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Abstract: Large cities generate their own climate, which influences the distribution of vegetation 
cover and individual species population into separated ecological phytocoenotic zones ecoclines. 
By the example of urban ecology research conducted in the city of Lviv with a population of about 
one million inhabitants, the nature of this ecocline ordination has been revealed. It is the result of 
action of vertical and horizontal gradients on woody plants phytovitality. The manifestation of 
these changes is increasing scarcity in phytocoenotic structure of vegetation, water deficit in the 
leaves, ratio distortion of the pigment composition. There are proposed certain methods for 
assessing the phytovitality of the introduced species. In the I EPhZ suburban forest we deal with 
the “new” climatope and edaphotope. In the II EPhZ — the park, there is a forest-steppe climatope 
and edaphotope due to the thin vegetation and a larger area of open spaces. In the III EPhZ — in 
public gardens where open insolated spaces dominate — there is steppe climatope and edaphotope. 
In IV EPhZ, where the high dryness of air and soil in streets and squares prevails, there is a desert 
climatope and edaphotope. In the I, II and III EPhZ soil temperature is always lower than the 
temperature in the crown, which corresponds to the physiological needs of plants. In IV EPhZ the 
soil temperature around the tree trunk is higher than the air temperature in the tree crown. 

Keywords: mesoclimate, edaphotope, climatope, impedance, gradient  

Introduction 

Global warming, regardless of its origin — naturally cyclic or human-induced 
(greenhouse effect) is experienced, first of all, by large cities with their 
excessively large anthropized underlying surface which, in some cases, is 
several times larger than the surface covered by vegetation (Landsberg, 1981; 
Odum, 1986; Sukopp, 1990; Kucheryavyy, 1991). Accumulating large amounts 
of solar and anthropogenic energy, the anthropized underlying surface 
(pavement, buildings, roofing of various buildings and structures) gives it off 
into the city environment, changing climatic characteristics.  
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Climatic factors, in particular horizontal and vertical temperature gradients, form 
the basis of ecocline ordination of vegetation cover of large cities, which should 
be taken into account in the process of urban spatial planning (Sukopp & Wittig, 
1998; Podhalanski, 2008).  

Comprehensive studies of the conditions of urban ecosystems in regional cities 
of Western Ukraine carried out in the 1980s by scientists of the Pogrebnyak 
Forestry Institute and the M. Kholodny Institute of Botany, Academy of 
Sciences of Ukraine (Kyiv) revealed the fact that the location of vegetation 
cover in the urban areas may be of zonal and azonal character. Zonality is 
manifested in the peculiar features of phytocoenotic structure (species, space, 
age, population, environment) of green space in the following sequence: 
suburban forest – city park – city garden square – street alley. Natural thickets, 
mainly synanthropic vegetation, are considered azonal. As shown by a detailed 
study on the biological and ecological features of the vitality of plant groupings 
and individual woody plants, the main factor of this ordination is mesoclimate. 

Numerous studies of urban dendroflora were carried out. Particular attention is 
paid to the meteorological conditions that influence the flowering of trees and 
the release of pollen. It should be noted that studies have included phenological 
observations, the amount of pollen and meteorological data on five sites in the 
center of Krakow during the period 2009–2011 (Stępalska, Myszkowska, 
Piotrowicz, & Kasprzyk, 2016). A number of scientists prove that the period of 
tree species flowering in the city comes faster for 1.7 days every 10 years. This 
trend is a consequence of the rapid acceleration of air temperature increase since 
the 1990s (Czernecki & Jabłońska, 2016). 

Conditions of the urban environment lead to accelerated passage of the main 
phenophases by plants, reduce their duration, reduce the period of vegetation and 
as a result — accelerated processes of plants aging and dying. One of the main 
factors that determine these processes is man-made. Negative influence on 
outdoor tree plants has heavy traffic, the industrial enterprises, dense housing 
development, etc. Comprehensive assessment of the rhythms of plant 
development and growth is an important condition for the creation of a 
scientifically based assortment of decorative plants that are resistant to adverse 
factors of the urban environment (Hanaba, 2017). The negative impact of the 
urban environment on the trees functioning is directly felt in summer months by 
street plantings and increases in the direction from the outskirts to the center of 
the settlement. In parks and public gardens both the conditions of the urban 
environment and the competitive phytocoenotic relationships make a negative 
effect on lime trees (Karpyn & Zayika, 2017). 
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The concept of ecological ordination of spatial distribution of communities was 
first introduced by Whittaker (1980) by putting forward three notions: grouping 
gradient (coenocline), complex environmental gradient, and ecocline 
(combination of coenocline and environmental gradient). 

Based on this approach and considering the phytocoenotic structure of a 
suburban forest, city park, city garden square and street planting as part of the 
complex green area of the city (unified system of suburban and urban green 
spaces) four ecoclines can be distinguished, which we called Ecological 
Phytocoenotic Zones (EphZ) (Kucheryavyy, 1991). Whittekar’s approach to the 
study of biocoenoses made it possible to establish the direction of the gradients 
in the species populations and the nature of changes in the grouping parameters 
for the gradients of the urban environment. It should be noted that the attempts 
to distinguish populations of species by their potential capability to grow in 
various conditions of urban environment of the city of Poznan were made by A. 
Lukasiewicz back in the 1970s.  

In the scientific literature, frequent assertions are made that climate indicators 
(temperature and humidity) change when moving from periphery towards the 
city center (Landsberg, 1981; Odum, 1986; Sukopp & Witting, 1998; Hanaba, 
2017). Our research, conducted in Lviv, confirmed this tendency. At the same 
time, this research made possible, using the method of Radchenko’s vertical and 
horizontal temperature gradients (Radchenko, 1966), to distinguish climatic 
ordination with more details and link it to characteristic representative groups of 
green space: forest, park, garden square, street alleys. Simultaneously with the 
study of the climatope state, it was also investigated the state of edaphotopes. 
Actually, it was the urbogenic environmental gradient that was studied here, the 
climatic factor being of primary importance. 

The close relationship between climatic and edaphic gradients was noticed by 
the Ukrainian forester Belgard in the 1970s who was engaged with the problems 
of the steppe afforestation. The derivatives of complex interaction of these 
gradients is the level of soil moisture, the length of growing season, the 
accumulation of humus, the reaction of soil solutions and the accumulation of 
organic matter, the ratio of above-ground and underground plant mass, etc. 

This difference, according to the author, changes towards semidesert. 
Previously, a similar idea was voiced by Radchenko (1966) who argued that the 
transition of “forest” gradient to “steppe” or “semidesert” leads to a change in 
the structure of phytocoenoses cover. Large cities, despite their smaller size 
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compared to the areas of nature climatic zones, show a similar ordination (Figure 
1). 

 
Figure 1. Ecological phytocoenotic zones of the complex green area of the city and temperature 

environmental gradients 

In the suburban forest we deal with typical forest soils and climate and the 
negative temperature gradient of the environment. The summer temperature of 
the soil is lower than the air temperature in the crown, which positively affects 
the vitality of the plants. Somewhat different situation is in II EPhZ — urban 
parks, which is caused by their thin vegetation (conditions of forest-steppe 
climate). In public gardens where the edaphotope (bulk soils) and climatope 
(open space prevails) parameters are sharply changed, steppe climate is formed 
when the negative gradient passes into neutral (o) (III EPhZ). In open-air 
plantations with artificial soils and a large area of the anthropized underlying 
surface (IV EPhZ), a positive temperature gradient prevails, which leads to 
weakening, premature aging and die-off of trees in the streets and squares 
(Figure 1). 

Data and Research Methodology 

When studying the biogeocoenotic layer of the city of Lviv, we could not but 
pay attention to coenotic regularity of location of plant groupings and individual 
species of trees, shrubs and herbaceous plants according to the soil and climatic 
conditions which vary from peripheral suburban forest plantations to plantations 
in the streets and squares of the city. The reasons for this change, as we have 
found, is a change in mesoclimate on separate urban areas. 
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Lviv is a city located in the western part of Ukraine near the border with Poland 
and the population of about 1 million people. The climate of the city is mild, 
continental, the average temperature in January is –4 °С, and in July + 18 °С. 
Precipitation is 550–700 mm. The vegetable surface of the city makes up about 
45% of the whole territory and is represented by forest parks, parks, city and 
public gardens and a ramified system of street plantings (Figure 2). However, 
the growing area of the anthropized underlying surface, which is the result of 
uncontrolled development of open spaces, complicates the urbanized conditions 
and worsens the state of plantations. 

The accumulation of large amounts of radiant and anthropogenic energy is for 
woody plants not only the source of heat, but also a major cause of overheating 
of both above-ground and underground parts of trees especially those that grow 
outside the phytocoenosis. 

The idea, which has been prevalent since ancient times, that the climate is only 
associated with the ground layer of the atmosphere while the area of the 
rhizosphere is a branch of soil science, has not contributed to the emergence of 
biologists’ opinion about the possibility of various adaptations of above-ground 
and underground organs of plants to temperature variations. 

The vertical temperature gradient (temperature difference between the roots and 
leaves that are at different points on the plant), which was proposed by 
Radchenko (1966) to assess the state of the environment, provides the 
opportunity to differentiate the state of the plant and environment which are 
closely linked. The vertical temperature gradient of the plant may be negative, 
zero, and positive. It is calculated by the following formula: 

Tgr = ± (ta – ts)                                                       (1) 

where ta is the temperature of above-ground shoots (leaves) or the air in the 
crown of a tree; ts is the temperature of the roots or the soil in the zone of their 
location. 
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Figure 2. Scheme of plantations in Lviv (Didik & Maximyuk, 2012) 
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Radchenko found that for optimal functioning of the plant there should be 
negative temperature gradient (the difference between the air temperature in the 
crown and the soil temperature within the rhizosphere, according to the author, 
should be within the range of +3–8 °C. A positive temperature gradient of more 
than 4 °C, Radchenko says, contributes to the disruption of normal behavior of 
physiological processes and leads with time to fatal consequences. Temperature 
gradient is considered to be a zero one when the air temperature is equal to the 
soil temperature. This is an indication of the negative flow of physiological 
processes. 

Radchenko also developed the theory of horizontal temperature gradients for the 
environment and plants by which he meant the difference of temperatures of the 
air and soil between selected points at the same horizontal level (“thermal 
mosaic”). 

To organize planning of Park-and-Garden management and to create new green 
space, one should take into account the horizontal temperature gradient that is 
calculated by the following formula: 

THa = ± (t2 – t1)                                             (2) 

THs = ± (t2 – t1)                                              (3) 

Where ТHa is horizontal gradient of air; ТHs is horizontal gradient of soil; t2 – t1 
is temperature difference between the measuring points t2 and t1. 

To detect ecological ordination, transect was laid, which covered the plantations 
of a suburban forest park, city park, public garden, and street alley. 

In July when the level of radiation regime is the highest, the temperature of the 
air in the crown of the tree and the soil at a depth of 5 cm was measured. The 
temperature vertical gradient is calculated in the cameral conditions. To 
determine the effect of temperature gradients on the vitality of woody plants, 
which manifests in the duration of the growing season, the conditions of soil 
moisture, accumulation of humus, soil pH and the ratio of humic acids to 
fulvium were studied. 

The effect of the vertical temperature gradient on the vitality of the plant was 
investigated by comparing the content of pigments in the Thuja occidentalis L. 
puddles, as well as the fluorescence index of chlorophyll. The level of vitality of 
Thuja occidentalis was investigated using electro-physiological methods — 
evaluation of impedance (resistance) and polarization capacity. 
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The spatial and species structure of phytocenoses was investigated by methods 
adopted in phytocenology. 

The developed and proposed methodology for estimating the phytovitality of 
introducts is based on the ontogenesis of tree plants that grow in various EPhZs 
of Lviv. 

Results and Discussion 

The studies conducted (Kucheryavyy, 1991; Kucheryavyy & Popovych, 2013a) 
in four ecological phytocoenotic zones (EphZ) of Lviv (The Vynnyki forest (I), 
Pogulyanka park (II), the garden square on the Berms (III), Lychakivska street 
(IV) found a close relationship between temperature gradients, soil 
characterization of the site, and the length of the growing season. 

The results of our investigations are presented in the Table 1. As can be seen 
along with xerophilic air there occurs dehydration of the soil, which requires the 
selection of mesoxerophitic for EPhZ III and EPhZ IV such as Pinus silvestris 
L., Gleditsia triacanthos L., Robinia pseudoacaciaL., Pinus pallasiana Lamb, 
etc. 

A rise in temperature and the decrease in air humidity and soil moisture are 
accompanied by alkalinization of soils, which requires selection of calciphilous 
trees for these conditions. Therefore, it is not unexpected that acidophilic trees 
are very seldom to occur in EPhZ IV: Picea abies (L.) Harst, Larix decidua 
Mill., Betula pendula Roth., and Carpinus betulus L. At the same time 
calciphilous trees do well under these conditions: Ulmus laevis Pall., Robinia 
pceudoaccacia L., Ailanthus altissima Swingle, Ligustrum vulgare L., and 
Cotinus coggigria Scop. 

Xerophilic urban soils lead to another negative phenomenon in the process of 
soil formation, namely, the predominance of humic acids, which slows down 
mineralization processes in the soil and results in disturbance of the biological 
cycle. This tendency is universally observed in street plantings: the ratio is 
greater than 1.0 or 2.6 in Lystopad Chyn street (green strip) and is up to 9.9 in 
Doroshenko street (circle around the tree trunk).  

With reducing water supply to the trees in EPhZ III and EPhZ IV, the seasonal 
course of photosynthesis ceases to depend on the inflow of solar energy and is 
conditioned by the dynamics of moisture in the soil (Kucheryavyy & Popovych, 
2013b). 
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Table 1. Edaphic climatic conditions of ecological phytocoenotic zones and the length of growing 
season 

Indicators 
Ecological phytocoenotic zones (EPhZ) 

І ІІ ІІІ ІV 

Air temperature — July, (°С)  21.5 21.8 2.5 23.6 

Soil temperature — July, (°С) 16.1 16.5 19.5 25.3 

Vertical temperature gradient (±) –5.4 –5.3 –3.0 +1.7 

Soil moisture — July (%) 28.9 25.9 20.6 7.3 

Soil humification (%) 1.9 1.08 3.8 4.5 

Soil solution рН 3.9 4.8 6.3 7.5 

Humic acid-to-fulvic acid ratio  0.5 0.7 2.6 9.9 

Length of growing season 182 179 168 144 

The decline in soil moisture from spring to mid-summer results in an increase in 
water deficit which is comparatively uncommon under natural conditions and it 
usually does no harm when being in the range of 10–13 %. As seen from Figure 
3, the average water deficit in the needles of Thuja occidentalis “Fastigiata” 
amounts to 25.9 % (at positive vertical gradient of +1.5 °C). The highest level of 
water deficit is observed in June–July, the period of maximum production of 
biomass. 

One of the problems leading to increased xerophilic urban soils is their high 
degree of compaction (by passers-by, holidaymakers) since overcompacted soils 
(30 kg/cm2 or more) exhibit a higher thermal conductivity, which also increases 
the positive vertical temperature gradient (Kucheryavyy, 2012). 

 

 



J. Geogr. Inst. Cvijic. 68(2) (177–193) 

186 
 

 
Figure 3. Field soil moisture (%) and water deficit (%) in the Thuja occidentalis “Fastigiata” 

needles in the planting in Ivan Franko square 

Positive vertical temperature gradient of street planting influences the pigment 
composition of the plants. This is evidenced by the data presented in the Table 2, 
which compares the composition ratio of pigments for Thuja occidentalis 
“Fastigiata” (50 years of age) in the Forestry University Botanic garden (EPhZ 
III) and two street plantings of the same age (EPhZ IV). 

Table 2. The content of pigments in the needles of Thuja occidentalis in its ornamental forms in 
different site conditions 
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Table 2. The content of pigments in the needles of Thuja occidentalis in its ornamental forms in 
different site conditions 
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Source: Kucheryavyy, 2012 

The electro-physiological method of express-analysis (used by Zimmermann, 
Brawn, 1981) confirmed the influence of vertical gradient on the territorial 
nature of metabolism of individual trees of Thuja occidentalis “Fastigiata” 
which grew under different urbogenic conditions. As it turned out, the value of 
electrical resistance (impedance) in weakened trees in the city square is much 
higher (70%) than in favorable conditions of the park. At the same time, the 
polarization capacity in the weaken trees that grew in Ivan Franko square was 
73% less than that in the park (Figure 4). 

 
Figure 4. Values for impedance and polarization capacity of individual trees of Thuja occidentalis 

“Fastigiata” under growing conditions of EPhZ II and EPhZ IV 
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A low level of vitality of individual trees of Thuja occidentalis “Fastigiata” 
under unfavorable arid conditions of the streets was revealed as a result of 
experiments involving the kinetics of photoinduced fluorescence of the needles 
(Table 3). The validity index calculated by this method confirmed the negative 
impact of city streets climate on the vitality state of plants (Kucheryavyy, 2012). 

Table 3. Indexes of chlorophyll fluorescence for Thuja occidentalis “Fastigiata” 

Location of study 
object 

Assessment of the site 
according to 5-point 

system 

Indexes of fluorescence 
Vitality 
index 

Rtd 
Background 

Fo 

Maximum 

Fm 

Forestry University 
Botanic garden 5 12 34 0.64 

Svoboda avenue 4 18 34 0.44 

Gorbachevsky street 3 20 30 0.33 

Source: Kucheryavyy, 2012 

Considering the difference between horizontal and vertical temperature gradients 
of air and soil of the ecological phytocoenotic zones of Lviv, four climatic 
gradients are distinguished arbitrarily: forest (suburban forests), forest-steppe 
(city parks), steppe (garden square), and desert (street planting). The planting of 
these EPhZs is characterized by different phytocoenotic structure, species 
composition of the trees, shrubs and grasses, the ratio of native species and 
exotics, natural and synanthropic vegetation (Table 4). 

Таble 4. Spatial and species structure of plant communities located in different ecological 
phytocoenotic zones of Lvivsity 
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II Pogulyanka 
park Two layers 9 6 15 4 15 19 25 10 35 
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Таble 4. Spatial and species structure of plant communities located in different ecological 
phytocoenotic zones of Lvivsity 

EPhZ Object name 
Vertical 

stratification of 
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(quantity) 
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(quantity) 
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(quantity) 
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III 
Garden 

square on the 
Berms 

One layer 3 8 11 1 7 8 5 19 24 

IV Lychakivska 
street – 2 3 5 – 3 3 – 16 16 

At the same time, street planting surrounded by anthropized underlying surface 
of roads and pavements which accumulate large amounts of solar energy, as well 
as compaction of the soils, promote the formation of “desert climate”. Therefore, 
in all cases we deal with with a shift of climatic indexes towards the South-like, 
drier climate that occurs in the latitudinal distribution of climates (Table 5). 

Table 5. Air temperature of July in the green areas in the city of Lviv, compared with the climate 
of other cities 

Name of a city Average July 
temperature (°С) 

The name of the city 
object 

Air temperature, 
July, noon (°С) EPhZ 

Lviv 18.5 Vynnyki forest 20.7 I 

Kamianets-
Podilskyi 19.0 Stryiskyi park 21.2 II 

Odesa 22.1 Ivan Franko square 22.4 III 

Cairo 26.0 Gorbachevsky street 23.4 IV 

In order to prevent the vital functions of plants from weakening which occurs 
under the influences of xerophilic process, it is desirable to conduct monitoring 
of the vertical temperature gradient, this being simple and easy for utility 
workers to perform. You need to have two thermometers: one to measure the 
temperature of the soil, the other to measure the temperature of the air in the tree 
crown. In case the soil temperature exceeds the temperature of the air (or else the 
air temperature approaches this parameter), there is a need to regulate the 
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thermal regime, for example, to cool the soil by watering or sprinkling the tree 
crown. 

Artificial restrictions on the development of root system of trees growing in the 
streets, both in depth and width, constant overheating and dehydration of soil 
within the rhizosphere reduces the assimilative activity of the aerial part and 
accelerates the process of ontogenesis. All this leads to physiological aging and 
premature tree mortality. The reason for these negative processes is the early 
“ashing” of physiologically active plant organs (roots and leaves) caused by 
impaired carbohydrate metabolism, increased respiration, inhibition of 
photosynthesis, generation of harmful products, protein degradation, etc. This 
raises the question of prospective introduction of woody plants under conditions 
of EPhZ III and EPhZ IV. And not only exotics, but native species as well. 
Fagus silvatca L. that is widely represented in suburban forests and city parks of 
Lviv such as Pogulyanka park and Zaliznavoda park, does not occur in the 
garden squares and street planting. This also applies to the populations of 
Piceaabies Karst and Abies alba Mill. growing in the suburban forests of 
Roztoche. However, we should think how to ensure the adaptation of these 
species under the conditions of EPhZ III and EPhZ IV. 

As a result of long-lasting studies that were conducted within the complex green 
areas in the city of Lviv, an evaluation methodology has been developed to 
assess the phytovitality of introduced species.  

An assessment of the phytovitality of introduced species can be applied to large 
cities, where all 4 ecological and phytocoenotic zones are observed. 

It is based on phenological observations of the natural rhythm of the plant life, 
the development cycle of leaves, shoots, flowers and fruits, the ability to 
reproduce, the preservation of natural life-forms, the nature of ontogenesis. 

Thus, our studies involve the following degrees of vitality: high, medium, and 
low. Depending on this evaluation, plants are subdivided into low resistant, 
moderately resistant and resistant. The last two categories are considered as such 
that can be recommended for planting in the areas of EPhZ III and EPhZ IV. 

Conclusion 

Based on horizontal and vertical temperature gradients of air and soil, complex 
urbogenic environmental gradients form, together with vegetation cover, 
ecoclines or ecological phytocoenotic zones. We can distinguish four zones in 
the complex green area, these are characterized by different phytocoenotic 
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structure (spatial, species composition, ecological, population system) and plant 
phytovitality. The ecocline ordination of vegetation cover of the city should 
form the basis for planning the system of planting for large cities and 
development of measures for introduction and care of green plantings of the city. 

For the optimal functioning of the physiological system of trees, the temperature 
gradient must be negative. That is, the temperature in the crowns should be 
lower than the temperature of the soil. In conditions of IV EPhZ (streets, 
squares) a positive temperature gradient negatively affects the duration of the 
vegetative period. Elimination of this negative effect can be reached by the care 
of the city's plants: the burrowing of soil in the wells and systematic irrigation. 

When the moisture supply of trees in the I-III EPhZ decreases, the seasonal 
course of photosynthesis ceases to depend on the influx of solar energy and is 
determined by the dynamics of moisture in the soil. Positive vertical temperature 
gradient negatively affects the pigment composition of plants: the sum of 
chlorophylls a + b in cultivars of the Thuja occidentalis needles in the streets of 
the city was 35% lower than in the control (Botanical Garden). 

Decreasing the vitality of woody plants in IV EPhZ is displayed by increasing 
the electrical resistance (impedance), reducing the polarization capacity and 
reducing the vitality index, calculated on the chlorophyll fluorescence index. 

The phytocenoses of the ecological and phytocoenotic zones are characterized 
by a vertical structure (three-storeyed in the I EPhZ, two-storeyed in the second 
EPhZ and one-storeyed in the III EPhZ). Public gardens and street plantations 
(IV EPhZ) are characterized by impoverished species composition. 

The displacement of horizontal temperature gradients from the outskirts (I 
EPhZ) to the center (IV EPhZ) is similar to the displacement in latitudinal 
direction - from the forest-steppe (Lviv, Kamyanets-Podilsky) to Steppe (Odesa) 
and the Desert (Cairo). 

In the basis of the urbophytovitality introducts are the results of ontogenesis, 
which give grounds for introducing plants in planting of ecological and 
phytocoenotic zones. 
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