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Abstract: The article presents the results of research on the peculiarities of the water regime of woody plants introduced 

in the Chui Valley. Such indicators of the water regime as the content of total water in leaves and roots, the 

intensity of transpiration, the water-retaining ability of leaves, the resistance of leaves to dehydration, water 

deficiency, anatomical and morphological features of leaves and water consumption for transpiration by a 

whole woody plant were studied. During the growing season, the water content in the leaves, the water-

holding capacity and the resistance of the leaves to dehydration decrease, which is associated with the aging 

of the leaves. The hydration of the roots during the growing season can both increase and decrease. It is 

revealed that the water regime of the studied species of woody plants is adapted to growing in a culture with 

sufficient water availability. However, in urban conditions, woody plants experience a significant water 

shortage.  In such unfavorable conditions of water availability, only drought-resistant species can grow. 

Drought-resistant species of woody plants are characterized by high and stable water-holding capacity and 

resistance of leaves to dehydration.

1 INTRODUCTION 

Modern research on the water regime of plants 

includes a wide range of issues (absorption and 

consumption of water for transpiration, hydration of 

organs, water retention capacity and resistance to 

dehydration, water deficiency, etc.), the results of 

which largely depend on the soil and climatic 

conditions of growth.  

Most of the work on the water regime was carried 

out on plants growing in natural conditions. However, 

studies of the water regime of introduced plants are 

no less important, since a significant number of 

species of woody plants grow in culture conditions. 

Drought resistance and water regime of introduced 

woody plants were investigated by A.V. Semenyutina 

and S.M. Kostyukov (Semenyutina, Kostyukov, 

2011) in arid conditions of the Lower Volga region, 
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T.D. Kovalchuk (Koval'chuk, 2014) in the right-bank 

forest-steppe of Ukraine, A.A. Imanbayeva and I.F. 

Belozerov (Imanbaeva, Belozerov, 2015) in 

Mangistau, T.A. Sazonova et al. (Sazonova, 

Sofronova, Novichonok, Pridacha, 2015) in the north-

west of Russia. 

The limiting factor in the introduction of plants is 

their availability of water in arid conditions. Lack of 

water leads to the disruption of many physiological 

processes in plants and ecological and physiological 

studies of the characteristics of the water regime 

make it possible to identify the most drought-resistant 

species of woody plants with a wide adaptive 

potential.  

The research was carried out in the Botanical 

Garden named after E.Gareev of the National 

Academy of Sciences of the Kyrgyz Republic, 

located in the foothill zone of the Chui Valley ( 
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Bishkek). The climate of the Chui Valley is arid, with 

hot and dry summers. The absolute maximum 

temperature in summer reaches +37.8 °C. 

2 OBJECTS AND METHODS OF 

RESEARCH 

The objects of the study were 15 species of trees, 16 

species of shrubs and 2 species of lianas introduced 

in the Botanical Garden of the National Academy of 

Sciences of the Kyrgyz Republic. Trees - Аesculus 

hipрocastanum L., Сercis сanadensis L., Вetula 

рrocurva Litv., Аcer sacсharinum L., Аcer 

рlatanoides L., Аcer рseudoplatanus L., Querсus 

rоbur L., Quеrcus imbricаria Michx., Sоrbus 

intеrmedia (Ehrh.) Pers., Juglаns regiа L., Сarpinus 

bеtulus L., Ulтus рinnato-ramоsa Dieck. ex Kochne., 

Рadus rаcemosa (Lam.) Gilib., Рopulus рyramidalis 

Roz., Сrataegus аltaica Lge. Shrubs - Сaragana bоisii 

Schneid., Рhiladelphus lеwisii Parsh., Еlaeagnus 

аngustifolia L., Еuonymus mаackii Rupr., Fоrsythia 

suspеnsa (Thunb.) Vahl., Viburnum lаntana L., Rhus 

typhina L., Sрiraea vаnhouttei (Briot.) Zbl., 

Сhaenomeles jаponica (Thunb.) Lindl., Вerberis 

оblonga (Rgl.) C.K. Schneid., Ligustrum vulgare L., 

Symрhoricarpos аlbus (L.) Blake., Сornus sаnquinea 

L., Syringа аmurensis Rupr., Sрiraea lоsiocarpa Kar. 

et. Kir., Cotinus soddudgia Scop. Lianas - 

Arthenocissus quinquefolia (L.) Planc. f. Engelmanii 

(Graebn.) and Wisteria florribunda (Willd.) DC. 

To conduct studies of the water regime of woody 

plants, a number of indicators were studied. 

Transpiration intensity by the Yevtushenko–Shpot 

method (SHpota, 1958; Evtushenko, 1974) using 

field transpirometers. The water content of the leaves 

and roots was determined by drying the samples taken 

in a drying cabinet to a constant weight at a 

temperature of +105 °C and expressed as % of the raw 

weight. Resistance of leaves to dehydration according 

to K.A. Akhmatov (Ahmatov, 1987). The water-

holding capacity of the leaves according to K.A. 

Akhmatov (Ahmatov, 1976; Ahmatov, 1978). Real 

and sublethal water deficits by the method of L.A. 

Shpot (SHpota, 1992). The anatomical and 

morphological characteristics of stomata were 

studied using the light microscope "Ienoval" (Carl 

Zeiss Iena). Quantitative accounting of stomata was 

carried out at an average magnification of the 

microscope (x 40). Epidermal prints were obtained by 

the method of V.A. Davydov (Davydov, 1991). To 

calculate the daily water consumption for 

transpiration by a whole woody plant, the area of 

individual leaves and the total leaf surface during the 

growing season were simultaneously determined 

according to the method developed by us 

(Kochkunbaev, Esenalieva, Ahmatov, SHpota, 

1999). The height of woody plants (m) was 

determined by an altimeter, the size of the crown (m) 

by a meter ruler, the timing of the appearance of 

leaves, periods of flowering, fruiting and leaf fall 

were established. Temperature and relative humidity 

of the air – with the help of an Assmann 

psychrometer. Statistical processing of the material 

was carried out using Microsoft Excel computer 

programs, the repetition of experiments was 6-12 

times. 

3 RESEARCH RESULTS AND 

THEIR DISCUSSION 

The water content varies widely in different organs of 

woody plants and depends on the type of plant, age, 

growing conditions and growing season. Some 

species of woody plants have large seasonal 

fluctuations in water content. One of the reasons for 

fluctuations in the water content is the consumption 

and flow of water, namely, transpiration and 

absorption of water by the roots. In this regard, it was 

important for us to study the amplitudes of 

fluctuations in the water content in the leaves. High 

water content of leaves and drought resistance of 

woody plants do not correlate with each other. 

Among drought-resistant species, there are both high 

and low water content. In this regard, the criteria for 

drought resistance are other indicators of the water 

regime of plants. However, based on the data on the 

hydration of leaves and their variability, it is possible 

to judge the balance of the water regime of plants. The 

highest water content in the leaves is achieved in 

spring, with the beginning of the appearance of 

leaves, when transpiration is minimal. During the 

summer, the water content decreases until the 

beginning of leaf fall. More stable species are those 

in which fluctuations are insignificant. A decrease or 

increase in the water content in plant leaves may 

occur as a result of the influence of unfavorable 

factors of the summer period, namely high 

temperatures and water availability. Any of these 

factors can be limiting. Our studies have shown that 

the water content may also depend on the 

characteristics of growth (fast-growing or slow-

growing), height, foliage and vegetative mass, since 

this requires a large amount of water. The water 

content in the leaves of woody plants depends on their 



species characteristics, age, water availability 

conditions, as well as adverse environmental factors 

and undergoes seasonal changes. The total water 

content in the leaves can be used as an indicator of the 

characteristics of the water regime of woody plants 

introduced in the Chui Valley, since the balance of the 

water regime is of great importance. 

In trees, a high level of hydration (more than 70%) 

is observed in the leaves of Juglаns regiа. 60 percent 

or more of water is in the leaves of Саrpinus betulus, 

Аеsсulus hiрросastanum, Аcеr рsеudорlatаnus, 

Ulmus pinnato-ramosa, Раdus rасеmosa and Betula 

procurva. The leaves of Sorbus intermedia, Quercus 

imbricaria, Сеrcis саnadеnsis, Асеr plаtanоides, Асеr 

sассharinum, Quercus robur and Сratаеgus аltaicа 

differ in a relatively smaller amount of water. Among 

shrubs and lianas, the highest water content was noted 

in the leaves of Parthenocissus quinquefolia (more 

than 70%). The water content of the leaves of 

Forsythia suspensa, Euonymus maackii, Caragana 

boissii and Ligustrum vulgare exceeds 60%. The 

leaves of Spiraea losiocarpa, Chaenomeles japonica, 

Spiraea vangouttei and Cornus sanguinea differ in the 

minimum amount of water. The other species are 

characterized by average indicators of leaf hydration. 

The amplitude of fluctuations can be used to judge the 

stability or lability of the water content in the leaves. 

Hydrolabile – Sorbus intermedia, Cercis canadensis, 

Acer pseudoplatanus, Betula procurva, Cornus 

sanguinea, Cotinus coggygria, Philadelphus lewisii 

and Elaeagnus angustifolia, and hydrostable – Juglans 

regia, Carpinus betulus, Padus racemosa, Acer 

saccharinum, Populus pyramidalis, Euonymus 

maackii and Ligustrum vulgare. Other types of 

woody plants occupy an intermediate position in this 

indicator. 

For the normal growth and development of woody 

plants, it is necessary that the water consumption for 

transpiration approximately corresponds to the 

intake, in this case the water balance will be balanced. 

The source of moisture for plants is water, it is located 

in the soil, and the root system is the main organ of 

water absorption, so the supply of woody plants with 

water completely depends on it. The role of this 

organ, first of all, lies in the fact that, thanks to the 

huge surface, water is supplied to the plant from the 

soil. In arid conditions, only a deep root system can 

contribute to the constant flow of water into plants. 

The physiological state of woody plants largely 

depends on the activity of the root system, which in 

turn depends on the intensity of root respiration. The 

absorption of water occurs the more intensively, the 

larger the suction surface of the root system and the 

more soil moisture is in abundance. Considering the 

importance of the root system in the water regime of 

woody plants, we conducted studies of root hydration 

during the growing season. According to the indicator 

of the water content in the roots, it is possible to judge 

the sufficiency and availability of water to woody 

plants. According to the results of our research, it was 

noted that woody plants with a highly developed 

taproot system tolerate drought much better than 

those with a superficial or poorly developed root 

system. In woody plants with a developed taproot 

system, changes in water content are not significant, 

which indicates the availability of water to the roots. 

Woody plants with a superficial root system have 

more significant fluctuations in water content, and 

they are more sensitive to the harmful effects of 

summer drought. 

Since it is impossible to fully characterize the state 

of the water regime of woody plants of a certain 

species by the indicator of the hydration of leaves and 

roots, in connection with which, for the purpose of a 

comprehensive assessment of the degree of drought 

resistance, we additionally determined the water-

holding capacity, the resistance of leaves to 

dehydration and the water deficiency of leaves. Water 

loss by isolated leaves is insignificant, therefore, high 

water retention capacity in Juglans regia, Aesculus 

hippocastanum, Quercus imbricaria, Cerсis 

canadensis, Sorbus intermedia, Carpinus betulus, 

Parthenocissus quinquefolia, Forsythia suspensa, 

Cotinus coggygria, Euonymus maackii, Ligustrum 

vulgare, Rhus typhina and Syringa amurensis. The 

leaves of Populus pyramidalis, Crataegus altaica, 

Caragana boisii, Symphoricarpus albus, Philadelphus 

lewisii, Wisteria floribunda, Cheonomeles japonica 

and Spiraea losiocarpa are characterized by weak 

water retention ability. The rest of the studied species 

can be attributed to the medium-water-retaining ones. 

The amplitude of fluctuations in water loss by 

isolated leaves during the growing season varies quite 

a lot depending on the species - from 1.12 to 45.77%.  

The spread of data on the resistance of leaves to 

dehydration is quite significant. The longest wilting 

(32-38 hours) is sustained by the leaves of Forsythia 

suspensa. Long-term resistance to dehydration was 

also shown by Еuonymus mаackii, Ligustrum 

vulgare, Parthenocissus quinquefolia, Syringа 

аmurensis, Сotinus сoggygria and Viburnum lantana 

(14-26 hours). The threshold level of dehydration of 

Rhus typhina, Elaeagnus angustifolia, Spiraea 

vanhouttei, Acer platanoides, Aesculus 

hippocastanum and Ulmus pinnato-ramosa is 6-14 

hours. Spiraea losiocarpa, Cheonomeles japonica, 

Populus pyramidalis and Crataegus altaica are 

characterized by very low leaf resistance to 



dehydration, since 1-2 hours are enough for 50% 

damage to the leaf blade. In the remaining 6 species, 

wilting occurs in 4-6 hours. Comparing the results 

characteristic of various life forms characterized by 

high water retention capacity and high resistance of 

leaves to dehydration, it should be noted that in 6 

species of shrubs (Forsythia suspensa, Еuonymus 

mаackii, Ligustrum vulgare, Cotinus coggygria, 

Syringа аmurensis, Vibirnum lantana) and lianas 

(Parthenocissus quinquefolia) these indicators are 

higher than in the trees. Since drought primarily 

causes leaf dehydration, the study of leaf resistance to 

dehydration is important for the selection of plants for 

drought resistance. Woody plants with high leaf 

resistance to dehydration are more drought-resistant. 

The values of the real water deficit of introduced 

woody plants did not approach the values of the 

sublethal water deficit, and it is difficult to judge the 

intensity of the water exchange of plants by these 

indicators. One of the main reasons for this is that 

introduced woody plants grow under irrigation 

conditions and do not experience a great shortage of 

irrigation water. Apparently, for the introduced 

species, the indicator of real water scarcity is not 

informative enough and cannot be applied as a 

method for selecting woody plants resistant and 

adapted to drought, since in the conditions of the 

Botanical Garden, the introduced species really do 

not lack irrigation water. 

The intensity curves of transpiration of woody 

plants during the day differ in their trends. For all the 

species of trees and lianas studied by us, a decrease in 

the intensity of transpiration was noted, which is a 

characteristic physiological reaction of them on clear 

days. In species with a shift of its peak to the morning 

hours during the day, it is an indicator of the intensity 

of the water regime and lack of water in the soil on 

these days. A stable and single-peak daily course of 

transpiration with a maximum at noon, as well as its 

decrease followed by an evening increase, is an 

indicator of a more favorable water regime of these 

species of woody plants. The two-vertex transpiration 

intensity curves observed on separate days in the two 

tree species studied by us Sorbus intermedia and 

Ulmus pinnato-ramosa, as well as shrubs Syringa 

amurensis, Cotinus coggygria, Cheonomeles 

japonica, Rhiladelphus lewisii and Symphoricarpus 

albus indicate the onset of midday water scarcity. In 

seasonal dynamics, woody plants intensively 

transpire in the hottest summer months, by the end of 

the growing season, transpiration decreases. Each 

species of woody plants has its own characteristics of 

transpiration intensity, the values of which vary 

significantly, showing the high lability of the process.  

In Sorbus intermedia, Carpinus betulus, Acer 

saccharinum, Acer pseudoplatanus, Populus 

pyramidalis, Crataegus altaica, Chaenomeles 

japonica, Caragana boisii, Symphoricarpos albus, 

Еlaeagnus аngustifolia, Cotinus сogyggria, 

Euonymus maackii, Berberis oblonga, Syringa 

amurensis, Philadelphus lewisii, Spiraea losiocarpa 

and Viburnum lantana – transpiration intensity is 

subject to significant changes, and in Quercus 

imbricaria, Aesculus hippocastanum, Cercis 

canadensis, Betula procurva, Forsythia suspensa, 

Rhus typhina, Cornus sanguinea, Wisteria floribunda, 

Spiraea vanhoutei, Partenocissus quinquefolia and 

Ligistrum vulgare – characterized by relative 

stability. Sorbus intermedia, Acer saccharinum, Acer 

pceudoplatanus, Carpinus betulus, Populus 

pyramidalis, Crataegus altaica, Euonymus maackii, 

Elaeagnus angustifolia, Philadelphus lewisii, 

Viburnum lantana, Chaenomeles japonica, Cotinus 

cogyggria, Spiraea losiocarpa and Caragana boisii 

have high values of the average daily transpiration 

intensity. Cercis canadensis, Aesculus 

hippocastanum, Quercus imbricaria and other types 

of shrubs and lianas differ in low transpiration on 

average per day. Other types of trees - with its average 

indicators. 

During the growing season, the minimum amount 

of water a whole woody plant transpires in May, 

when the total leaf area is still small, then the increase 

in leaf mass increases, from June to August it goes to 

a plateau, since the leaf area does not change at this 

time and from August the water consumption for 

transpiration begins to decrease. There are large 

differences in transpiration per unit leaf area and total 

leaf area among different species. In this regard, the 

unequal total area of the leaves can compensate for 

the difference in the intensity of transpiration per unit 

of leaf surface. For example, Populus pyramidalis and 

Aesculus hippocastanum are characterized by a large 

leaf surface, but the transpiration intensity of Populus 

pyramidalis is greater and ultimately the water 

consumption for transpiration by a tree exceeds 

Aesculus hippocastanum by more than 3 times. Acer 

saccharinum can evaporate more than 1000 kg per 

day, which is primarily affected by the high intensity 

of transpiration per unit area than the total area of the 

leaves. The same trend is observed among shrubs. 

Some types of trees and shrubs transpire almost equal 

amounts of water per day. These include Crataegus 

altaica, Cercis canadensis, Padus racemosa, Rhus 

typhina, Philadelphus lewisii and Viburnum lantana. 

Such a shrub as Cotinus coggygria is able to transpire 

364.00 kg of water per day, which is close to the 

indicators of such tree species as Juglans regia, 



Aesculus hippocastanum, Sorbus intermedia, Betula 

procurva, Acer pseudoplatanus and Quercus robur. 

Thus, one shrub can lose as much water per day as a 

tree with a large crown, which is due to differences in 

the intensity of transpiration per unit area of leaves. 

From the studied tree species, the high values of the 

daily water consumption for transpiration are 

distinguished by Рopulus руramidalis, which can 

transpire up to 2832.5 kg of water per day. On some 

days, more than 1000 kg per day is transpired by Асer 

sассharinum. These are two examples when high 

values of transpiration and total leaf surface are 

observed. The average positions according to the 

indications of daily water consumption for 

transpiration are occupied by Aсer рseudoplatanus, 

Асer рlatanoides, Quercus robur, Quercus imbricaria, 

Вetula procurva, Sorbus intermedia, Сеrcis 

саnadensis, Juglans regiа, Ulmus pinnato-ramosa and 

Aesculus hiрросastanum (from 126.0 to 518.0 kg). 

The minimum amount of water per day is transpired 

by Раdus rаcemosa and Сrataegus аltaica. Among the 

shrubs, the largest amount of water per day can be 

transpired by Cotinus coggygria. Also, Rhus typhina, 

Viburnum lantana, Philadelphus lewisii, Elaeagnus 

angustifolia, Syringa amurensis, Forsythia suspensa, 

Spiraea vanhoutei and Caragana boisii are 

characterized by high indicators of daily water 

consumption for transpiration. A small amount of 

water per day is transpired by Ligustrum vulgare and 

Сornus sаnquinea. 

In the studied species of woody plants introduced 

in the Chui Valley, the number of stomata per 1 mm 

2 of the leaf surface ranges from 65 to 450. The leaves 

of all plants are hypostomatic, and only the leaves of 

Populus pyramidalis are amphistomatic. There is no 

clear pattern between the number and area of stomata.  

The total area of stomatal slits covering the surface of 

the leaf depends on both the number of stomata and 

the area of the stomatal slit. Indicators of the 

quantitative characteristics of stomata inherent in a 

particular type of woody plants cannot serve as a 

criterion for the level of transpiration. Species with 

different number and area of stomata, as well as the 

area of stomatal slits, can have both high and low 

values of transpiration intensity. It should be noted 

that the largest amount of water is transpired by the 

leaves of Populus pyramidalis, which are 

characterized by an amphistomatic type. Apparently, 

the main determining the level of transpiration is the 

functional state of the stomata, the degree of their 

orifice.   

4 CONCLUSION 

The analysis of the water regime of woody plants 

introduced in the Chui Valley revealed general trends 

and differences in adaptation to arid conditions. Each 

type of woody plants is characterized by its inherent 

variability of water regime indicators during the day 

and vegetation. At the same time, the amplitudes of 

fluctuations can be both insignificant and within large 

limits. The culture conditions are generally favorable 

for the growth of woody plants, since they do not 

experience a large shortage in irrigation water. 

However, to determine the resistance of introduced 

woody plants to drought as indicators, it is necessary 

to have data on the water retention capacity and the 

threshold level of leaf dehydration, as well as the 

structure of root systems. Scientifically-based 

selection makes it possible to recommend woody 

plants for green construction. Of the 33 woody plants 

studied, 18 species of woody plants are drought-

resistant and 15 are demanding of moisture, and with 

this in mind, recommendations are given for the 

assortment of woody plants for landscaping 

settlements in the Chui Valley. 
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