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Abstract: This work aims to study the effect of high temperatures and phytopathogenic bacteria on different 
types of trees in the forest shelterbelts. Therefore, in 2018, 17 tree species were studied from 50 sample sites in 
the Moscow oblast (Russia). Leaf scorching, diseases caused by phytopathogenic bacteria, and heat damage to 
the crowns were examined in 5224 tree species. Based on the degree of crown damage, the studied tree species 
were divided into four classes. It was found that the heat damage to tree crowns was identical between the 
three sampling aspects (correlation coefficient 0.99). The plant species composition must be considered when 
developing forest shelterbelts. A long-term forecast on structural changes of planted areas is possible, considering 
the species composition and climatic characteristics of the region. Class 5 includes only chestnut; class 4 includes 
three species; class 3 is represented by seven species. Class 2, includes six species, and is the most suitable in 
developing forest plantations. No tree species in class 1 were found (trees with no damage). There is a connection 
between pathologies and heat injuries in trees from classes 4 to 5 (correlation 0.89).
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Introduction

The main function of forest shelterbelts is to prevent 
soil erosion caused by wind and precipitation (Safonov, 
2020; Volodchenkova, 2010). Moreover, the crops 
are protected from desertification by tree shelterbelts. 
Currently, there is a tendency for forest shelterbelts 
planting, based on their types, design, layering, 
planting time, considering the time spent on growing 
seedlings and the nature of their subsequent placement 
(Grigorieva et al., 2016). Important factors such as 
edaphic (soil composition of a region) and climatic 
are also considered. The latter implies an integrated 
approach for developing forest shelterbelts, considering 

the long-term climatic characteristics of the region 
(Bennett et al., 2018). Long-term forecasting of the 
forest shelterbelts growth also includes the height 
of trees, as well as the possibility of soil deflation 
(Jespersen, 2020). 

The Russian Federation, the largest country in 
the world by area, has 2.8 million hectares of forest 
shelterbelts so far and half of them (1.2 million ha) 
protects fields (Zolotukhin, 2015).

The influence is generally negative leading to the 
degradation of forest belts, mass drying of trees, and 
xylophagous insect mass outbreaks (Llorens et al., 
2020). It should be noted that climatic changes will 
differ in various regions, and at first, maintaining the 
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general trend, they will be characterised by uneven 
temperature and humidity between different years 
(Parvathi et al., 2020). Thus, the yield of agricultural 
crops of plants, even in the same small area, will differ 
by 30-80% (Akatov, 2016). The influence of forest belts 
on the productivity of agricultural crops can manifest 
indirectly, through the difference in soil moisture, which 
decreases with distance from the trees. It has been 
established that the yield of agricultural crops can be 
differentiated by diminution up to 25 m, up to 200 m 
and up to 400 m. This means that the distance between 
each side of the forest belt should not exceed 400 m 
in order to maintain the maximum yield of agricultural 
crops (Kravets et al., 2016). 

Steppe regions in Russia, therefore, consider 
preserving the existing and planting of new forest 
belts. The measure is followed by other countries with 
a climate similar to Russia.	

The average temperature in Russia is growing 2.5 
times faster as compared to the global scale and 1.5 
times faster than over landmasses (Kravets et al., 2016). 
Not all plants and animals can adapt to such rapid 
changes in temperature, which is causing variation in 
the degree of adaptability in different plant species 
(Garrett et al., 2011). Changes also apply to various 
types of fungi and bacteria that damage trees (Dukes et 
al., 2009). Damage caused by phytopathogenic bacteria 
has significantly increased in the past 10 years, in 
particular, the southern regions. There are studies on the 
structure and organisation of forest belts, their impact 
on crop yields, the biodiversity of animal and plant 
within forest belts in comparison with the surrounding 
territories (Körner, 2012; O’Sullivan et al., 2013; Vitasse 
et al., 2014). Thus, forest belts are characterised by 
increased humus in the soil, as well as an increase of 
such elements as nitrogen, phosphorus, and potassium 
important for the activity of biochemical soil processes 
(Aidosov et al., 2019; Olson et al., 2018). Meanwhile, 
the impact of forest belts on agricultural crops will 
largely depend on their species composition, as well as 
stress resistance to increasing temperature. At the same 
time, an integrated approach is required for developing 
and conducting such research as determined by the 
relevance of the study. 

An integrated approach should include long-term 
climate monitoring, highlighting the main trend, the 
selection of the most drought-tolerant trees, capable 
of renewal and preservation of vitality in high 
temperatures, considering also the main pathologies 
of plant species, mainly fungal and bacterial diseases, 
and damage caused by xylophages and phyllophages. 

Moreover, it is necessary to consider the leaf scorching 
due to high temperatures. An attempt to implement 
this approach was made by the authors of this work. 
The authors admit that high temperatures can lead to 
higher bacterial and fungal diseases. However, certain 
species of woody plants can show high resistance to 
these factors.

The purpose of this study is to carry out a comparative 
analysis of the impact of high air temperatures 
on different types of trees in the forest belt. The 
data obtained can be used as recommendations for 
developing forest shelterbelts.

Material and Methods

Material
The studies were carried out during May-September, 
2018, in the Moscow oblast (Russian Federation). A 
total of 50 plots were selected with various parameters 
for 5224 trees. The sites were located on the three 
regions of the oblast, 16 in the Istrinsky, 15 in the 
Klinsly and 19 in the Zaraysky (Figure 1) in which 
1734, 1496 and 1994 trees were examined, respectively.

At least 100 trees were examined for leaf scorching, 
the presence of phytopathogenic bacteria, and heat 
damage to the crowns at each site. A total of 17 species 
of trees and shrubs were examined. Data on average 
monthly weather conditions were taken from the 
Archive of actual weather data (Meteonovosti.ru, 2020). 

Research Methods
The degree of leaf damage due to prolonged and 
constant exposure to high temperatures was visually 
assessed. The degree of crown damage was assessed 
according to the proposed scale, including 5 classes 
and 5 points. The changes in the crown’s morphological 
structure, associated with drought and high air 
temperatures were analysed. Class 1 included trees with 
minor damage to the crown (from 0 to 2 points), up to 
15%. Trees with more pronounced, but weak crown 
with damage upto 25% and from 2.1 to 3.0 points were 
included in class 2. Trees with moderate crown damage 
- up to 50% and up to 4.0 points were categorized in 
class 3. Class 4 was characterised by severe damage 
to the crown - up to 75%, and up to 4.5 points on the 
scale. Finally, class 5 had practically dead trees, the 
degree of crown damage in which reaches from 75 to 
100%, or up to 5 points on a scale. 

The mean damage score was calculated individually 
for each of the tree species, after site examination. The 
prevalence and frequency of infectious diseases in trees 
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were assessed according to standard phytopathological 
methods, considering the climatological characteristics 
of the study region. Particularly, pathogenic bacteria 
were identified by sowing on nutrient media containing 
extracts from host plants. The microscopy was carried 
out to study the features of bacteria sporulation.

Statistical Analysis
Statistical processing was carried out using the Statistica 
v. 6.0 (StatSoft Inc., USA). The arithmetic means of the 
sign, the frequency of the sign (in %), as well as the 
reliability of differences according to the two-sample 
Fisher t-test for independent samples were calculated. 
The severity of diseases was also estimated in %. 

Differences were considered significant at the minimum 
p ≤ 0.05. Pearson’s correlation was calculated between 
the occurrence of phytopathogenic bacteria on trees 
and heat injuries to the crown, in connection with the 
distributions of signs close to normal. Cluster analysis 
by Ward’s method was carried out between tree species 
according to the average scores of heat injuries.

Results

Climatological Data
The average values of temperature, humidity and 
precipitation in the Moscow oblast were approaching 
extreme during the research period in 2018 (Table 1). 

Figure 1: Map of Moscow oblast showing the location of Istrinsky, Klinsly and Zaraysky regions (Moscow map, 2020).
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Table 1: The average monthly temperature, humidity 
and precipitation in the Moscow oblast (Russian 

Federation) during May-September, 2018

Month Tempera-
ture, °С

Humidity 
(in %)

Precipitation 
(in mm)

Number of 
days with 

precipitation
05 19.7 55.5 1.8 7
06 22.4 44.9 0.7 6
07 25.6 37.8 0.4 6
08 27.0 42.9 0.7 5
09 18.9 50.2 1.2 7

The temperature was above normal (from 2.5 to 
18.0ºC), even during the spring months (March - April), 
which led to the rapid germination of fungi spores 
parasitising plants. This was also facilitated by sufficient 
air humidity. The number of days with precipitation was 
minimal from May to the end of September, as well 
as the average amount of precipitation. The humidity 
ranged from 15 to 96% in May, then the precipitation 
decreased by the summer that led to a moisture deficit 
in the soil, an increase in tree transpiration, and leaf 
turgor decrease. These processes led to leaf scorching, 
in particular, chlorosis. Chlorosis reaches the maximum 
in the second half of July when the temperature is about 
34.5ºC in the shade and up to 51ºC in open areas. To a 
somewhat lesser extent, this trend continued in August. 

The average monthly temperatures from April to 
September steadily increased during the past years 
(Figure 2). 

Figure 2: Average monthly temperature (in °С) during May-September, 2001-2017, in the Moscow oblast  
(Russian Federation).

The hottest months were in 2007 (May), 2012 (June), 
2011 (July), 2010 (August and September). Thus, since 
2007, the region under study has experienced warming, 
which reached its maximum in 2018. 

Trees Heat Injuries
Only chestnut was assigned to the 5th class among 
the studied tree species (Table 2). All trees samples of 
chestnut were dry or with the most damage to crown.

Birch, as well as pear and apple trees, were mostly 
with dry tops, classified as weakly resistant species. 
Most (seven tree species) were medium-resistant species 
with partially damaged crowns. This group includes 
all maple species, among which one (A. negundo) is 
invasive. Locust tree also belongs to invasive plants. 
Thus, invasive tree species have an average degree of 
resistance to heat, which may provide them with an 
advantage over some natural species.

The six species with a high resistance include elm, 
English oak, white and black poplars and ash. These 
trees are characterised by slight damage to crowns. The 
above classification generally coincides with the results 
of cluster analysis (Figure 3). 

For cluster analysis, the average score for each 
tree species was calculated between three aspects. 
Meanwhile, a correlation coefficient of 0.99 was 
obtained from the average points of heat injuries in 
different aspects. This indicates the simultaneity of the 
heat injury onset between trees growing in different 
parts of the region, even though the cases themselves 
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vary. No significant differences were found for mean 
scores within each species between the three aspects. 
This also indicates the similarity of the damage 
processes occurring as a result of long-term exposure 
to high temperatures. 

There are significant differences between the classes 
of heat damage to tree crowns. Thus, trees of class 5 
are damaged slightly more than trees of class 4 (by 
1.1 times, the differences are unreliable), 1.4 times 
more than trees of class 3 (p ≤ 0.05), 1.9 times more 
than trees of class 2 (p ≤ 0.01). There were no trees 
of class 1, which is uninjured one. This indicates a 
generally negative effect of high temperatures on trees 
in shelterbelts. 

The high temperature is no less influenced by the 
leaves (Figure 4).

The maximum damage to leaves was recorded for 
birch, Norway maple, chestnut and American maple, 
to a lesser extent for oak and elm, and minimal for ash 
(Figure 4). Thus, trees with the damaged crown (birch, 
chestnut, American maple) will be characterised by 
insufficient photosynthesis as a result of damage to the 
leaves, which, can also lead to death. 

Phytopathogenic Damage to Trees
The increase frequency in phytopathogenic bacteria 
occurrence was noted in forest plantations under 
prolonged exposure to high temperatures (Table 3).

Table 2: Heat injuries of different tree species in the examined area

Tree species Degree of damage, 
Istrinsky region (in 

points)

The same, 
Klinsly 
region

The same, 
Zaraysky region

Degree of resistance

Aesculus hippocastanum 4.8 4.7 4.9 Class 5, weakly resistant
Betula pendula 4.4 4.2 4.4 Class 4, medium-resistant 

speciesMalus sylvestris 4.2 4.1 4.3
Pyrus pyraster 4.1 4.2 4.1
Caragana arborescens 4.0 4.0 3.9 Class 3, species with 

average resistanceAcer platanoides 3.9 3.8 3.7
A. negundo 3.7 3.7 3.7
A. tataricum 3.5 3.4 3.3
Robinia pseudoacacia 3.4 3.4 3.4
Fraxinus pubescens 3.2 3.2 3.1
Ulmus laevis 3.1 3.1 3.0
U. pumila 2.8 2.6 2.7 Class 2, highly resistant 

speciesQuercus robur 2.8 2.6 2.6
Populus nigra 2.7 2.5 2.6
Fraxinus lanceolata 2.5 2.5 2.4
Fraxinus excelsior 2.3 2.2 2.2
Populus alba 2.7 2.5 2.5

Figure 3: Cluster hierarchical analysis according to 
Ward’s method between tree species with the damage 

degree.
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Table 3: The degree of phytopathogenic infection of 
trees depending on the heat damage level, average for 

all three regions

The heat damage 
level, points

Type of infection Disease 
frequency, %

1-3, slight damage 1 15.0 – 57.5
2 9.0 – 16.0
3 6.0 – 16.0
4 19.5 – 25.0
5 11.0 – 28.0
6 7.0 – 28.0
7 6.0 – 19.0
8 2.0 – 10.0
9 1.0 – 4.0
10 3.5 – 19.5

3.1-5.0, severe 
damage

1 11.0 – 34.0
2 8.0 – 10.0
3 4.0 – 11.0
4 28.5 – 35.5
5 19.0 – 36.0
6 18.0 – 35.5
7 12.0 – 26.0
8 6.0 – 15.5
10 8.0 – 20.0
11 6.0 – 10.0

Note: 1 - diseases caused by powdery mildew, 2 - rust on 
the leaves, 3 - leaf spot; 4 - tracheomycosis; 5 - graphiasis; 
6 - necrosis; 7 - bacteriosis; 8 - maple wilt; 9 - endoxylin 
cancer; 10 - transverse cancer; 11 - the presence of tinder 
fungi on the trunks and branches.

In particular, an increase in the incidence of diseases 
affecting vascular system (tracheomycosis, graphosis, 
wilt) was found among trees with moderate and severe 
heat damage. Necrosis, bacteriosis and cancer were 
more common. Meanwhile, diseases associated with 
powdery mildew, rust and leaf spot were less common. 

Trees with a strong and moderate heat damage 
level have a significant difference between infections 
with phytopathogenic bacteria (Pearson’s correlation 
coefficient 0.89). Trees with a low level of damage 
have a lower coefficient (0.55). The stronger is the 
heat injury, the greater possibility of infecting with 
phytopathogenic bacteria, which can lead to the death 
of the plant. 

Discussion

Modern science emphasises the continuity of the adaptive 
processes of living organisms when the environment 
changes (O’sullivan et al., 2017). Adaptation includes 
two types of reactions of organisms (including plants): 
nonspecific stress response and processes aimed at 
adapting to changes in specific abiotic factors (Bita 
and Gerats, 2013). Plants, including trees, are the first 
to have a stress response (change in turgor, defoliation, 
and growth arrest) (Körner, 2016). As a response, shock 
proteins and enzymes are formed in the plant, which 
mobilise the body’s defenses (Nievola et al., 2017). 
However, such a reaction cannot provide long-term 
protection from adverse environmental conditions 
(Moles et al., 2014). 

Figure 4: The degree of heat damage to leaves in different tree species.
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The latter also includes long-term exposure to high 
temperatures and low humidity, according to our study. 
Initially, the plant species of classes 4 and 5 have an 
insufficient stress response that lead to an irreversible 
damage process. The prolonged exposure to high 
temperatures leads to dehydration, vascular system 
disorders, leaf scorching, destruction of chlorophyll, and 
a change in the rate of biochemical cellular processes 
(Timoshin et al., 2018; Wright et al., 2017). Exposure 
to air temperatures above 35-40ºC in the shade and up 
to 50ºC in open areas leads to leaf fall, the death of 
branches on the crowns and drying out (Bjorkman et 
al., 2018; Michaletz et al., 2015, 2016). 

Conclusion

All the trees can be divided into four classes according 
to adaptive potential extreme conditions as per the 
study in 17 tree species. The least resistant species, 
chestnut belongs to the 5th class where all trees were 
completely damaged. Class 4 includes three species of 
heavily damaged trees while in class 3, trees with an 
average level of resistance, include seven species, three 
of which are representatives of the Maple genus. Class 
2, trees with a pronounced resistance, is represented by 
six species, namely oak, elm, ash and poplar. Despite 
the pronounced resistance of class 2, all the trees, 
except ash, had chlorosis and leaf necrosis caused 
by prolonged heat exposure. Wilt disease, necrosis 
and cancer prevailed among the pathologies. There 
is a connection between pathologies and heat injuries 
in trees from classes 4 and 5 (correlation 0.89). The 
correlation is less pronounced (0.55) for trees with less 
damage (classes 2 and 3). Thus, when developing forest 
shelterbelts, considering aridification in local regions, 
the following tree genera can be chosen as the most 
resistant: Fraxinus, Quercus, Ulmus, and Populus.
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