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CHARACTERISTICS OF FOREST SOILS ON MORAINE DEPOSITS
UNDER VARIOUS TYPES OF SITE CONDITIONS
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Hagedeno pezyasmamu 0ocnioxncents epaHyr0Mempuuo2o ckaady ma eMicmy noJcUBHuUX ene-
MEHMIE 2eHEMUYHUX 20PU30OHMIB OePHOBO-NIOZ0AUCMUX TDYHIMIE, COPMOBAHUX HA MOPEHHUX
6i0Kknadax y pi3HUX MUNAX AICOPOCAUHHUX YMO8. J[0CAI0NCeHHS NPOBOOUAU Y CYXUX, CBINCUX,
gon02ux 6opax i ceixcux cyoopax. Buseneno, wo ocHo6Ha KinbKicmb KOpeHié cOCHU 36UHAlIHOT
KOHUeHmpyemucs Ha eaubuni 0o 70 cm. Bcmanoeaeno, wio y écix munax AicopocauHHux ymoe
nepesa)carouoro GpaKuicro y rpyHmax € Minkuil nicok. Bioznaueno oinvuiuii ymicm nimpoeeny,
Kaniro ma eymycy y cijcux cyoopax nopieHsaHo i3 ceiycumu 6opamu, a maxonc Oiavuiuil ymicm
Himpoeeny ma cymycy y rpyHmax 60a02ux 060pie nopieHAHo i3 cgixcumu bopamu.

Karwwuoei caosa: aicogi rpynmu, mMopeHa, cOCHOGI Aico8i Kyabmypu, poowUicms rpyHmY,
depHo80-nid3oaucmi rpyHmu.

Soil formation, as well as forest soil for-
mation, in Polissia of Ukraine is closely con-
nected with geomorphology and geology of
the territory. Researches admit that moraine
and moraine-outwash valleys refer to the
main relief types of plains [1]. Glacial deposits
(moraine) occur on high hills and their gentle
slopes. They are formed from debris brought
by moving glacier. Moraine occurs more sel-
dom on the plain areas and lowlands because
there it is washed up by strong water-glacier
flows. As a rule, moraine is covered by sands
and sandy loam of different thickness and
doesn’t rise to the surface. Moraine also per-
forms a water retaining function. As a result,
atmospheric precipitation accumulates above
the moraine level forming ground water or ir-
regular temporary water. Thus, moraine layer
supplies soils and vegetation with moisture
and nutrients by mitigation the process of
their loss from sandy soil layer [2].

Fertility of soils under forest plantations
of Polissia region is extremely diverse due to
their «<heterogeneous» nutritiousness, as well

© V. Krasnov, O. Zborovska, V. Landin,
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as granulometric and mineralogical compo-
sition. Such heterogeneousness, along with
mentioned above factors, is connected with
forest vegetation, first of all with forest tree
species. As the result, forest soils differ from
those formed under herbaceous plants [3].
Many soil processes (acidation, humus ac-
cumulation, leaching, podzolity etc.) depend
on species composition of trees. Tree species
influence on soil structure, soil chemistry and
aeration, water and thermal balance, as well
as on the composition and the intensity of mi-
croflora, fungi and soil fauna activity [4, 5].
It is known that growth intensity, com-
position and structure of forest stands also
depend on soil properties. Together with
agrochemical properties of forest soils in
certain types of forest conditions of Polis-
sia of Ukraine [6, 7], scientists studied mat-
ter turnover between plants and soil [8, 9].
Meanwhile, researches underlined that the
information about soil fertility allows plan-
ning necessary measures, which can be use-
ful when creating and growing forests [10].
Nevertheless, such research is of fragmentary
character. A lot of issues, including proper-
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ties of sandy soils formed on different parent
rocks, have not been studied yet.

MATERIALS AND RESEARCH METHODS

The research goal is to define peculiarities
of sandy soils, i.e. granulometric composition
and the content of nutrients of genetic hori-
zons formed on moraine deposits in different
types of forest conditions.

Research was conducted in forest planta-
tions of SE «Malyn FE», which is located
within the borders of Rozvazhevsk-Chorno-
bylmoraine-outwash valley with areas of mo-
raine-hilly-undulating relief of Kyiv Polissia
[11]. Sample plots were laid out in forest cul-

tures of scots pine formed in different types
of forest conditions: dry, fresh, moistbory and
fresh subory on moraine deposits in Irshansk
Forestry of mentioned above Forest Enter-
prise (Table 1).

Soil cuts are laid out on all sample plots;
genetic horizons are separated and soil mor-
phological features are described; soil types
are defined and samples are selected for fur-
ther investigation [12].Following analyses are
made in the laboratory conditions: granulo-
metric analysis by pipette method (A. Ka-
chynsky’s variant with preparation of soil
for the analysis by pyrophosphate methods
according to S. Dolgov and A. Lichma-

Table 1
Taxation characteristics of scots pine cultures on sample plots*
Composition Reserve at the
N.O‘ Block of plantation Age, AYerage . Average Growth density 1.0,
ordinal years height, m | diameter, cm class mha!
Dry bory
25 66 100 % Scots pine 24 7.5+0.27 8.7+0.39 111 106
26 50 100 % Scots pine 54 14.1£0.23 | 15.0+0,62 IT1 249
27 65 100 % Scots pine 61 15.5+£0.50 | 17.0£0,84 I11 286
Fresh bory
90 % Scots pine
3 50 10 % Silver birch 19 9.9+0.32 | 11.2£0.53 I 171
4 51 100 % Scots pine 48 15.4+0.27 | 18.3%£0.57 I 329
92 100 % Scots pine 61 17.7£0.31 | 21.1£0.93 11 399
Moist bory
90 % Scots pine
28 74 10 % Silver birch 29 13.0+£0.30 | 15.5%0.79 I 267
80 % Scots pine
29 76 20 % Silver birch 44 17.0+£0.36 | 23.0£0.85 I 368
80 % Scots pine
30 62 20 % Silver birch 61 21.6+0.44 | 26.6+0.93 I 488
Fresh subory
80 % Scots pine
9 50 20 % Silver birch 20 10.9+£0.39 | 10.8+0.49 Ta 192
10 50 100 % Scots pine 39 20.9+0.36 | 21.9+0.88 16 477
11 36 | J07%Scotspine |63 | 9384050 | 3344087 | 16 657
10 % Common oak

Note: * Scots pine — Pinussylvestris L., Silver birch — Betulapendula Roth, Common oak — Quercusrobur L.
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nova); calculation of specific weigh by bot-
tle method; determining metabolic and actual
acidity according to State Standard 26484—
85, as well as humus content by oxidemetric
method according to State Standard 4289:2004;
determining mobile phosphorus and potas-
sium according to Kirsanov (State Standard
4405:2005), and determining hydrolyzed nitro-
gen according to Cornfield [13, 14].

RESULTS AND DISCUSSION

Soils on sample plots of SE «Malyn FE»
are identified as soddy slightly- and soddy
medium-podzolic sandy soils on moraine
sediments. The latter soils are characterized
by more sharp profile differentiation and the
presence of continuouseluvial horizon.

Soils on moraine deposits in dry and fresh
bory, and in fresh subory in the upper layer
of soil profile to the depth of 70—140 cm are
presented by fixed sands, which change into
loose sands with depth. In moist bory, fixed
sand changes into loose loamy sand from the
depth of 70 cm.

Dry bory are characterized by soddy-
slightly(medium)-podzolic sandy soils and
fixed sandy soils on moraine sediments. Such
forest conditions are inherent in high forms
of relief. Profile differentiation into genetic
horizons is not significant. Podzolic horizon
is slightly distinguished on the general back-
ground and is characterized by the presents of
whitish spots. The main peculiarity of these
soils is dryness, because ground water occurs
deeper than 3—5 meters and does not take part
in soil formation. Under such conditions, the
main source of watering is atmospheric pre-
cipitation which is drained quickly through
sandy thickness outside roots-containing
layer of soil. Continuous forest litter forms
on the surface of such soils. Its thickness is
of 7 ¢cm and it consists of scots pine abscis-
sion and grassy vegetation. Humus horizon
is of 4—12 cm thickness. The major portion of
roots is concentrated in the layer from 0 cm
to 40 cm. Considering the acidity these soils
belong to medium-, weak-acid and close to
neutral soils (pH = 4.6-5.7).

Forest stand in fresh bory grows on soddy
slightly (medium)-podzolic fixed sandy soils

formed on moraine deposits on plain or a lit-
tle elevated territories.Ground water is lo-
cated on the depth of 2—4 meters from the
soil surface. It provides better conditions for
soil watering if compare with conditions in
dry bory. The degree and the depth of soil
watering considerably depend on the atmos-
pheric precipitations. Forest litter consists of
scots pine abscission and grassy vegetation.
Such forest litter is of 1-9 cm thickness. Soils
contain a lot of roots and the major portion
of them is in 0-50 c¢m layer. The density of
humus-eluvial horizon is of 5-18 cm; the den-
sity of eluvial horizon is of 4-7 cm; and the
density of illuvial horizon is of 20—61 cm. Soil
acidity is medium-, and weak-acid — pH =
4.5-5.5.

Soils of moist bory are represented by one
type — soddy medium-podzolic fixed sandy
soils formed on moraine deposits. The thick-
ness of the forest litter is of 3—13 ¢cm and it
consists of scots pine abscission, the remains
of green moss and grassy vegetation. The ma-
jor portion of roots occurs in soil layer down
to 60 cm. Distinct genetic horizons are dis-
tinguished in soil profile. Thus, a thick eluvial
horizon is located on 7-38 cm depth of soil
cut. Values of soil acidity are from medium
to neutral (pH = 4.7-6.5).

Fresh subory are characterized by fixed
sandy soils on moraine sediments. According
to the type of soil-forming species and soil ge-
netic features these soils can be divided into
soddy slightly-podzolic and soddy medium-
podzolic. On these areas, ground water occurs
on the depth of 2—4 m. The thickness of forest
litter, which consists of scots pine abscission,
green moss and grassy vegetation, is of 7cm.
Root system is located in soil layer down to the
depth of 75 c¢m. Soil acidity is medium-, weak-
acid and close to neutral with corresponding
pH values in the interval of 4.8-6.0.

Data generalization shows that the row
«dry bory — fresh bory — moist bory — fresh
subory» is characterized by the tendency of
increasing both maximum values of the depth
of roots location (down to 75 c¢m), and pH
values to 6.0—6.5.

The analysis of granulometric composition
of soil genetic horizons on sample plots was
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made by profile method which visually indi-
cates peculiarities of soil types (Pic.).

Generalized soil profiles built after gathe-
ring data obtained from soil cuts under forest
cultures of scots pine in different forest condi-
tions are shown in the picture. Ordinate axis
presents the depth of horizons occurrence,
and abscissa axis presents the content of frac-
tions in percentage. Obtained data indicate
that fine sand is the prevailing soil fraction
in all forest conditions.

Development of forest stands, first of all,
is determined by the depth of root system
occurance. On sample plots, root systems
of scots pine occurred down to the depth of
40—-75 cm. That’s why, we studied the content
of nutrients in root-containing layer of soil
(Table 2).

After a single-factor analysis of variance
of all indices in each of the types of forest
conditions, a reliable difference among some
of these types was determined. It was proved

Table 2

Indices of granulometric composition and nutrients content in sandy soils on moraine deposits
in 50-cm soil layer in different types of forest conditions

Types of forest conditions

Name of the index

Dry bory Fresh bory Wet bory Fresh subory
Sand fraction, % 90.29+0.99 86.81£0.70 84.27+1.60 86.96+0.65
Big-sized dust, % 5.06+0.87 7.23+0.61 8.11+1.54 5.80£0.82
Content of clay, % 4.65%0.32 5.96+0.39 7.72+0.34 7.25+0.34
Nitrogencontent,
mg-kg ! of soil 24.4%0.38 15.9+0.19 32.8£0.82 33.9+0.65
Phosphoruscontent
mg-kg ! of soil 27.6x0.79 20.1£0.42 29.0£1.17 27.1£0.51
Potassiumcontent
mg-kg™! of soil 9.0+0.13 9.6+0.05 9.8+0.17 14.9+0.12
Humus content, % 8.1+0.20 5.8+0.11 11.7+0.30 10.8+0.22
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Table 3
Granulometric composition and nutrients content in sandy soils on moraine deposits
in humus-eluvial layer of soil in different types of forest conditions
Type of forest conditions
Name of the index

Dry bory Fresh bory Moist bory Fresh subory
Sand fraction, % 89.04+2.10 85.85+1.36 80.71+3.47 86.20+0.52
Big-sized dust, % 6.03+1.98 7.75+1.24 12.34£2.74 5.99+0.90
Content of clay, % 4.93+0.44 6.40+0.47 6.96+0.74 7.70+0.41
Nitrog%ncontent,
mgkg " of soil 33.6+0.48 24.0+0.23 59.7+1.41 53.7+0.36
Phosphoruscontent
mgkg ! of soil 13.3£0.16 13.0+0.41 11.7+0.09 15.0+0.18
Potassiumcontent
mg-kg ! of soil 10.0£0.32 11.8+0.07 16.3+0.30 18.7+0.10
Humus content, % 12.1£0.32 10.5+£0.17 22.6+0.46 17.9+0.13

that soils in 50-cm root-containing layer dif-
fer in their granulometric composition in
different types of forest conditions. In bory,
when taking each next hygro type the content
of physical clay increases by 22%. The same is
in moist bory where the content of nitrogen
and humus is by 51—52% higher than in fresh
bory. Soils in fresh subory have the higher
content of clay by 18%, nitrogen by 53%, po-
tassium by 36%, and humus by 46% higher
compared to soils in fresh bory.

The part of nutrients necessary for higher
plants is located in organic substance of soil —
humus. Humus consists of organic com-
pounds and products of their interaction, as
well as organic mineral complexes. The hi-
ghest humus content is observed in the upper
horizon of soil mineral part, as far as forest
litter and forest abscission are the source for
humus formation. Organic substances pene-
trate into lower horizons because they wash
out from upper humus-accumulating horizon
(HE). Features of the main nutrients con-
tent in humus-eluvial horizon occurred to
be the same with features in 50-cm soil layer
(Table 3).

Thus, compared to fresh bory, the content
of nitrogen is by 60% higher and the content
of humus is by 54% higher in upper layer of
moist bory. There are clear differences in the
contents of nitrogen, potassium and humus
in fresh bory and fresh subory.Soils of sample
plots contain 37% more potassium and 41—
55% more nitrogen and humus, respectively.

CONCLUSIONS

Sandy soils on moraine deposits are cha-
racterized by higher acidity, light granulo-
metric composition, insufficient thickness of
humus horizon, low humus content and low
content of some macro elements. Nitrogen,
potassium and humus contents are higher in
fresh subory in comparison with fresh bory.
Nitrogen and humus contents in soils of moist
bory are higher than in fresh bory.

Regularities of changes in granulometric
composition and in the content of nutrients
in sandy soils on moraine deposits in different
forest conditions are similar in upper horizons
and in the whole soil profile. Thus, to define
changes in characteristics of soils it is impor-
tant to study just upper fertile soil layer.
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VIK 631.417.2

3MIHA TYMYCOBOT'O CTAHY CIPOI'O OIIIJIBEJIEHOIO IPYHTY
3A BIIJIUBY MIKPOBIOJIOTTYHUX ITPEITAPATIB TA T'YMIHOBUX

TOBPUB VY 3AXIIHOMY JICOCTEIII YKPATHHI
B.I. Jlonymnsk', C.A. Pomanosa?, M.B. AsrycTunosuy’

! Jlvgigcokuii nayionansuuii azpapruii ynisepcumem
2 1V «Incmumym oxoponu rpynmie Yipainu»
3 Jlyyokuii Giomexuivnuii incmumym ITBH3 «Mixchapoouuii Haykoo-mexHiuHuii
YHigepcumem imeHi akademixa IOpis byeas»

Hagedeno pesyssmamu 0ocaionceHv 3MIiHU Micmy eyMYCy 8 Cipux oni0304eHux rpyHmax
3axionoeo Jlicocmeny Ykpainu. Buznaueno ii02o 3aieicHicms 6i0 HOpM 6HeCeHHs MIKP00ioa0-
2iuH020 npenapamy ma 2yminoeo2o dobpusa. Bcmanoeneno, wo enecenns Mikpo0iono2iuno2o
npenapamy ma eymino6020 000puea 3yMo8a¢e 30inbleHHs emicmy eymycy 6 rpyumi. Hatieu -
WUL NOKA3HUK NPUPOCIY BMICILY 2YMYCY NOPIGHAHO 3 HeYOOOPEHUM 8apiaHmMoM 3apikco6ano
3a énecenns 10 m/ea eyminoeoeo dobpusa. 3a 3acmocysanus Mikpobiosoeiuno2o npenapamy
cnocmepieanacs NO3umMuena meHoenyis 0o smin emicmy eymycy y wapi 0—20 ma 20—40 cm.
IIposederi docaioxncenns epekmuerHocmi BUKOPUCMAHHS HeMPAOUUILIHUX cUCmeM YOOOPeHHS
30 GUPOULYBAHHS MPUMUKAAE AP0O20 CEI0UAMb NPO NOKPAUECHHS 2YMYCHO20 CIMAHY CIPO20 0Nio-
304€H020 Ne2KOCY2NUHKOBOO TPYHMY.

Karouogi caoea: cipuii onidzonenuti rpynm, eymyc, Mikpobiosoeiunuil npenapam, 2ymiHoge
0d06puso, cucmema y0oopeHHs, mpumukane spe.

SHIDKEHHS BMICTY TYMYCY, Bifl SIKOTO 3a-
JiekaTh (DAKTUYHO BCI IIHHI arpOHOMIYHI BJIa-
CTUBOCTI 1 TIPOLYKTUBHICTb IPYHTY, 3yMOBJTIOE
MOPYIIEHHS ONTUMATBHUX YMOB BOJTHOTO i
MOBITPSHOTO PEKUMIB, 3HUKEHHS aKTUBHOCTI
6i0JIOrTYHUX TPOIECIB, SMEHIIIEHHS KilTbKOCTI
MOKUBHUX €JIEMEHTIB y IOCTYTHUX (popMax,
MocuJieHHs epo3iitnux mnpoiteciB. Oauum i3
3aB/laHb PO3ILIMPEHOrO Bi/ITBOPEHHS POJIO-
YOCTI TPYHTIB € ONTUMI3aIlisl HAWIIHHITITNX
AarpOHOMIYHUX BJIACTUBOCTEH IPYHTY 3a JI0-
IIOMOTI'00 PI3HUX CIIOCOOIB PeryJIioBaHHs iX
POIEOUOCTI, y T.4. 0GPOGITKY IPYHTY, BHECEHHSI
JOOPUB TOIIO.

© B.1. Jlonymusg, C.A. Pomanosa, M.b. Asrycrunosnu, 2017

[ pyHTOYTBOPIOBAIBHUIA TIPOIIEC 3aTIEKUTD
Bi/I HATPOMA/KEHHS 1 KOJI006Iry opraHiuHoi
PEUOBHMHH, KA, CBOEIO YEProlo, € /PKepesioM
€JIEMEHTIB JKUBJICHHS, 1110 BUBIIBHSAIOTHCS B
npotieci minepasmisaiii rymycy [1, 2]. Arpo-
XIMIYHI YMHHUKN BIJTMBAIOTH HA CTAaH Op-
TaHIYHOI PEYOBUHU, 3MIHIOIOUN KiJbKiCHUN
Ta SAKICHUU CKJIaJ TYMYCY, CTIKiCTh TPOTH
MiHepasisariii. Indopmariist mpo piBeHb MiHe-
pamizarii i rymicdikariii 1ae 3MOry yCIiniHoO
YIIPABJATUA OPTaHIYHOIO PEYOBUHOIO i, BiJl-
MOBI/THO, MiITPUMYBATA ONTUMAJIBHI YMOBH
[PYHTY, TOOTO BasKJIMBO BUSHAUMTU IIJISXH
eekTMBHOrO BIJIMBY Ha I'YyMYCOBMI CTaH,
3MEHIIYIOYN aHTPOIIOTEHHE HAaBAHTAKCHHS
Ha IPYHT [3, 4].
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