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METHODOLOGY FOR DETERMINING THE SUITABILITY OF SOILS
FOR AFFORESTATION IN PLAIN PART OF UKRAINE

Purpose. To develop a methodology for assessing forest suitability for certain varieties of unproductive
soils.

Methods. There are used the classical methods of soil science, agrochemistry, forest science, forest man-
agement, typology and mathematical statistics.

Results. The principles of forest typology are the basis for determining the suitability of soils for foresta-
tion. Its essence lies in a comprehensive study of soil properties (soil morphometry, chemical composition) and
forestry characteristics of forest stands, as well as an analysis of the grass-shrub layer by ecomorphs. The results
of studies of the combined study of the productivity of forest stands and the properties of the main varieties of
unproductive soils (sandy, eroded and skeletal) in different natural zones of the plain part of Ukraine are presented.
Determination of the suitability of soils for forestation was assessed according to three categories: 1) unsuitable
for forestation and conditionally suitable for forestation (very dry, very poor, toxic, with a limited rhizosphere
zone, inaccessible or hardly accessible for cultivation); 2) limited suitability for forestation (dry and poor soils);
3) suitable for forestation. Packages of markers have been developed, on the basis of which it is possible to assess
both their forest suitability and determine the type of forest growth conditions of non-forest lands. When compiling
markers, preference was given to such soil indicators, which, along with informativeness in relation to soil quality,
did not require complex methods of determination. The composition of markers includes morphological, physical,
agrochemical parameters and depends on the type of soil.

Conclusions. The developed packages of markers are the basis for the scientifically based creation of for-
ests on unproductive lands, on which forest vegetation did not grow before. Their use in afforestation increases its
efficiency and makes forests more resistant to adverse environmental factors. The Methodology is intended for
forestry specialists, it can be used at enterprises, institutions of the forest sector, forest design organizations, as
well as in related industries concerned with the protection and rational use of natural resources. The methodolog-
ical developments can be included in the curricula of secondary and higher forestry-oriented education institutions.
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Introduction

The forest cover percent of the territory
of Ukraine is currently lower than it is necessary
to achieve a landscape-ecological balance, meet
the needs of the economy and the functioning of
developed forestry, agriculture and industry.
The science-based level of optimal forest cover

percent for Ukraine is 20%, and, in order to re-
alize this, it is necessary to additionally afforest
about 2 million hectares of land [1] The imple-
mentation of optimal forest cover in Ukraine is
one of the priority tasks fixed in a number of
laws, decrees and resolutions of various branches
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of executive power, in particular, the State Forest
Management Strategy of Ukraine up to 2035 [1]. In
order to increase the forest cover, it is planned to
create protective forest plantations, field shelter-
belts by forestation of new lands, primarily low-
productive, degraded and contaminated lands,
which are removed from the categories of agricul-
tural lands and transferred to the forest fund.

Considering the low level of productivity
and the non-forest nature of these lands, foresta-
tion should be preceded by work on determining
the level of their forest growth potential and gen-
eral forestation suitability, and, therefore, by for-
est typological assessment.

The assessment of the forest soil produc-
tivity has its own specifics and differs from the
assessment of agrocenosis [2 — 4]. This is primar-
ily due to the fact, that the forest is a complex
multicomponent and multifunctional ecosystem
with a practically closed circulation of sub-
stances, functioning for a hundred years or more.
Therefore, mobile forms of nutrients are used to
assess the fertility of agricultural land on which
the crops is forming during one growing season,
while the total forms of nutrients are often used
to assess the productivity of forest soils [2 — 4].
In addition, the productivity of forest stands de-
pends not only on the presence of nutrients in the

soil, but also largely determined by the granulo-
metric composition of the soil.

The author’s own experience and analysis
of numerous literary materials showed that
among the soil properties, one of the leading
markers of soil suitability for forestation is the
particle size distribution of the soil, which deter-
mines its composition, porosity, water permea-
bility and moisture capacity, nutrient status, re-
gimes of soil processes, the volume of the rhizo-
sphere zone, etc [2 — 10]. Also very important,
and in some cases decisive (soils on dense rocks),
is the thickness of the rhizosphere and humus
part of the soil profile [3, 4]. It should be noted
that the values of the particle size distribution and
other indicators of forest productivity of soils can
by no means be considered in isolation from
other factors (soils buried by sands, sandy-loamy
interlayers in the profile of sandy soils, the pres-
ence of perched water-table, topography, etc.).

Forestation based on theoretical develop-
ments that take into account the potential of land
as much as possible acquires a science-based
level, which ensures high survival and viability
of forest crops and maximum adaptation of cre-
ated forests to environmental factors.

Methods

The studies were carried out by synthe-
sizing two methodological approaches - forest
typological, as the leading method in Ukraine
for assessing the quality of forest lands, and di-
rect study of soils (field and analytical). The for-
est typological approach is based on the phy-
toindication method, i.e., the forest fertility of
the soil is assessed by the composition and
productivity of forest vegetation (primarily the
forest stand) growing on this soil. On certain
types of unproductive forest soils, trial plots
were laid, on which the productivity of forest
stands (height, quality class) and the main soil
indicators that form its fertility were studied.
There were at least 30 trees on the sample plot.
A total of 170 sample plots were established. On
the each sample plot, the soil profiles were laid
and described (the depth depended on the type
of soil and varied from 0.5 m to 2 m) and the
samples were taken for the chemical analysis.

Further under laboratory conditions the fol-
lowing soil indicators were determined according
to generally accepted methods: granulometric
composition (pipette method in modification of
N.A. Kachinskiy); humus content (method of
Tjurin in Kononova and Belchikova’s updating);
content of total forms K (in concentrated sulfate
extract, Ginzburg’s method).

At the final stage, a correlation analysis of
the dependence between the values of soil indica-
tors and the height of the forest stand were carried
out. Thus, those soil characteristics that have the
greatest influence on the height of the stand were
determined. The studies covered all natural zones
of Ukraine and the most common varieties of low-
productive soils: sod-podzolic soils on fluvio-
glacial (glacial) sands, soddy podzolized soils on
ancient alluvial sands, southern calcareous short-
profile chernozems, technozems on eluvium of
dense limestones after shell rock mining.

Results and Discussion

Degraded and low-productive lands are
now being transferred to forestry enterprises for
forestation. Degraded land includes: a) land plots

whose surface is disturbed as a result of earth-
quakes, landslides, karst formation, floods, min-
ing, etc.; b) land plots whose soils are eroded,
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waterlogged, with high acidity or salinity, soils
contaminated with chemicals, and others, while
to low-productive ones belong - agricultural
lands, the soils of which are characterized by
negative natural properties, low fertility, and
their intended commercial use is economically
ineffective (Article 171 of the Land Code of
Ukraine).

The most common degraded and low-pro-
ductive lands are now being transferred to for af-
forestation are: sandy, eroded, saline, stony, hy-
dromorphic lands. This article presents the re-
sults of the assessment of the forest growth po-
tential and general suitability of sandy, short-pro-
filed and eroded soils for forestation.

Sandy soils are common in all natural
zones of Ukraine. Despite the different condi-
tions of their formation and different origins, the
forest growth potential of these soils has more
similarities than differences. The soils of sandy
massifs can be combined into the following
groups [7]:

I. Soddy podzolized clayey-sandy and
sandy-loamy soils which were not subjected to
eolian redeposition, on sands of different genesis
(ancient alluvial, fluvioglacial). They combine a
large group of soils formed under well-illumi-
nated forests with a developed grass cover. These
soils are characterized by: uneven-grained parti-
cle-size distribution, shallow bedding of loamy
interlayers (pseudofibers), which serve as drain-
age for perched water table, and a sufficiently de-
veloped profile. They are distributed in all natu-
ral zones of Ukraine.

I1. The type of sod-podzolic soils on fluvi-
oglacial, moraine and ancient alluvial sands of
Polissia. The thickness of the humic layer ranges
from 8 to 15 cm. According to the degree of man-
ifestation of the podzolic process, the following
is distinguished:

1) Sod low-podzolic (concealed podzolic)
soils. The podzol content is expressed in the form
of grey and whitish spots, sometimes merging
into a strip not exceeding 1-2 cm between the hu-
mus and illuvial brownish horizons. They are
typical of less moistened areas - wide hilltops,
gentle slopes and elevated flat or gently rolling
areas.

2) Sod medium-podzolic soils. They are
formed on sands and sandy loam of uneven-
grained particle-size distribution with the pres-
ence of clayed interlayers. The podzol content is
expressed in the form of a grey-whitish strip 2-5
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cm wide between the humic layer and illuvial
horizon. They are found in the lower parts of the
slopes and on flat, gently rolling sands with a
deep level of groundwater.

I11. The type of soddy soils on the sands of
the Steppe zone. This type includes soils formed
according to the steppe type of soil formation on
sands with a deep level of groundwater. The de-
gree of their clay content and profile develop-
ment can differ significantly: from pure quartz
modern eolian underdeveloped sands (non-hu-
mificated and low-humificated — all non-over-
grown and slightly overgrown sands), in which
the humic layer is absent (pale yellow-colored,
fine- or medium-grained sands occur from the
surface), or it is at the initial stage of formation
(sand with some signs of humus formation is un-
derlain with a deep layer of alluvial pale-yellow
sands) up to chornozem-like clayey-sandy and
sandy loam on ancient alluvial (multiphase) of
sands, colored darkish-grey or grey pale-yellow.

IV. Saline sandy soils. They are found
mainly in the Steppe, primarily on the sands of
the coasts of the Black sea and the sea of Azov,
on their islands and spits, as well as on the an-
cient river sands adjacent to them, and in the For-
est-Steppe - on the left tributaries of the middle
course of the Dnipro river. They are found in low
areas and small depressions where the capillary
layer of groundwater is located near the surface
for most of the year.

The largest by area (> 200 thousand hec-
tares) massifs of sand deposits (quartz sands) in
Ukraine are the Lower Dnipro (Oleshkiv) sands,
located in its southern part and confined to the
ancient Dnipro riverbed. The vast areas of the
lower Dnipro region represent group 11 of sandy
soils. These soils were subjected to intense defla-
tion, as a result of which their properties differ
from sandy soils of northerly regions (Polissia,
Forest-Steppe). The suitability of the lower Dnie-
per region sands for forestation was studied in
detail, systematized [6].

When determining the forest growth po-
tential and the suitability of saline sandy lands for
forestation, these lands make up group IV of
sandy soils, as well as for determination of other
saline lands, it is necessary to be guided by the
"Methodological instructions for the soil and for-
est typology survey of saline lands" [8].

The main edificator of sandy sites is com-
mon pine. The most productive pine forests are
formed in the Polissya zone, that is, in the condi-
tions of their natural distribution area, on soddy
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low- or medium-podzolic soils on sandy and
sandy-loam deposits. The dominant types of
growth sites are fresh fairly infertile pine site
types (B2), moist fairly infertile pine site types
(B3), and fresh infertile pine site types (Ao).

In the Forest-Steppe and the Northern
Steppe, sandy growth sites are confined to the
second above-floodplain (pine forest) river ter-
races covered with a thick layer of ancient allu-
vial well-washed sands, on which soddy podzo-
lized (pine forest) clayey-sandy soils are formed.
Pine forests of the Forest-Steppe zone are almost
everywhere of artificial origin and are repre-
sented by B. conditions, and some areas (insig-
nificant in size) of gently rolling pine-forest ter-
races are A, conditions. Even less common are
dry fairly infertile pine site type (Ba), they oc-
cupy the tops of sandy hills of pine forest ter-
races, as well as fresh fairly fertile site types (C,),
which are confined to sandy loam massifs or
clayey sands with pseudofibers or buried soils.

The Steppe zone is characterized by a sig-
nificant complexity of the types of growth condi-
tions, consisting of zonal upland and intrazonal
types (floodplains, bottoms of ravines, sandy ter-
race) and a number of disturbed growth sites. The
system of the left-bank terraces of the Northern

Steppe is composed of low-humus and non-hu-
mus sands, which are the main background for
the creation of pine forests. In this zone, dry in-
fertile pine site type (A1) and dry fairly infertile
pine site type (B1) are mainly formed. However,
the gradient of soil moisture content, depending
on the topography of the site, can vary from very
dry to dry, fresh and moist. Forestation is primar-
ily limited by severe shortage of soil moisture.

Thus, the vast majority of sandy growth
areas of Polissya, the Forest-Steppe and the
Northern Steppe zones (sandy soil groups I-11)
are quite suitable for forestation. The cultivation
of forest plantations in the Southern Steppe zone,
which is primarily limited by a severe moisture
deficit, requires a differentiated approach.

To assess the forest growth potential of
soils of non-saline sandy sites, it is sufficient to
determine their most informative indicators: par-
ticle-size distribution; thickness of the humus
horizon and the content of the total KO form
(Table 1). The Table presents the parameters of
indicators that can be used to assess the forest
growth potential of sandy lands in a number of

Table 1

Diagnostic indicators ¥ to determine the level of nutrient status of sandy lands of Ukraine
(Polissia, Forest-Steppe, Northern Steppe)

Parameters of soil diagnostic indicators for determining nutrient status of Ukraine’s lands
- %
Tropho- | Physical The thickness of _humus part? of the K20, %9
profile, cm
tope clay Forest- Forest-
(nutrient (silt- Steppe Steppe
status) Clgn;j;/o Polissya Northern average Polissya Northern average
Y), Steppe Steppe
A <5 <15 <15 <15
<0.03 0.03-0.04 <0.03
4B ~5 10-15 10-15 10-15
B 5-7 15-20 15-30 15-30
BC = 5025 2530 2530 0.03-0.05 0.04-0.08 0.03-0.06
C 7-12 25-30 30-50 30-50 0.05-006 | 0.08-0.15 | 0.06-0.15
Note:

1) — the reliability level of values is 95%.

2) — the thickness of the humus part of the profile includes horizons — He+Hp (PH).
3) — the K>0 content is determined in the sulfuric acid extract.

site types: infertile pine site type (A) — fairly in-
fertile pine site type (B) - fairly fertile hardwood
site type (C), as well as their transitional variants.

It should be noted that while the content
of physical clay and total potassium requires an-
alytical methods for determining, the thickness
of the humus part of the profile is determined
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already at the first stage of soil studies. The sim
plicity and speed of determination makes this
parameter a particularly valuable indicator of
the forest growth potential of sandy soils. In
general, soil humus content is an integral indi-
cator of many factors closely related to natural-
climatic, geomorphological, orographic condi-
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tions, therefore the value of this indicator differs
quite significantly in the zonal aspect, increase-
ing from Polissia to the Forest-Steppe and the
Northern Steppe. Taking into account the high
indicator significance of the thickness of the hu-
mus part of the profile in determining the forest-
growth potential of sandy soils, its parameters
were differentiated by natural zones (Table 2).
Thus, using the data presented in Table 2 al-
ready during field survey of non-forest sandy
lands set aside for forestation, it is possible to
assess them by forest typology and determine
forest productivity at the regional level.

Based on the results of the author’s own nu-
merous factual materials, the author developed a

forestry classification of sandy soils of Ukraine
according to indicators of their forest growth po-
tential (for the conditions of Polissya, the Forest-
Steppe of the Northern Steppe) (Table 3).

The presented classification does not ap-
ply to the vast areas of the Lower Dnipro sands,
the forest-growth properties of which are quite
specific and differ from most sandy lands of
Ukraine. The developed soil indicators, which
make up the forestry classification, can be used
for the quantitative description of the pine series
of growth sites (within trophotopes A, B, C) of
the Alekseev-Pogrebniak edaphic grid.

In the steppe regions of Ukraine, soils with
a shortened profile (short-profiled soils) on dense

Table 2

Parameters of the humus part depth of the profile for forest typological assessment of sandy growth sites
according to natural zones of Ukraine

Trophotope The humus profile depth*, cm
(nutrient sta-
tus) Polissya Forest-Steppe, Northern Steppe
A <10 (15) <15
4B 10-15 15-20
B 15-25 15-40
BC 20-25 35-40
C 25-35 40-90
Note: *the depth of the humus part of the profile includes horizons — He+Hp (PH).
Table 3
Forestry classification of sandy soils of Ukraine
(for conditions of Polissia, the Forest-Steppe, the Northern Steppe)
Trophotope Physical clay con- The humus profile depth?
(nutrient sta- : K20, %?
tent,% cm
tus)
A <5 <15 <0.03
B 5-7 15-35 0.03-0.06
C 7-12 >35 0.06-0.15
Note:

1)
2)

limestones are set aside for afforestation. Their
main natural variants are southern calcareous
chornozems on dense limestones and sod-calcare-
ous soils on dense limestones, and disturbed ones
—reclaimed soils after the extraction of shell lime-
stone. These soils have a tendency to limestone
outcrops and are common in the Donbass, Myko-
laiv, and Odesa regions, and in the Crimea. Their
main characteristics are as follows: high carbonate
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- the depth of the humus part of the profile includes horizons — He+Hp (PH).
- the K20 content was determined in the sulfuric acid extract (Ginzburg’s method).

content and carbonate effervescence from the sur-
face, the particle-size distribution is mainly me-
dium- and heavy clay loam, the depth of the soil
profile varies from 15 (or less) to 65 (85) cm.

The soils designated for forestation are
characterized by a very small depth of the soil pro-
file, which in the vast majority does not exceed 25
cm. Short-profiled soils are characterized by a low
level of potential fertility due to the shortened rhi-
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zosphere zone and significant dryness. The level
of their moisture content during the growing sea-
son remains consistently low and corresponds to a
dry and very dry gradient. The dryness of the
growth sites is caused not only by the climatic
conditions of the Steppe zone (high radiation bal-
ance, small amounts of precipitation with signifi-
cant evaporation), but also by the occurrence of
dense carbonate rocks close to the earth's surface.

The main diagnostic indicator for deter-
mining the level of forestation suitability of soils
with a shortened profile on dense carbonate rocks
(Pontic limestone), in particular, ordinary calcare-
ous chornozems, southern calcareous chorno-
zems, sod-calcareous soils, reclaimed soils, out-
crops of limestone eluvium to the soil surface, is
the depth of dense rock. Methods of phytoindica-
tion (by grass cover) in this case are of secondary
importance, since they only indicate the nutrient
status and moisture content of the topsoil (5-25
cm), which is absolutely insufficient for the for-
mation of woody vegetation.

Dry growth sites of the Steppe zone of
Ukraine on dense limestone deposits with a soil
profile depth of up to 30 cm, which are not threat-
ened by erosion processes, should be classified as
"unsuitable for forestation" (w). It should be noted
that the unsuitability of sites for forestation refers
to the inefficiency and inexpediency (in the ab-
sence of an erosion threat) of their forestation,
both by tree and shrub species, without applying
special agrotechnical techniques, in particular,
deep plowing. Land plots on which dense car-
bonate rock is deposited at a depth of 30 to 45 (50)
cm are limited suitable for forests (within dry
fairly fertile ultracalciophilic site types (C1). The
limitation of forestation suitability is primarily
caused by their considerable dryness). They re-
quire the use of special techniques aimed at pre-
serving and retaining moisture, special prepara-
tion of planting material and soil for planting for-
est crops, as well as careful selection of tree and
shrub species adapted to the alkalinity of the soil
solution, long-term dry conditions, and exposure
to high daily air temperatures.

In general, the soil depth of < 30 cm (the
beginning of dense rock occurrence from the sur-
face) is the limit to forestation suitability for short-
profiled soils on dense both carbonate and non-
carbonate rocks. Such soils without their reclama-
tion (deep plowing with the destruction of dense
rock, filling soil layer, etc.) are unsuitable for for-
estation. The depth of the soil over 30 cm can be
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considered as the beginning of an increase in the
level of its forestation suitability.

Soil erosion is the process of capturing soil
particles and their removal by water or wind, the
result of which is the destruction of the upper,
most fertile soil layers. The actual erosion level of
lands in Ukraine is 57%, of which 32% of the ar-
eas are subject to wind erosion, 22% — to water
erosion, and 3.4% — to a combined effect of both
types of erosion [11]. The largest areas of eroded
soils are concentrated in Luhansk, Odesa, Do-
netsk, Mykolaiv, and Dnipro regions, that is, in the
Steppe zone, where erosion covers 37.2% of the
total land area. In the Forest-Steppe, 23.4% of the
territory has been damaged by erosion (mostly in
Kharkiv, Vinnytsia, Khmelnytskyi, Ternopil and
Cherkasy regions). The eroded lands of Polissia
are mostly distributed in the forest patch areas of
Ivano-Frankivsk, the Transcarpathian, and Rivne
regions and occupy 7.2% of its territory.

Forest reclamation is one of the most effec-
tive measures to combat soil erosion. However, its
effectiveness will largely depend on the quality of
forest typological assessment of the eroded areas.
The degree of soil erosion must be assessed exclu-
sively on a zonal-regional and typological basis,
that is, within a specific physical-geographical
and forest-typological area. The forest-growth po-
tential of eroded lands depends not only on the de-
gree of erosion of the surface soils, but also on the
nature of the parent rocks on which they are
formed.

Forest typological assessment of eroded
soils assumes that all types of eroded soils (except
halogenic ones) are included in a certain type of
forest growth conditions (trophotope or edatope)
when assessing the level of their forestation suita-
bility. With this model, the forestry classification
of eroded soils clearly reflects a gradual decline in
their forest productivity as the degree of erosion
increases. Very heterogeneous forest growth con-
ditions are formed in eroded areas, which signifi-
cantly complicates their forest growth assessment.
Forest growth conditions are best in the upper part
of ravines, then they gradually deteriorate towards
the mouth and especially on the slopes of southern
exposures.

Schemes for forest typological assessment
of eroded growth sites differentiated by soil types
and characteristics of soil-forming rocks are pre-
sented below: on loamy-clay parent rocks (Table
4); on sandy rocks (Table 5), on dense carbonate,
and on non-carbonate rocks (Table 6).
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Table 4
Nutrient status of eroded soils on heavy (loamy, clayey) rocks based on their zonal-morphological
diagnostics
Natural Truncatable Horizon emerging on the
Zone, horizon earth's surface Nutrient
Soils Forest typo- | DEY level of st
logical re- Sh? evel o Sh morphological features status
gion truncating
Chornosems Forest 0 untruncated H black, dark-grey, cloddy D
(typical, pod- | Steppe, I H <1/2 H black, dark-grey, rill ero- D
zolized, Steppe sion on the surface
leached, ordi- I H >1/2 H | grey with brownish tint D
nary, south- (HP)
ern) on loess | 2d, le Il | HP | partially Ph | brown, cloddy, prone to D-C
rocks;  dark- crust formation,  car-
chestnut non- bonate effervescence
saline on loess IV | HP, | HP-com- Pk | brown, cloddy, carbonate C
rocks Pk pletely effervescence
Dark-grey on | Forest 0 untruncated He | grey, cloddy D
loess rocks Steppe 1 He <1/2 He | grey, cloddy D
2d 11 He >1/2 HI | brownish-grey, rill ero- D
sion on the surface, bean-
shaped structure
III HI | partially or 1 brown, prismatic- cloddy, C
completely viscous, very dense, crust-
ing is possible
v 1 completely | Pik, P | yellowish-brown, prism- | C (D-C)
shaped, dense, carbonate
effervescence
Grey on loess | Forest- 0 untruncated HE |dark grey, possible D
rocks (blanket | steppe, brownish tint
loams) Southern I HE <1/2 HE | grey with brownish tint D
Polissia 1I HE >1/2 or Th brownish-grey,  prism- C
2d,3d completely shaped, dense, prone to
crust formation
I Ih | partially or PI brown, prism-shaped, C
completely cloddy, dense, viscous,
crusting is possible
v PI, PI- com- Pk | yellowish-brown, prism- C
Pk pletely shaped, somewhat dense,
carbonate effervescence
Light-grey on | Western For- 0 untruncated HE | light-grey, cloddy D (D-C)
loess rocks | est-Steppe, I HE, <1/2 E light-grey, rill erosion on D-C
(blanket Southern E the surface
loams) Polissia 11 E >1/2 or Th brownish-grey, bean- C
2d,3d completely shaped platy structure,
dense, prone to crust for-
mation
111 Ih, I | partiallyor | PL,T | brown, prism-shaped, | C (C-B)
completely cloddy, dense, viscous,
crusting is possible
v PI, PI- com- Pk | yellowish-brown, prism- C
Pk pletely shaped, somewhat dense,
carbonate effervescence

Note: DEY — Degree of erosion

Sb? — Soil genetic horizon symbol
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Table 5

Nutrient status of eroded soils on sandy rocks based on their zonal and morphological diagnostics

Soils Natural | DEY Truncatable Horizon emerging Nutrient status
zone, horizon on the earth's sur- (content of physical clay,
Forest ty- face %
pological depth of H horizon, cm)
region Sb? | level of Sb | morphological A B C
truncating features (<5; (5-7; (7-20;
5-15) | 15-35) | 35-70)
Sod low- | Polissya 0 untruncated HE | light-grey, A B C
podzolic, 3d fragile, cloddy
Sod me- I HE, | <1/2 E light-grey, rill | A B C
dium-pod- E erosion on the
zolic on flu- surface
vioglacial il E [>12 or]I whitish, frag- | A B(B- |C(C-
sands completely ile, bean- A) B)
shaped platy
structure
111 I partially or | PI, T | yellowish- A A-B B (B-
completely brown, fragile, (A) A)
prism-shaped
v PI, PI- com- | P yellowish, A A A-B
P pletely steel-blue
Soddy pod- | Forest- 0 untruncated He | light-grey, A B C
zolized Steppe, cloddy
(soddy infer- | Steppe, I He |<1/2 He | grey, rill ero- | A B C
tile pine site | Polissia sion on the sur-
type) on an- | 2d, le, 3d face
cientalluvial il He |>1/2  or | HP, | brownish-grey | A B (B-|C (C-
sands completely | Ph A) B)
1 HP, | partially or | HP, | yellowish- A A-B B (B-
(Ph) | completely | Ph | brown (A) A)
v Ph completely | P yellow, steel- | A A A-B
blue

Note: DEY — Degree of erosion
Sh? — Soil genetic horizon symbol

The main and often the only indicator of the
degree of soil erosion on loose parent rocks of
heavy (loamy-clay) composition is the depth of
genetic horizons, primarily humic layer, as well as
other available parts of the soil. To determine the
level of forest growth potential of eroded soils, the
depth of horizons of the eroded soil is compared
with a reference, that is, with the same, but un-
damaged with erosion, soil unit. The reference
soils are typically modal upland soils.

To provide a forest typological assessment
of eroded soils formed on loamy / clayey parent
rocks, it is necessary to determine: typical soil af-
filiation; the degree of destruction of genetic hori-
zons relative to the modal soil (determined by the
morphological features of the horizons emerging

on the earth's surface). In this way, the trophotope
of eroded growth sites is determined, and their hy-
grotope is determined by being confined to a cer-
tain forest typological area [12] (Table 4).

For forest typological assessment of eroded
soils formed on light (sandy, sandy loam) parent
rocks, it is necessary to determine: the degree of
destruction of genetic horizons relative to the
modal soil (determined by the morphological fea-
tures of the horizons emerging on the earth’s sur-
face); physical clay content (Table 5). Thus, each
individual type of eroded soil, depending on the
degree of their disturbance, is given a forestry as-
sessment or they are defined as unsuitable for for-
estation. The trophotopes or edatopes shown in
the diagrams within natural zones and forest ty-
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Table 6
Forest typological diagnostics of eroded lithogenic soils
Natural zone, Beginning
. of  dense Type of forest
Soils Forest  typo- | ooy oceur- growth conditions
logical region
rence, cm

Southern carbonate chornozem underdeveloped on | Southern <30 unsuitable for for-
dense limestones and limestone eluvium; soddy-car- | Steppe estation *(a)
bonate on dense limestones and eluvium of limestone; | Oe, Of
Reclaimed land after limestone mining; eluvium of
limestone
Short-profiled southern carbonate chornozem on dense 30-60 Co, C1
limestones
Southern carbonate thin (thick) chornozem on dense >60 Do, D1
limestones
Ordinary underdeveloped chornozem on chalky-marl | Northern <20 Ao.1 (slope <12°)
rocks; sod primitive on chalk-marl rocks; eluvium of | Steppe Ao 1, a (slope
chalk le >12°)
Ordinary short-profiled chornozem on chalk-marl 20-40 Bo-1 —on chalk
rocks Co-1—on marl
Ordinary thin chornozem on chalk-marl rocks >40 Co-1
Soddy-skeletal short-profiled on dense non-carbonate <20 unsuitable for for-
carbonic rocks or on eluvium of non-carbonate rocks estation *(a)
Soddy-skeletal short-profiled on dense non-carbonate 20-40 ABo-1
carboniferous rocks or on eluvium of non-carbonate
rocks
Ordinary thin (thick) chornozem on dense non-car- 40-100 CD1»
bonate carboniferous rocks or on eluvium of non-car-
bonate rocks
Ordinary thick short-profiled chornozem on dense >100 Di2
non-carbonate carboniferous rocks or on eluvium of
non-carbonate rocks
Soddy-primitive (raw) on massive-crystalline rocks | Polissya <10 Unsuitable for for-
and on eluvium of massive-crystalline rocks 3d estation *(a)
Soddy-skeletal underdeveloped on massive-crystalline 10-30 A1 (AB12)
rocks
Soddy-skeletal short-profiled on massive-crystalline 30-60 B2
rocks or on eluvium of massive-crystalline rocks
Soddy-skeletal podzolized on massive-crystalline >60 Cos
rocks or on eluvium of massive-crystalline rocks

Note. * - in this case, "unsuitability" means the impossibility of creating forest plantations by conven-
tional methods without significant capital investments in the preparation of the forestry area for planting (fill

soil, destruction of dense rock, drip irrigation systems).

pological regions usually represent their pre-
dominant types, however, it should be noted
that due to the significant complexity of eroded
growth sites, they can be represented by other,
although similar in terms of productivity, types.

Soils formed on dense rocks, as a rule, are
characterized by an underdeveloped soil profile,
therefore in practice it is quite difficult to deter-
mine the degree of their erosion. This is due to
the fact that the shortened depth of the humus
horizon can be considered, on the one hand, as

a result of erosion effect, on the other hand — as
a consequence of the natural course of soil for-
mation, as well as a combined effect of both fac-
tors. At the same time, it should be noted that
the underdevelopment of the soil profile, re-
gardless of its nature (erosive influence or the
degree of soil development under the influence
of the soil-forming process), is, in most cases,
the main factor limiting the land forestation.
Thus, for practical purposes, in the silvicultural
development of lithogenic soils of eroded
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growth sites, one can completely ignore the
cause of the underdevelopment of the soil pro-
file, that is, not differentiate them by the degree
of eroded. Note that for steep slopes, a very im-
portant indicator, which will determine the de-
gree of their forest-cultural development, is the
steepness of the slope [4].

Thus, to assess the degree of forestation
suitability of eroded soils on dense rocks, it is

necessary to determine: depth of the dense rock
and genesis of the parent rock (Table 6).

The genesis of the parent rock (igneous,
sandstone, shale, chalk-marl, limestone, etc.)
determines the differentiation of growth sites
into acidophilic and calciphilic variants, accord-
ing to which agricultural techniques of creation
and types of forest crops are determined.

Conclusions

The use of the methodology generally ac-
cepted in the forestry of Ukraine methodology
for assessing the quality of forest soils by the
phytoindication method (according to the com-
position and productivity of the forest stands) is
not suitable for soils where there is no and never
was forest vegetation. For this purpose, a com-
prehensive study of soil properties and forestry
characteristics of forest stands was carried out,
which made it possible to develop a methodol-
ogy for assessing the forest suitability of non-
forest unproductive (sandy, eroded and skeletal)
soils of the plain part of Ukraine. It has been de-
termined that the afforestation of unproductive
lands should be preceded by an objective and
qualitative assessment of the type of their forest
growth conditions according to the following
soil indicators: moisture content (the associa-
tion with the forest typological area and the
level of groundwater occurrence is determined);
salinity with readily soluble salts; the depth of
humus and total soil profile; nutrient status;
chemical and mineralogical composition of the
parent rocks with mandatory consideration: spe-
cifics, duration and intensity of previous use;
the presence or potential threat of erosion pro-
cesses. The effectiveness and overall expedi-
ency of creating forest plantations will largely
depend on these factors. The chosen methodo-
logical approach made it possible to determine

the indicators of the forest-growing potential of
soils, as well as quantitatively characterize var-
ious types of habitats (infertile pine site type —
Bir (A), fairly infertile pine site type — Subir
(B), fairly fertile hardwood site type — Sugrud
(C), fertile hardwood site type — Grud (D)).

Afforestation of low-productive lands of
the Steppe zone requires a special, differenti-
ated approach, which is dictated not only by the
climatic conditions critical for the development
of forest plantations, but also by the significant
variety of its soil mantles. It should be noted that
the creation of forest plantations on low-pro-
ductive lands and barren lands requires strict
compliance with technological processes at all
stages of the creation of forest plantations, in-
cluding protection from diseases and pests, as
well as taking into account their future purpose.
When creating of commercial forests, the main
role is assigned to the economically valuable
native species, while when creating protective
forests, it is necessary, to select species that
fully ensure the performance of various protec-
tive functions by future forests (soil protection,
water and climate regulation, field protection,
reclamation, etc.), and at the same time show re-
sistance to certain negative environmental con-
ditions.
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METOJUKA BUSHAYEHHS IPUJATHOCTI IPYHTIB JJ151 BAJTICHEHHS
PIBHUHHOI YACTUHU YKPATHHA

Merta. Po3poOka MeTOMKH OLIHKH JIICOTPUAATHOCTI I OKPEMHUX Pi3HOBHIIIB MAIOTIPOTyKTHBHHX IPYHTIB.

Metoan. KnacnuHi MeTo 1 IpyHTO3HABCTBA, arpoXiMmii, JIiCO3HABCTBA, JIICOBIOPSAKYBaHHS, TUITOJIOTI] Ta
MaTeMaTHYHOI CTAaTUCTUKH.

PesyabraTn. OCHOBOIO BHM3HAUEHHS NMPUAATHOCTI IPYHTIB JUIS JIICOPO3BENCHHS € HPUHIMUIIM JIICOBOI
TUIOJNOTII. IXHS CyTHIiCTh MONATaE y KOMIUIEKCHOMY BUBYEHHI BiacTUBOCTEl IpyHTY (MOpdoMeTpii, XiMiuHOro
CKJIJly TPYHTY) Ta JIICIBHUYHMX XapaKTEPUCTHK JIICOBUX HACA/KEHb, & TAKOXK aHalli3i TpaB’sHO-4arapHUKOBOT'O
apycy 3a ekoMmopdamu. HaBeneHo pesysibTaTH KOMILIEKCHOTO BHBYEHHS NPOAYKTHBHOCTI JIEPEBOCTaHIB Ta
BJIACTUBOCTEH OCHOBHHUX Pi3HOBHUIIB MAJIONIPOAYKTUBHHX IPYHTIB (ITIIIaHNUX, €POJJOBAHIX Ta CKEIETHUX) y PI3HUX
NPUPOAHMX 30HaX PIBHUHHOI 4YacTWHH YKpaiHW. Bu3HaueHHS NPUAATHOCTI TIPYHTIB AJIS JIiCOPO3BEICHHS
OIIHIOBAIM 3a TpPhOMa KaTeropisMu: 1) HempumaTHI IS JIICOPO3BEACHHS Ta YMOBHO NPWUAATHI JUISA
JCOpO3BENeHHS (OyXe Cyxi, Qyxe OimHi, TOKCHYHI, 3 OOMEXEHOI0 pHU30C(EepHOI0 30HOI0, HEAOCTYIHI abo
BaXXKOJOCTYITHI JU1s1 00pOo0iTKY); 2) 0OMeX)eHO MpUAATHI I JIicOpo3BeaeHH (CyxXi Ta OinHi IpyHTH); 3) mpUAaTHI
JUIA  JIicOpo3BeleHHA. Po3po0ieHo mMmakeTH MapKepiB, Ha MIJACTaBl SKWX, MOXKHA OIIHIOBAaTH SK IXHIO
JICONPHUIATHICTB, TaK 1 BU3HAYaTH TUH JICOPOCINHHNX YMOB HEJIiCOBHX 3eMelib. [Ipn KoMIieKTyBaHHI MapKepiB
nepeBary HaJlaBaJiil TAKMM [TOKa3HUKaM TPYHTY, SKi HOpsZ 3 iHPOPMATHBHICTIO 1100 HOT0 SIKOCTi, HE BUMararoTh
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HaJICKJIaJIHUX METOiB Bu3HaueHHs. CKiaJ MapKepiB BKIouae MOp(oJIoriyHi, (Ghi3ndHi, arpoxiMiuHi HOKa3HUKH
Ta 3AJISKUTH Bifl THITY IPYHTY.

BucnoBku. Po3po0ieHi makeTn MapkepiB € OCHOBOIO JJIsi HAYKOBO OOIPYHTOBAHOTO CTBOPEHHS JIICIB Ha
MAaJIOTIPOIyKTUBHHX 3€MIISX, I PaHille He BUPOCTANA JIiCOBA POCIMHHICTD. [X BUKOPHCTAHHS y JICOPO3BEAEHH]
TiABHITY€e HOTro eQEeKTHBHICTH i POOUTH JIICH CTIMKIIIMMHU O HECHPUSTINBUX (aKTOpiB JOBKULILL. MeTtoamnka
npr3HAvYeHa A (axiBIiB JICOBOTO TOCIONAPCTBA, MOKE OYTH BHKOPHCTaHA Ha TMiIMPHEMCTBAX, YCTaHOBAX
JIICOBOTO TOCHIOZAPCTBA, JICOTMPOEKTHUX OPTaHi3alisx, a TAKOXK Y CYMDKHIX Taly3sX, OB'A3aHUX 3 OXOPOHOIO Ta
palioHaJIbHUM BHKOPUCTAHHSM INPHPOAHUX pecypciB. MeTomuuHi po3poOKM MOXKYTb OyTH BKIIOYEHI 10O
HaBYAJILHUX MPOTpaM Cepe/iHIX Ta BUIIMX HAaBYAJIBLHHUX 3aKJIaJiB JiCOBOTO MPOdiro.
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