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One of the important factors of influencing on the operation of physiological processes and optimize the productivity of trees is the water regime. In the article we analyzed the intensity of transpiration of trees in conditions of unfavorable factors of natural and anthropogenic origin. The results showed the difference between the levels of water evaporation in the leaves of trees growing in the park area and along the streets of Khmelnytskyi. Aesculus hippocastanum, Acer platanoides are the most vulnerable to drought and adverse factors of natural and anthropogenic loads. Рісеа abies, Populus pyramidalis Roz, Tilia cordata are the most resistant plants.
Keywords: transpiration, water balance, wood plants, ecosystems, temperature, drought.
Statement of the problem. In the last decades the climate of Ukraine is changing. A number of modern meteorological parameters differ significantly from the generally accepted values of the climatic norms. So, for the last twenty years temperatures have increased by 0,8 °C from the established norms, and the average temperature in January-February increased by 1–2 °C [7]. These trends will continue in the future. According to the forecasts of scientists of the Ukrainian Research Hydrometeorological Institute of MES and NASU increase in maximum and minimum temperatures for the year will continue, so winter will be mild and short and summers are even hotter [1].

Warming in Ukraine is due to the phenomena of global scale and changes of local character, in particular, the processes of urbanization. The city as a complex and multidimensional body, create a special microenvironment. The transport and industrial enterprises, high density and heating of buildings, solid asphalt or other hard surface of streetsНачало формы
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 and squares or so increase the overall temperature of the air and make it overheated and too dry [7, 12]. In the cities, according to the researchers, phenomenon of the urban desert is tracked [3].
Green spaces protect urban areas from high temperatures, the greenhouse effect, direct solar radiation, excessive heat, air pollution, transport emissions and effects of industrial gases, heavy metals and other. They are unique indicators of the ecological conditions and the environment, as perform the role of a universal filter natural from anthropogenic pollutants [13]. Therefore, greening the urban environment is a prerequisite for sustainable development.
However, a significant increase in temperature, decrease of soil moisture and air, reducing the amount of precipitation has a negative effect on the biotic groups. Against the background of changing climatic parameters, physiological and biological processes of growth and development of plants violated, their resistance to external shocks decreases, the growing season and the intensity of generative processes shortens, their life expectancy decreases. Therefore, it is important to study the combined effect of temperature factors on the vitality of plants for the purpose of selection of resistant to adverse conditions of the urban environment species, increasing their productivity and decorativeness, enhance recreational, sanitary-hygienic, aesthetic and other functions.
The problem of finding optimal conditions for growth and development of plants in the urban area at higher temperatures is complex and multidimensional so it depends on many factors. One of the important factors of functioning of physiological processes and optimize the productivity of plants is their water supply [12, 16]. The disturbance of the water regime causes a decrease of water content in plant tissues, leads to the loss of minerals, suppresses and stops their growth, causing browning, withering and falling of leaves etc. [6].
An important factor in determining water regime is the process of transpiration. The transpiration means the process of evaporation of water by ground parts of the plant. According to scientists, it is necessary and useful for the development and functioning of plants [6]. Through this process water and minerals go up the stem from roots to leaves, there is a cooling plant, overheating or so is not allowed. The plant has a number of physiological features that allow to significantly regulate the release of water. Thus, the process of transpiration, to some extent, depends on the efficiency of an absorbing action by surface of roots, the structure and size of the plant, its age, especially the location and the structure of the leaves, their area, size, shape, etc. [6, 14]. However, the intensity of the process of water evaporation by plant depends on external factors, namely: the speed of movement of air masses, rising of temperature and humidity and dustiness of air, deficit of water vapor pressure in it or so.
Analysis of recent researches and publications which initiated solving of this problem. The water regime of plants is comprehensively illuminated in number of works by contemporary domestic and foreign scientists. Research on ecology, plant physiology, namely the study of the influence of different conditions on transpiration of water by plants are presented by  I. Baranetskyi, G. Dmytriyeva, 
P. Gengel’, V. Zelenskyi, V. Kuznetsov, A. Kursanov and others. Thus, the analysis of physical factors affecting the rate of transpiration is covered in scientific research of L. Kasyanov, V. Kuznetsov. They show that the transpiration is due to the influence of various factors, which include changes of lighting conditions, shaking shoots, when water vapor comes out faster from the air cavities of plants.
Features of influence of thermal gradients on the green planting in urboecosystem are considered in the works of M. Barabash, N. Koval’chuk. Molecular and physiological mechanisms of stability of plants in conditions of water stress and high temperature are considered in the studies of I. Grygoriuk, 
M. Musienko. Scientists A. Kolisnichenko, I. Grygoriuk, S. Grysiuk, D. Klimchuk on the example of assessing heat and drought resistance of seedlings of sweet chestnuts and bitterly hippocastanum determines that high temperature leads to disruption of the functioning of stomata and reduce plant productivity. In their research they analyze the adaptive and regenerative processes under condition of water deficit and high temperatures. G. Eremeiev, Zh. Kozukina, R. Slager, Ye. Yablonskyi and others study the physiological characteristics of perennial tree crops under different water availability. Analysis of the characteristics of the water regime of wood plants in different ecological zones of modern cities is represented in the works of N. Nesterova. The researcher found that a significant effect of stressful environmental factors on the variability of the water regime plants due to the intensity of photosynthetic radiation, temperature gradient, the range of active moisture in the soil.
Method of fast weighing for determination of transpiration under natural conditions is developed by L. A. Ivanov, A. A. Silina, Yu. L. Zelkiner. The method of calculation of the intensity of the transpiration process is presented in the manual for laboratory exercises in anatomy and morphology of N. Voronin. 
The shift in the climatic parameters affects the physiological and biological processes of plant development and requires, among other things, the study of the combined effect of thermal gradients on the vitality of plants for the purpose of selection of resistant to adverse conditions of the urban environment types.
The purpose of the study is to identify indicators of changes in water regime, namely the intensity of the process of transpiration of wood plants in times of drought.
Marked goal is pursued through a number of tasks:
- to assess the stability of the assimilation systems of wood plants to air drought and exposure to adverse natural and anthropogenic origin;
- the features of the process of the intensity of transpiration of tree plantations in different ecological zones of the city;
- evaluation of the influence of stress factors, namely: water and high temperature, on the process of transpiration of wood plants in the conditions of Khmelnytskyi.
Materials and methods of research. The object is selected tree plantings of Khmelnytskyi. To conduct the study we involved the most common tree species – horse chestnut (Aesculus hippocastanum), Tilia cordata (Tília cordáta), Norway maple (Acer platanoides), locust (Robinia pseudoacacia), Norway spruce (Рісеа abies) growing on city streets and in parks, in three zones of the city [13]. The first zone is a zone of conditional control – city park named after M. Chekman (on the Proskurivka underground street), the second zone is Dovzhenko and Ternopil’ska streets. On these streets industrial facilities of the city are concentrated, namely: plants «Cation», «Novator», «Interprodserviсe», the third zone is  Kamenetska and Myru streets are the main transport arteries of the city and it is characterized by intense traffic.
The studies were conducted in summer (July) 2015. The climatic features of this period were considerably increased temperature, which was more than 30 °C, insufficient moisture, lack of precipitation (except in July thunderstorms – 1.07, 13.07, 14.07, which was of short duration, and rain mass – 20.07, 26.07 – low intensity) [15].
For the purpose of determining of the intensity of transpiration we used gravimetric method, which is based on the account number of evaporated water. This method of taking into account the intensity of transpiration is based on determining of the number of evaporated water based on the weight of the leave. For this goal we selected samples of the leaves by 10 pieces of the middle tier of wood plants [3, 10]. The leaves were cut from plants and were weighed twice, with the interval between indices was not more than 3–5 minutes [3]. Then cut leaves were dried in a drying chamber at 100 °C and weighted.
To calculate the intensity of the transpiration we determined the size of the leaf. When determining the space we used the following rule: if two figures are made of the same material, the area of the first figure relates to the area of another, as well as the weight of the first mass to the second. From graph paper we cut out a square area of 25 cm2 and weighted it. Then, on this sheet of paper we overlay research leaf, draw out the outline and cut out. The result is a paper sheet that is equal in area research leaf. Paper was weighted. From the obtained data we make a proportion:
Мkv/Мl=Skv/Sl
Calculation on the dry weight gives the transpiration coefficient, which indicates how long the plant spent water to produce a unit weight of dry organic matter. 
The intensity of transpiration (IT) was calculated by a formula:
IT=((I*60)/n)*100, where I – quantity of evaporated water, g; n is the area of leaves, cm2; d is the duration of the experience, min; 60 – conversion factor from minutes to hours;100 – conversion factor from square centimeters to square meters.
The leaves dried at temperature 100–105 °C, weighted and determined the content of water relative to dry mass and calculated the shortage of moisture, the dry mass g/m2 and the relative moisture content by the formula according to [8]:
RWC=((m*m2)\(m1)m2))*100%, 
where m – mass of broken piece, mg; m1 is the mass of the leaf, after saturation with water, mg; m2 – the mass of absolutely dry leaf, mg; s – the area of leaves, cm2; 100; 100 – conversion factor, cm2.
Obtained average values of transpiration intensity of selected species of trees provide information about the activity of evaporation plants in certain ecological zones of the city excluding seasonal variations, age features of development of plants [8].
Results. The obtained data showed a difference between the level of water evaporation in the leaves of wood plants growing in the park area and on the streets. Wood plants of the park area have lower intensity of transpirative processes in comparison with street plantings (table 1). This circumstance is due to the decrease in the influence of factors of anthropogenic load, the characteristics of trees that affect the light level, temperature, heating of the atmospheric air, the ability to mitigate direct solar irradiation etc.
Table 1.
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The data of table 1 showed that in the green area the process of transpiration is lowest in the leaves of Tilia cordata extract, maple and acacia. In the second and third ecological zones in these wood plants also the level of transpiration is smaller than with other species. This fact is due to several internal factors influencing the regulation of the process of transpiration, namely: the size and shape of the leaves, the size and characteristics of its surface, location of leaves, age of plants etc. [14, 16].
In the second and third zones intensity transpiration processes in tree plantations is considerably higher compared to the control area. In the conditions of city streets the leaves of wood plants are characterized by a higher level of transpiration compared with the control area. Increased traffic, the number of industrial companies, dense buildings etc. have increased the level of anthropological load on street plantings and, consequently, increased the indicators of the climatic gradient. Accordingly to prevent overheating the intensity of transpiration increases. In plants, overheated by the high temperature, the stomata is wide open. This fact makes it vulnerable to significant evaporation. If for a long time the plant is exposed to wind or water, the leaves of this plant begin to shrink, and over time the plant loses the leaves, which is not typical for the summer period.
Differences between indicators of the intensity of transpiration in the second and third zones are almost not detected. The exception is the reduction of water evaporation in the leaves of poplar and horse chestnut bitterly in the streets of zone three, compared to the second (PL 2). This is determined by the sensitivity of plants to dust pollution [4]. Dust pollution of plants leads to clogging of open stomata, which inhibits physiological processes, disrupts the water balance of the plant, changes in its vegetation period etc.
	Table 2. Indicators of transpirative processes in the leaves of wood plants in the ecological zones of the city Khmelnytskyi
Вreed
	Breed  intensive of transpiration, g*h/m2

	RWC, %

	1. Horse chestnut
	І area – 3,296

ІІ area – 4,23

ІІІ area – 4,15


	І area – 57,2

ІІ area – 62,7

ІІІ area – 61,9

	2. Linden heartleaf
	І area – 2,56

ІІ area – 4,97

ІІІ area – 4,99
	І area – 45,2

ІІ area – 66,7

ІІІ area – 66,9

	3. Norway maple
	І area – 0,6712

ІІ area – 1,965

ІІІ area – 1,958
	І area – 47,9

ІІ area – 61,3

ІІІ area – 61,1

	4. Whitewood
	І area – 4,231

ІІ area – 6,831

ІІІ area – 6,829
	І area – 70,6

ІІ area – 92,2

ІІІ area – 92,2

	5. Lombardy poplar
	І area – 1,511

ІІ area – 2,531

ІІІ area – 2,491


	І area – 62,5

ІІ area – 77,9

ІІІ area – 76,7

	6. Acacia white
	І area – 0,642

ІІ area – 0,8731

ІІІ area – 0,8651
	І area – 74,7

ІІ area – 88,4

ІІІ area – 87,9


The above given in table 2 indicators of intensity of transpiration the most resistant to air drought was the planting of Norway spruce, poplar, Linden, heart. Common wood plant species on the streets the most vulnerable to drought and the impact of unfavorable factors of natural and anthropogenic loads is Norway maple, bittersweet chestnut (PL 2). High temperature stress causes direct and indirect damage of wood plants. For direct exposure of high air temperatures we observed effects of «sunburn» of leaves and bark, white spotting of the stem and leaves of plants, wilting and drying of not only the leaves, but the crowns of trees [16]. In arid areas trees grow smaller, their leaves are usually smaller. Water deficit changes the anatomy, morphology, physiology and biochemistry of growing plants. 
Conclusions:
1. Global climate changes affect physiological processes of plants. Particularly susceptible are species in urboecosystem. On the back of increased temperature parameters we can see changes in the water balance of wood plants. One of the effects of prolonged water deficit plants have a process of intensive transpiration.
2. The difference between the level of water evaporation in the leaves of wood plants growing in the park area and on the streets due to the decrease in the influence of factors of anthropogenic load, the characteristics of trees that affect the light level, temperature mode, the heating of atmospheric air etc.
3. The most resistant to air drought in terms of intensity of transpiration in Khmelnytskyi were plants of Norway spruce, poplar, Linden, heart. Common wood plant species on the streets which are the most vulnerable to drought and the impact of unfavorable factors of natural and anthropogenic loads is Norway maple, horse chestnut.
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