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Physiological tolerance of different herbaceous plants to
copper-nickel combined stress
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Abstract : To explore the physiological growth response and tolerance of herbaceous plants under copper-nickel
combined stress, four main herbs of Lolium perenne ‘ Cutter’ , Poa pratensis ‘ Midnight’ , Medicago sativa ‘ Qing-
shui’ and Astragalus sinicus ‘ Lutana’ in Gansu Province were planted and their biomass and physiological biochem-
ical indexes were determined by setting different copper-nickel compound stress concentrations of 0, 100, 200,
400, 800 and 1 600 mg - kg™'. Linear stepwise regression and membership function analysis were used to compre-
hensively evaluate the tolerance of four herbs under copper-nickel combined stress. The results showed that the
plant height, aboveground and underground biomass, chlorophyll a, chlorophyll b, total pigment content of chloro-
plasts, relative water content and root activity of the four plants were significantly reduced by copper-nickel com-
pound stress ( P<0.05). Compared with CK, the decrease ranges were 86.83% ~90.54% , 49.40% ~ 61.50%,
44 449 ~82.25% , 24.47% ~44.26% , 45.91% ~70.22% , 25.04% ~36.59% , 17.59% ~20.98% and 14.71% ~
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69.32% , respectively. The root-crown ratio, soluble sugar and soluble protein content, SOD, POD and CAT activi-
ties increased first and then decreased, and the peak increase range was 1.42% ~35.88% , 264.91% ~743.65%,
65.93% ~327.81%, 23.23% ~86.38% , 131.62% ~176.93% and 72.42% ~85.87% , respectively. The contents of
malondialdehyde, free proline and carotenoids increased significantly ( P<0.05) ranged from 40.62% ~ 62.90% ,
235.34% ~1060.04% , 576.17% ~1282.58% , respectively. The content of Cu®* and Ni** in roots, stems and leaves
increased , and the contents of Cu™ and Ni** in different organs were different. Regression analysis screened subsur-
face biomass, soluble sugars, soluble proteins, proline, Cu®" content and SOD activity as key indicators for selec-
ting copper-nickel-resistant plants. The copper-nickel tolerance of four herbaceous plants was obtained by the com-
prehensive evaluation of the membership function: Medicago sativa (0.565) > Astragalus sinicus (0.538) > Poa
pratensis (0.449) > Lolium perenne (0.448). This study can be used as a reference for the screening of copper-
nickel resistant plants and soil bioremediation applications.

Keywords: herbaceous plant; copper-nickel combined stress; physiological tolerance; identification metrics
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Effects of copper-nickel stress on grass growth of tested plants
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Fig.3 Effects of copper-nickel stress on relative water content and root activity of tested plants
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Table 1 The index subordination value and comprehensive evaluation under copper-nickel stress of different plants
sk %iﬁ Rk _ i—%ﬁz*a“% Eﬂ%‘%%ﬁi
Index Lolium perenne Poa pratensis Medicago sativa Astragalus sinicus
F, W, F, W, F, W, F, W,
Wk 2% Plant height difference 0.308 0.131 0.332 0.096 0.273 0.127 0.316 0.115
W# LRSS 0.680 0.035 0.504 0.037 0.344 0.043 0.486 0.042
Relative water content
432 a Chlorophyll a 0.559 0.037 0.468 0.042 0.567 0.046 0.706 0.045
H4¢2 b Chlorophyll b 0.399 0.042 0.230 0.056 0.675 0.053 0.270 0.068
24K 7 % Chloroplast pigment 0.417 0.015 0.662 0.015 0.395 0.015 0.500 0.016
28 N Carotenoid 0.410 0.036 0.284 0.040 0.656 0.046 0.400 0.046
HZ G JJ Root activity 0.261 0.034 0.541 0.052 0.285 0.073 0.349 0.069
Mo Above ground biomass 0.077 0.043 0.156 0.052 0.237 0.056 0.611 0.060
1R 2E 4 Underground biomass 0.125 0.050 0.203 0.059 0.767 0.050 0.518 0.054
HLE L Root-shoot ratio 0.221 0.026 0.228 0.096 0.901 0.035 0.179 0.035
AT Soluble sugar 0.229 0.013 0.479 0.022 0.309 0.026 0.288 0.029
A A Soluble protein 0.290 0.028 0.419 0.018 0.557 0.027 0.653 0.034
%R Proline 0.062 0.025 0.217 0.025 0.687 0.022 0.445 0.024
N % Malondialdehyde 0.657 0.039 0.514 0.041 0.323 0.046 0.452 0.049
ﬁﬁk%&.ﬂtm 0.436 0.025 0.718 0.031 0.631 0.027 0.606 0.033
Superoxide dismutase
T E ALY Peroxidase 0.267 0.024 0.395 0.024 0.481 0.026 0.557 0.025
i3 A L S Catalase 0.405 0.026 0.466 0.029 0.432 0.030 0.638 0.030
I F Cu® 0.648 0.131 0.538 0.169 0.718 0.079 0.704 0.070
BB N 0.655 0.230 0.600 0.156 0.931 0.174 0.929 0.156
25454347 Comprehensive score 0.448 0.449 0.565 0.538
HE4 Ranking 4 3 1 2
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AR, E 1T S R R e It AR S5 K

SRR T B RESE bR . BIAEY S R, E
KRR AR 5 A2 KA G AR JE MRBAE D
WA R IR JE AR, Fe 3R DL . B o 1 e
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