
70

FOLIA OECOLOGICA – vol. 47, no. 1 (2020), doi: 10.2478/foecol-2020-0009

*Corresponding author:  
e-mail: maxrum-89@ukr.net 

© 2020 Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Pedunculate oak stands in the catchments of the river Vorskla’s tributaries

Viktor Tkach, Oleksandr Bondar, Maksym Rumiantsev*

Ukrainian Research Institute of Forestry and Forest Melioration named after G. M. Vysotsky, Pushkinska Str. 86, 
61024, Kharkiv, Ukraine

Abstract
Tkach, V., Bondar, O., Rumiantsev, M., 2020. Pedunculate oak stands in the catchments of the river 
Vorskla’s tributaries. Folia Oecologica, 47 (1): 70–80.

The aim of the study was to analyze the origin of oak stands within the catchments of the Vorskla’s tributaries 
and to describe their state. Covering 60,900 ha, pedunculate oak (Quercus robur L.) stands prevail and cover 
51.1% of the total forest area of 119,200 ha in the catchment areas of the River Vorskla’s tributaries. The way 
oak stands are distributed in regards to trophotopes points at favourable conditions for their growth, as 81.7% 
of the area is a fresh fertile oak forest site type. Forest stands aged 41–80 years (39.8 % of the total area) and 
81–120 years (50.4%) are prevailing. Natural oak stands cover almost 66.5% and planted ones grow at 33.5%. 
Distribution of oak stands in regards to the functional categories of forests shows a significant predominance 
of the protective forests. They cover 46.6% of the total area. The commercial forests cover 23.0%, the recre-
ational ones make 18.8% and the forests with conservational, academic, historical and cultural purpose cover 
11.6 %. Distribution patterns of oak forests in the catchments of the River Vorskla’s tributaries should be 
considered in the forest management in order to conserve their biodiversity and enhancing the performance 
of important environmental, protective, recreational and other functions. The article contains results of the 
study on the natural regeneration of Quercus robur and other wood species under the canopy of oak stands 
and on felling sites. The further research perspectives are a thorough study of the stand characteristics and the 
typological structure of forests in terms of certain wood species in the catchments of rivers all over Ukraine. 
It will help developing principles for the catchment and landscape zonation.
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Introduction

Forests in the catchment areas (floodplain forests) is 
a unique natural grouping as they grow under the condi-
tions of annual periodical flooding with different duration 
as part of spring floods (Fiquepron et al., 2013). They are 
also affected by continuous stream (Langat et al., 2019; 
Santos et al., 2019) and alluvial processes (Guillon et 
al., 2019; Lanzoni et al., 2019). These specific aspects 
cause a considerable typological diversity of the forest 
biocoenoses (Polyakov and Teeter, 2005; Lelli et al., 
2019).

Floodplain forests perform various important func-
tions, such as water conservation (Del Campo et al., 
2019a, 2019b), soil protection (Wiśniewski and Märker, 
2019; Zhao et al., 2019), recreational functions (Upton 
et al., 2015; Carvalho Ribeiro et al., 2018) and others. 
River pollution and shallowing are to a great extent caused 
by the decreasein forested areas and deterioration of flood-
plain forests in general.

The urgent topic for the region of the study is a field-
protective forestation. Being located in catchments, pro-
tective forest shelterbelts significantly influence the ef-
ficiency of agrocoenosis and ensure a stable ecological 
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environment. Final felling in oak stands is allowed to carry 
out in the exploitable forests only. They are forbidden in 
other categories, and only forming and sanitation felling is 
carried out being aimed at planting economically valuable 
oak stands.

The analysis of the distribution of oak stands according 
to the categories of forests points at the fact that it greatly 
differs within the catchments of certain tributaries. For that 
reason, defining the categories of forests in the catchments 
of the tributaries of large rivers has to be corrected during 
the next basic forestry surveying.

Pedunculate oak (Quercus robur L.) is one of the main 
forest forming species in the Central European forests 
(Stephan et al., 2018; Mölder et al., 2019). In Ukraine, 
the area covered with oaks is more than 1.7 million ha 
(Rumiantsev et al., 2018). Forest stands with oak prevail-
ing is a primary forest type within a fresh fertile maple-
lime forest site type which is a zonal forest type within the 
Forest-Steppe zone in Left-Bank Ukraine (Ostapenko and 
Tkach, 2002). 

Absence of necessary forestry measures taken in time 
in oak forests may lead to the change of the main forest 
type to other ones – less valuable secondary forests with 
Acer platanoides L., Acer campestre L., Fraxinus excel-
sior L., Tilia cordata Mill., Ulmus glabraHuds., Populus 
tremula L. and others.

Generally, the oak forests in Left-Bank Forest-Steppe 
are rather broadly characterized according to the forestry 
aspect. Their modern state and productivity were studied 
by Holovach et. al. (2013); the health condition was an-
alyzed by Meshkova (2011) and Holovach (2010); the 
specific aspects of planting highly-productive oak stands 
taking into account the typological structure of the forests 
were studied by Marchuk et al. (2000); Lunachevskyi 
et al. (2015) studied the changes in forest mensuration 
characteristics after the improvement felling; specificities 
in forming natural regeneration under the canopy of oak 
stands and in the felling areas were analyzed in several 
studies (Sklyar and Dehtyaryov, 2013; Chigrinets and 
Ignatenko, 2015; Rumiantsev et al., 2018).

The study of the typological and age structure of oak 
forests, as well as their distribution according to the for-
est categories is a relevant topic. Such research within the 
catchments of the tributaries of the River Vorskla has not 
been done. However, there are studies restricted to the de-
scription of forest stands according to the forest mensura-
tion variables, or defining their productivity. 

The aim of the study was to analyze the origin of oak 
stands within the catchments of the Vorskla’s tributaries 
and to describe their state.

Materials and methods

To define the boundaries of the Vorskla’s tributaries, we 
used MapInfo Professional 12.5 and the vector map of 
Ukraine. The boundaries of the catchment areas were de-
termined by the watershed lines passing the points from 
which the slope profiles spread to opposite directions. 
Such points are located at the spots with the maximum 

bend of horizontals. Watershed divides passed along the 
ridges through the peaks and saddles.

To analyze the forest area in the forestry enterprises 
within the catchments of the Vorskla’s tributary’s, we de-
veloped an electronic subcompartment database using the 
forest inventory data of the Ukrderzhlisproekt Production 
Association as on 2016, and converted it from the .vff 
into .mdb format of MS Access by means of the NewUn-
PackOHOTA programme developed in the Laboratory of 
New Information Technologies of the Ukrainian Research 
Institute of Forestry and Forest Melioration (URIFFM). 
Data selection necessary for the further calculations was 
exported into the .xls format in Microsoft Excel 2016 in 
compliance with the developed algorithm (Vedmid et al., 
2006).

The study covers forests (an area over 119,200 ha) 
within 24 catchments of the Vorskla’s tributaries (four 
catchments were forestless) in the forestry enterprises in 
Poltava, Kharkiv and Sumy Regions in Ukraine.

Geographical coordinates of the limiting points of the 
study region were as follows: north 35°07’48’’, 50°44’34’’, 
south 34°09’37’’, 48°58’11’’, west 33°52’15’’, 49°09’25’’, 
and east 36°03’37’, 50°27’1’’ (Fig. 1).

The typological analysis of forests was done in com-
pliance with the main methodical statements of the forest-
ecological (Ukrainian) school of the forest typology. Thus, 
P. Pogrebnyak and D. Vorobyov have identified the forest 
site type, the forest type and the type of forest stand as 
the main taxonomic units in the Ukrainian typology (Os-
tapenko and Tkach, 2002).

The forest site type (other similar names are the 
edatope, type of habitat conditions, type of forest area, 
the edaphic conditions type) is a combination of forest-
ed non-forested lands with similar soil and hydrological 
conditions, which have similar forest site capacity effect. 
Climatic parameters can be different. The leading signs of 
establishment of the forest site type – species composition 
of plants and its productivity. Live soil cover: The auxil-
iary – features of relief, soil types, groundwater level.

Each forest site simultaneously belongs to a certain 
level of soil fertility and soil moisture, and is trophotope 
and hygrotope simultaneously. A combination of fertil-
ity with soil moisture makes a forest site type. Therefore, 
a cell in the edaphic grid (Pogrebnyak, 1955) represents 
the first and the largest unit in the forest and ecological 
aspect in the forest typology, namely the forest site type.

According to its location in the edaphic grid, a for-
est site type gets a binary (double) name which consists 
of the words defining the fertility group (trophotope) and 
moisture group (hygrotope). So, a forest site type has its 
own identification. When indexing the forest site types, 
the following letters of the Latin alphabet are used to de-
fine trophotopes: А (infertile site), В (fairly infertile site), 
С (fairly fertile site), and D (fertile site), and the Arabic 
numerals are used for hygrotopes, namely 0 (very dry), 
1 (dry), 2 (fresh), 3 (moist), 4 (damp), and 5 (wet). For 
instance, dry infertile site type is referred to as А1, fresh 
fairly infertile site type is В2, moist fairly fertile site type is 
С3, damp fertile site type is D4, etc. (Table 1).
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Fig. 1. Sketch map of the research object (catchment area of the Vorskla’s tributaries).

   Table 1. Edaphic grid (POGREBNYAK, 1955) 
 

Hygrotopes 

Trophotopes 
А 

Infertile pine site 
type 

В 
Fairly infertile pine site 

type 

С 
Fairly fertile (usually 
hardwood) site type 

D 
Fertile (usually 

hardwood) site type 

0 
Very dry 

А0 

Very dry infertile 
pine site type 

В0 
Very dry fairly infertile 

pine site type 

С0 
Very dry fairly fertile 

site type 

D0 
Very dry fertile site 

type 
     

1 
Dry 

А1 

Dry infertile pine 
site type 

В1 
Dry fairly infertile pine 

site type 

С1 
Dry fairly fertile site 

type 

D1 
Dry fertile site type 

     

2 
Fresh 

А2 

Fresh infertile pine 
site type 

В2 
Fresh fairly infertile pine 

site type 

С2 
Fresh fairly fertile site 

type 

D2 
Fresh fertile site type 

     

3 
Moist 

А3 

Moist infertile pine 
site type 

В3 

Moist fairly infertile pine 
site type 

С3 

Moist fairly fertile site 
type 

D3 

Moist fertile site type 

     

4 
Damp 

А4 

Damp infertile pine 
site type 

В4 
Damp fairly infertile 

pine site type 

С4 
Damp fairly fertile site 

type 

D4 
Damp fertile site type 

     

5 
Wet, or swamp 

А5 

Wet infertile pine 
site type 

В5 

Wet fairly infertile pine 
site type 

С5 

Wet fairly fertile site 
type 

D5 

Wet fertile site type 

 

  

Table 1. The classification a forest site type аccording to its location in the edaphic grid (Pogrebnyak, 1955)
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The researchers defined the categories of the forests 
in accordance with “The order of division of forests into 
the categories and defining particularly protective forest 
sites” which was approved by the Act of the Cabinet of 
Ministers of Ukraine No 733 dated May 16, 2007 (Po-
ryadok podilu lisiv na katehoriyi ta vydilennya oso blyvo 
zakhysnykh lisovykh dilyanok, 2007). According to the cri-
teria given in this document, forests fall into the following 
categories:
•	 Forests with conservational, academic, historical and 

cultural purposes (wildlife sanctuaries, nature signifi-
cant sites, wildlife reserves, regional landscape parks, 
etc.);

•	 Recreational forests (within human settlements): They 
perform several functions, namely a recreational, 
a sanitary and a health improving ones. People spend 
their free time there, do sports, go hiking or get their 
health-resort treatment;

•	 Protective forests (mainly these are anti-erosion for-
ests which prevent soil erosion);

•	 Exploitable forests (mentioned to meet the national 
economy’s needs in fine wood on account of final fell-
ing operations).
Developmental characteristics of the young growth 

of economically valuable species were studied within the 
Vorskla River catchment. Eight sample plots were estab-
lished under the canopy of mixed oak stands of a natural 
origin aged over 100 years and with a relative density of 
stocking from 0.6 to 0.8 and two sample plots on the clear 
felling sites (aged 2–3 years). The sample plots were es-
tablished in state-owned enterprises Trostyanets Forestry 
and Okhtyrka Forestry in Sumy Region in 2018. The for-
est site types were fresh (D2) and moist (D3) fertile sites. 
The natural regeneration was accounted and assessed on 
the circular plots. Each plot was of 10 m2 (R = 178 cm) 
and covered at least 5% of the forest area on a sample plot. 
There were at least 100 circular plots for recording natural 
regeneration. 

Registered healthy, with no visible signs of dam-
age, natural forest regeneration was divided into groups 
according to wood species, age and height. The natural 
forest regeneration success was assessed by means of the 
URIFFM scale (Pasternak, 1990). When assessing, we 
took into account both a quality and quantity of the natural 
regeneration in terms of wood species.

The study results were analyzed by means of applied 
computer programmes and GIS-technologies. 

Results 

The analysis of the forest surveying materials within the 
study region’s forest resources (as on 2016) shows that the 
total area of forests in the Vorskla’s catchment is 119,200 
ha. In that, oak stands are prevailing. They make 60,900 ha 
which is 51.1% of the total area. Overall, oak stands were 
found in 20 catchments of the Vorskla’s tributary’s. The 
area they covered varied from 12 ha (Okhtyrka tributary 
catchment) to over 13,000 ha (Merla tributary catchment).

The way oak stands in the catchment of the River Vor-
skla are distributed in regards to trophotopes, has its pecu-

liarities. Thus, a vast part of oak stands which is 88.3% of 
the total area of oak forests is concentrated in fertile sites, 
while they make 10.6% in fairly fertile sites and 1.0% and 
0.1% in fairly infertile pine sites and in infertile pine sites 
respectively (Table 2).

On studying the distribution of oak stand area in the 
catchments of the Vorskla’s tributary’s according to tro-
photopes (Table 2), we found out that their proportion was 
the largest – almost in all the catchments of the tributary’s 
– in fertile sites, and it varied from 24.4% (Krynychka 
tributary catchment) to 100% (Bratenytsya, Ryabyna, and 
Kustolova tributary’s catchments) of the total area. Fur-
thermore, there are no oak stands at all in the catchments 
of two tributary’s (Husynka and Okhtyrka tributary’s 
catchments).

As for fairly fertile sites, oak stands grow within 16 
catchments of the Vorskla’s tributary’s, and their propor-
tion varies from 1.3% (Vorsklytsya tributary catchment) 
to 82.9% (Okhtyrka tributary catchment) of the total area 
of oak forests. There are no oak stands at all in four catch-
ments of the tributary’s. 

Oak stands within fairly infertile pine sites grow in 
nine catchments of the Vorskla’s tributary’s and their pro-
portion varies from 0.4% (Khukhra tributary catchment) 
to 100% (Husynka tributary catchment) of the total area of 
oak forests. There are no oak stands at all in 11 catchments 
of the tributary’s.

In poor conditions (infertile pine sites) oak stands cov-
er a small area within one catchment only. It is the catch-
ment area of the Tahamlyk tributary. And there are no oak 
stands at all within 19 catchments of the tributary’s.

In the catchments of the Vorskla’s tributary’s the ma-
jority of oak stands are characterized by natural origin 
(coppice, seeds or coppice and seeds). Their part covers 
66.5% of the total area of oak forests. The rest (33.5%) of 
the oak forests are planted (Fig. 2).

Distribution of the area of oak stands in the tributar-
ies’ catchments in terms of their origin has some specific 
aspects. Thus, the part of oak forests of natural origin var-
ied from 42.8% (No title 2 tributary catchment) to 92.2% 
(Tahamlyk tributary catchment) of the total area of oak 
forests. 

In the whole, natural oak forests grow within 19 
catchments of the Vorskla’s tributary’s, while planted oak 
stands grow entirely in Okhtyrka tributary catchment only. 

Planted oak stands grow within 20 catchments of the 
Vorskla’s tributary’s, and their proportion within these 
tributary’s varies from 7.8% (Tahamlyk tributary catch-
ment) to 100% (Okhtyrka tributary catchment).

The study in the sample plots within the Boromlya, 
Vorsklytsya, and Khukhra tributary’s catchments detects 
that in the floodplain of the River Vorskla, mixed stands 
are formed with pedunculate oak prevailing, both of a veg-
etative (coppice) origin of the second or third generation 
(clear-cutting was repeatedly done and the stands were 
renewed in a natural vegetative way – by coppice shoots 
produced by stools) and of a natural origin by seeds. 
A natural regeneration of the main species both under the 
forest canopy (regeneration established before cutting of 
the main crop) and on felling sites (the one established 
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   Table 2. Distribution of oak stands in the catchments of the Vorskla’s tributaries in terms of prevailing trophotopes (%) 
 

Vorskla’s 
tributaries 

А 
Infertile pine 

site type 

В 
Fairly infertile 
pine site type 

С 
Fairly fertile (usually 
hardwood) site type 

D 
Fertile (usually 

hardwood) site type 

Total Total 
including* 

Total 
including* 

Total 
including* 

В2 C2 C3 D1 D2 D3 
Hayivoronka – – –   1.5 – –  98.5 24.4 71.1  3.0 
Bratenytsya – – – – – – 100   6.1 88.2  5.7 

Ryabyna – – – – – – 100   2.3 97.5  0.1 
Husynka – 100 91.2 – – – – – – – 
Okhtyrka –  17.1 17.1 82.9 – 82.9 – – – – 

Krynychka – 18.8 16.2 56.9 56.9 –  24.4 16.8  7.6 – 
Khukhra –    0.4   0.2   5.4   2.7   2.6  94.2   6.4 85.0  2.8 
Oreshnya –    0.6   0.6 23.3 22.0   1.1  76.2   1.4 74.7  0.1 

Merla –    1.8   1.7 14.4 12.5   1.4  83.8   9.5 73.2  1.1 
Svynkivka –    0.7   0.6 11.4   8.4   2.0  87.9   1.3 83.4  3.2 
Tahamlyk 0.3  22.2 17.0 53.1 25.4 27.7  24.4   0.1 13.9 10.4 
Kustolova – – – – – – 100 – 43.9 56.1 
No title 1 –   5.1   2.8   9.6   5.0   4.2  85.4   3.3 76.6  5.5 
No title 2 – – –   4.1   1.4   1.9  95.9   0.4 93.1  2.4 

Kobylyachka – – – 13.0 13.0 –  87.0   3.7 83.2 – 
Poluzirya – – –   1.6   1.6 –  98.4   1.2 96.2  1.0 
No title 4 – – – 14.7 11.3   0.1  85.2   9.3 72.5  3.4 
Oleshnya – – –   5.5   5.4   0.1  94.5   0.5 93.8  0.2 
Boromlya – – – 10.5 10.2   0.2  89.5   0.5 88.8  0.2 

Vorsklytsya – – –   1.3   1.3 –  98.2   6.5 90.8  0.9 
Vorskla 0.1   1.0   0.8 10.6   8.9   1.1  88.3   4.8 81.7  1.7 

 
   *prevailing forest site type in corresponding trophotopes; В2, fresh fairly infertile pine site type; С2, fresh fairly fertile site 

     type; С3, moist fairly fertile site type; D1, dry fertile site type; D2, fresh fertile site type; D3, moist fertile site type. 

  

Fig. 2. Distribution of oak stands in the catchments of the Vorskla’s tributary’s according to their origin (%).
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Vorskla’s 
tributaries 

А 
Infertile pine 

site type 

В 
Fairly infertile 
pine site type 

С 
Fairly fertile (usually 
hardwood) site type 

D 
Fertile (usually 

hardwood) site type 

Total Total 
including* 

Total 
including* 

Total 
including* 

В2 C2 C3 D1 D2 D3 
Hayivoronka – – –   1.5 – –  98.5 24.4 71.1  3.0 
Bratenytsya – – – – – – 100   6.1 88.2  5.7 

Ryabyna – – – – – – 100   2.3 97.5  0.1 
Husynka – 100 91.2 – – – – – – – 
Okhtyrka –  17.1 17.1 82.9 – 82.9 – – – – 

Krynychka – 18.8 16.2 56.9 56.9 –  24.4 16.8  7.6 – 
Khukhra –    0.4   0.2   5.4   2.7   2.6  94.2   6.4 85.0  2.8 
Oreshnya –    0.6   0.6 23.3 22.0   1.1  76.2   1.4 74.7  0.1 

Merla –    1.8   1.7 14.4 12.5   1.4  83.8   9.5 73.2  1.1 
Svynkivka –    0.7   0.6 11.4   8.4   2.0  87.9   1.3 83.4  3.2 
Tahamlyk 0.3  22.2 17.0 53.1 25.4 27.7  24.4   0.1 13.9 10.4 
Kustolova – – – – – – 100 – 43.9 56.1 
No title 1 –   5.1   2.8   9.6   5.0   4.2  85.4   3.3 76.6  5.5 
No title 2 – – –   4.1   1.4   1.9  95.9   0.4 93.1  2.4 

Kobylyachka – – – 13.0 13.0 –  87.0   3.7 83.2 – 
Poluzirya – – –   1.6   1.6 –  98.4   1.2 96.2  1.0 
No title 4 – – – 14.7 11.3   0.1  85.2   9.3 72.5  3.4 
Oleshnya – – –   5.5   5.4   0.1  94.5   0.5 93.8  0.2 
Boromlya – – – 10.5 10.2   0.2  89.5   0.5 88.8  0.2 

Vorsklytsya – – –   1.3   1.3 –  98.2   6.5 90.8  0.9 
Vorskla 0.1   1.0   0.8 10.6   8.9   1.1  88.3   4.8 81.7  1.7 

 
   *prevailing forest site type in corresponding trophotopes; В2, fresh fairly infertile pine site type; С2, fresh fairly fertile site 

     type; С3, moist fairly fertile site type; D1, dry fertile site type; D2, fresh fertile site type; D3, moist fertile site type. 

  



75

after cutting of the main crop) is poor (Table 3). In general, 
seven wood species were registered in the composition 
of the natural regeneration, with a low proportion of oak. 
Thus, no more than 700 1–3-year-old oak trees of seed 
origin grow within 1 ha under the canopy of mature and 
overmature oak stands, and almost all of them are dam-
aged by powdery mildew (Erysiphe alphitoides Griffon & 
Maublanc). Over time, they will turn into stumps.

Oak can also be seen in a small number (200–400 trees 
per ha) within the cutting areas after clear-cutting (the 
width of the cutting strip varied from 51 m to 100 m) as 
part of the final cutting of parent stands. 

Distribution of oak forests in the catchments of the 
Vorskla’s tributary’s shows that the stands aged of 81–120 
years prevail in the stand area here. They make 50.4% of 
the total area. The stands aged of 41–80 years have a slight-
ly less proportion (39.8%). And the stands aged 1–40 years 
and 121 and older years make 6.2% and 3.6% respectively 
(Fig. 3). The average age of oak stands depending on their 
origin is 87 years for the stands of a vegetative (coppice) 
origin, 93 years for those of a natural seed origin and 58 
years for the oak stands planted by seeds. 

The oak stands aged 41–80 years, which is middle-
aged, grow within all the 20 catchments of Vorskla’s tribu-
tary’s. They make from 31.4 % (No title 4 tributary catch-
ment) to 82.9% (Okhtyrka tributary catchment) of the total 
area of oak forests in these catchments. 

The oak stands aged 1–40 and 81–120 years grow with-
in 19 catchments of the Vorskla’s tributary’s. Their propor-

tion varies from 0.5% (Kobylyachka tributary catchment) 
to 17.1% (Okhtyrka tributary catchment) and from 28.2% 
(Husynka tributary catchment) to 63.6% (Kustolova trib-
utary catchment) of the total area of oak forests in these 
catchments respectively.

The oak stands aged 121 years and older grow with-
in 11 catchments of the Vorskla’s tributary’s. They make 
from 0.5% (Vorsklytsya tributary catchment) to 12.7% 
(Khukhra tributary catchment) of the total area of oak for-
ests in these catchments.

On analyzing the age structure of the oak forests in 
the catchments of the Vorskla’s tributary’s, we came to the 
conclusion that it is unbalanced, and middle-aged stands 
(aged 41–80 years) significantly prevail in the area. It hap-
pened due to the fact that after the World War II great ef-
forts were done in forest renewal and reforestation. In this 
way, vast areas with young forests were established, most-
ly a man-made origin. Therefore, one of the main tasks for 
the modern forest management concerning the oak forests 
in Ukraine, and, in particular, in the catchments of large 
rivers, is to take necessary forestry measures to optimize 
age structures of the stands.

According to “The order of division of forests into the 
categories and defining particularly protective forest sites” 
(Poryadok podilu lisiv na katehoriyi ta vydilennya osoblyvo 
zakhysnykh lisovykh dilyanok, 2007) oak forests within the 
catchments of the Vorskla’s tributary’s belong to all catego-
ries, namely the forests of recreational, academic, historical 
and cultural purposes; the recreational forests; the protective 

   Table 3. The forest mensuration characteristics of natural oak stands in the catchments of the Boromlya, Vorsklytsya, and 

   Khukhra tributaries and the quantity of their natural regeneration 
 

Sample 
plot 

number 

Vorskla’s 
tributaries 

Forest site 
type 

Characteristic of oak stands 

The number of natural 
regeneration 

Total 

including 
pedunculate oak 

Stand composition 
Age* 

(years) 

Relative 
density of 
stocking 

Thousand 
stems ha-1 % 

1 Boromlya D2 Oak 100% 105 0.8 4.6 0.3 7 
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forests and the exploitable ones (Fig. 4). 
The smallest area, which is 7,000 ha or 11.6% of the 

total area of oak forests, is covered with the forests with 
recreational, academic, historical and cultural purposes. 
The oak stands which belong to the recreational forests 
category cover 11,500 ha or 18.8%. The exploitable for-
ests, which are the forests where final felling operations 
are allowed, make nearly a quarter (23.0%) of the total 
area of oak forests. The protective forests cover the largest 

Fig. 4. Distribution of the oak stands area in the catchments of the Vorskla’s tributary’s according to the categories of forests (%).

area of the total area of oak stands. Mostly they repre-
sent erosion-preventing forests which prevent soil erosion 
(wind and water ones).

Discussion

On the catchments of the Vorskla’s tributaries the typo-
logical structure of the forests was studied by Tkach et al. 

Fig. 3. Distribution of oak stands in the catchments of the Vorskla’s tributaries according to age groups (%).
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(2016) and the forest inventory structure of oak stands by 
Solodovnyk et al. (2009).

When analyzing oak forests within the middle 
reaches of the River Vorskla (Sumy Region, Ukraine), 
Solodovnyk et al. (2009) revealed that the stands of 
a natural origin made 55% and planted ones – 45% of 
the total area. They emphasized on the fact that the age 
structure of oak forests, both natural and planted, was 
unbalanced. Thus, the middle-aged stands (41–80 years) 
were significantly prevailing; their proportion was 88% 
for natural stands and 72% for planted ones. Our results 
for all catchments of the Vorskla’s tributary’s within the 
upper, the middle, and the lower reaches (Sumy Region, 
Poltava Region, and Kharkiv Region) confirmed the con-
clusions (Solodovnyk et al., 2009) that the middle-aged 
oak stands of a natural origin prevail in the region.

Based on the analysis of the typological structure and 
biological diversity in the forests within small catchments 
of the River Vorskla, Tkach et al. (2016) have found that 
the highest typological diversity is typical for the forests 
in the catchment of the Merla tributary (34 forest types) 
and the lowest one is in the forests in the catchment of the 
Hayvoronka tributary (5 forest types). It is connected by 
the diversity of geomorphological, landscape, edaphic and 
climatic conditions for forming of the forests. Growing 
number of the forest types complicates the forest manage-
ment in that area.

After the analysis of the area of oak stands in the catch-
ments of the Vorskla’s tributary’s according to trophotopes, 
we have concluded that even within one river basin (the 
river Vorskla’s basin) but on its different tributaries, the 
distribution of oak stands in terms of the forest site types 
is quite different. They can be found in nearly all types of 
the forest sites. This fact underlines the necessity to imple-
ment differentiation systems into the management, consid-
ering a location of tributaries’ catchments. As forestry in 
Ukraine is based on the forest typology principles, when 
taking forestry measures in the catchments of the Vorskla’s 
tributary’s, it is absolutely necessary to take into account 
the typological diversity of oak forests. 

The average age of oak stands we considered is almost 
identical to those defined by Holovach et. al. (2013) when 
they analyzed the forest inventory materials for oak forests 
in Left-Bank Forest-Steppe. A slight difference in age was 
detected for planted oak stands. For example, within the 
catchments of the Vorskla’s tributary’s the average age is 
58 years old, while in all Left-Bank Forest Steppe is 53 
years old.

In their research Meshkova and Didenko (2017) have 
confirmed that the average age of natural oak stands of 
a seed origin in the oak forests within Left-Bank Forest-
Steppe tends to grow with an increase of geographical 
latitude, and planted oak stands of a seed origin have a de-
creased vitality in comparison to natural oak stands.

Oak stands of a seed origin, comparing to those of 
a coppice origin, turned to be more resilient to negative 
environmental factors, as well as more long-lived among 
the oak stands of a natural origin. We have found that in the 
catchments of the Vorskla’s tributary’s, the same as within 
Left-Bank Forest-Steppe in general, according to the data 

(Holovach et. al., 2013), the oak stands of a coppice ori-
gin prevail. Biological characteristics of the coppice oak 
stands result in the decline of their resilience after they 
turn 60–70 years old. Enormous and uncontrolled accu-
mulation of old stands causes their weakness. It brings 
about not only decline of the species and assortment struc-
ture of the stands, but also weakness of their ecological 
and protective functions (Tkach and Holovach, 2009). 
Taking into account this fact, forestry actions in oak for-
ests have to be addressed to regeneration of the oak stands 
of a natural seed origin.

Furthermore, natural oak stands are more resilient to 
diseases and pests than planted ones (Díaz-Maroto and 
Vila-Lameiro, 2008; Granger et al., 2018), which is par-
ticularly important for the areas with the climate change 
(Härkönen et al., 2019; Shannon et al., 2019). It is im-
portant to take into account this specific aspect when man-
aging floodplain forests.

One of the core aspects in forestry, during renewal of 
oak forests, is to use a natural regeneration of pedunculate 
oak and other economically valuable species. The quan-
tity a natural regeneration of pedunculate oak and other 
economically valuable species is an important reserve that 
will help on the seed renewal of highly productive, biolog-
ically stable natural oak stands. It will also to forecast their 
further development and preserve their genetic potential. 
In the era of a gradual warming and the climate aridity 
increase, this topic becomes particularly relevant (Luce 
et al., 2016; De Groote et al., 2018; Vanhellemont et 
al., 2019).

The success of oak natural regeneration depends on 
many factors, namely on a quantity of oak in the stand and 
its age, relative density of stocking, seed yield of acorns, 
a sufficient warmth, moisture, and finally light and devel-
opment of the shrub and grass layers (Ikauniece et al., 
2012; Vizoso-Arribe et al., 2014; Muhamed et al., 2015; 
Woziwoda et al., 2019).

It can be explained, first of all, by the periodicity of 
the pedunculate oak’s fruiting, namely cycling of seed 
and non-seed years. In the current climate conditions, 
this biological peculiarity of an oak is characterized by 
the increase of a time period between its seed years. Thus, 
within latest 10 years (2009–2018) an oak had only three 
seed years (2010, 2013 and 2018). It is caused by the in-
crease of the anthropogenic effect onto all the components 
of the environment.

The results of our preliminary study (Rumiantsev et 
al., 2018) defined the optimal conditions for emergence, 
preservation and further successful growth of the oak re-
production and its valuable accompanying species (light 
which should be at least 20% of that on an open space; 
an oak’s fruit bearing; moisture of the litter and soil; live 
groundcover of Aegopodium podagraria L.; relative den-
sity of stocking within 0.6–0.7; absence of a thick shrub 
layer).

Meshkova and Didenko (2017) found out that oak 
stands of a natural seed origin are poorly represented in 
young forests (up to 40 years old). The fact that young oak 
forests of a natural origin are nearly absent shows the de-
cline of an oak’s potential capacity for regeneration. That 
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is why it is necessary to urgently work out a set of forestry 
activities aimed at growing natural oak stands. It can be 
obtained by means of simultaneous selection or successive 
regeneration cuttings as principal cuttings in the exploit-
able forests and regeneration ones in non-exploitable for-
ests. Moreover, actions to undertake activities to promote 
natural regeneration of oak should be adopted. In terms 
of that, periodicity of oak fruiting must be considered as 
well.

Conclusions

The total area of oak forests in the Vorskla’s catchment 
is 60,900 ha where stands of a natural origin prevail. The 
largest area of oak stands is the area with the most favour-
able for growth conditions, namely fertile forest sites.

Age structure of oak forests is unbalanced. The stands 
aged 41–80 and 81–120 years significantly prevail in 
terms of area; young stands make a small share. The forest 
management strategy in river catchments must be aimed at 
the optimization of the age structure of the forests and at 
natural forest regeneration. Nearly a half of the area with 
oak stands is ascribed to the category of the protective for-
ests and nearly a quarter to the category of the exploitable 
forests. The oak forests within the catchments of the Vor-
skla’s tributary’s both have important ecological protec-
tive functions and meet the population’s needs in valuable 
oak wood. 

Our investigations cover the whole area of the catch-
ments of the tributaries (within Ukraine) and, therefore, 
our results have scientific and practical value. Moreover, 
could promote the development of appropriate manage-
ment activities in oak stands throughout the whole catch-
ment area as part of the landscape.

The further research perspectives are a thorough study 
of the stand characteristics and the typological structure of 
forests in terms of certain wood species in the catchments 
of rivers all over Ukraine. It will help developing prin-
ciples for the catchment and landscape zonation.
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