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Abstract
Peculiarities of growth, productivity and health condition of pine stands affected 
by annosum root rot were investigated in conditions of Volyn Polissya of Ukraine.
The research was conducted in the forests of the State Enterprise «Gorodotsky FH» 
and SE «Manevitsky LH», which are subordinated to the State Agency of Ukraine 
for Natural Resources of Ukraine and located in the Manevytsky-Volodymyrets 
Physical-Geographic District of the Volyn Polissya of Ukraine. The purpose of the 
research is to detect differences in physical and chemical properties of soils in the 
center of drying out of the plumage and in the interfacial space (control) affected 
by the root sponge of pine plantations. It was revealed that the soil in the root of 
the root spider’s  lesion is poorer than organic soil (humus) compared with the 
soil of the interfacial space. At the same time, these soils are richer in the content 
of nutrients (NРК). The granulometric composition and specific gravity in soils in 
the center of drying out of the crumbling and in the interfacial space practically 
do not change. Humidity in all experimental soils in the center of drying out of 
the drooping to a depth of 50 cm is higher on average by 28%, and in deeper 
horizons - by 6% less than in the intercostal space. The hardness of the soil in 
the foaming areas throughout the depth of the profile is greater (especially at 
the depth of the arable layer) than in the interfacial space. It was discovered 
that the damage by the root sponge of pine stands established on the ancient 
lands depends on a  complex of factors limiting the toppling of the soil layer 
due to its consolidation, especially at a depth of 50 cm. This contributed to the 
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concentration of root systems in the upper layers of the soil, which in conditions 
abrupt changes in the hydrological regime can lead to a decrease in the stability 
of plantings, in particular to the root sponge.

Key words
Root sponge, center of drying out, interfacial space, soils, humidity, hardness, site 
between disease centers

INTRODUCTION

Scots pine (Pinus sylvestris L.) is the main forest forming species in Polissya; it oc-
cupies about 60 % of the areas covered with forest vegetation. One of the strate-
gic issues of the forestry sector with regard to the cultivation of high-yielding pine 
plantations is the problem of root rot, which does not lose its relevance in the world, 
since there are no radical methods of combating disease in any of the countries. 
The greatest damage to the pine (Polus sylvestris L.) is caused by root rot, the causa-
tive agent of which is the fungus - root sponge (Heterobasidion annosum (Fr.) Bref.).

The root sponge affects the productivity of the stands, causes their premature 
decay, provokes the massive proliferation of endoscopes, increases the fire danger, 
causes continuous sanitary cutting, worsens the soil protection, water protection 
and sanitary and hygienic functions of the forest. In addition, they are affected by 
root rot of the tree, susceptible to damage to the winds (Vollbrecht 1994, Brandtberg 
1996, Bendz-Hellgren 1999, Volchenkova 2012, Lyamtsev 2015, Hronec et al. 2012).

The geography of the spread of the disease has gained in recent decades of 
global character and encompasses all parts of Europe (Vasiliauskas et al. 2002, 
Wang 2012, Mead 2013), North America(Harrington et al. 1989), Central America 
(Lewis 2002; Mead 2013) some areas of Australia (Mead 2013), Asia (Parmasto 1986; 
Dai et al. 2003; Koco et al. 2014) and Africa (Morocco) (Mead 2013).

The problem of the emergence and spread of the disease in Ukraine arose in 
the middle of the twentieth century after large plots began to create forest crops 
of pine forests in interfacial space, pastures, wildernesss, where the soils lost their 
forest properties. The study of the confinement of the centers of the disease to 
the plantings in the old lands (Sirota 1996, Kuznetsov 2005, Bilous 2009, Ustsky 
2011). The emergence and spread of this disease in these lands, most researchers 
associate with the presence of the upper arable layer of soil, the depth of which is 
limited to a densified layer, often called the “umbrella sole”.

The presence of such a layer prevents the roots from going deep into the lower 
horizons of the ground, which causes the growth of the above-ground part of the 
tree to decrease and significantly weakens it (Vasilyuskas 1989, Negrozky 1986). 
The risk of defeat of crops by the root sponge is substantially increased when they 
are created in areas where continuous sanitary felling of plantations affected by 
this disease has been carried out. (Negrutsky 1986, Kuznetsov 2005, Bilous 2009, 
Volchenkova 2012).
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A  number of researchers (Artyukhovsky 1998, Vorontsov 1978) play an 
important role in spreading the root sponge to the stem pests that are carriers 
of fungal infection. The high density of pure crops of young pine trees created 
in the ancient lands leads to a decrease in their resistance to defeat of the root 
sponge and curtin erosion (Vasiliauskas 1989, Volchenkova 2012). Scientists of 
URIFFM who conducted research in Eastern Polissya on sod-podzolic soils of the 
ancient lands, the appearance and distribution of root sponge associated with 
the water-physical properties of soils (Ladeyshchikova 1974, Tkachuk 2002, Ustsky 
2011). Studies carried out in the Chernihiv Polissya indicate that turf-podzolic soils 
in plantations in the old lands are characterized by low fertility, densified horizons 
and layers, as well as unstable water regime (Ladeyshchikova 1974). The spread 
of the disease in pine forests of Kazakhstan’s «belt» forests in indigenous forest 
soils is also explained by the unstable water regime of soils (Shatyayev 1987). In 
the Byelorussian Polissya, the disease became widespread in pine plantations, 
created on fresh sod-podzolic soils, amplified by loose sands and moraine loams, 
starting at a depth of 1 m (Raptunovich 1981). At present, the causes of the origin 
of the center of drying out of the root sponge have not been sufficiently studied 
and there are no effective measures to limit the mass distribution of the disease 
(Alekseev 1974, Negrutsky 1986, Vasiliauskas 1989, Zvyagintsev, 2013).

Therefore, the study of physical and chemical properties of soils will make it 
possible to determine the directions of economic intervention in the course of the 
pathological process reduction in the size of the fall.

To increase the stability of the planting to the root sponge in the ancient lands 
should create mixed forest cultures with the participation of hardwoods. For mixing 
with pine in a fresh sub-tree, you can use the following tree species: birch hanging 
(Betula pendula Roth.), Northern oak (Quercus borealis Michx.), Oak (Quercus robur 
L.), alder (Alnus incana (L.) Moench ) Their share in these conditions should be at 
least 30% (Alekseev 1974, Negrutsky 1986, Bilous 2009).

When restoring infected root sponge of pine plantations the best way to avoid 
losses in the next generation of the forest is to use resistant to root sponge rocks. 
According to the data (Alekseev 1974, Ladeyshchikova et al. 2001, Lygis et al. 2004), 
on structures affected by the root sponge plantings, it is proposed to create in 
fresh and wet sub-cultures birch cedar cultures as predecessors of pine cultures 
in order to reduce the infectious background of the root sponge and to promote 
the formation of the natural composition soil microcenosis. However, this provision 
needs to be confirmed, as there is not enough data on the growth, condition, 
productivity and product-assortment structure of birch cultures in the old land. 
Usually, in Ukraine, on planks affected by the root sponge, newly created mostly 
pure pine plantations.
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The purpose of the work is to detect differences in the physical and chemical 
properties of soils in the center of drying out and in the interfacial spaces in the 
pine plantations affected by the root sponge.

METHODOLOGY DESCRIPTION

The research was carried out in pine forests according to the basic principles of 
soil science (Arinushkina 1970, Zhigunov 1980, SSTU 4289: 2004, SSTU 4730: 
2007, SSTU ISO 10390: 2007, Tikhonenko 2010, Berezhnyak 2012, Lisnyak 2015) 
on the old land of two forest enterprises: State Enterprise «Gorodotsky FH» and 
SE «Manevitsky FH», which are confined to Volyn Polissya. Pine common in these 
enterprises is the main forest species and occupies about 68% of the area of ​​forest 
areas covered with forest vegetation.

The climate of the region is moderate continental with mild winters and warm 
summers. The average temperature in January is from -4,4 ° to -5,1 ° С, July -18,5 ° 
С. Absolute minimum temperature - 39 ° С, absolute maximum + 39 ° С. The period 
with a temperature of + 10 ° C is 150-160 days. The sum of these temperatures is 
2495-2580 °. Precipitation is 550-640 mm per year, most of them fall in the summer, 
and the least - in winter.

Volyn Polissya is characterized by a significant flow of field and card forms of 
relief, valley landscapes, excessive moistening, the development of repossessed 
lands and swamps, numerous (more than 200) lakes, and large forested areas. Here, 
the present landscape zones of mixed forests (45%), meadow-bog landscapes 
(about 10%) and moraine-zandrovy plain, Volyn region predominate. Among the 
fourth percent is the distribution of breeds of Cretaceous age, which condition 
the development of map forms of relief - lake basins, reservoirs, formation of sod-
carbonate soils (Marinich 1985).

Wet climate and washing type of water regime, the predominance of non-
carbonate rocks of light granulometric composition (glacial and water-glacial 
genesis), as well as forest vegetation, which covered the territory of Volyn Polissya 
everywhere, contributed to the development of the podzolic soil formation 
process and caused the formation of sod soils of podzolic type.

The surface of the surveyed sections of the state enterprise «Gorodotsky 
FH» and the state enterprise «Manevitsky FH» is represented by the turf-weakly 
podzolic and soddy-medium podzolic soils orientation. Forest lands, on which the 
test sites were laid (P 2, P 6, P 9), are referred to the ancient lands. On most of the 
examined sites, the morphological signs of plowing have not been preserved, but 
sometimes, they are clearly expressed.

In order to study the physical and chemical properties of soils in pine 
plantations affected by the root sponge, 30 soil sections were laid: 15 in the center 
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of drying out; 15 in interfacial spaces (controls). On these sections, every 10 cm 
hardness of the soil is determined by a Golubev gauge and the moisture content 
of the soil is wetted with Walcom PMC-710. The soil cover was described in 3 soil 
cuts in foam center of drying out and 3 in intercostal spaces, and analyzed 36 
soil samples, which were analyzed in laboratory conditions. The specimens were 
determined: the granulometric composition by the pipette method (SSTU 4730: 
2007); Humus content according to Tyurin (SSTU 4289: 2004); The content of the 
general forms of N, P, K (in concentrated sulfuric acid extraction by the Ginzburg 
method) (Tikhonenko 2010); The level of acidity is potentiometrically (SSTU ISO 
10390: 2007). The research results were processed using Microsoft Excel software.

The study of water, physico-mechanical and physical and chemical properties 
of the soils of the old lands as a habitat and feeding medium of the root system 
of trees is very important for the identification of the causes of the origin of the 
center of drying out of the root sponge, the consequences of its influence on the 
growth, condition and formation of forest plantations, as well as the development 
measures to combat this disease.

RESULTS OF THE RESEARCH

The analysis of the given data of the granulometric composition of soils showed 
that the composition of the studied soils is dominated by the fraction of fine sand 
(0.25 - 0.05 mm). The total content of mechanical elements of large and medium 
sand is smaller than fine sand, but compared to other fractions, its share is quite 
substantial. The content of physical sand (> 0.01 mm) on average in all soils 
is 92.2%, the physical clay content (< 0.01 mm) is 7.8%, the amount of colloidal 
particles (<0.001 mm) is 5.9% , which is a very low indicator (Table 1).

There were no significant differences between the variants in the center of 
drying out (CDO) and in the interfacial space (IS), but only 9% in interdimensional 
spaces had less colloidal particles (< 0.001 mm) and physical clay (< 0.01 mm) and 
physical sand more than 1% ( Fig. 1).

The fractional composition of the mechanical elements of the humus horizon 
reflects the quantitative parameters of the granulometric composition of the 
parent rock, but some of its features are noted. The main difference between the 
upper and lower parts of the profile of the studied sod-podzolic soils is the gradual 
reduction of the contents of the silt particles in the upper part of the profile and 
their accumulation in the lower horizons.

In general, the granulometric composition of individual soil horizons on the 
experimental sites varies from the late assembly and changes from the genesis and 
subtraction of elementary processors.

The specific gravity of the investigated soils depends on the amount of physical 
clay and organic matter in it and varies between 2.51 and 2.68 g / cm3 (Table 2), 
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Table 1 	 Granulometric composition of the studied soils

№ 
planting Horizon Depth, cm

The content of particles of different  
sizes, %

The name of the 
granulometric 
composition of 

the soil< 0,01 мм > 0,01 мм < 0,001 мм

P 
2–

 c
en

te
r o

f d
ry

in
g 

ou
t (

CD
O

)

Не(1) 0-18см 6,38 93,62 5,12 Sand is bonded

Не(2) 19-28 6,1 93,9 4,54 Sand is bonded

Ре(h) 29-51 5,24 94,76 4,04 Sand is bonded

Pei 52-84 3,6 96,4 3,58 The sand is loose

Pi(gl) 85-118 43,15 56,85 31,93 Loam is heavy

P 119-160 12,93 87,07 7,1 Sue

P 
2–

 in
te

rf
ac

ia
l 

sp
ac

e 
(IS

)

He 0-32 7,3 92,7 5,09 Sand is bonded

Pe 33-59 7,75 92,25 4,8 Sand is bonded

Pi(e) 60-102 27,06 72,94 19,21 Loam is light

P(i) 103-140 4,92 95,08 3,75 The sand is loose

P 140-160 7,54 92,46 6,78 Sand is bonded

P 
6–

 c
en

te
r o

f d
ry

in
g 

ou
t

НЕ(п) 0-22 4,69 95,31 3,7

Ер(h) 23-43 4,99 95,01 4,53 The sand is loose

Pe(i) 44-68 4,09 95,91 3,94 The sand is loose

Pi(e) 69-96 3,71 96,29 3,47 The sand is loose

P(і) 97-135 4,18 95,82 3,56 The sand is loose

Р 136-160 3,17 96,83 2,85 The sand is loose

P 
6–

 in
te

rf
ac

ia
l 

sp
ac

e

НЕ(п) 0-24см 4,5 95,5 3,64 The sand is loose

Ер(h) 25-32 3,4 96,6 2,85 The sand is loose

PI(e) 33-49 5,4 94,61 4,19 Sand is bonded

Pi 50-82 3,28 96,72 3,01 The sand is loose

P 83-140 2,88 97,12 2,28 The sand is loose

P 
9–

 c
en

te
r o

f d
ry

in
g 

ou
t

НЕ 0-24 8,95 91,05 4,88 Sand is bonded

Ер 25-68 7 93,0 4,18 Sand is bonded

Ір(е) 69-95 4,15 95,85 3,33 The sand is loose

РІ 96-135 7,5 92,5 7,3 Sand is bonded

Р(і) 136-160 6,2 93,8 6,33 Sand is bonded

Р 161-170 9,78 90,22 6,5 Sand is bonded

P 
9–

 in
te

rf
ac

ia
l 

sp
ac

e

НЕ 0-32 5,28 94,72 5,23 Sand is bonded

Ерh 33-64 3,93 96,07 6,33 The sand is loose

Pе 65-82 10,03 89,97 4,6 Sand is bonded

РІ 83-105 9,73 90,27 5,33 Sand is bonded

Р(і) 106-130 7,1 92,9 6,98 Sand is bonded
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Figure 1
The content of particles of different sizes in the center of drying out and on the control

 

 
 

0

10

20

30

40

50

60

70

80

90

100

< 0,01 мм > 0,01 мм < 0,001 мм

Th
e 

co
nt

en
t o

f p
ar

tic
le

s o
f d

iff
er

en
t 

siz
es

, %

Осередок усихання КонтрольCenter of drying  Control

Figure 2
Specific gravity and pH of water in the root of the root sponge and control.
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which is logical for this type of soil, since these soils are depleted with organic 
matter and more or less uniformly in profile provided with colloidal particles.

After analyzing our experimental data, we found that the differences between 
variants with root sponge and control were not detected, there are only very weak 
tendencies for increasing the specific gravity in the control variants (Figure 2).
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Table 2 	 Physico-chemical and agrochemical properties of investigated soils

№  
planting Horizon Depth, 

cm

Specific 
weight,  
g/cm3

рН water
Humus 

content, 
%

N Р2О5 К2О

P 
2–

 c
en

te
r o

f d
ry

in
g 

ou
t

Не(1) 0-18см 2,65 4,8 0,48 0,067 0,025 0,036

Не(2) 19-28 2,68 4,76 0,42 0,597 0,021 0,041

Ре(h) 29-51 2,66 5,1 0,24 0,065 0,022 0,037

Pei 52-84 2,67 5,22 0,06 0,039 0,012 0,041

Pi(gl) 85-118 2,51 4,97 0,24 0,054 0,045 0,341

P 119-160 2,65 5,52 0,12 0,053 0,020 0,150

P 
2–

 in
te

rf
ac

ia
l 

sp
ac

e

He 0-32 2,65 4,95 0,54 0,065 0,019 0,046

Pe 33-59 2,63 4,95 0,72 0,053 0,016 0,060

Pi(e) 60-102 2,61 4,9 0,54 0,067 0,025 0,264

P(i) 103-140 2,62 5,4 0,24 0,038 0,004 0,040

P 140-160 2,66 5,67 0,42 0,039 0,010 0,068

P 
6–

 c
en

te
r o

f d
ry

in
g 

ou
t

НЕ(п) 0-22 2,64 4,95 0,84 0,078 0,014 0,028

Ер(h) 23-43 2,65 5,42 0,54 0,026 0,049 0,042

Pe(i) 44-68 2,65 5,36 0,18 0,081 0,020 0,033

Pi(e) 69-96 2,65 5,22 0,24 0,064 0,014 0,030

P(і) 97-135 2,61 5,1 0,3 0,079 0,012 0,036

Р 136-160 2,60 5,8 0,36 0,078 0,005 0,032

P 
6–

 in
te

rf
ac

ia
l 

sp
ac

e

НЕ(п) 0-24см 2,65 4,9 0,96 0,040 0,017 0,023

Ер(h) 25-32 2,68 5,35 0,24 0,064 0,012 0,022

PI(e) 33-49 2,65 4,98 0,54 0,013 0,067 0,044

Pi 50-82 2,65 5,59 0,48 0,065 0,012 0,025

P 83-140 2,65 5,52 0,30 0,080 0,005 0,029

P 
9–

 c
en

te
r o

f d
ry

in
g 

ou
t

НЕ 0-24 2,58 4,9 1,02 0,039 0,036 0,031

Ер 25-68 2,64 5,69 0,39 0,052 0,015 0,034

Ір(е) 69-95 2,62 6,14 0,18 0,025 0,011 0,031

РІ 96-135 2,62 6,85 0,08 0,053 0,012 0,045

Р(і) 136-160 2,63 6,4 0,18 0,025 0,011 0,034

Р 161-170 2,63 6,61 0,13 0,109 0,010 0,042

P 
9–

 in
te

rf
ac

ia
l 

sp
ac

e

НЕ 0-32 2,62 4,55 1,12 0,013 0,029 0,036

Ерh 33-64 2,63 5,16 0,29 0,064 0,023 0,043

Pе 65-82 2,65 5,89 0,13 0,064 0,007 0,027

РІ 83-105 2,62 5,8 0,08 0,013 0,010 0,030

Р(і) 106-130 2,62 5,95 0,18 0,026 0,010 0,034
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Humidity of these or other layers of soil depends on many factors, in particular 
from forest conditions, tent closeness, as well as the limitation and precipitation 
intensity. The distribution of moisture in the thickness of the soil primarily affects 
the mechanical composition of certain layers and their density. Soil sections were 
laid by us in the absence of precipitation.

The relative humidity of the soil, both in the centers of drying and in inter-
facial space, varies with depth (Table 3). In the centers of drying, the maximum 
moisture content of 9.71% was observed in the soil layer at a depth of 30 cm and 
the minimum - 6.75% at a depth of 70 cm. In the interfacial space, the moisture 
content of the soil layers ranged from 6.18% (10 cm) to 8.10% (80 cm).

Table 3 	 Humidity of soil at different depths in the center of drying out and interfacial 
space of pine plantations in conditions of Volyn Polissya

Statistical Indicators
Depth of occurrence, cm

10 20 30 40 50 60 80 100 120 140 160

Сenter of drying out

М – middle, % 9,31 9,49 9,71 9,19 7,79 7,19 7,41 7,08 7,05 7,18 7,63

± m – standard error 0,31 0,37 0,45 0,41 0,33 0,30 0,35 0,33 0,23 0,23 0,22

S – standard deviation 1,21 1,42 1,73 1,59 1,30 1,15 1,35 1,29 0,87 0,88 0,84

S2 – sample variance 1,47 2,03 2,99 2,53 1,68 1,33 1,82 1,65 0,76 0,78 0,71

Excess 0,46 -0,40 -0,41 -0,67 -0,70 -0,82 1,25 0,07 0,01 -0,93 -0,58

Asymmetry 1,01 0,67 0,73 0,45 0,02 0,13 1,32 0,53 0,56 0,55 0,66

Minimum 7,8 7,5 7,6 7,2 5,6 5,5 5,8 5,2 5,7 6,2 6,6

Maximum 12,1 12,0 12,9 12,4 10,2 9,2 10,6 9,5 8,9 8,8 9,2

n – number of options 15 15 15 15 15 15 15 15 15 15 15

Interfacial space

М – middle, % 6,18 6,41 6,53 6,65 7,16 7,62 8,10 7,99 7,25 7,28 7,61

± m – standard error 0,27 0,34 0,42 0,44 0,44 0,38 0,48 0,48 0,35 0,34 0,33

S – standard deviation 1,06 1,31 1,61 1,69 1,69 1,47 1,84 1,85 1,35 1,32 1,27

S2 – sample variance 1,12 1,72 2,60 2,85 2,86 2,17 3,40 3,43 1,82 1,75 1,62

Excess -0,73 -0,56 -0,19 -0,38 -0,98 -1,05 -1,11 -0,11 -1,19 -0,51 -0,25

Asymmetry 0,41 0,53 0,81 0,74 0,05 0,31 0,31 0,70 0,09 -0,02 0,26

Minimum 4,6 4,5 4,4 4,5 4,1 5,2 5,6 5,8 5,0 4,8 5,4

Maximum 8,2 8,6 9,7 9,8 9,8 10,1 11,2 11,7 9,2 9,3 9,7

n – number of options 15 15 15 15 15 15 15 15 15 15 15

t fact,05 7,61 6,13 5,17 4,22 1,15 0,89 1,16 1,56 0,48 0,24 0,05

Note: t the theor.= 2,048; P = 0.05
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The dynamics of the distribution of moisture in the soil of the centers of drying and 
interfacial spaces is described by polynomial equations of the 3rd degree (Fig. 3) 
with accuracy (R2 = 0.83) in the cores and (R2 = 0.80) in interfacial spaces. Relative 
humidity in the center of drying out of the root sponge gradually increases to 
9.71% at a depth of 30 cm, then decreases to 6.75% at a depth of 70 cm, and then 
again increases unevenly to 7.63% at the end of the soil profile. In the interfacial 
space, relative humidity gradually increases unevenly from 6.18% (10 cm) to 
8.10% at a depth of 80 cm and then decreases to 7.25% at a depth of 120 cm and 
gradually increases to 7.61% . Humidity in all experimental soils in the center of 
drying out to a depth of 50 cm is higher by 28%, and in deeper horizons, by 6% 
less than in the interfacial space. Significant difference in moisture content in the 
center of drying out and in the interfacial space was noted in the upper 40 cm layer 
of soil (t the theor.0,05 = 7,61–4,22, t the theor. = 2,048).

In deeper layers, this difference is not significant, and at a depth of 110-160 cm, 
the moisture content of the soil in the center of drying out and control is almost 
unchanged (see Fig. 3).

Figure 3
Humidity of the soil at different depths in sod-medium podzolic soils in medieval pine 

plantations affected by the root sponge.

The hardness of the soil layers depends on their moisture and mechanical 
composition, in particular, the contents of the muddy parts. The different hardness 
of the soil layers and the depth of the layers with the highest hardness values ​​
indicate, first of all, the water regime of one or another planting.
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According to our research, the hardness of soil layers, both in the center of drying 
out of the crumbling, and in the interfacial spaces with depth increases. In the 
center of drying out of the root sponge, the hardness of the soil sharply increases 
to a depth of 50 cm in 2.4 times compared with the upper layer of soil (Table 4, Fig. 
4). An increase in the hardness of the soil at this depth indicates the presence of 
a sealed layer. After a depth of 50 cm, the soil hardness gradually decreases from 
12.5 kg / cm2 to 11.5 kg / cm2 at a depth of 80 cm, and then increases to 16.2 kg / 
cm2 unevenly to the end of the profile. It should be noted that the hardness of the 
soil in the center of drying out of the root sponge throughout the profile is greater 
than that of the intermediate profile. Perhaps the reason for more hardness in the 
center of drying out of the root sponge in the conduct of selective sanitary felling, 
chipping sick and dry trees and their trailing from the area. In the interfacial space, 
the hardness of the soil increases uniformly from 3.4 kg / cm2 (10 cm) to 16.0 kg / 
cm2 (160 cm). At a depth of 140-160 cm, the hardness of the soil in the interocentric 
spaces is almost the same as the hardness in the center of drying out.

Significant difference in the hardness between the soil layers in the center of 
drying out of the damping and in the in interfacial spaces is noted in the upper 
60 cm of the soil layer (tfact 0.05 = 6.70-2.25, t theor. = 2,048) and at a depth of 1 m 
(tfact 0 , 05 = 2.39, t theor. = 2.048) (see Table 4).

Figure 4
Hardness of soil at different depths in sod-medium podzolist soil in medieval pine 

plantations affected by root sponge.
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Table 4 	 The soil hardness at different depths in the center of drying out and interfacial 
space of pine plantations in conditions of Volyn Polissya

Statistical Indicators
Depth of occurrence, cm

10 20 30 40 50 60 80 100 120 140 160

Center of drying out

М –middle, % 5,2 6,6 9,5 11,1 12,5 11,5 11,5 13,7 13,8 14,8 16,2

± m – standard error 0,33 0,29 0,40 0,57 0,66 0,44 0,47 0,66 0,59 0,72 0,74

S – standard deviation 1,26 1,11 1,54 2,20 2,56 1,70 1,81 2,57 2,29 2,81 2,86

S2 – sample variance 1,60 1,23 2,36 4,83 6,53 2,87 3,26 6,59 5,24 7,88 8,15

Excess -1,24 -1,29 2,78 1,24 0,44 3,22 2,43 -0,38 -0,46 0,41 0,42

Asymmetry 0,40 -0,28 -1,73 -1,27 -0,69 -1,67 -1,68 -0,76 -0,79 -1,18 -1,06

Minimum 3,7 4,8 5,3 5,7 6,7 6,8 6,7 8,7 9,3 8,6 9,9

Maximum 7,3 8,1 10,9 13,3 16,0 13,2 13,1 17,4 16,5 17,6 19,3

n – number of options 15 15 15 15 15 15 15 15 15 15 15

Interfacial space

М –middle , % 3,4 4,2 6,1 7,2 8,5 9,9 10,8 11,6 12,8 14,3 16,0

± m – standard error 0,18 0,21 0,36 0,39 0,58 0,56 0,54 0,58 0,51 0,64 0,59

S – standard deviation 0,69 0,81 1,41 1,50 2,25 2,16 2,08 2,26 1,98 2,46 2,29

S2 – sample variance 0,48 0,65 1,98 2,26 5,06 4,65 4,34 5,13 3,94 6,07 5,24

Excess -1,34 -0,34 0,53 1,46 -0,78 -0,70 -0,24 -0,37 -0,50 -0,39 -0,69

Asymmetry 0,43 0,04 -1,05 -1,23 0,18 -0,60 -0,52 -0,53 -0,61 -0,83 -0,63

Minimum 2,5 2,7 3,1 3,5 4,9 5,8 7,0 7,1 9,2 9,5 11,9

Maximum 4,5 5,5 7,8 9,1 12,5 12,9 14,1 14,9 15,7 17,1 18,8

n – number of options 15 15 15 15 15 15 15 15 15 15 15

tfact 0,05
4,79 6,70 6,32 5,65 4,55 2,25 0,98 2,39 1,28 0,52 0,21

Note: t the theor.. = 2.048; P = 0.05

A clearer idea of ​​the possible influence of the water-physical properties of the 
soil on the condition of the plantations is given by the dynamics of the indexes of 
moisture and hardness, the magnitude of which is the proportion of these indices 
in the center of drying out of the loss of their size in the interfacial space (Fig. 5).

The dynamics of humidity indexes indicates a higher accumulation of moisture 
in the soil of the center of drying out, in layers of soil at a depth of 10-40 cm, in 
1,4-1,5 times more than in the interfacial space.

The accumulation of moisture in the center of drying out in the upper layers of 
the soil (10-40 cm) is associated with a rarefied tent, where rainfall of any intensity 
enters the soil, is not retained by crowns and trunks of trees and is not used for 
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physiological processes, and also by more hardness of soil layers at a  depth of 
40-50 cm.

These compacted layers of soil delay the infiltration of moisture in the lower 
layers of the soil and contribute to the accumulation of moisture and concentration 
of root systems in the upper layers of the soil, which, in the conditions of abrupt 
changes in the hydrological regime, can reduce the stability of plantations, in 
particular to the root sponge.

Figure 5
Dynamics of the indexes of moisture and hardness of soil layers (% in the center of drying 
out from the value in the interfacial space), depending on the depth of their occurrence

The dynamics of the indexes of hardness with depth indicates that in the 
centers of drying in comparison with the interfacial space in the upper layers of the 
soil (10-50 cm), the index of hardness is 1.5 and 1.6 times higher, which prevents 
the development of the roots in depth. Thus, the soils of the fouling centers differ 
significantly from the soils in the intercostal space with the increased accumulation 
of moisture in the upper layers of the soil (10-40 cm) and an elevated index of 
hardness, which undoubtedly affects the metabolism of trees that grow in these 
conditions. The increased hardness in the upper layers of the soil affects the 
migration of soil moisture to the ground and its distribution in the soil layers.

Analyzing the level of acid-base properties of the studied soils in the humus-
eluvial horizons, it can be noted that in all investigated variants the acidic reaction 
prevails. However, in control variants, the degree of acidity is slightly higher than in 
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variants with root sponge. Thus, in variations with the root sponge it was 4.8 - 4.95, 
whereas in the control variants it was 4.55 - 4.95 (see Table 1). The maximum acidity 
values ​​for the studied sod-podzolic soils are recorded in the upper horizons of the 
soil, which gradually decrease with the approach to the parent rock. The average 
values ​​of acidity throughout the profile for all soil cuts in the center of drying out 
are 5.49 and 5.30, respectively (see Figure 2).

The results of the analysis in the row of soils studied showed that the humus 
content is very low (see Table 2). Thus, the average content of humus in them is 
0.40% at a variation of values ​​from 1.12 to 0.06%. The content of humus in the 
upper humus-eluvial horizons is the highest and is 0.48 - 1.12%.Down the profile 
there is a decrease in its content and an increase in elements of inorganic nature 
(mineral), which is associated with a fairly high level of water availability of soils 
and the genesis of soil-forming rocks. The soils in the foci of the root spider lesion 
are poorer in organic matter (humus) compared to soils in the intercostal space 
in P2 by 47%, P6-18%, and P9 - 8% (Fig. 6). Thus, in the humus-eluvial horizon in 
the soils of the Horodoksky forestry, the state enterprise «Gorodots’ke FH» in the 
Typological forest-based conditions (TFC) B2 in the center of defeat of the root 
sponge (P2-CDO) humus content is 0.48%, and in the intercostal space (P2-IS) - 
0,54%; on P6-CDO the content of humus is 0.84%, and on P6-IS - 0.96%. In the 
humus and eluvial horizon in the soils of the Okunsky forestry, «Manevitsky FH» in 
the Typological forest-based conditions (TFC) В2-С2 in the center of defeat of the 
root sponge (P9-CDO) the content of humus is 1,02%, and in the inter-medial space 
variant (P9-IS) - 1.12%.

Figure 6
The content of humus in soils of pine plantations, affected and unaffected  

by the root sponge.
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Comparing the soils with the index of the content of gross forms of the NPK, it 
can be stated that the content of nutrients in variants with root sponge is higher 
than in variants in the interfacial space, especially nitrogen (N) (Fig. 7). Thus, the 
content of total N on the average in Typological forest-based conditions (TFC) B2 in 
the center of drying out (P2-CDO) is 0.146%, P2O5 - 0.024%, K2O - 0.108%, while the 
interfacial space (P2-IS) - N - 0.052%, P2O5 - 0.015%, K2O - 0.096%.

At the P6-CDO the total N content is - 0,067%, P2O5 - 0,019%, K2O - 0,034%, and 
the P6-IS – N - 0,052%, P2O5 - 0,023%, K2O - 0,029%. In the Typological forest-based 
conditions (TFC) B2-C2 in the center of drying out of the root sponge (P9-CDO) the 
content of total N is - 0,051%, P2O5 - 0,016%, K2O - 0,036%, whereas in the interfacial 
space (P9-IS) - N - 0.036%, P2O5 - 0.016%, K2O - 0.034%.

Figure 7
The content of common forms of NPK in soils of pine plantations,  

affected and unaffected by the root sponge.

DISCUSSION

The results of a number of authors suggest that in high-density pure plantations 
without timely tending felling, favorable conditions were created for the spread 
of the root rot due to the root splicing of closely-spaced trees (Ladeyschikova 
2001, Vasiliauskas 2002, Ustsky 2011). Granulometric composition is an important 
genetic and agronomic characteristic of the soil, which is closely related to the 
properties of soil-forming rocks. The general physical and water-physical properties 
of soils depend on the granulometric composition: spatiality, moisture content, 
permeability, as well as air and thermal regimes, etc. Granulometric composition 
also determines the parameters of physical, chemical and agrochemical properties 
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of soils. (Kovalev 1998). According to the results of our studies of granulometric 
composition, there were no significant differences between the variants in the 
center of drying out and in the interfacial space - only 9% of interfacial spaces had 
less colloidal particles (< 0.001 mm) and physical clay (< 0.01 mm), and the physical 
content The sand is more than 1% (see Figure 1). Researches conducted in East 
Polissya Raspadin and others (2013), there were also no significant differences in the 
granulometric composition in the center of drying out and in the intercostal space.

Specific gravity (solid phase density) of the soil - the ratio of soil volume to 
the weight of solid particles, dried at a temperature of 100-105 degrees Celsius. 
Depending on the specific gravity of the soil, the presence of organic matter 
and mineralogical composition. According to (Sheina 2007), the proportion for 
most sandy soils is close to the density of quartz (2.65 g / cm3). In the upper soils 
of the soil, it decreases due to organic matter - up to 2.50 - 2.60 g / cm3. In iron 
ileuvial horizons it rises to 2.70 g / cm3. In general, in the lungs, with granulometric 
composition of soils, the density of the solid phase is relatively small, varies in 
profile from 2.50 to 2.70 g / cm3. According to the results of our research, this 
indicator varies from 2.51 to 2.68 g / cm3. There were no significant differences 
between variants with root sponge and control (see Figure 2)

Our studies of water-physical properties of the soil in Volyn Polissya revealed 
a significant difference in the hardness between the ground layers in the center of 
drying out of the crust and in the interfacial spaces in the upper 60 cm of the soil 
layer and at a depth of 1 m. The increase in the hardening of the c center of drying 
out at this depth contributed to a significant accumulation Moisture in the upper 
layers of the soil (10-40 cm). Also, the accumulation of moisture in the center of 
drying out of the crust in the upper layers of the soil is associated with a rarefied 
tent where rainfall of any intensity enters the soil, is not retained by crowns and 
trunks of trees and is not used for physiological processes.

Studies conducted in Novgorod-Seversky Polissya by Ustsky I. M. (2011) show 
that the soils of the fouling centers differ significantly from the soils in the inter-
facial space with the increased accumulation of moisture in the upper layers of 
the soil (10-40 cm) and the hardness of the soil at depths of 80 and 150 -180 cm. 
It was concluded that center of drying out occur in pure monolayer crops of pine, 
created on agricultural land. In places where layers of soil at depths up to 1 m, have 
a much higher density and delay more moisture, which, after abrupt changes in 
water regime (intensive felling, drought, drainage), can cause root canal disease.

Tkachuk (2002) in studies in Zhytomyr Polissya, an increase in moisture in the 
surface layers of the soil, also binds to the presence of layers with a greater volume 
mass and hardness. They also mark a significant link between humidity and the 
number of healthy trees. The higher the moisture content of the soil at a depth of 
25-75 cm, the smaller the number of healthy trees in the planting.
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The accumulation in the soil of organic matter in the form of humus is of great 
importance, since humus serves as a reserve of nutrients, the gradual release of 
which in its process of decomposition is considered as one of the important factors 
of soil fertility sustainability (Kovalets 2007).

According to our results, soddy podzolic soils of light granulometric 
composition are characterized by very low humus content, which is also reflected 
in its reserves, which, according to the system of indicators developed by S.D. 
Orlov and L.O. Grishina (1981) is rated as very low. Low values ​​of humus can be 
explained by washing type water regime and low saturation with clay particles, 
which resulted in significant loss of humus. Thus, the average content of humus 
in them is 0.40%. Thus, in conditions of a sufficient level of humidification, which 
is a zone of the Volyn Polissya, the reduction of the stability of plantations to their 
defeat by the root sponge may be due to the extremely limited level of trophy of 
the location, especially the low content of organic matter (humus).

CONCLUSIONS

The soils in the centers of annosum root rot disease are deficient in organic matter 
(humus) compared to the soils of the sites between the centers. At the same time, 
these soils are richer in nutrients (NPK). The particle-size distribution and specific 
gravity are almost identical for soils in the disease centers and between the centers.

Humidity in all experimental soils in the center of drying out to a depth of 50 cm 
is higher by 28%, and in deeper horizons, by 6% less than in the intercostal space. 
The hardness of the soil in the foaming areas throughout the depth of the profile 
is greater (especially at a depth of 50 cm) than in the intercostal space. Compacted 
layers on 0,5 m thick soil contribute to the accumulation of moisture and concen-
tration of root systems in the upper layers of the soil, which, in the conditions of 
abrupt changes in the hydrological regime, can reduce the stability of plantations, 
in particular to the root sponge.
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