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We studied the physiological and biochemical parameters of water exchange of two broadleaf forest species, Quercus robur L. and 
Acer campestre L., which grow under different levels of water supply. The study was conducted in the lower third of the northern slope 
and the middle third of the southern exposure slope in the “Viyskovyi” ravine. It was established that the content of total water in the 
leaves of Q. robur is higher than that of A. campestre under both mesophilic and xerophilic conditions. In A. campestre, the gradual 
dehydration of leaves during the growing season is more pronounced. The water-holding capacity of the leaves increases in both spe-
cies, especially in July and August on the southern exposure slope, which is consistent with changes in the content of hydrophilic collo-
ids. This can be considered as an adaptation of plants against rigorous hydrothermal conditions. The leaves of A. campestre retain water 
better and are characterized by a greater number of hydrophilic colloids compared to the leaves of Q. robur at different levels of water 
supply. Under xerophilic growth conditions, the suction power of the cellular junctions of leaves is more significant than under meso-
philic conditions. At both experimental sites, this indicator is always higher in case of A. campestre, while the difference is greater only 
under xerophilic conditions. The increase in suction force in leaf cells occurs in parallel with the increase in soil dryness. The leaves of 
A. campestre have a greater water deficit and suction power, better water-holding capacity due to a greater content of hydrophilic collo-
ids, and a lower intensity of transpiration. The leaves of Q. robur have a lower water deficit and a lower water-holding capacity, which 
is based on the ability to resist the lack of moisture by the development of a deep root system that allows water to be absorbed from its 
deep horizons. The obtained data make it possible to clarify the peculiarities of the water regime of tree species during their simultane-
ous growth in forest phytocoenoses and adaptation to different levels of soil moisture.  

Keywords: ravine forest; common oak; field maple; water content; water saturation deficit; water-holding capacity; sucking power 
of the leaves; hygrotopes.  

Introduction  
 

The productivity of woody plants within genetically determined li-
mits largely depends on maintaining the water balance (McDowell et al., 
2022). Knowledge of the indicators of the water regime of plants is a ne-
cessary condition for their effective cultivation (Lyr et al., 1967; Ievinsh, 
2023). This is especially important for the Steppe zone of Ukraine, where 
the amount of precipitation is 350–540 mm, the hydrothermal coefficient 
ranges from 0.5 to 0.9 (Adamenko, 2014), and plants often suffer from 
high summer temperatures and lack of water. Under the conditions of glo-
bal warming (Ciscar et al., 2018; Stojko, 2020; Pörtner et al., 2022), fur-
ther deterioration of forest growth conditions is predicted both in Europe 
(Dyderski et al., 2018; Enríquez-de-Salamanca, 2022; Li et al., 2023), as 
well as in Ukraine (Kramarets & Krynytskyy, 2009; Kramarets et al., 
2023), along with the change in the species composition of forests (Buk-
sha, 2009; Stoyko, 2011; Faly & Brygadyrenko, 2014; Brygadyrenko, 
2015; Shparyk et al., 2020). Under such conditions, the water regime of 
plants can play a decisive role.  

A long-term disturbance of the water balance resulting from both dry 
soil and air disrupts normal metabolism (Kiriziy & Stasik, 2022). A de-
crease in the water content in cells during a water deficit causes all kinds of 
negative changes in the structure and functions of biopolymers, leads to 
protein denaturation, inhibition of enzymatic activity, changes in the struc-
ture of the membrane lipid layer and violation of its integrity is (Shao et al., 
2008; Shao et al., 2016; Aliyeva et al., 2023). A lack of water during a 

water deficit in the leaves causes them to overheat due to insufficient tran-
spiration, induces changes in the colloidal properties of the cytoplasm, 
which reduces the metabolism and inhibits the processes of photosynthe-
sis (Lawlor & Cornic, 2002; Bota et al., 2004). Drought suppresses 
growth processes and plant development (Tschaplinski et al., 1998; Tahir 
et al., 2003; Thakur & Sood, 2005).  

Indicators of water exchange in woody plants are studied mainly un-
der urbogenic growth conditions (Hnatyshyn, 2015; Kovalevskyi & Kry-
vokhatko, 2018; Tymoshenko, 2018; Yukhymenko et al., 2021). Yet 
there are few studies characterizing the water exchange of woody plants in 
natural (Gracanin et al., 1970; Kotsiubynska, 1977; Olijnyk & Rak, 2018) 
and artificial forest phytocoenoses (Bessonova et al., 2016), although they 
are very important for effective planning and implementation of forestry 
work. However, even in these cases only a handful of indicators were 
taken into consideration.  

Analysis of the water balance of individual plants as well as entire 
plantations, especially under conditions of constant water supply, is consi-
dered a more important task for ecologists and plant physiologists. Increa-
sing productivity of woody plants depends heavily on its assessment (Lyr 
et al., 1967). The obtained results will help to better understand the pecu-
liarities of water exchange of various tree species during their simultane-
ous growth in forest phytocoenoses and adaptive reactions to forest plant 
conditions with a varying level of soil moisture.  

The aim of this work is to analyze the indicators of water exchange in 
leaves of Q. robur and A. campestre from natural oak groves under meso-
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philic and xerophilic growth conditions in the Viyskovyi ravine of Dni-
propetrovs’k region.  
 
Materials and methods  
 

The objects of the study are oak (Quercus robur L.) and field maple 
(Acer campestre L.), which grow in the thickets of the Viyskovyi ravine at 
different levels of water supply (Fig. 1). The study of their water regime 
was carried out in 2023 on two trial areas. Trial area 1 (TA1) is located in 
the lower third of the northern exposure slope. Hygrotope – CL2 (clay-

loam soil), mesophilic (fresh). Trial area 2 (TA2) is located in the middle 
third of the southern exposure slope. Hygrotope – CL1, xerophilic, dry. 
Atmospheric transit humidification is inherent to both areas. 

Samples for analysis were taken using garden loppers from the south-
east side of the middle part of the crown of the studied species during the 
growing season (May 15, June 21, July 14, August 16, September 13) un-
der the same lighting conditions. In parallel with sampling, air temperature 
and humidity were measured with a TA-308 electronic thermohygrometer 
(Tcom, Chongqing, China).  

  
Fig. 1. Map of the research area: coordinates of extreme points (48°11´08´́  N 35°07´45´́ E; 48°10´41´́  N 35°10´12´́ E)  

The amount of total water in the leaves was determined by drying the 
plant material to a constant weight at a temperature of 105 °C, calculated 
as a percentage of the raw weight. The water-holding capacity was deter-
mined by the wilting method according to A.A. Arland. It was characte-
rized by water loss after 30, 60 and 120 minutes, expressed as a percen-
tage of the initial moisture content in the samples. The afternoon water 
deficit in the leaves was determined by increasing the weight of cuttings 
after their saturation with water. The osmotic pressure of cells was deter-
mined by the refractometric method (Bessonova, 2006). Hydrophilic col-
loids were determined according to the method described by Kushnirenko 
et al. (1970).  

Soil samples were taken at a depth of 10–20 and 30–40 cm, soil 
moisture was determined by the thermogravimetric method (DSTU ISO 
11465:2001).  

The tables and figures show the arithmetic mean values and their 
standard error (x ± SE). The certainty of differences between the samples 
was assessed using ANOVA (P < 0.05).  
 
Results  
 

It was established that the amount of moisture in the leaves of both 
species decreased during the growing season (from May to September): 
on TA1 (fresh oak grove, mesophilic conditions) by 12.3% in Q. robur 
and by 14.0% in A. campestre. On TA2 (dry oak grove, xerophilic condi-
tions), the values of these indicators are 13.6% and 15.1%, respectively 
(Table 1).  

Table 1  
The amount of total water in the leaves of Q. robur and A. campestre in the oak groves  
under different growth conditions (% of the raw weight, x ± SE, n = 5)  

Ecosystems Species Months 
May June July August September 

TA1 Q. robur 68.71 ± 0.27a 66.43 ± 0.21a 63.44 ± 0.32a 58.61 ± 0.32a 56.41 ± 0.27a 

А. campestre 68.27 ± 0.46a 64.23 ± 0.18b 60.53 ± 0.34b 55.56 ± 0.34b 54.27 ± 0.41b 

TA2 Q. robur 67.92 ± 0.24a 64.27 ± 0.33b 59.43 ± 0.23c 56.54 ± 0.40b 54.32 ± 0.19b 

А. campestre 66.34 ± 0.32b 61.12 ± 0.28c 56.41 ± 0.44d 52.40 ± 0.31c 51.21 ± 0.21c 

Note: significant difference between groups is indicated in column with different letters; statistical analysis was performed by one-way ANOVA with several comparisons using 
Tukey testing.  

Hydration of leaves in both types of trees under mesophilic growth 
conditions (TA1) was higher than under xerophilic ones (TA2), except for 
May. The biggest difference in water content between the two variants of 
water supply was found in July. In Q. robur, it is 4.0%, in A. campestre – 
4.1%, that is, in both types of plants, these values are practically the same.  

A comparison of the total water content in the leaves of the studied 
tree species shows that it was higher in Q. robur compared to A. campe-
stre in almost all periods of determination both on TA1 and TA2, with the 

exception of May, when the difference was unreliable. Consequently, the 
leaves of Q. robur had a higher humidity than A. campestre in the summer 
months, and it fell somewhat less during the growing season with increas-
ing soil dryness, which is especially noticeable under xerophilic growing 
conditions.  

The next indicator studied by us, which characterizes the state of the 
water balance of plants, is water deficit. As can be seen from Table 2, the 
afternoon water deficit in the leaves of Q. robur at TA1 (mesophilic con-
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ditions) ranges from 4.8% in May to 20.9% in August. In September, the 
value of this indicator slightly decreases compared to the August values. 
On TA2 (xerophilic conditions), as well as on TA1 (mesophilic condi-
tions), the smallest amount of water deficit is observed in May, the largest 

in August. Its values in Q. robur leaves are greater under xerophilic 
growth conditions (CL1) compared to mesophilic ones (CL2). This in-
crease is most significant in July (5.4%) and August (4.5%).  

Table 2  
Water deficiency in leaves of Q. robur and A. campestre in oak groves  
under different forest vegetation conditions (% of water content with a complete tissue saturation, x ± SE, n = 5)  

Ecosystems Species Months 
May June July August September 

TA1 Q. robur 4.81 ± 0.25a   8.11 ± 0.20a 16.34 ± 0.42a 20.86 ± 0.61a 18.30 ± 0.26a 

А. campestre 5.62 ± 0.31a 10.65 ± 0.24b 20.02 ± 0.50b 26.54 ± 0.43b 22.16 ± 0.51b 

TA2 Q. robur 7.35 ± 0.47b 10.27 ± 0.18b 21.76 ± 0.33c 25.32 ± 0.36b 20.38 ± 0.34c 

А. campestre  6.14 ± 0.62ab 15.58 ± 0.33c 26.31 ± 0.24d 30.34 ± 0.27c 28.42 ± 0.40d 

Note: the same as in Table 1.  

Changes in the moisture supply of A. campestre leaves during the 
growing season show the same regularity as in the case of Q. robur. 
For trees of this species, higher values of water deficiency of leaves were 
established also under xerophilic growth conditions. The maximum ex-
cess was found in July. A comparison of the values of the water deficit of 
the two studied species shows that for May the differences between their 
values are unreliable. In all subsequent months of the experiments, higher 
values of differences were established in the leaves of A. campestre both 
on TA1 and TA2.  

The maximum water deficit of Q. robur leaves was observed in Au-
gust at TA2 – 25.3%. In A. campestre, it was 30.3%, which led to partial 
loss of leaves.  

To diagnose the adaptation of plants to drought, it is necessary to have 
data on the water-holding capacity of the leaves. Let's consider how the 
water-holding capacity of leaves changed during the growing season. 
In May, after 30 min of exposure at both TA1 and TA2, there was no 
difference between the indicators of water loss by the leaves of the two 
types of trees – Q. robur and A. campestre. It increased slightly after 60 
and 120 min of the experiment. In the other months of the study, the 
leaves of A. campestre were characterized by lower moisture losses than 
the leaves of Q. robur at exposures of 30, 60, and 120 min. The difference 
in the value of this indicator between tree species ranges from 25.5% to 
42.1% (Table 3).  

Table 3  
Changes in the water-holding capacity of the leaves of Q. robur  
and A. campestre under different forest vegetation conditions  
(% water loss from the initial mass, x ± SE, n = 5)  

Months Ecosys-
tems Species Water expenditure after 

30 min 60 min 120 min 

May 
ТА1 Q. robur 7.51 ± 0.75a 21.26 ± 0.21a 30.17 ± 0.44a 

А. campestre 5.93 ± 0.40a 17.88 ± 0.45b 25.14 ± 0.73b 

ТА2 Q. robur 5.21 ± 0.46ab 15.39 ± 0.54c 22.71 ± 0.46c 

А. campestre 4.24 ± 0.33ab 12.11 ± 0.91d 18.32 ± 0.74d 

June 
ТА1 Q. robur 8.30 ± 0.72a 15.41 ± 0.71a 27.31 ± 0.68a 

А. campestre 5.10 ± 0.56b 12.27 ± 0.43b 20.11 ± 0.81b 

ТА2 Q. robur 6.34 ± 0.34bc 12.42 ± 0.70bc 20.32 ± 0.97bc 

А. campestre 3.72 ± 0.40d 9.11 ± 0.45d 15.07 ± 1.20d 

July 
ТА1 Q. robur 7.21 ± 0.43a 13.20 ± 0.42a 24.42 ± 0.31a 

А. campestre 4.31 ± 0.37b 8.31 ± 0.37b 17.18 ± 0.42b 

ТА2 Q. robur 5.27 ± 0.36bc 10.20 ± 0.60c 18.27 ± 1.42bc 
А. campestre 3.72 ± 0.39d 7.13 ± 0.37d 13.56 ± 0.35d 

August 
ТА1 Q. robur 8.30 ± 0.41a 15.24 ± 0.34a 25.76 ± 0.70a 

А. campestre 5.24 ± 0.27b 10.30 ± 0.56b 19.43 ± 0.62b 

ТА2 Q. robur 6.72 ± 0.24c 11.18 ± 0.21bc 18.94 ± 0.42b 

А. campestre 4.15 ± 0.18d 8.10 ± 0.32d 13.10 ± 0.54c  

Septem-
ber 

ТА1 Q. robur 11.36 ± 0.58a 27.50 ± 0.81a 39.21 ± 1.22a 

А. campestre 7.62 ± 0.71b 20.11 ± 0.84b 32.14 ± 0.94b 

ТА2 Q. robur 8.42 ± 0.46bc 22.23 ± 0.65bc 30.29 ± 0.75bc 

А. campestre 7.22 ± 0.75b 16.31 ± 0.80d 25.84 ± 0.81d  
Note: the same as in Table 1.  

An increase in the water retention capacity of the leaves of Q. robur 
and A. campestre was revealed in June compared to May. In July, this 
indicator after 30 min of exposure almost did not change compared to the 
previous month, but water losses at exposure durations of 60 and 120 min 

were smaller than in June, which indicates an increase in the water-
holding capacity of the leaves of both types of trees against the back-
ground of a decrease in soil moisture content (Fig. 2). In August, there 
were no significant changes in the value of this indicator compared to July. 
However, in September, there was a significant drop in the water-holding 
capacity in both Q. robur and A. campestre in both test plots. In A. campe-
stre, the decrease in water-holding capacity in September compared to 
August was more significant than in Q. robur. Thus, water loss in Sep-
tember by Q. robur leaves on TA1 (mesophilic conditions) for 120 min of 
exposure was greater by 52.2% compared to the previous month, on TA2 
(xerophilic conditions) by 59.9%, and in A. campestre by 65.5% and 
97.3%, respectively, although the greater ability of A. campestre to hold 
water remained the same as in previous months.  

Therefore, when growing under both mesophilic and xerophilic con-
ditions, the leaves of A. campestre had higher a water retention capacity 
than the leaves of Q. robur. This pattern persisted throughout the growing 
season.  

The suction power of a cell is considered as a measure of water activi-
ty in a plant and one of the most reliable indicators of water availability. 
We found that the suction power of the cells of A. campestre leaves in-
creased in both experimental areas from May to September, and in the 
leaves of Q. robur – from May to August, the difference between the 
indicators recorded for this species in August and September is not statisti-
cally reliable (Table 4). The suction power of the cells of the leaves of both 
species in oak groves under xerophilic growth conditions (TA2) was 
greater than in mesophilic ones (TA1), starting from June. In May, there is 
no difference between these options, since there was no significant diffe-
rence in the water content of soil during this period. The increase in suc-
tion power is correlated with the decrease in soil moisture (Table 5).  

Table 4  
Suction power of plant cells of leaves of Q. robur  
and A. campestre in oak groves (measured in atmospheres, x ± SE, n = 5)  

Ecosys-
tems Species Months 

May June July August September 

ТА1 
Q. robur 8.21 ± 

0.31a 
10.96 ± 
0.22a 

13.46 ± 
0.32a 

16.52 ± 
0.28a 

16.40 ± 
0.24a 

А. campestre 7.62 ± 
0.24a 

13.22 ± 
0.27b 

16.15 ± 
0.25b 

19.70 ± 
0.30b 

21.82 ± 
0.21b 

ТА2 
Q. robur 9.34 ± 

0.34b 
14.57 ± 
0.28c 

17.21 ± 
0.22c 

19.61 ± 
0.21bc 

19.68 ± 
0.42c 

А. campestre 8.53 ± 
0.41b 

17.72 ± 
0.41d 

20.64 ± 
0.30d 

25.41 ± 
0.42d 

27.72 ± 
0.30d 

Note: the same as in Table 1.  

A comparison of the magnitude of the suction force in the leaves of 
Q. robur and A. campestre shows that the digestive parameters are not 
statistically different for both TA1 and TA2. In the following months, the 
suction force was higher in the leaves of A. campestre under both xero-
philic and mesophilic growth conditions. The difference between the 
indicators of the studied species was more significant under conditions of 
worsened water supply (TA2), while it was most significant in September.  

Therefore, under xerophilic growth conditions, the suction power in 
the cells of the leaves of the experimental plants was more significant than 
in the mesophilic ones, which is consistent with the greater dryness of the 
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soil. In both areas, this indicator was higher in A. campestre, while its dif-
ference was greater under xerophilic conditions (TA2).  

Table 5  
Soil moisture in the studied areas of ravine forest  
in Viyskovyi (% of absolutely dry weight, x ± SE, n = 5)  

Ecosys-
tems 

Depth, 
cm 

Months 
May June July August September 

TA1 10–20 22.3 ± 0.71a 20.2 ± 0.47b 12.7 ± 0.53c 10.6 ± 0.49d 12.1 ± 0.31e 
30–40 25.1 ± 0.36a 22.4 ± 0.24b 16.4 ± 0.21c 14.4 ± 0.29d 15.3 ±0.22e 

TA2 10–20 20.5 ± 0.58a 16.4 ± 0.39b 8.2 ± 0.41c 7.1 ± 0.33d 8.7 ± 0.29e 

30–40 23.7 ± 0.32a 18.6 ± 0.28b 13.3 ± 0.23c 10.2 ± 0.27d 11.3 ± 0.18e 

Note: significant difference between groups is indicated in line with different letters; 
statistical analysis was performed by one-way ANOVA with several comparisons 
using Tukey testing.  

The analysis of the obtained results shows that the reaction of Q. ro-
bur and A. campestre in oak groves under different soil moisture conditi-
ons is slightly different. The leaves of the latter are characterized by a more 
significant decrease in water content under the worsening hydrothermal 
growth conditions. They have a greater water deficit and suction power of 
the cells, which indicates a greater need for water, despite a better water-
holding capacity. It is known that the water-holding capacity of leaves is 
determined by the content of hydrophilic colloids, the amount of which is 
greater in A. campestre (Fig. 2).  

As can be seen from Figure 3, the number of hydrophilic colloids in 
the leaves of both species increased in June compared to May. It was 
highest in July and August, and in September there was a significant de-
crease in this indicator. The leaves of A. campestre both on TA1 (meso-
philic conditions) and TA2 (xerophilic conditions) are characterized by 
their higher content than the leaves of Q. robur, which is largely consistent 
with changes in the water-holding capacity of these species.  

  
Fig. 2. Influence of water supply conditions on the content of hydrophilic colloids in leaves (% of the absolute dry mass, x ± SE, n = 5):  

1 – Quercus robur, 2 – Acer campestre  

Discussion  
 

We determined the content of total water in the leaves of the studied 
tree species, since its value is used as an important indicator of the ecologi-
cal and physiological features of the water regime of plants. According to 
the data presented in Table 1, during the growing season, a decrease in the 
amount of total water in the leaves of both Q. robur and A. campestre is 
noted, reaching minimum values in September. Some authors also obser-
ved a decrease in the hydration of the leaves of woody plants under the 
conditions of water shortage during the ontogenesis of these organs, assu-
ming that the reason is their aging (Kushnirenko, 1967; Nesterova & Hry-
horiuk, 2013; Bessonova et al., 2016) and a drop in soil moisture. The le-
vel of hydration of the leaves of the species we studied also depends on the 
hygrotope of growth (under xerophilic conditions it is lower compared to 
mesophilic ones) and on the species of woody plants. In Q. robur, the wa-
ter content of leaf tissues under both mesophilic and xerophilic conditions 
during the summer months was higher than in A. campestre, especially in 
arid growing areas.  

As an indicator of water balance disorder, Lyr et al. (1967), who di-
rectly studied the water exchange of woody plants, consider it appropriate 
to use the deficit of water saturation, or water deficit. The change in this 
indicator in the leaves depends on the environmental conditions of growth, 
which is shown in a number of fruit crops (Kushnirenko et al., 1967; Ku-
shnirenko & Pecherskaya, 1991; Shackel, 2007) as well as forest-forming 
and decorative woody plants (Gracanin et al., 1970; Ponomareva, 2011; 
Carley et al., 2021).  

According to the data we obtained, water deficit in the leaves of both 
studied tree species in May and June on the test plots did not exceed 14%, 
with the exception of A. campestre in June on TA2. Also, Lyr et al. (1967) 
established that a water deficit from 3% to 14% is considered relatively 

small, at which physiological processes can occur without noticeable dis-
turbances and with open stomata. In our experiments in July under meso-
philic growth conditions (TA1), the water deficit in the leaves of both 
Q. robur and A. campestre was already higher than the upper limit of the 
relative norm indicated by these authors. On TA2 (xerophilic conditions), 
this indicator is already significantly higher, especially in A. campestre. 
In August, the water deficit increased, and in September it fell somewhat, 
but still remained at a high level.  

According to Celniker (1958), the maximum water deficit for Q. ro-
bur in tree stands of the Derkul’ Steppe was equal to 26.0%. Lethal values 
of this indicator for many tree species reached 40–50%, when the plant is 
no longer able to counteract adverse factors (Celniker, 1955). We did not 
observe such critical values of water deficit even under extreme hydrother-
mal conditions (high temperatures and low water content in the soil) on 
the southern exposure slope of the ravine under study.  

Data on the water-holding capacity of leaves are used to assess the 
adaptation of plants to moisture deficit. This indicator is often used to de-
termine the degree of resistance of plants to the effects of drought (Boloto-
va & Shalpyikov, 2016; Kovalevskyi & Kryvokhatko, 2018). In both 
species studied by us, an increase in the ability of leaves to retain water 
was observed in June, and even more significantly – in July. This is an 
adaptation to reducing air humidity and increasing its temperature and 
increasing soil dryness. In August, the indicators remain at July levels.  

The drop in the water-holding capacity of leaves in September may 
be related to the aging of leaf tissues, as indicated by some authors (Bes-
sonova et al., 2016).  

One of the most reliable indicators of a plant's water supply is the suc-
tion power of cells, which determines the need of cells for water and its 
entry into the plant (Kushnirenko et al., 1970). Based on their own and li-
terary data, Kondo et al. (1981) also state that the amount of suction power 
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is an effective criterion for water availability of plants. Kushnirenko 
(1970) indicates that this indicator is more sensitive to changes in soil mo-
isture than the concentration of cell sap, since the latter changes depending 
on growth processes and the activity of photosynthesis. According to the 
obtained data, under xerophilic growth conditions, the suction force in the 
cells of Q. robur and A. campestre leaves is more significant than under 
mesophilic ones. At both experimental sites, its values are higher in 
A. campestre compared to Q. robur, while the difference is greater under 
xerophilic conditions (TA2). According to our results, the increase in the 
suction power of leaf cells in the studied deciduous species is correlated 
with the increase in soil dryness. It should be noted that according to Kon-
do et al. (1981), the data that express the suction power of the leaves of 
grapes of the Dimyat cultivar are almost a mirror image of the soil mois-
ture in the horizons of 25 and 50 cm. Therefore, according to these au-
thors, it is necessary to establish critical indicators of the suction power in 
order to understand the potential capabilities of plants to tolerate soil 
droughts.  

As already mentioned, the species under study have developed diffe-
rent strategies for adapting to existence under conditions of water shortage. 
In the leaves of A. campestre, compared to Q. robur, there is a greater wa-
ter deficit and suction power, a better water-holding capacity due to a grea-
ter content of hydrophilic colloids, and a lower intensity of transpiration.  

Along with leaf adaptation mechanisms, the drought resistance of 
woody plants is generally determined by the features of their root systems 
(Kramer & Kozlovskiy, 1983). To maintain the water balance, it is neces-
sary that the evaporation of water through the leaves is compensated by its 
absorption by the roots.  

The root system of A. campestre spreads to the sides for 3–5 m, is su-
perficial, the main mass of the roots is concentrated mainly in the upper 
layer of the soil 0–35 cm (Crow, 2005), which quickly loses water during 
the period of high summer temperatures and little precipitation. Quercus 
robur has a powerful root system, it is a deep-rooted species. The root sys-
tem of Q. robur consists of a taproot, a long (up to 16–23 m) root, which 
goes deep into the soil. Lateral roots also sink deep into the soil. The oak's 
ability to form a deeply penetrating root system contributes to its survival 
during droughts by maintaining water exchange rates. It has been estab-
lished that the absence of a tap root for any reason leads to dry tops and 
drying of trees of this species (Guz et al., 2009).  

Therefore, the adaptation of A. campestre to drought is manifested in 
an increase in the water-holding capacity of the leaves due to a higher con-
tent of hydrophilic colloids in them and more economical transpiration than 
in Q. robur (Bessonova et al., 2023), and in Q. robur due to the deep root 
system, which allows for the absorption of water from lower horizons.  
 
Conclusions  
 

Both in fresh (CL2) and dry (CL1) oak groves, the content of total 
water in the leaves of Q. robur was higher than that of A. campestre 
throughout the growing season, with the exception of May, when the mo-
isture reserves in the soil were still at a sufficiently high level at both trial 
areas. Gradual dehydration of leaves during the growing season was more 
pronounced in A. campestre.  

The water-holding capacity of the leaves of trees of both studied spe-
cies increased in June relative to May, it increased even more in July, and 
remained at the same level in August, which is consistent with changes in 
the content of hydrophilic colloids. This can be seen as an adaptation to 
unfavourable hydrothermal conditions, which are intensified during the 
summer months, especially on the southern exposure slope.  

Acer campestre leaves retain water better and are characterized by a 
greater number of hydrophilic colloids compared to Q. robur leaves under 
both xerophilic (CL1) and mesophilic (CL2) growth conditions.  

Despite the better water-holding capacity of the tissues of the leaves 
of A. campestre, their suction power and water deficit are higher than 
those of the leaves of Q. robur. This indicates a worse supply of water for 
A. campestre plants, especially under more rigorous hydrothermal conditi-
ons of the southern exposure slope (xerophilic conditions).  

The leaves of A. campestre tolerate drought due to their high water-
holding capacity, which is consistent with the higher content of hydrophi-
lic colloids in the cells. The ability of Q. robur to withstand a lack of mois-

ture is due to the deep penetration of the root system into the soil, which 
allows it to absorb water from its deep horizons. This explains the lower 
water deficit of the leaves against the background of their lower water-
holding capacity.  
 
References  
 
Adamenko, Т. І. (2014) Agroklimatychne zonuvannia terytoriyi Ukrayiny z vrakhu-

vanniam zminy klimatu [Agro-climatic zoning of the territory of Ukraine with 
regard to climate change]. TOV RiA Blits, Bila Tserkva (in Ukrainian).  

Aliyeva, D., Gurbanova, U., Rzayev, F., Gasimov, E., & Huseynova, I. (2023). Bio-
chemical and ultrastructural changes in wheat plants during drought stress. Bio-
chemistry, 88(11), 1944–1955.  

Bessonova, V. P. (2006). Praktykum z fizologiyi roslyn [Workshop on plant physi-
ology]. Svidler, Dnipro (in Ukrainian).  

Bessonova, V. P., Tkach, V. V., & Kryvoruchko A. P. (2016). Vodnyi obmin lystia 
Quercus robur u protyeroziynomu nasadzhenni na pivdni arealu vydu [Water 
metabolism of leaves of Quercus robur in antierosion stands in the south of its 
range]. Visnyk of Dnipropetrovsk University, Biology, Ecology, 24(2), 444–
450 (in Ukrainian).  

Bessonova, V. P., Yakovlieva-Nosar, S. O., Ivanchenko, O. E., & Aleksandrova, 
O. V. (2023). Osoblyvosti transpiratsii Quercus robur L. i Acer campestre L. v 
paklenovykh dibrovakh balky Viyskova [Characteristics of transpiration of Qu-
ercus robur L. and Acer campestre L. in the oak-field maple forest of Viyskova 
ravine]. In: Proceedings of IX International scientific and practical conference 
“Modern problems of science, education and society”. Scientific Publishing 
Center “Sci-conf.com.ua”, Kyiv. Pp. 43–50 (in Ukrainian).  

Bolotova, A. S., & Shalpyikov, K. T. (2016). Velichinyi vodouderzhivayuschey spo-
sobnosti list’ev sladkogo mindalya v Yuzhnom Kyirgyizstane [Values of water-
holding capacity of sweet almond leaves in Southern Kyrgyzstan]. Advances in 
Modern Natural Science, 1, 51–55 (in Russian).  

Bota, J., Stasyk, O., Flexas, J., & Medrano, H. (2004). Effect of water stress on parti-
tioning of 14C-labelled photosynthates in Vitis vinifera. Functional Plant Biolo-
gy, 31(7), 697–708.  

Brygadyrenko, V. V. (2015). Community structure of litter invertebrates of forest belt 
ecosystems in the Ukrainian steppe zone. International Journal of Environmen-
tal Research, 9(4), 1183–1192.  

Buksha, I. F. (2009). Izmenenie klimata i lesnoe hoziaystvo Ukraini [Climate change 
and forestry of Ukraine]. Proceedings of the Forestry Academy of Sciences of 
Ukraine, 7, 1–9 (in Russian).  

Carley, D. S., Gragg, L. A., Taggart, M. J., & Rufty, T. W. (2021). Estimation of wa-
ter stress tolerance of six woody plant species. Horticulture International Journal, 
5(2), 64‒72.  

Celniker, Y. L. (1955). Skorost’ poteri vody izolirovannymi list’yami drevesnykh 
porod i ustoychivost’ ikh k obezvozhivaniyu [Rate of water loss by isolated lea-
ves of tree species and their resistance to dehydration]. Proceedings of the Insti-
tute of Forestry, 16, 33–53 (in Russian).  

Celniker, Y. L. (1958). O pokazateliakh vodnoho rezhyma lyst’ev drevesnykh porod 
stepnoy zony [On indicators of water regime of leaves of tree species of the 
steppe zone]. Proceedings of the Institute of Forestry, 41, 33–53 (in Russian).  

Ciscar, J. C., Feyen, L., Ibarreta, D., & Soria, A. (2018). Climate impacts in Europe. 
Final report of the JRC PESETA III project. Publications Office of the Euro-
pean Union, Luxembourg.  

Crow, P. (2005). The influence of soils and species on tree root depth. Forestry 
Commission.  

Dyderski, M. K., Paź, S., Frelich, L. E., & Jagodziźski, A. M. (2018). How much 
does limate change threaten European forest tree species distributions? Global 
Change Biology, 24(3), 1150–1163.  

Enríquez-de-Salamanca, Á. (2022). Effects of climate change on forest regeneration 
in Central Spain. Atmosphere, 13, 1143.  

Faly, L. I., & Brygadyrenko, V. V. (2014). Patterns in the horizontal structure of litter 
invertebrate communities in windbreak plantations in the steppe zone of the 
Ukraine. Journal of Plant Protection Research, 54(4), 414–420.  

Gracanin, M., Ilijanic, L., Gazi, V., & Hulina, N. (1970). Water deficit in plant com-
munities. Canadian Journal of Botany, 48(6), 1199–1201.  

Guz, M. M., Ozarkiv, I. M., Kulchytskyj-Gyhailo, I. Y., Ozarkiv, O. I., & Danchivs-
ka, O. Y. (2009). Osoblyvosti budovy korenevoyi systemy duba zvychaynoho 
ta zakonomirnosti perenesennia volohy u derevi [Features of structure of the 
root system of oak ordinary and transference of liquid regularity]. Scientific Bul-
letin of Ukrainian National Forestry University, 19(4), 7–16 (in Ukrainian).  

Hnatyshyn, I. I. (2015). Vodnyi rezhym lystia v umovakh urbanizovanoho seredovy-
shcha [Water regime of leaves in urban space]. Scientific Bulletin of Ukrainian 
National Forestry University, 25(8), 49–52 (in Ukrainian).  

Ievinsh, G. (2023). Water content of plant tissues: So simple that almost forgotten? 
Plants, 12(6), 1238.  

Kiriziy, D. A., & Stasik, O. O. (2022). Vplyv posukhy i vysokoyi temperatury na fi-
zioloho-biokhimichni protsesy ta produktyvnist’ roslyn [Effects of drought and 

494 

http://doi.org/10.1134/S0006297923110226
http://doi.org/10.1134/S0006297923110226
http://doi.org/10.1134/S0006297923110226
http://doi.org/10.15421/011660
http://doi.org/10.15421/011660
http://doi.org/10.15421/011660
http://doi.org/10.15421/011660
http://doi.org/10.15421/011660
http://doi.org/10.1071/FP03262
http://doi.org/10.1071/FP03262
http://doi.org/10.1071/FP03262
http://doi.org/10.22059/IJER.2015.1008
http://doi.org/10.22059/IJER.2015.1008
http://doi.org/10.22059/IJER.2015.1008
http://doi.org/10.15406/hij.2021.05.00205
http://doi.org/10.15406/hij.2021.05.00205
http://doi.org/10.15406/hij.2021.05.00205
http://doi.org/10.1111/gcb.1392
http://doi.org/10.1111/gcb.1392
http://doi.org/10.1111/gcb.1392
http://doi.org/10.3390/atmos13071143
http://doi.org/10.3390/atmos13071143
http://doi.org/10.2478/jppr-2014-0062
http://doi.org/10.2478/jppr-2014-0062
http://doi.org/10.2478/jppr-2014-0062
http://doi.org/10.1139/b70-178
http://doi.org/10.1139/b70-178
http://doi.org/10.3390/plants12061238
http://doi.org/10.3390/plants12061238
http://doi.org/10.15407/frg2022.02.095
http://doi.org/10.15407/frg2022.02.095


 

Regul. Mech. Biosyst., 2024, 15(3) 

high temperature on physiological and biochemical processes, and productivity 
of plants]. Plant Physiology and Genetics, 54(2), 95–122 (in Ukrainian).  

Kondo, I. N., Stoev, K. D., & Pudrikova, L. P. (1981). Vodnyy rezhim. Fiziologiya 
vinograda i osnovy ego vozdelyivaniya [Water regime. Physiology of grapes 
and basics of their cultivation]. Izdatel’stvo AN Bolgarii, Sofiya (in Russian).  

Kotsiubynska, N. P. (1977). Vytraty vody na transpiratsiyu osnovnymy lisoutvoriui-
uchymy porodamy v dibrovnykh fitotsenozakh stepovoyi Ukrayiny [Water 
consumption for transpiration by the main forest-forming species in oak phyto-
coenoses of steppe Ukraine]. Ukrainian Botanical Journal, 34(2), 119–122 
(in Ukrainian).  

Kovalevskyi, S. B., & Kryvokhatko, H. A. (2018). Posukhostiykist’ ta vodoutrymu-
val’na zdatnist’ roslyn Thuja occidentalis L. ta yiyi kul’tyvariv [Drought resis-
tance and water retention capacity of plants of Thuja occidentalis L. and its cul-
tivars]. Scientific Bulletin of Ukrainian National Forestry University, 28(2), 77–
80 (in Ukrainian).  

Kramarets, V. O., & Krynytskyy, H. T. (2009). Otsinka stanu ta ymovirnykh zahroz 
vyzhyvanniu yalynovykh lisiv Karpat u zviazku iz zminamy klimatu [Assess-
ment and possible threats to the survival of the spruce forests of the Carpathians 
in connection with climate change]. Scientific Bulletin of Ukrainian National 
Forestry University, 19(15), 38–50 (in Ukrainian).  

Kramarets, V. O., Krynytskyy, H. T., Korol, M. M., & Lavnyy, V. V. (2023). Adap-
tatsiia sosnovykh nasadzhen’ do zmin klimatu (na prykladi filiyi “Rava-Ruske 
LH”) [Adaptation of Scots pine plantations to climate changes (on the example 
of the branch "Rava-Ruska Forestry")]. Scientific Bulletin of Ukrainian Nati-
onal Forestry University, 33(6), 13–21 (in Ukrainian).  

Kramer, P. D., & Kozlovskiy, T. T. (1983). Fiziologiya drevesnykh rasteniy [Physio-
logy of woody plants]. Forest Industry, Moscow (in Russian).  

Kushnirenko, M. D. (1967). Vodnyiy rezhim i zasuhoustoychivost’ plodovykh raste-
niy [Water regime and drought tolerance of fruit plants]. Kartya Moldovenyas-
ke, Kishinev (in Russian).  

Kushnirenko, M. D., & Pecherskaya, S. N. (1991). Fiziologiya vodoobmena i zasu-
houstoychivosti rasteniy [Physiology of water exchange and drought tolerance 
in plants]. Shtiintsa, Kishinev (in Russian).  

Kushnirenko, M. D., Goncharova, E. A., & Bondar, E. M. (1970). Metody izuche-
niya vodnogo obmena i zasuhoustoychivosti plodovyih rasteniy [Methods of 
studying water exchange and drought tolerance of fruit plants]. AN Moldavii, 
Kishinev (in Russian).  

Li, W., Manzanedo, R. D., Jiang, Y., Ma, W., Du, E., Zhao, S., Rademacher, T., 
Dong, M., Xu, H., Kang, X., Wang, J., Wu, F., Cui, X., & Pederson, N. (2023). 
Reassessment of growth-climate relations indicates the potential for decline 
across Eurasian boreal larch forests. Nature Communications, 14, 3358.  

Lyr, H., Polster, H., & Fiedler, H.-J. (1967). Geholzphysiologie. G. Fischer, Jena.  
Lаwlor, D. W., & Cornic, G. (2002). Photosynthetic carbon assimilation and associa-

ted metabolism in relation to water deficits in higher plants. Plant, Cell and Envi-
ronment, 25, 275–294.  

McDowell, N., Sapes, G., Pivovaroff, A., Adams, H. D., Allen, C. D., Anderegg, W. 
R. L., Arend, M., Breshears, D. D., Brodribb, T., Choat, B., Cochard, H., De 
Caceres, M., De Kauwe, M. G., Grossiord, C., Hammond, W. M., Hartmann, 
H., Hoch, G., Kahmen, A., Klein, T., & Mackay, D. S. (2022). Mechanisms of 
woody-plant mortality under rising drought, CO2 and vapour pressure deficit. 
Nature Reviews Earth and Environment, 3(5), 294–308.  

Nesterova, N. H., & Hryhoriuk, I. P. (2013). Osoblyvosti vodnoho rezhymu derev-
nykh roslyn v ekolohichnykh umovakh m. Kyiv [Features of the water regime 
of woody plants in the ecological conditions of Kyiv]. Sustainable Environmen-
tal Management, 2–3, 89–95 (in Ukrainian).  

Olijnyk, V. S., & Rak, A. Y. (2018). Vodorehuliuval’na rol’ lisystosti vodozboriv 
Horhan [Water regulating role of the forest cover of the Gorgany watersheds]. 
Proceedings of the Forestry Academy of Sciences of Ukraine, 16, 17–23 
(in Ukrainian).  

Ponomareva, O. A. (2011). Vodnyi obmin derev rodu Tilia L. v umovakh stepovoyi 
zony Ukrayiny [Water exchange of trees of the genus Tilia L. in the steppe zone 
of Ukraine]. Visnyk of Dnipropetrovsk University, Biology, Ecology, 2, 46–51 
(in Ukrainian).  

Pörtner, H.-O., Roberts, D. C., Tignor, M., Poloczanska, E., Mintenbeck, K., Alegría, 
A., Craig, M., Langsdorf, S., Löschke, S., Möller, V., Okem, A., Rama, B., 
Belling, D., Dieck, W., Götze, S., Kersher, T., Mangele, P., Maus, B., Mühle, 
A., & Weyer, N. (2022). IPCC climate change 2022: Impacts, adaptation and 
vulnerability. Contribution of Working Group II to the sixth assessment report 
of the Intergovernmental Panel on Climate Change. Cambridge University 
Press, Cambridge, New York.  

Shackel, K. A. (2007). Water relations of woody perennial plant species. Journal In-
ternational des Sciences de la Vigne et du Vin, 41(3), 121–129.  

Shao, H.-B., Chu, L.-J., Jaleel, C. A., & Zhao, C.-X. (2008). Water-deficit stress-in-
duced anatomical changes in higher plants. Biologies, 331(3), 215–225.  

Shao, R. X., Xin, L. F., Zheng, H. F., Li, L. L., Ran, W. L., Mao, J., & Yang, Q. H. 
(2016). Changes in chloroplast ultrastructure in leaves of drought-stressed maize 
inbred lines. Photosynthetica, 54(1), 74–80.  

Shparyk, Y. S., Krynytskyi, H. T., & Debryniuk, Y. M. (2020). Tendentsii dynamiky 
typiv lisoroslynnykh umov i porodnoho skladu derevostaniv Ukrayinskykh 
Karpat u zviazku zi zminamy klimatu [Trends of dynamics in the site conditi-
ons types and species composition of the forest stands in the Ukrainian Carpa-
thians caused by climate changes]. Proceedings of the Forestry Academy of 
Sciences of Ukraine, 20, 82–92 (in Ukrainian).  

Stoyko, S. М. (2011). Vplyv hlobalnoyi zminy klimatu na lisovi formatsiyi Karpat 
[Global climate changes impact on the forest ecosystems in the Carpathians]. 
Proceedings of the Forestry Academy of Sciences of Ukraine, 9, 1–10 
(in Ukrainian).  

Stoyko, S. М. (2020). Biosphere as global ecosystem and influence of technosphere 
on its balance. Visnyk of the National Academy of Sciences of Ukraine, 9, 41–
65 (in Ukrainian).  

Tahir, F. M., Ibrahim, M., & Hamid R. (2003). Effect of drought stress on vegetative 
and reproductive growth behavior of mango (Mangifera indica L.). Asian Jour-
nal of Plant Sciences, 2(1), 116–118.  

Thakur, P. S., & Sood, R. (2005). Drought tolerance of multipurpose agroforestry 
tree species during first and second summer droughts after transplanting. Indian 
Journal of Plant Physiology, 10, 32–40.  

Tschaplinski, T. J., Tuskan, G. A., Gebre, G. M., & Todd, D. E. (1998). Drought re-
sistance of two hybrid Populus clones grown in a large-scale plantation. Tree 
Physiology, 18, 653–658.  

Tymoshenko, L. M. (2018). Osoblyvosti vodoutrymnoyi zdatnosti lystkovoho apara-
tu dendrofitiv v umovakh urboseredovyshcha [Features of water-holding capa-
city of dendrophytes’ leaf apparatus in urban environment]. Sustainable Envi-
ronmental Management, 3, 98–105 (in Ukrainian).  

Yukhymenko, Y. S., Boiko, L. I., & Danylchuk, N. M. (2021). Vodnyi rezhym lyst-
ka derevnykh roslyn v umovakh promyslovoho rehionu Pravoberezhnoho Ste-
povoho Prydniprovia [Water regime of leave of tree plants in the conditions of 
the industrial region in the Right-Bank Dnieper Steppe]. Environmental Scien-
ces, 5(38), 121–126 (in Ukrainian).  

 
 

495 

http://doi.org/10.15421/40280214
http://doi.org/10.15421/40280214
http://doi.org/10.15421/40280214
http://doi.org/10.15421/40280214
http://doi.org/10.15421/40280214
http://doi.org/10.36930/40330602
http://doi.org/10.36930/40330602
http://doi.org/10.36930/40330602
http://doi.org/10.36930/40330602
http://doi.org/10.36930/40330602
http://doi.org/10.1038/s41467-023-39057-5
http://doi.org/10.1038/s41467-023-39057-5
http://doi.org/10.1038/s41467-023-39057-5
http://doi.org/10.1038/s41467-023-39057-5
http://doi.org/10.1046/j.0016-8025.2001.00814.x
http://doi.org/10.1046/j.0016-8025.2001.00814.x
http://doi.org/10.1046/j.0016-8025.2001.00814.x
http://doi.org/10.1038/s43017-022-00272-1
http://doi.org/10.1038/s43017-022-00272-1
http://doi.org/10.1038/s43017-022-00272-1
http://doi.org/10.1038/s43017-022-00272-1
http://doi.org/10.1038/s43017-022-00272-1
http://doi.org/10.1038/s43017-022-00272-1
http://doi.org/10.15421/411802
http://doi.org/10.15421/411802
http://doi.org/10.15421/411802
http://doi.org/10.15421/411802
http://doi.org/10.1017/9781009325844
http://doi.org/10.1017/9781009325844
http://doi.org/10.1017/9781009325844
http://doi.org/10.1017/9781009325844
http://doi.org/10.1017/9781009325844
http://doi.org/10.1017/9781009325844
http://doi.org/10.1017/9781009325844
http://doi.org/10.20870/oeno-one.2007.41.3.847
http://doi.org/10.20870/oeno-one.2007.41.3.847
http://doi.org/10.1016/j.crvi.2008.01.002
http://doi.org/10.1016/j.crvi.2008.01.002
http://doi.org/10.1007/s11099-015-0158-6
http://doi.org/10.1007/s11099-015-0158-6
http://doi.org/10.1007/s11099-015-0158-6
http://doi.org/10.15421/412008
http://doi.org/10.15421/412008
http://doi.org/10.15421/412008
http://doi.org/10.15421/412008
http://doi.org/10.15421/412008
http://doi.org/10.15421/412008
http://doi.org/10.15407/visn2020.09.041
http://doi.org/10.15407/visn2020.09.041
http://doi.org/10.15407/visn2020.09.041
http://doi.org/10.3923/ajps.2003.116.118
http://doi.org/10.3923/ajps.2003.116.118
http://doi.org/10.3923/ajps.2003.116.118
http://doi.org/10.1093/treephys/18.10.653
http://doi.org/10.1093/treephys/18.10.653
http://doi.org/10.1093/treephys/18.10.653
http://doi.org/10.32846/2306-9716/2021.eco.5-38.20
http://doi.org/10.32846/2306-9716/2021.eco.5-38.20
http://doi.org/10.32846/2306-9716/2021.eco.5-38.20
http://doi.org/10.32846/2306-9716/2021.eco.5-38.20
http://doi.org/10.32846/2306-9716/2021.eco.5-38.20

