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Abstract 

Ornamental plants are widely used in horticulture and urban greening. However, when plants are 

used in urban greening, it is necessary to select varieties with increased tolerance to urban 

conditions. Copper is one of the most toxic metals to plants, so the assessment of plant resistance 

to copper is important for urban environments. High sensitivity of the studied plants to copper 

was shown. Godetia grandiflora is the most resistant to copper among the species studied.

Agrostis stolonifera and Centaurea cyanus had comparable resistance to copper.  

The effect of copper on calli of Agrostis stolonifera was also studied.  
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1. Introduction 

Plants have long been valued for their decorative qualities. The color palette of the plants has 

many shades. The color of flowers is related to the tissue structure of a petal and the type and 

amount of pigments in the petal cells (Zhao and Tao 2015).  

However, generating the blue color of the flower is difficult, requiring a complex chemical 

pathway, where six anthocyanins together with six co-occurring molecules form a ring around 

two central metal ions (Dyer 2021). Ornamental plants are widely used in horticulture and urban 

greening. When plants are used in urban greening, it is necessary to select varieties with 

increased tolerance to urban conditions. When ornamental plants are used in urban greening in 

conditions of increased soil pollution, it is difficult to maximize the aesthetic impact due to the 

reduction of ornamental qualities of plants.  
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Copper is one of the main pollutants of urban ecosystems (Gladkov et al, 2021; 2022). The soils 

of many cities are indeed contaminated with copper. Soil contamination by copper is one of the 

main problems of urban landscaping, as copper has significantly higher phytotoxicity compared 

to other priority heavy metals (zinc and lead). 

Soil contamination with copper is characteristic of some large European cities. Copper is one of 

the soil pollutants in the old part of the Copenhagen metropolitan area ( Li et al, 2013). 

Copper is one of the priority pollutants of Moscow soils among heavy metals. In 2010, the 

maximum copper content in the study areas was 400 mg/kg, with an average value of 19 mg/kg 

(Report on the state of the environment in the city of Moscow in 2010). 

Copper is one of the most toxic metals to plants. Even a slight excess of Cu can be harmful to 

plants (Ye et al, 2014). Copper has an inhibitory effect on mineral nutrition, chlorophyll 

biosynthesis and antioxidant enzyme activity (Mir et al, 2021). High levels of copper in the plant 

contribute to oxidative stress by generating reactive oxygen species (Kumar et al, 2021). 

Copper pollution of soil results in changes in plant growth and development. Growth inhibition 

of various plant species by high concentrations of copper has been shown (Gladkov et al,  2019; 

Huo et al, 2020). The effect of copper was investigated for some ornamental plants. Plants 

Dendranthema xgrandiflorum L., Rosa x hybrida L., Pelargonium x hortorum L. showed 

sensitivity to copper (Zheng et al, 2004). 

The response of various crops to elevated Cu concentrations varies depending upon the nature of 

the cultivars used (Adrees et al, 2015). Therefore, the assessment of plant resistance to copper is 

important. By determining the copper resistance of different plant species and cultivated varieties 

it is possible to assess their potential for use in different urban ecosystems. We used urban 

flowering plants and lawn grass as study objects. The main object of the study was the lawn 

grass Agrostis stolonifera. 

Agrostis stolonifera L. is a perennial grass species from the Poaceae family. 

Centaurea cyanus L. (cornflower pink) is a representative of the Asteraceae (Aster family). It is 

widely cultivated as an ornamental plant. It is used for alpine slides and rockeries, for group 

plantings, and has pink inflorescences. 

Godetia grandiflora Lindl. belongs to the Onagraceae family. The flowers of Godetia 

grandiflora are up to 5-8 cm in diameter. Godetia grandiflora looks spectacular against the 

background of the lawn. Godetia is grown in flowerbeds and mixborders. Godetia grandiflora is 

grown as bedding plant for landscaping purposes and also as a cut flower (Sharma et al, 2016).  

These plant species can also be used to create a flowering lawn. Flowering lawns are a mix of 

lawn grass and low-growing flowers (Ramer et al, 2019); creating rural landscape elements in 

the city. The effect of copper on calli may be of interest for biotechnological studies. However, 

the effects of copper on callus and plants may differ. In a preliminary approach, the calli data 

presented herein can be used to determine selective copper concentration for obtaining copper-

tolerant plants.  



Bull. Soc. R. Liege, 2024, 93(1), 22 - 28  doi: 10.255118/0037-9565.12168 

24

2. Materials and Methods 

2.1 Assessment of copper phytotoxicity 

Seeds were placed in Petri dishes on filter paper moistened with copper solution.  

The phytotoxicity of copper was evaluated by measuring shoot growth. 

CuSO4∙5H2O was used in the experiments (in all experiments copper concentrations are given). 

Under control conditions, seeds were placed in Petri dishes on filter paper moistened with water. 

Each variant of the experiment was carried out 4-5 times depending on the plant species. 

2.2 Callus induction  

To obtain the calli of Agrostis stolonifera, seeds were used. They were previously soaked in

ethyl alcohol for10- 60 seconds . Then they were sterilized with commercial bleach solution 

(Sodium hypochlorite ≤ 5%, sodium hydroxide ≤ 2% named Belizna®), for 10-20 minutes and 

finally rinsed three times 10 min in distilled water. The sterilized seeds were spread in Petri 

dishes on the surface of agar medium and cultured at 26°C and 70% humidity with a daylight 

length of 16 hours. 

Calli of Agrostis stolonifera were obtained on Murashige and Skoog modified medium with 3 

mg/l 2,4- dichlorophenoxyacetic acid. The sucrose content was 30 g/L, casein hydrolysate was 

500 mg/L, agar - agar was 7 g/L. 

Figure 1: Callus of Agrostis stolonifera

2.3 Assessment of copper toxicity for calli 

Murashige and Skoog modified medium supplemented with 1 mg/L 2,4- dichlorophenoxyacetic 

acid was used for callus growth. Controls were calli cultured on medium without copper. Calli 

were cultured on Murashige and Skoog modified medium supplemented with CuSO4∙5H2O. 

Determination of the sensitivity of callus cultures to copper was carried out based on calli 

growth. Calli were evaluated by the increase in crude weight after 30 days of cultivation. 



Bull. Soc. R. Liege, 2024, 93(1), 22 - 28  doi: 10.255118/0037-9565.12168 

25

3. Results and discussion 

High sensitivity of the studied plant species was shown in aqueous copper solutions.  The 

inhibitory concentration, slowing shoot growth by more than 25- 30% was 30-50 mg/L copper 

depending on the plant species (Figure 2).Copper tolerance of the studied species differed. This 

is consistent with the literature data (Gladkov et al,  2019). For example, cabbage plants 

presented higher tolerance to increased Cu levels in the growing environment than beet plants 

(Schmitt et al, 2022). However, we did not observe very significant differences among the 

studied plant species. Godetia grandiflora is the most resistant to copper among the species 

studied. Agrostis stolonifera and cornflower pink had comparable resistance to copper. 

Figure 2: Effect of copper on shoot growth in aqueous solutions (% of control).

Calli of Agrostis stolonifera were cultured on Murashige-Skoog modified medium with 150 

mg/L copper.  

The study showed that Agrostis stolonifera plants and calli had different resistance (Table 1). 

Copper had a great effect on plant growth in aqueous solution (Table 1). 

Table 1: Comparison of the effects of copper toxicity on Agrostis stolonifera plant and callus 

growth at 150 mg /L copper (% of control) 
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The differential resistance to copper may be attributed to different mechanisms of resistance to 

copper at the cellular, tissue, organismal levels (interaction with parts and organs of the whole 

plant). 

High sensitivity of the studied plants to copper was demonstrated. However, the studied plant 

species showed more resistance to copper than Chrysanthemum carinatum (Gladkov et al,

2019). Copper pollution is one of the limiting factors for herbaceous urban plants. Therefore, it is 

necessary to select varieties of urban plants with greater resistance to copper pollution and the 

use of technologies that increase the tolerance of plants to copper (Gladkov et al,  2021;2022). 

With proper choice of species and varieties, plants will be less sensitive to the effects of copper 

in urban parks, gardens and near residential buildings. For example, in most parts of Moscow, 

copper will not have a very significant effect on plants with the right choice of plants. However, 

in areas with very high soil contamination, copper will have a negative effect on plants. 
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