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 Colorado Spruce (Picea Pungens Engelm.) is one of prospective types for creating the 
urban plantings of the Ural region. Colorado Spruce has high decorativeness, a 

relatively high stability to technogenic pollution, stable morphometric parameters of 

annual growth and lability of physiological and biochemical parameters. Colorado 
Spruce has a high rate of photosynthesis, which is high in plantations of sanitary-

protection zones. Colorado Spruce needles barbed different elevated concentrations of 

ascorbic acid in plantings along major thoroughfares, which provides antioxidant 
protection of assimilation apparatus. 
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INTRODUCTION 

 

 Nowadays conifers are widely used in municipal forestry due to their high decorativeness throughout the 

year, a long vegetation period, lack of pronounced deciduous period (which reduces the cost to care for plants). 

However, the use of conifers in the amenity planting is limited because of their sensitivity to technogenic 

pollution. Study different aspects of sustainability of conifers in some detail in the scientific literature on the 

example of spruce (Picea abies) and Siberian spruce (Picea obovata Ledeb.). But in the city, these species are 

not highly tolerance. One of the species, which is prospective for creating the urban plantings, is Colorado 

spruce (Picea pungens Engelm.) [1-8]. 

 On its native soil - in the mountains of  North America - a tree is 30-40 m high, with average lifespan of 

about 100 years. The lifespan of Colorado spruce‟ needles is 4-7 years. In Europe, this type of tree has existed 

since 1863. In Russia it is widely spread in plantings. Colorado spruce is tolerant to winter conditions. It is frost, 

wind and drought - resistant. It is also shade-bearing and it can withstand dust and fumes in the air. It is 

relatively unpretentious to rich soil, but it is not salt-tolerant species. In urban conditions stunted growth of 

Colorado spruce is marked. The silver Colorado spruce has the highest level of resistance to the urban 

environment (P. pungens f. Argentea) [9-10].  

 Thanks to a dense conical lowered crown Colorado spruce is highly decorative. Besides, this type of tree is 

characterized by great diversity within species: both the form of the crown (there are weeping, spherical, 

conical, dwarf and other forms) and the color of needles (there are blue-green, silver-white, silver-blue, white-

yellow, blue, green, golden- yellow forms). At a young age Colorado spruce is tolerant to clipping and in 

adulthood it is tolerant to replanting, perhaps its vegetative propagation [9-10]. Colorado blue spruce and its 

similar forms are extremely valuable material for single landings and small groups, to emphasize the entrance to 

the gardens and parks, on the parterres, at park facilities, water reservoirs. Colorado spruce is recommended for 

hedges in the forest and forest-steppe zones of Russia. It can be used in snow break landscaping. 

 In Izhevsk Colorado spruce is not widely used in landscaping, there are only isolated and uneven-aged 

stands. Our aim was to study the characteristics of growth and development, the dynamics of photosynthetic 

activity and the content of antioxidants in the needles of Colorado spruce growing in the conditions of a large 

industrial center (on the example of Izhevsk) in order to provide recommendations for its use in different 

categories of urban plantations. 
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MATERIALS AND METHODS 

 

 Izhevsk is a major industrial center of the Ural region with a predominance of heavy industry and a well-

developed transport network, which creates a tense ecological situation on the level of atmospheric air pollution. 

 The climate of Izhevsk is moderately continental. The average annual air temperature is +2.4 
о
С. The 

average frost-free period lasts for 128 days. The duration of sunshine is 1839 hours per year. The annual rainfall 

is unevenly distributed by months and its average annual rate is 508 mm. 

 We studied the species of Colorado spruce growing in plantations of different ecological areas: in plantings 

along major thoroughfares - K. Liebknecht Street and Udmurtskaya Street (transport stream is 960-1200 

vehicles per hour); in plantations of sanitary-protection zones (SPZ) of industrial enterprises “Izhstal” and 

“Avtozavod”, which are the main polluters of the city. For conventional control zones (CCZ) we selected the 

area of the largest urban park of a landscape type (The Central Park of Culture and Rest named after S. M. 

Kirov) and suburban area, which is consistent with the adopted methodological approaches [11]. On the basis of 

library materials of the Udmurt Center for Hydrometeorology and Environmental Monitoring (UCHEM) for 

each area of study we calculated the air pollution index (API) in the five priority pollutants: carbon monoxide, 

nitrogen dioxide, formaldehyde, benz(a)pyrene, suspended substances (Table 1). According to mapping, 

conducted by the laboratory of soil ecology of the Udmurt State University (the total index of soil pollution 

(TISP) calculated as the sum of the coefficients of concentration, i.e. the ratio of the element content in the 

studied soil to the background concentration was used) [12], the soils in the conventional control zones have low 

levels of contamination. In the area of enterprise “Avtozavod” the level of soil contamination is assessed as 

medium and high, and in the plantings along highways and in the area of enterprise “Izhstal” it is assessed as 

high or very high (Table 1). 

 
Table 1: The values of Comprehensive Air Pollution Index (CAPI) and Total Indicator of Soil Pollution (TISP) in the areas of research 

(Izhevsk). 

Areas of research CAPI TISP* 

Conventional control zone 

The Central Park of culture and rest named after S. M. 

Kirov 

5.21-3.10 8-16 

Sanitary – protective zones of industrial enterprises 

Public limited company “Avtozavod” 11.90-9.83 32-128 

Public limited company “Izhstal” 9.20-13.12 32-128 and > 128 

Highways 

Udmurtskaya Street 11.91-9.35 16-128 

K. Libkneht Street 11.30-10.40 16-32 

Note.*Rough estimation scale of the level of pollution (categories of pollution) soils: < 16 – low (permissible), 16-32 – average (moderately 

hazardous), 32-128 – high (hazardous), > 128 – very high (significantly hazardous). 

 

 In the areas of research on the basis of taxation descriptions we evaluated the class of life state (on a scale 

of 5 scores) and gave aesthetic valuation of Colorado spruce species (on a scale of 3 scores). In each of the areas 

we selected from 5 to 10 middle-aged generative species of Colorado spruce in good life state to study their 

ecological and biological characteristics. 

 During the vegetation period we analyzed the index of photosynthesis rate (tubeless balance method by 

O.D. Bykov [13]) and ascorbic acid content in the leaves (GOST 24556-89, titrimetry method). After growth 

process extinction, we carried out measurements of the length and weight (in a completely dry state) of apical 

annual shoot (20 shoots in the northern and southern sides of the crown of tested plants). 

 For mathematical processing of the material we applied the package of "Statistica 5.5", using methods of 

descriptive statistics (comparison of indexes were conducted by taking into account the average confidence 

range). 

RESULTS AND DISCUSSION 

 

 Colorado spruce showed high sustainability (III scores) in the urban environment. There was marked a good 

growth in height, crown development, rich coloring of needles, due to which Colorado spruce is characterized 

by rather high aesthetic valuation (II scores). There were fixed some stem damages, but in comparison with 

other conifers and hardwoods they are less significant. 

 Morph metric analysis of annual growth of Colorado spruce revealed the following features. In the 

plantations in sanitary protective zones of industrial enterprises and in the plantations along highways the length 

of annual growth of plants is significantly and statistically increased in comparison with the plantations in zones 

of conventional control (Table 2) (except shoots of southern exposure in plantations in sanitary protective zone 

of the enterprise “Izhstal” where significant differences from control were not revealed). In the plantations in 

sanitary protective zone of the enterprise “Avtozavod” the index of dry biomass of shoots also was higher than 

the index in conventional control zones, while keeping the feature characteristics of the tested plants, which dry 

biomass of shoots in southern exposure was significantly higher than it was in shoots in northern exposure.  
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 However, the trees in plantations growing in sanitary protective zone of the enterprise “Izhstal” and in the 

plantations growing along highways that is in the areas that have higher level of soil contamination and air 

pollution, we also observed an increase in the length of annual growth in comparison with the area of 

conventional control and it was established a small but significant decrease in the biomass of shoots. 

 According to U. Z. Kulagin [14], minimalizing the size of the shoot in woody plants has pre-adaptive 

character and is observed in species that are resistant to unfavorable factors of the environment. The 

xeromorphic phenomenon promotes gas resistance of species. But in scientific literature there is emerging 

evidence that in conditions of environmental pollution the annual shoot elongation can occur in some fairly 

resistant species [15]. 

 
Table 2: The length and biomass of Picea pungens’ annual growth in plantations of different functional zones in Izhevsk. 

Index Crown 

exposure 

Growing area 

сonventional 

control zones 

sanitary protective zones of industrial 

enterprises 

highway plantings 

"Avtozavod" "Izhstal" 

Length of annual 

growth, sm 

Northern 4.1+0.4* 

2.4-5.7** 

8.8+0.7 

6.4-11.1 

10.8+0.8 

7.9-13.6 

10.8+0.8 

8.0-13.6 

Southern 4.4+0.5 
2.7-6.1 

10.0+0.7 
7.9-12.1 

5.4+0.6 
3.3-7.5 

12.4+1.7 
6.7-18.2 

Biomass of annual 

growth, 

g (compl. dry) 

Northern 0.71+0.01 

0.70-0.72 

1.05+0.02 

0.99-1.12 

0.67+0.01 

0.65-0.69 

0.67+0.01 

0.65-0.69 

Southern 0.86+0.01 
0.83-0.89 

1.57+0.02 
1.51-1.64 

0.53+0.01 
0.51-0.56 

0.79+0.00 
0.79-0.80 

Note. * The average figure is shown in the upper line ± standard deviation;  

**in the lower line – confidence interval for the mean. 

  

 The study of seasonal dynamics of the assimilation activity of Colorado spruce showed that it differed in 

the plantations in conventional control zone and in the areas of aerotechnogenic pollution impact (Fig. 1). 

 In the plantations in conventional control zone there were no significant differences in the photosynthetic 

rate of spruce‟ needles in June and July, but in August there was a significant increase in this parameter (Fig. 1). 

In June the photosynthetic rate of spruce growing in the plantations along the main streets and industrial areas 

was significantly higher than the rate of those growing in the conventional control zone. In July this feature was 

noted only in the plantations of sanitary protective zones of industrial enterprises. It can be assumed that the low 

level of soil contamination and air pollution by heavy metals (many of which are plant nutrient elements) had a 

stimulating effect on plant photosynthesis. In August it was not identified any significant differences in indicator 

of assimilative activity of Colorado spruce growing in the studied types of plantations. 

 

 
 

Fig. 1: Photosynthetic rate of Picea pungens „needles growing in the plantations of different functional zones in 

Izhevsk. 

  

 It should be noted that the maximum assimilation activity of spruce‟ needles was observed in the 

plantations of industrial zones in July and was 43.08 mg∙g
-1

∙ h
-1

, which is important because other woody plants 

during this period, as a rule, reduced the rate of photosynthesis because of high temperatures and the level of 

pollution [16]. 

 It can be concluded that the dynamics analysis of Colorado spruce‟ assimilation activity during the period 

of vegetation witnessed a relatively high stability of the studied species. 

 In conditions of oxidative stress, which is typical for industrial areas, the role of the antioxidant defense 

system of plants increases and it is provided with special enzymes and low molecular weight compounds 

(ascorbic acid, phenol compounds, pigments) [16, 17]. 
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 The analysis of ascorbic acid content in Colorado spruce‟ needles of the current year showed considerable 

variability of index during the vegetation period and dependence on the habitat of studied species (Fig. 2). In 

June in all types of plantings the highest content of ascorbic acid in the needles was observed. In July the plants 

growing in the areas of conventional control, sanitary protective zones of industrial enterprises and along the 

highways the content of ascorbic acid was significantly reduced. In August it increased significantly only in 

plantations in conventional control zones (it didn‟t reach the index of June), and in plantations in sanitary 

protective zones of industrial enterprises and along highways there were observed significant differences in 

comparison with July. It should be noted that the highest values of the index (1279 mg / %) were observed in 

plants growing along highways in June. 

 

 
Fig. 2: The content of ascorbic acid in the needles of Picea pungens growing in the plantations of different 

functional zones in Izhevsk, mg % 

 

 Thus, our studies have identified certain characteristics and biochemical changes in the morphology and 

biological content of the annual increment of Colorado spruce in different types of plantations in the city. They 

were observed in increasing of the length and biomass of annual growth, the rate of photosynthesis of needles 

and in reducing the amount of ascorbic acid in the needles of plants in plantations growing in the areas with low 

level of technogenic pollution in comparison with the plantings growing in zones of conditional control. In 

plantings growing in the areas of the city with higher level of technogenic pollution there was an increase in the 

length of the annual increment without biomass growth of the shoot, a slight increase in photosynthetic rate and 

reliable, significant increase in the content of ascorbate in the needles of Colorado spruce in June than it was in 

the areas of control. 

 

Conclusion: 

 Colorado spruce has high living condition and decorativeness in the plantations of Izhevsk. In this type of 

species the variability of physiological and biochemical indexes and the relative stability of the size of 

morphological structures under intense anthropogenic impact have been stated. Colorado spruce has a fairly 

high rate of photosynthesis, which is maximal in the plantations of industrial zones. Colorado spruce‟ needles 

have higher concentrations of ascorbic acid in the plantations growing along highways (in June), which provides 

antioxidant protection of its assimilating apparatus. 

 Colorado spruce can be recommended for widespread use in different ecological categories of urban 

plantations, and for limited use in the plantations along highways. 
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