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Introduction

Common ash (Fraxinus excelsior L.) is one 
of the 30 main forest-forming species in 
the forests of Ukraine (State, 2016). In the 
country, ash stands grow on an area of 

about 150,000 hectares, as of 2012, or cov-
er 2.4% of the total forest area (Gulchak, 
2012). Among them, nearly 130,000 hec-
tares (87%) are dominated by common ash; 
the remaining area is covered by stands 
with introduced ash species (F. pennsylvan-
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ica Marsh., F. americana L., and F. lanceolata 
Borkh. (Matsiakh & Kramarets, 2014). This 
area is significant because, for example, in 
Greece, the ash area is only 200 hectares or 
1.5% of the country’s forest area (Boiko et 
al., 2012); it is 14,000 hectares or almost 1% 
of the total forest area in Latvia (Liepins et 
al., 2016), 15,400 hectares or 0.4% in Belarus 
(Domnenkov et al., 2014), 19,200 hectares 
or 10% in Ireland (Wellock et al., 2014), 
about 40,000 hectares or 1.4% in the Czech 
Republic (Giagli et al., 2018), about 90,000 
hectares or 1.0% in Poland (Boiko, 2007), 
250,000 hectares or 2.4% of the total forest 
area in Germany (Enderle et al., 2017).

Ash stands, occupying a unique ecolog-
ical niche, are valuable not only as a source 
of high-quality wood and by-products, but 
also as a powerful regulator of biosphere 
processes, an accumulator of huge carbon 
deposits, an object of biological diversity 
of the environment, an invaluable recrea-
tional resource, and a multifaceted object 
of economic activity.

Fraxinus excelsior is a tree species whose 
natural range is spread across most Euro-
pean countries (Figure 1). Its geographical 
range extends from the Atlantic coast al-
most to the Volga River in the Russian Fed-
eration; its northern boundary is located in 
Norway at approximately 64 degrees north 
by latitude and extends southward to the 
Mediterranean through Italy and Greece. 
The southern limit of ash distribution in 
Iran is approximately at the 37-degree par-
allel of north latitude (Liepins et al., 2016). 
The natural range of F. excelsior is almost the 
same as that of the pedunculate oak (Quer-
cus robur L.) (Dobrowolska et al., 2011).

Fraxinus excelsior is not found in the for-
ests of central and southern Iberian Penin-
sula, southeastern Turkey, northern Scan-
dinavian Peninsula and Iceland, as well as 
in the northern British Isles. This is primar-
ily due to changes in environmental condi-
tions. The northern limit of the ash range is 
considered to be determined by the mini-
mum amount of solar energy, the duration 

Figure 1. 	Natural range of common ash (Fraxinus excelsior) in Europe (Pliûra & Heuertz, 2003) (–
the territory of Ukraine).
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of the growing season and the amount of 
heat required to complete the annual life 
cycle; the eastern limit is determined by the 
minimum temperature (up to -15°C); the 
southern limit depends on the deficiency 
in moisture. In European mountain forests, 
the range can reach altitudes of 1600–1800 
m and in northern Iran up to 2200 m (FRAX-
IGEN, 2005; Dobrowolska et al., 2011).

Common ash is an essential tree spe-
cies in European deciduous forests due to 
its ecological characteristics, exceptional 
wood properties, and high economic value. 
It is the most valuable species of the Fraxi-
nus genus in forestry, protective afforesta-
tion, ornamental gardening, and landscap-
ing (Hordiyenko et al., 1996; Dobrowolska 
et al., 2011; Borysova, 2016; Semizer-Cum-
ing et al., 2017). In urban landscapes, the 
ash value arises from its aesthetic prop-
erties such as its weeping crown shape, 
autumn leaf colour, attractive bark, and 
flowers. These trees are recommended for 
creating alleys, groups, single plantations 

in parks and urban forests, and for land-
scaping roads (Shvidenko & Danilova, 
2001; Percival et al., 2006).

Ash stands can regenerate in three 
ways: natural (seeds and stool shoots), 
man-made (by planting seedlings), and 
combined (by planting seedlings between 
naturally regenerated tree groups). Natu-
ral seed-regenerated ash stands contribute 
to the conservation of biological diversity 
in forests. Also, they are more resistant to 
adverse environmental factors, harmful 
insects, and diseases. Therefore, manage-
ment activities in forests with common ash 
in the composition should ensure their nat-
ural seed regeneration.

In view of the above, we note that ash 
stands are of great importance for the bio-
logical diversity conservation in European, 
particularly in Ukranian forests. It is a val-
uable tree species that has long been wide-
ly used by humans, and its importance to 
forestry may increase in the near future 
(Matsiakh & Kramarets, 2014). Promoting 

Figure 2. 	Common ash stands locations in Ukraine (percent of the total area).
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the natural seed regeneration of ash trees is 
not only an effective way of supplementing 
the forestation in general but also a means 
of increasing the sustainability of ash 
stands as a tree species in European forests 
(Enderle et al., 2017). Therefore, the main 
tasks for forest management in Ukraine 
are the conservation, sustainable use and 
reproduction of common ash stands.

The aim of the study was to examine 
the current state of ash stands in Ukraine 
and to identify the specificities in appear-
ance, viability and development of com-
mon ash advanced regeneration under 
the canopy of oak and ash stands having 
different composition, age and relative 
density of stocking. Also, the study aimed 
at assessing the success of the ash natural 
regeneration.

Materials and Methods

The study object
The objects of the study were ash stands of 
different ages and relative density of stock-
ing within 25 Ukrainian administrative re-
gions on an area of almost 130,000 hectares 
(Figure 2). We studied the specificities of 
natural ash regeneration under the canopy 
of oak stands in which the ash proportion 
in the composition varied from 10 to 50% 
by stock. We also investigated pure ash 
stands of different ages and relative densi-
ty of stocking within the specified regions.

Research methodology
The range of common ash in European 
forests has been specified based on the 
analysis of scientific studies and reference 
materials on the current state of Ukrainian 
forests. Stands with common ash trees in 
the composition were studied in the forests 
of 25 administrative regions of Ukraine. 
There, a total of 48 sample plots, from 0.25 
to 0.8 ha each, were established. The sam-
ple plots were laid out in oak stands con-
taining 10 to 50% of Fraxinus excelsior in the 
stock and in pure Fraxinus excelsior stands 

in the most characteristic areas.
Within each sample plot, a stand esti-

mation was made by the total inventory 
method: the diameters at breast height (1.3 
m) were measured using a Codimex S-1 
caliper, and tree heights for 20–30 trees of 
the main species were determined using a 
Haglöf altimeter. For other tree species in 
the stand, heights of 10–15 trees were meas-
ured. The species composition of mixed 
stands was determined by the stock ratio of 
each of the tree species (Hrom, 2007).

Cores were selected by using a Pressler 
increment borer in 15 trees of the main spe-
cies at breast height to determine the age 
of mature trees. The cores were air-dried, 
then the earlywood and latewood layers 
were measured to an accuracy of 0.01 mm 
using digital Henson equipment. 

Natural regeneration was counted with-
in each sample plot on 30 circular registra-
tion plots of 10 m2 (R = 178 cm) according 
to the method developed in the Ukrainian 
Research Institute of Forestry and Forest 
Melioration. The accounted natural regen-
eration was divided by species, age, and 
viability (Pasternak, 1990). The number of 
advance regeneration in stems per 1 ha (N) 
was calculated by the following formula:

N = �
�

 × 10,000, 

where n is the number of advance regen-
eration stems on the registration plots; S is 
the area of the registration plots, m2.

A total of 1,440 accounting sites with-
in 48 sample plots (30 sites per a sample 
plot) were established in 15 administrative 
regions of Ukraine. In Vinnytsya Region, 
Volyn Region, Zaporizhzhya Region and 
Zhytomyr Region, one sample plot was es-
tablished in oak stands and one sample plot 
in ash stands in each administrative region. 
In Cherkasy Region, Dnipropetrovsk 
Region, Kyiv Region, Kirovohrad Region 
and Luhansk Region two sample plots 
were laid out in oak stands and one sam-
ple plot in ash stands. In Chernihiv Region, 
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Donetsk Region and Sumy Region three 
sample plots and one sample plot were es-
tablished, respectively. In Poltava Region 
the numbers of sample plots were four and 
one, respectively, and in Kharkiv Region 
five and one sample plot, respectively.

Depending on the age of natural re-
generation, we distinguished 1-, 2-, ..., 
and 8-year-old plants. The older advance 
regeneration was not observed under the 
stand canopy. The age was determined by 
cutting the trunk and counting the num-
ber of annual layers near the root collar. A 
minimum of 10 trees of each species was 
measured in the sample plot.

According to the viability status, the 
advance regeneration was divided into 
vigorous (healthy, with no visible signs of 
damage) and weak (affected by the patho-
genic fungus Hymenoscyphus pseudoalbidus 
(anamorph Chalara fraxinea)).

To assess an even distribution of ad-
vance regeneration over the area, we used 
an occurrence index as a ratio of the num-
ber of registration plots with advance re-
generation to the total number of registra-
tion plots under the canopy, expressed as 
a percentage. There are three categories of 
occurrence: natural advance regeneration, 
evenly distributed over the area (frequen-
cy of occurrence is above 65%); natural ad-
vance regeneration unevenly distributed 
over the area (frequency of occurrence is 
40–65%); grouped natural advance regen-
eration, with groups of at least 10 small or 
5 medium and large vigorous regenerating 
plants.

The research data were processed using 
mathematical statistics (Atramentova & 
Utevskaya, 2008) and MS Excel and Statis-
tica 10 software applications. Descriptive 
statistics and simple pair regression anal-
ysis were used.

Results

Within Ukraine, the largest areas of forests 
with common ash predominating in the com-

position are in Vinnytsya (14,200 ha), Sumy 
(12,800 ha), Luhansk (12,300 ha), Kirovohrad 
(11,900 ha), and Cherkasy (11,500 ha) ad-
ministrative regions, and the smallest ones 
are in Kherson (100 ha), Zaporizhzhya (700 
ha), Ivano-Frankivsk (1,300 ha), Chernivtsi 
(1,400 ha), and Dnipropetrovsk (1,500 ha) 
regions. Therefore, the largest areas of ash 
stands are found in the eastern and central 
regions of Ukraine and the smallest ones in 
the western, northern and southern regions. 
In general, in Ukraine, Fraxinus excelsior 
stands cover 130,000 ha; their average age is 
59 years (Table 1).

In Ukrainian forests within the studied 
regions, ash mainly grows in mixed stands 
with other deciduous tree species. It some-
times prevails in the species composition, 
forming pure ash stands, but most com-
monly occurs as an additional species in 
oak stands (Spiecker et al., 2009; Vacek et al., 
2015; Bachynska, 2017) (Table 2).
Only 6.4% (8,300 ha) of the total area of 
common ash forests in the country (130,000 
ha) is occupied by pure ash stands. The 
rest (93.6% or 121,700 ha) are mixed stands, 
with 40% (26,900 ha), 50% (24,600 ha), 60% 
(20,000 ha), and 70% (16,300 ha) of ash. The 
smallest area – only 1,200 ha – is occupied 
by stands having 20% and less ash in the 
composition.

Specificities of common ash natural 
regeneration in the studied region were 
investigated under the canopy of mixed 
oak and ash stands, as well as in pure ash 
stands of different age and relative density 
of stocking. When assessing the condition 
of stands including ash, it is necessary to 
consider the abundance of advance regen-
eration and its condition. Ash has a high 
regenerative capacity, producing both 
many seeds and coppice shoots (Table 3). 
In the surveyed plots there was also nat-
ural advance regeneration of other tree 
species, such as Tília cordata Mill., Acer pla-
tanoides L., Acer campestre L., Quercus robur 
L., Ulmus glabra Huds., Populus tremula L., 
the number of which in some areas was 
80–90% of the total regeneration number.
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Table 1. 	 Current state of common ash (Fraxinus excelsior) stands in Ukraine (as of 2016).

Administative Regions Total forest area 
(thousand ha)

Including common ash stands

thousand ha percent of the 
total area

average age
(years)

Autonomous Republic of Crimea 227.7 4.8 2.1 89

Cherkasy Region 255.4 11.5 4.5 55

Chernihiv Region 355.5 3.0 0.8 44

Chernivtsi Region 157.3 1.4 0.9 55

Dnipropetrovsk Region 65.7 1.5 2.3 64

Donetsk Region 92.5 7.2 7.7 69

Ivano-Frankivsk Region 425.8 1.3 0.3 46

Kharkiv Region 282.3 7.1 2.5 57

Kherson Region 77.3 0.1 0.1 63

Khmelnytsky Region 167.4 5.1 3.0 63

Kyiv Region 355.1 6.1 1.7 54

Kirovohrad Region 103.5 11.9 11.5 56

Luhansk Region 228.2 12.3 5.4 60

Lviv Region 428.2 3.9 0.9 55

Mykolayiv Region 37.3 1.5 4.0 59

Odessa Region 90.2 4.5 5.0 65

Poltava Region 157.3 3.1 2.0 53

Rivne Region 584.2 2.4 0.4 53

Sumy Region 255.6 12.8 5.0 57

Ternopil Region 143.6 6.4 4.5 58

Transcarpathian Region 461.2 2.6 0.6 54

Vinnytsya Region 199.7 14.2 7.1 67

Volyn Region 436.8 1.7 0.4 46

Zaporizhzhya Region 34.0 0.7 2.1 46

Zhytomyr Region 660.3 2.9 0.4 50

Total Ukraine 6,282.2 130.0 2.1 59
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Table 2. 	 Distribution of the ash area in Ukraine by administrative regions in terms of ash propor-
tion (percent of the stock) in mixed stands.

Administative 
Regions

Area of ash stands (numerator – thousand ha, denominator – percent of the area)

Total
Including by ash proportion (percent of the stock) in mixed stands

≤ 20 30 40 50 60 70 80 90 100
Autonomous 
Republic of Crimea

4.8
100 – 0.2

4.2
0.5

10.4
1.0

20.8
1.3

27.2
0.7

14.6
0.5

10.4
0.3
6.2

0.3
6.2

Cherkasy Region 11.5
100

0.1
0.9

1.6
13.9

3.2
27.8

2.6
22.6

1.8
15.6

0.9
7.8

0.5
4.4

0.3
2.6

0.5
4.4

Chernihiv Region 3.0
100 – 0.8

26.7
0.8

26.7
0.6

20.0
0.4

13.4
0.2
6.6

0.1
3.3

0.1
3.3 –

Chernivtsi Region 1.4
100 – 0.1

7.1
0.3

21.5
0.3

21.5
0.2

14.3
0.2

14.3
0.1
7.1

0.1
7.1

0.1
7.1

Dnipropetrovsk 
Region

1.5
100 – 0.1

6.7
0.3

20.0
0.3

20.0
0.1
6.7

0.2
13.3

0.3
20.0

0.1
6.7

0.1
6.6

Donetsk Region 7.1
100 – 0.1

1.4
0.3
4.2

0.4
5.6

1.3
18.3

1.6
22.5

1.9
26.8

0.8
11.3

0.7
9.9

Ivano-Frankivsk 
Region

1.3
100 – 0.1

7.7
0.2

15.4
0.2

15.4
0.3

23.0
0.2

15.4
0.1
7.7

0.1
7.7

0.1
7.7

Kharkiv Region 7.1
100 – 0.3

4.2
1.1

15.5
1.5

21.2
1.4

19.8
1.2

16.9
0.8

11.2
0.4
5.6

0.4
5.6

Kherson Region 0.1
100 – 0.01

10.0
0.01
10.0

0.01
10.0

0.01
10.0

0.01
10.0

0.02
20.0

0.01
10.0

0.01
10.0

Khmelnytsky Region 5.1
100

0.2
3.9

0.5
9.8

1.5
29.4

1.2
23.6

0.8
15.7

0.4
7.8

0.2
3.9

0.1
2.0

0.2
3.9

Kyiv Region 6.1
100

0.3
4.9

1.5
24.6

1.7
27.9

1.1
18.0

0.6
9.8

0.3
4.9

0.3
4.9

0.1
1.7

0.2
3.3

Kirovohrad Region 11.9
100 – 0.3

2.5
1.1
9.2

1.5
12.6

1.4
11.8

2.0
16.8

2.2
18.5

1.4
11.8

2.0
16.8

Luhansk Region 12.3
100 – 0.2

1.6
1.4

11.4
2.1

17.1
2.3

18.7
2.5

20.3
1.8

14.6
0.8
6.5

1.2
9.8

Lviv Region 3.9
100

0.1
2.5

0.6
15.6

1.0
25.6

0.6
15.6

0.5
12.7

0.4
10.2

0.3
7.6

0.2
5.1

0.2
5.1

Mykolayiv Region 1.5
100 – – 0.1

6.7
0.1
6.7

0.2
13.3

0.3
20.0

0.3
20.0

0.2
13.3

0.3
20.0

Odessa Region 4.5
100 – 0.1

2.2
0.2
4.4

0.3
6.7

0.5
11.1

1.0
22.2

0.9
20.0

0.7
15.6

0.8
17.8

Poltava Region 3.1
100 – 0.2

6.4
0.6

19.3
0.6

19.3
0.7

22.7
0.4

13.0
0.3
9.7

0.1
3.2

0.2
6.4

Rivne Region 2.4
100 – 0.4

16.7
0.7

29.1
0.5

20.7
0.4

16.7
0.1
4.2

0.1
4.2

0.1
4.2

0.1
4.2

Sumy Region 12.8
100

0.1
0.8

1.2
9.4

3.1
24.2

3.6
28.1

2.4
18.8

1.4
10.9

0.6
4.6

0.2
1.6

0.2
1.6

Ternopil Region 6.4
100

0.2
3.1

1.3
20.3

1.8
28.1

1.1
17.1

0.7
10.9

0.6
9.4

0.3
4.7

0.2
3.1

0.2
3.1

Transcarpathian 
Region

2.6
100 – 0.2

7.7
0.5

19.2
0.4

15.4
0.4

15.4
0.5

19.2
0.2
7.7

0.2
7.7

0.2
7.7

Vinnytsya Region 14.2
100

0.2
1.4

2.6
18.3

5.2
36.6

3.4
23.9

1.6
11.4

0.6
4.2

0.4
2.8

0.1
0.7

0.1
0.7

Volyn Region 1.7
100 – 0.4

23.5
0.5

29.4
0.4

23.5
0.2

11.8
0.1
5.9

0.1
5.9 – –
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Administative 
Regions

Area of ash stands (numerator – thousand ha, denominator – percent of the area)

Total
Including by ash proportion (percent of the stock) in mixed stands

≤ 20 30 40 50 60 70 80 90 100
Zaporizhzhya 
Region

0.7
100 – – 0.1

14.3
0.1

14.3
0.1

14.3
0.1

14.3
0.1

14.3
0.1

14.3
0.1

14.2

Zhytomyr Region 2.9
100 – 0.6

20.8
0.6

20.7
0.6

20.7
0.4

13.8
0.4

13.8
0.1
3.4

0.1
3.4

0.1
3.4

Total Ukraine 130.0
100

1.2
0.9

13.4
10.3

26.9
20.7

24.6
18.9

20.0
15.4

16.3
12.6

12.5
9.6

6.8
5.2

8.3
6.4

Table 3. 	 Characteristics of natural advance regeneration (up to 8 years old) under the canopy of 
mixed oak and ash stands and pure ash stands within Ukraine (sample plots are ordered by 
increasing the stand age). 

Sample 
plot 
number*

Characteristic of mother stands The number of advance reproduction
(thousand stems ha-1)

Composition, %**

Ag
e 

(y
ea

rs
)

Re
la

ti
ve

 d
en

si
ty

 o
f s

to
ck

in
g

To
ta

l

Including common ash

Vi
go

ro
us

W
ea

k*
**

To
ta

l

Pr
op

or
ti

on
 o

f t
he

 s
pe

ci
es

 
in

 th
e 

co
m

po
si

ti
on

 (%
)

Fr
eq

ue
nc

y 
of

 o
cc

ur
re

nc
e 

(%
) 

Cherkasy Region
9–Ch1 Oak 70%–Ash 20%–N-Maple 10% 158 0.55 34.7 6.5 0.1 6.6 19 80
3–Ch1 Oak 50%–Ash 30%–Lime 20% 188 0.69 25.0 7.4 0.5 7.9 32 70
28–Ch1 Ash 100% 51 0.83 4.0 1.0 0.1 1.1 27 40

Chernihiv Region
7–Ch2 Oak 40%–Ash 40%–N-Maple 20% 60 0.60 8.3 2.2 0.1 2.3 28 60
11–Ch2 Oak 80%–Ash 10%–Lime 10% 109 0.58 16.0 3.8 0.4 4.2 26 60

8–Ch2

Ash 50%–Oak 20%–
N-Maple 20%–Lime 10% 119 0.74 10.2 1.5 – 1.5 15 50

31–Ch2 Ash 100% 59 0.78 4.2 1.3 0.2 1.5 36 50
Dnipropetrovsk Region

22–Dn Oak 70%–Ash 30% 91 0.73 4.4 0.7 0.7 1.4 32 50
20–Dn Oak 90%–Ash 10% 111 0.74 6.9 1.6 1.6 3.2 46 80
36–Dn Ash 100% 52 0.77 3.6 1.0 0.2 1.2 33 50

Donetsk Region
23–Do Oak 80%–Ash 20% 70 0.77 13.7 5.7 0.3 6.0 44 80
24–Do Oak 90%–Ash 10% 79 0.69 13.5 5.1 0.4 5.5 41 80
27–Do Oak 90%–Ash 10% 110 0.70 16.0 6.6 0.4 7.0 44 100
33–Do Ash 100% 91 0.62 3.7 0.8 0.1 0.9 24 40

Kyiv Region
15–K Oak 50%–Ash 40%–N-Maple 10% 99 0.93 11.6 1.9 0.1 2.0 17 50

12–K Oak 60%–Lime 20%–
Ash 10%–N-Maple 10% 100 0.66 20.1 5.3 0.3 5.6 28 100

37–K Ash 100% 60 0.67 3.2 1.0 0.3 1.3 41 60

Table 2 continues
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Kharkiv Region

17–Kh Oak 60%–N-Maple 20%–
Lime 10%–Ash 10% 84 0.74 25.9 8.0 0.6 8.6 33 100

10–Kh Oak 80%–Ash 10%–Lime 10% 97 0.85 13.7 1.1 0.4 1.5 11 40
5–Kh Oak 90%–Ash 10% 100 0.50 11.5 6.4 1.2 7.6 66 100

16–Kh Oak 60%–Lime 20%–
Ash 10%–N-Maple 10% 134 0.86 16.0 5.3 0.4 5.7 36 100

4–Kh Oak 90%–Ash 10% 193 0.69 26.8 6.4 0.8 7.2 27 80
30–Kh Ash 100% 77 0.70 4.8 2.6 0.1 2.7 56 90

Kirovohrad Region
40–Ki Oak 90%–Ash 10% 79 0.79 10.5 3.9 0.2 4.1 39 90
39–Ki Oak 70%–Lime 20%–Ash 10% 94 0.72 19.9 9.2 0.6 9.8 49 100
38–Ki Ash 100% 59 0.76 4.6 1.5 0.2 1.7 37 60

Luhansk Region
25–L Oak 80%–Ash 20% 85 0.76 11.4 4.9 0.1 5.0 44 90
26–L Oak 80%–Ash 10%–N-Maple 10% 92 0.70 18.3 7.6 0.7 8.3 45 100
34–L Ash 100% 42 0.71 4.3 0.5 0.2 0.7 16 40

Odesa Region
42–О Oak 80%–Ash 20% 65 0.80 5.8 1.6 0.1 1.7 29 50
41–О Ash 100% 65 0.74 4.0 1.1 0.1 1.2 30 50

Poltava Region
1–P Oak 70%–Ash 20%–Lime 10% 86 0.67 16.5 3.9 0.2 4.1 25 50
19–P Oak 80%–Ash 20% 90 0.80 12.5 8.5 0.7 9.2 74 80
21–P Oak 70%–Ash 20%–N-Maple 10% 90 0.71 10.9 3.7 0.6 4.3 39 20
2–P Oak 70%–Ash 20%–N-Maple 10% 108 0.70 16.7 6.7 0.3 7.0 42 100
32–P Ash 100% 75 0.72 5.3 2.2 0.2 2.4 45 80
Sumy Region

13–S Oak 50%–Ash 20%–Lime 20%–
N-Maple 10% 78 0.77 35.7 5.1 0.1 5.2 15 100

14–S Oak 70%–Lime 20%–Ash 10% 79 0.80 6.5 1.6 0.1 1.7 26 70
18–S Oak 40%–N-Maple 40%–Ash 20% 109 0.78 46.1 32.6 1.5 34.1 74 100
29–S Ash 100% 104 0.52 3.1 0.8 0.3 1.1 35 50

Vinnytsya Region
44–Vi Oak 80%–Ash 10%–Lime 10% 103 0.65 14.4 1.3 0.2 1.5 10 50
43–Vi Ash 100% 76 0.69 4.4 1.3 0.2 1.5 34 60

Volyn Region
45–Vi Oak 90%–Ash 10% 110 0.65 17.4 1.0 – 1.0 6 40
45–Vi Ash 100% 45 0.75 2.4 0.3 – 0.3 12 30

Table 3 continues
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Zaporizhzhya Region
6–Za Oak 80%–Ash 20% 70 0.60 14.8 5.4 0.2 5.6 38 80
35–Za Ash 100% 54 0.50 2.3 1.1 0.1 1.2 52 50

Zhytomyr Region
47–Zh Oak 80%–Ash 20% 85 0.80 10.9 1.4 – 1.4 13 60
46–Zh Ash 100% 50 0.70 1.9 0.4 – 0.4 21 40

Notes: *Ch1 – Cherkasy Region; Ch2 – Chernihiv Region; Dn – Dnipropetrovsk Region; Do – Donetsk Region; К – Kyiv Region; 
Kh – Kharkiv Region; Кі – Kirovohrad Region; L – Luhansk Region; О – Odessa Region; P – Poltava Region; S – Sumy Region;  
Vі – Vinnytsya Region; Vo – Volyn Region; Zа – Zaporizhzhya Region; Zh – Zhytomyr Region; **Oak = pedunculate oak (Quer-
cus robur L.), Ash = common ash (Fraxinus excelsior L.), N-Maple = Norway maple (Acer platanoides L.), Lime – small-leaved lime 
(Tilia cordata Mill.); ***Natural advance regeneration of ash infected by the pathogenic fungus Hymenoscyphus pseudoalbidus 
(anamorph Chalara fraxinea).

During 2000–2016, the total area of young 
ash stands increased by 26,000 hectares, 
mainly in fresh fertile sites as a result of 
the species change – common oak to com-
mon ash. The largest changes occurred in 
Lugansk (5,300 ha), Sumy (4,700 ha), Kiro-
vohrad (3,800 ha), Cherkasy (2,800 ha), 
Kharkiv (2,100 ha), Poltava (1,600 ha), Do-
netsk (1,100 ha), Kyiv and Zhytomyr (1,000 
ha each) Regions. In other administrative 
regions, changes in the area of ash stands 
amounted to less than 1,000 ha.

Mixed stands with 10 to 20% of ash in 
the stock allow for the best conditions for 

ash seed regeneration. In such stands, the 
total number of advance regeneration of all 
species is on average 18,400–18,000 stems 
ha-1, including 8,000–5,700 stems ha-1 of 
ash (Table 3, 4). In closed stands with the 
relative density of stocking of 0.70–0.80, 
the total number of advance regeneration 
of all species is on average 13,500–15,300 
stems ha-1, including ash with 4,600–7,200 
stems ha-1 (Table 3, 5). There are many 
reasons for this number of ash in advance 
regeneration. One of the most important 
reason is that its young seedlings cannot 
compete with herbs.

Table 4. 	 Average characteristics of natural regeneration of common ash in pure and mixed stands 
within Ukraine (by its proportion in the stand composition).

Proportion 
of common 
ash in the 
composition 
(%)

Characteristics of natural regeneration of common ash

Number
(stems ha-1)

Percent of the total 
number

Proportion of vigorous 
regeneration (%)

Frequency of 
occurrence (%) 

10 8,000 ± 2,500 39.7 ± 5.0 87.1 ± 3.8 87.5 ± 5.4

20 5,700 ± 500 36.5 ± 5.3 94.6 ± 1.2 74.0 ± 7.8

30–50 3,000 ± 1,200 24.6 ± 3.6 86.9 ± 9.3 56.0 ± 4.0

100 1,400 ± 200 36.7 ± 3.9 85.0 ± 2.7 55.0 ± 5.4

Table 3 continues
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Table 5. 	 Average characteristics of natural regeneration of common ash in pure and mixed stands 
within Ukraine, having various relative density of stocking.

Relative 
density of 
stocking

Characteristics of natural regeneration of common ash

Number
(stems ha-1)

Percent of the total 
number

Proportion of vigorous 
regeneration (%)

Frequency of 
occurrence (%) 

0.45–0.54 3,300 ± 2,100 51.3 ± 8.8 82.8 ± 5.5 66.7 ± 16.7

0.55–0.64 3,900 ± 1,000 27.0 ± 3.1 94.0 ± 1.8 64.0 ± 7.5

0.65–0.74 4,600 ± 700 35.7 ± 2.7 86.0 ± 3.7 73.5 ± 6.0

0.75–0.84 7,200 ± 3,500 41.4 ± 6.8 92.7 ± 1.7 73.3 ± 7.4

0.85–0.94 3,100 ± 1,300 21.2 ± 7.4 87.1 ± 6.9 63.3 ± 18.5

The relative density of stocking decreased 
to 0.50 in mixed stands which worsens the 
conditions for tree species regeneration, in-
cluding ash. The number of natural regen-
eration in such stands is reduced to 5,600 
stems ha-1, including ash to 3,300 stems  
ha-1. In pure ash stands with the relative 
density of stocking of 0.50–0.60, conditions 
for the occurrence and development of nat-
ural regeneration are significantly wors-
ened. The number of natural regeneration 

of all species is 2,300–3,700 stems ha-1, in-
cluding ash with 800–1,100 stems ha-1 (see 
Table 3).

The highest number of natural ash re-
generation was recorded under the canopy 
of old-aged stands (over 100 years old) – 
6,900–8,300 stems ha-1 (Table 6). Under the 
canopy of such stands, the optimal forest 
environment was formed for the successful 
natural regeneration of all species, includ-
ing ash.

Table 6. 	 Average characteristics of natural regeneration of common ash in pure and mixed stands 
within Ukraine depending on their age.

Age of 
stands
(years)

Characteristics of natural regeneration of common ash

Number
(stems ha-1)

Percent of the total 
number

Proportion of vigorous 
regeneration (%)

Frequency of 
occurrence (%) 

41–60 1,300 ± 200 33.3 ± 4.3 85.2 ± 3.3 50.0 ± 3.1

61–80 4,200 ± 700 37.8 ± 5.1 94.9 ± 0.8 82.9 ± 3.6

81–100 4,900 ± 900 36.5 ± 5.4 86.8 ± 3.8 68.3 ± 8.5

101–120 8,300 ± 4,400 40.4 ± 7.0 85.5 ± 6.8 77.1 ± 8.9

≥ 121 6,900 ± 500 28.3 ± 3.6 93.5 ± 2.0 82.5 ± 6.3

Discussion

Special aspects of growth and develop-
ment of ash stands in Ukraine, their eco-
logical and forestry properties, methods 
of reforestation, improvement of health 
status and productivity of these stands as 
well as characterization of their state by re-
gions have been addressed in many stud-
ies (Hordiyenko et al., 1996; Davydenko 
et al., 2013; Matsiakh & Kramarets, 2014; 

Davydenko & Meshkova, 2017; Meshkova 
& Borysova, 2017a, 2017b; Meshkova et al., 
2018; Meshkova et al., 2019). 

F. excelsior has been found to be one 
of the most common species in the de-
ciduous forests within Left-Bank Ukraine 
(Davydenko & Meshkova, 2014; Borysova, 
2016; Davydenko & Meshkova, 2017). In 
Kharkiv Region, mixed middle-aged ash 
stands with the relative density of stock-
ing of 0.7–0.9 predominate; their site class 
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is mainly I and II (Borysova, 2016). In the 
forests within Left-Bank Ukraine, the pro-
portion of common ash trees with partial 
mortality caused by the invasive pathogen 
Hymenoscyphus pseudoalbidus is the largest 
in the steppe part of Kharkiv Region and 
the smallest in the forest-steppe part of 
Sumy Region (Davydenko et al., 2013).

Common ash quite often occurs as an 
additional species in oak stands. In wetter 
conditions, it is found in the composition 
of common alder stands (Alnus glutinosa 
(L.) Gaerth.). In oak forests, it can be con-
sidered the second main forest-forming 
species after pedunculate oak. Therefore, 
upon successful natural seed regeneration 
of ash, it is useful to cultivate sustainable 
ash stands of natural origin. Fedets (2006) 
also proposed to add significant numbers 
of common ash (20–40%) and other valu-
able hardwood species both during initial 
and additional planting of forest crops to 
enrich the composition of the stands and 
their layering. This will increase the stand 
resistance to pests and diseases and ensure 
biological diversity of forests.

The study of climate change impacts 
on the ash radial increment in the for-
est-steppe part of Left-Bank Ukraine iden-
tified the deterioration of stands during 
the last decades (Koval & Borysova, 2019) 
due to insufficient rainfall and high tem-
peratures during the growing season. This 
study confirmed the conclusions (Lock-
wood & LeBlanc, 2017) regarding the de-
pendence of the condition of ashes on the 
balance between temperature and rainfall 
changes and the intensity of droughts dur-
ing the growing season.

Analysing the investigations of domes-
tic and foreign researchers, we established 
that the most important factors contribut-
ing to the successful growth and distribu-
tion of stands with ash trees in the compo-
sition are soil and hydrological conditions. 
As a rule, ash stands grow in lower relief 
areas on fresh and moist mineral-rich and 
well-drained soils (Marigo et al., 2000; 
Dobrowolska et al., 2011; Sopushynskyy, 

2012). River floodplains also create fa-
vorable conditions for the regeneration 
of common ash (Dufour & Piegay, 2008). 
However, ash is intolerant of fluctuations 
in groundwater levels. When it occurs, the 
treetops die first (Thomas, 2016).

The more fertile and moistened soils 
under the ash stands contribute to success-
ful natural regeneration. The study in the 
forests of the Czech Republic (Střeštík & 
Šamonil, 2006) showed that ash regener-
ation reached the highest densities (up to 
6,000 stems per 400 m2) on medium-deep, 
heavy-textured decarbonized soils. The 
lowest density (almost 500 stems per 400 
m2) was found on slopes fully exposed to 
the south with water retention capacity 
lower than 20 mm. Similar results were 
obtained by Tabari et al. (1999) in the de-
ciduous forests of Belgium. The highest 
number of ash regeneration (up to 150,000 
stems ha-1) was also recorded on mull 
moder with a water content of >  20  mm. 
The lowest number (12,700 stems ha-1) was 
found on southern slopes with a water 
content of < 20 mm.

Successful regeneration of ash occurs 
mainly in the natural way from fallen seeds 
(ash-keys). The ash-keys have a flattened 
linear shape; their length is 3.4–4.6 cm and 
width in the wing is 0.8–1.1 cm. The seeds 
are flat. The ash-keys from different trees 
have different sizes and weights (Bayura, 
2017).

Ash trees begin to bear fruit annually at 
20 to 30 years of age, however, intervals of 
2–5 years are possible. The seeds, depend-
ing on the conditions and weather (wind), 
can spread over a distance of 100 m. When 
there is no wind, the seeds are concentrat-
ed under the crowns of mother trees or at a 
short distance from them. The study (Sem-
izer-Cuming et al., 2017) revealed a signifi-
cant correlation (0.71, p < 0.001) between the 
ash seed dispersal distance and wind speed, 
indicating that strong wind favours the dis-
persal of ash seeds over long distances. 

Most of the ash-keys remain on the 
mother tree during the winter. Seed ger-
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mination may not occur in the year of its 
fall but may be delayed for 1–2 years (Kerr, 
1995). The highest density of emerging ash 
seedlings was recorded after the harvest 
year under the tree canopy in northern 
Belgium – 220 stems per 1 m2 on average 
(Tabari et al., 1999). 

Edaphic conditions (mechanical compo-
sition and soil depth), along with the pro-
gressive deterioration of the climate index, 
are factors that limit the occurrence and 
distribution of ash in mountainous con-
ditions, in particular in the forests of the 
Ukrainian Carpathians. In these forests, un-
der the canopy of 100-year-old ash stands, 
the number of ash regeneration varies from 
7,500 to 69,800 stems ha-1, and its propor-
tion in the regeneration composition ranges 
from 10 to 80% (Polataichuk, 1993).

Light is one of the most essential en-
vironmental factors affecting the natural 
regeneration of ash. The effect of light on 
the growth of ash trees is complex and de-
pends primarily on the age of the trees. For 
example, the seedlings and juveniles are 
shade-tolerant, but as they develop they 
rapidly lose their tolerance of shade, grad-
ually becoming more demanding. Accord-
ing to the study (Marigo et al., 2000), ash 
trees are able to regenerate successfully 
down to 2% of full sunlight. The research-
ers also found that ash can completely stop 
growing in height in low light conditions 
(< 2%). Similar results were obtained by 
Jaworski (1995). The researcher conclud-
ed that light conditions above 3.0% of full 
sunlight are favorable for the emergence 
and successful growth of ash seedlings. At 
such light level, advance regeneration of 
ash was recorded in all investigated plots. 
The study on the light effect on the growth 
of ash regeneration in mixed forests in 
northern Belgium (Tabari et al., 1999) in-
dicated that successful height growth was 
observed at the average light intensity of 
28% of full sunlight and almost completely 
stopped at less than 2%.

Ash seedlings rarely appear in mixed 
stands (Cherkasy and Vinnytsia Regions, 

Ukraine) with the relative density of stock-
ing of 0.9–1.0 and a dense undergrowth at 
the light level of 2.5% of full sunlight. The 
numbers of seedlings of Carpinus betulus L., 
Tília cordata Mill., Acer platanoides L., and 
other shade-tolerant species are sufficient 
(even up to 100,000 stems ha-1) under these 
light conditions and they develop nor-
mally (Hordiyenko et al., 1996). In mixed 
stands with the relative density of stocking 
of 0.9–1.0 at 2.5–5.1% of full sunlight, a sig-
nificant part of young ash seedlings die by 
the end of the growing season. Older ash 
regeneration (2–4 years old) survives at 
light levels above 5%. In mountain condi-
tions, the minimum light level at which the 
ash seedlings appear under the stand can-
opy should be 4% of full sunlight (Hordi-
yenko et al., 1996).

Based on the analysis of investigations 
(Emborg, 1998; Vacek et al., 2015), it has 
been found that ash trees can successfully 
regenerate in gaps in the maternal stand 
canopy. It has also been observed (Dobrow-
olska et al., 2011) that moderate shading has 
contributed to increased height growth of 
the seedlings due to reduced competition 
with undesirable herbaceous vegetation. 
Studies by Gardner (1975) show that ash 
trees in natural regeneration, when they 
reach the age of 3–4 years, can compete 
with abundant ground vegetation. The 
successful growth of ash regeneration may 
be limited by herbivores. This specificity 
should be taken into account when plan-
ning natural reforestation (Čermak & Mrk-
va, 2006). The growth of ash regeneration 
is adversely affected by frosts, especially 
in late spring. Furthermore, repeated frost-
ing leads to badly forked trees as a result 
of splitting of non-lignified trunks, which 
is one of the major potentially dangerous 
defects in the ash trunk (Savill, 1991).

The species composition of maternal 
stands significantly affects the establish-
ment and further liveability of small ash 
regeneration. Thus, studies by Götmark et 
al. (2005) in southern Sweden indicate that 
the highest number of natural ash regener-
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ation (nearly 6,000 stems ha-1) was record-
ed under the canopy of mixed deciduous 
forests.

The identified specificities of emer-
gence, liveability, and growth of natural 
advance regeneration of ash must be used 
for forest management in mixed old ash 
stands, particularly in the context of tar-
geting their natural seed reproduction. 
Promoting the natural seed regeneration 
of ash trees can be an effective way to con-
serve ash trees and increase their sustaina-
bility not only in Ukraine but also in broad-
leaved forests in Europe.

The significant reduction in the area of 
ash forests over the last 20–30 years has 
become a matter of great concern for the 
European forestry sector as a whole. Many 
researchers (Kowalski & Holdenrieder, 
2009; Baral et al., 2014; Skovsgaard et al., 
2017; Papić et al., 2018) consider the pres-
ence of the pathogenic fungus Hymenoscy-
phus pseudoalbidus (anamorph Chalara frax-
inea) in European forests as the main cause 
of this phenomenon and its corresponding 
consequences. The fungus was first record-
ed in Poland in the late 20th century (the 
1990s) and has spread over the continent 
(Gross et al., 2014). Hymenoscyphus pseu-
doalbidus has also been found in Ukrainian 
forests (Davydenko et al., 2013; Matsiakh 
et al., 2016). The fungus causes damage to 
both adult ash trees and young individu-
als, both natural and planted.

The study of the degree of ash regen-
eration damage by Hymenoscyphus fraxi-
neus in the forests of Latvia (Pušpure et al., 
2015) showed that more than 50% of the to-
tal number of natural regeneration was of 
very bad, bad and average quality. A fur-
ther study (Pušpure et al., 2017) revealed 
that the degree of damage by H. fraxineus 
to the natural regeneration in pure ash 
stands was higher (about 20% of all ash in-
dividuals) compared to mixed ones dom-
inated by Alnus glutinosa (L.) Gaertn. and 
Betula pendula Roth., where the percentage 
of dead ash was only 5%. Also, the density 
of ash advance regeneration in such stands 

was significantly higher (ca. 7,300 ± 2,700 
stems ha-1) than in pure ash stands (4,300 ± 
600 stems ha-1).

Investigating the impact of dieback 
caused by H. fraxineus in 90 sites in the Alps 
(Trentino, northern Italy) in stands with 
different ash proportion in the composi-
tion, Giongo et al. (2017) found high levels 
of damage to both young and adult trees. 
Thus, 50.4% or 2,261 of the 4,486 surveyed 
individuals of F. excelsior regeneration (the 
number varied from a minimum of 12 to 
a maximum of 202, with an average of 54 
individuals per plot) were attributed to the 
2nd and 3rd classes of the level of damage 
(more than 5 dead branches). Then, 17.6% 
or 789 individuals were dead. Young seed-
lings still in the herbaceous phase and old-
er trees have shown to be more resistant to 
the disease pathogen.

By counting the ash seedlings and eval-
uating their health in permanent monitor-
ing plots in Estonian forests in 2013 (2,367 
trees) and 2015 (1,591 trees), Palm (2016) 
found that 53% of the total number of seed-
lings in 2013 and 41% in 2015 were affected 
by the pathogen H. fraxineus. Additionally, 
open field regeneration was found to be 
more vulnerable to the disease than seed-
lings under a forest canopy. Matisone et al. 
(2019) obtained similar results in the study 
of young stands with ash in the composi-
tion in the forests of Latvia. Besides, the bi-
odiversity of stands (shrub presence) and 
tree height are the main factors for stand 
resistance to H. fraxineus.

Conclusion

Ash stands in Ukraine cover an area of 
about 150,000 hectares or 2.4 % of the to-
tal forest area in the country. Among them, 
common ash stands are almost 87%. The 
highest number of natural regeneration of 
ash trees, about 7,000–8,000 stems ha-1 on 
average) was found under the canopy of 
mixed stands (with 10 to 20% of ash in the 
stand). The stands are over 100 years old, 
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with a relative density of stocking of 0.7–
0.8. They grow in fresh and moist fertile 
sites (rich in minerals) with well-drained 
soils and the light of at least 5–6% of that 
on an open site, and without abundant 
live ground cover. Ukrainian ash stands, 
occupying a relatively small part in the 
country’s forest area, are extremely val-
uable as a source of high-quality timber 
and by-products. Also, they are a power-
ful regulator of biosphere processes and 
an accumulator of huge carbon deposits. 
Other benefits include the preservation of 
biological diversity and recreational value. 
For their conservation, it is necessary to de-
velop a felling system aimed at increasing 
their resilience to adverse environmental 
factors and determine the optimum rota-
tion ages and methods for final felling.
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