 2.94+0.13b
Pb 1.06 + 0.24b 0.33 +£0.02a 3.21+0.27a
Cd +Pb 1.05 + 0.04b 0.31+0.06a 3.28 £ 0.02a

AEING FREFRIRIE0.05K 1 22 53 i 3.
Different small letters are significantly different between the treatments at 0.05
level.
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Fig. 2 Effect of Cd, Pb and their combined treatments on the root activity and leaf instantaneous water use efficiency in Ligusticum chuanxiong.
Different small letters are significantly different between the treatments at 0.05 level.
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Fig. 3 Effect of Cd, Pb and their combined treatments on photosynthesis in Ligusticum chuanxiong. Different small letters are significantly different

between the treatments at 0.05 level.
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Table 5 Effects of Cd, Pb and their combined treatments on chlorophyll fluorescence in Ligusticum chuanxiong

Qb P Treatment F, FJF, YII NPQ qp
CK 0.09 + 0.002b 0.76 = 0.101a 0.65 £ 0.021a 0.39 £ 0.145¢ 0.79 £ 0.136a
Cd 0.11 £ 0.008a 0.71 £ 0.025b 0.61 +0.087¢c 0.47 £0.019a 0.74 £ 0.010b
Pb 0.11 +0.008a 0.73 +0.006b 0.61 £0.112¢ 0.44 + 0.244b 0.78 = 0.266a
Cd+Pb 0.11 £0.003a 0.73 + 0.007ab 0.63 +£0.017b 0.43 + 0.456b 0.79 + 0.194a

ARG FREFRAE0.05 /K- |- 25 7 i

Different small letters are significantly different between the treatments at 0.05 level.
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Fig. 4 The chlorophyll fluorescence imaging under Cd, Pb and their
combined treatments in Ligusticum chuanxiong.
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Table 6 Contents of secondary metabolites under different treatments in

rhizome of Ligusticum chuanxiong

Ao BTELRR (wimgg') I (wingg!)

FEANEE (wimg-g")

Treatment Ferulic acid Tezranethylpyazine Ligustilide
CK 2.25+0.21ab 22.59+0.83a 7.45 +0.30a
Cd 1.44 £ 0.05¢ 16.75 = 0.82b 6.66+0.11b
Pb 2.14+0.07b 18.81 + 0.88ab 5.62 +0.29¢

Cd+Pb 242 +0.14a 18.05+ 1.07b 6.55+0.13b

ARG PR IRTE0.05K T | 28 7 i 35
Different small letters are significantly different between the treatments at 0.05
level.
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