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Abstract. This review paper introduces the Podzolised chernozems in West Ukraine. Cher-
nozems are reputed as the most productive and fertile soils of which Podzolised chernozem
takes the position of the subtype in Ukrainian system of Soil Classification and covers minor
highland of Forest-Steppe areas in the west and east of Ukraine. The paper describes the local
Podzolised chernozem formation factors: general climate, vegetation, topography, parent mate-
rials and areas of their distribution. It has been reported particularities of genesis, morphology
and other properties of Podzolised chernozem depending of local conditions and management.
Soil conservation practices of Podzolised chernozems were also outlined and discussed in this

paper.
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INTRODUCTION

Ukrainian chernozems have been
well known since the ancient times. Fertile
lands to the north from black sea were
mentioned for the first time by Herodotus
(484 - 425 BC), Yaroslav | the Wise (978-
1054 AD, Grand Prince of Novgorod and
Kiev) among the other lands in Kievan Rus
singled out the black lands. Vasily Vasilie-
vich Dokuchaev in his monography

“Russian Chernozem” at first conceived
chernozem as an independent natural
body resulting from a unique combination
of climate, living matter, earthy parent ma-
terials, relief, and geological age [1].

The area under Podzolised cherno-
zems extends from deciduous forests on the
West (Pre-Carpathians) to the Central Rus-
sian upland on the North-East (Figure 1).

Figure 1 - Distribution of major areas of Podzolised chernozems across Ukraine

10


mailto:kravch@i.ua
mailto:annytas89@mail.ru

Podzolized chernozems are encoun-
tered mainly in the western regions, cen-
tral part of Kyiv oblast, eastern periphery
of Volyno-Podilsky plateau, in Vinnytsya
oblast and northern parts of Chernigiv and
Poltava oblasts. In the Left Bank of Dnipro
river they are occupying some areas on
the right-banks of the rivers. They do not
form an unbroken band but are invading
the areas of typical and leached cherno-
zems, as well as dark grey soils on water-
sheds and gentle slopes. According to
Tyhonenko et al. (2009) [2] Podzolized
chernozems occupy 8.2 % of Ukrainian
territory, 5528 ths ha (13.8 % of the total
farmland area) of them are used in agri-
culture. The diversity of podzolized soils
increases at the expense of regradation
(27.8 %), erodedness (36.5 %), wetness
(10.5 %), drainage (5.8 %) etc.

According to ecology- technologic
grouping of Podzolised chernozems, the
practices of soil tillage, fertilizer applica-
tion, and plant protection are differentiat-
ed. On the slopes within 3 - 5 in steepness,
row crops should not be employed in crop
rotations, which (the latter) should consist
of small grain crops and perennial grasses.
Under conditions of erosion hazard the
fields should be planned along the con-
tours. Among the crops suitable for pro-
duction on podzolized soils are winter
wheat, sugar beet, com, potatoes, alfalfa,
annual grasses, etc. The soils are the best
for fruit trees and berries. Slightly acid
reaction of podzolized soils demands reg-
ular liming. On loamy sands and sandy
loams the rates of liming should be only a
half of a complete rate computed by hy-
drolytic acidity value. On heavier soils,
complete rates will not be too much, pro-
vided P20s and Zn are not bound in insolu-
ble compounds. Farm manure should be
applied at rates of 14 - 16 mt per hectare
of a crop rotation per year [3].

In spite of common appearance,
Podzolized chernozems vary in their mor-
phology, properties, lithology that call

forth different land use and conservation
practices. The purpose of this paper is to
identify the features of soil profile, parent
materials, properties of West Podzolized
chernozems laying down the development
of local strategy their use.

MATERIALS AND METHODS

This research was conducted by the
Soil Science and Soil Conservation Depart-
ment of the National University of Life and
Environmental Sciences in Ukraine on a
Podzolised chernozem in the Forest-
Steppe zone of Ukraine, near the town of
Zalistchyky, Ternopil region (lat. 48°
40'54.46N, long. 25°41'10.27E). Soil pro-
files were dug out on the loess plateau,
first terrace of Dniester river.

The soil was classified as a Haplic
Chernozem according to the FAO Soil Clas-
sification, Podzolised Chernozem in
Ukrainian Soil Classification, a Black Cher-
nozem according to the Canadian system
of soil classification [4] or a Mollisol ac-
cording to the USDA Soil Classification [5].

Composite soil samples (five cores
per composite sample) were taken from
the each horizon. All soil samples were air
dried and passed through a 1-mm sieve to
remove the coarse mineral fraction and
plant residue fragments. The gravimetric
soil moisture and other soil parameters
was determined for each depth increment.
The determination of soil organic matter
was conducted using a wet combustion
technique of Tyurin [6] (1937), which is
based on organic carbon oxidation by po-
tassium dichromate (0.4 N) in acid solu-
tion (H2SO4 : H20 = 1:1). Mechanical
(Particle-Size) analytical procedure was
fulfilled using the Kachinsky pipette meth-
od with a soil dispersion by sodium pyro-
phosphate solution (4 %). The soil cores
were collected to determine soil bulk den-
sity. The Kappen - Gilkovitz procedure
were used for Cation Exchange Capacity
determination. pHkci were determined po-
tentiometrically in soil suspensions with
soil to 1N KCl ration 1:5 [7].
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RESULTS AND DISCUSSION

Chernozem definition

Chernozems (Mollisols) are identi-
fied by a thick, dark-colored, humus and
base-rich surface horizon (mollic epipe-
don), a high base saturation (> 50 percent
by ammonium acetate) to 1.8 m depth and
an exchange complex with dominance of
clay minerals with permanent charge and
calcium as main exchangeable cation [8].
They generally contain a significant con-
tent of weatherable minerals. In the strict
sense, there are nine criteria defining the
mollic epipedon with the details of the cri-
teria varying in response to several other
soil features [9]. In reality, mollic epipe-
dons are quite straightforward. They are
mineral horizons at least 25 cm thick hav-
ing (a) structure, (b) moist color with both
chroma and value being 3 or less, and (c)
at least 50 % base saturation, and 0.6 %
organic carbon content [10, 11].

Soilformingfactors

Podzolised chernozems are formed
in the temperate short with a relatively
brief freezing period. In general, the cli-
mate in the west is semi-humid or humid.
The amount of solar radiation is within
102-112 kcal-cm2yr-L Mean January tem-
perature is (-) 4-60C. Mean July tempera-
ture is (+) 18-210C. Average annual tem-
perature from +7.2 till + 7.80C. The maxi-
mum depth of frost penetration is within
28-54 cm. Above zero temperature dura-
tion is 250-260 days and 210-215 days
exceed 50C. The sums of the temperatures
exceeding 100C are equal to 2500 and
28000C respectively. The average amount
of precipitation is within 550-640 mm.
The ratio between the average annual
amount of precipitation and average annu-
al evaporation from the open water sur-
face (coefficient of humidity, Kh) within
0.9-1.3. The western regions of the Podzo-
lised chernozems zone are more moist and
humid, while the eastern ones are more
arid and continental in climate. The vege-
tation types found on chernozems are oak-
maple-lime-hornbeam forests with grass-

lands and meadows. Parent materials are
characterized by “lithologic uniformity”
represented by the loess and loess-like
loams. The topography of Podzolised cher-
nozems is dominantly plainland but nonu-
niform in both genetic and structural re-
spects. The lowland in the south zone
gradually turns into a number of uplands
(150-360 m above sea level): Bessarabian,
Podilska, Pridniprovska. Toward the north,
Pridniprovska, Donetsky lowland and Pol-
tavska plainland spread on the left bank of
Dnipro river. The north borderline of Pod-
zolised chernozems verges on the Polisska
lowland.

Localfeatures offactorsforming Pod-
zolised chernozems

West Podzolised chernozems begin
its distribution on interfluve area between
the Stryp and the Syret rivers and go for-
ward to the plateaus of Zalistchyky and
Zboryv cities. The profiles of these soils
bear the mark of modal Podzolised cher-
nozem (Figure 2) formed on medium loam
loess (Figure 3a).

Figure 2 - The soil profile of modal Podzo-
lized chernozem near Zalistchyky city

He 0-41/41 cm - slightly eluviated
horizon of SOM accumulation; dark grey,
displaying whitish dusting of amorphous
SiO2 on drying; plow layer - cloddy with
powdery grains; a layer below it — nutty
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with grains and clods; slightly compacted,;
transition gradual;

Hpi 41-89/48 cm - upper transitive
slightly illuviated horizon, dark grey; gran-
ular/cloddy with nuts; compacted; with a
weak amorphous silica dusting; brownish
tint from the colloids of R20s, earthworm
channels and «crotovinas» (mole tunnels);
transition gradual;

Phi 89-127/38 cm - lower transi-
tive slightly illuviated horizon; yellow grey
brown; nutty-prismatic; with R203 coat-
ings (films) on the feces of soil aggregates;
sticky, humus encrustations, plant roots,
transition gradual;

P(h)iK 127-158/31 cm - slightly
illuviated leached from carbonates hori-

zon; with streaks of humus; dirty dull-grey
with brownish tint; rare «crotovinas»;
transition sharp along the wavy line of ef-
fervescence with 10 % HCI;

Pk 158-196/38 cm - parent materi-
al; straw-colored, loess with veins of
CaCOs enriched with dark mole tunnels.

At a distance of 1.1-1.4 km down-
ward the slope appears the red argillites of
upper Silurian period (Figure 3b), which
towards to the Dniester river intermix
with ancient alluvium (Figure 3c). Nearby
the Dniester levee, parent material washes
out of clays, enriches with modern alluvi-
um and becomes lighter and yellowish
(Figure 3d).

Figure 3 - The parent materials of Podzolized Chernozems depending the relief posi-
tion: a - loess, b - red argillites, ¢ - clays with ancient alluvium, d - modern levee alluvi-
um with the traces of clays and loesses

Properties ofPodzolised chernozem

Soil texture in chernozem varies
from light loam to heavy loam and become
heavier from the north to the south.
Coarse silt and clay are dominant soil par-
ticles, but differ in their distribution. The
percentage of particles 0.05-0.01 mm var-
ies from 53.4 % in upper horizon to
41.6 % in the bottom. The distribution of
<0.01 mm particles down soil profile is
uniform with the minor tendency its accu-
mulation in He horizon (Figure 4a). The
content of soil organic matter (SOM) in
Podzolised chernozem gradually declining
through soil profile: 3.3 %, 3.2 %, 3.2 %,
3.1 %, 2.9 %, 1.9 %, 1.5 %, 1.2 %, 0.5 %.
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Abandoned for 40 years chernozem pos-
sess with higher humus content (4.7 -
4.5%) in 0-15 cm layer than ploughing one
(3.3 - 3.2 %) (Figure 4b). Humus type (a
ratio of the carbon content in humic to
fulvic acids, Cha/Cfa) changes respectively
from 1.2 to 0.8 or is fulvate-humatic in the
upper and humate-fulvatic in the lower
horizon of soil profile. The bulk density in
chernozems depend on humus content
and soil texture. It was found in the favora-
ble ranges for plantgrowth - 1.16 - 1.3 gcm-3
(Figure 4c). Slightly illuvial horizons in-
crease soil compaction considerably com-
pared to ploughing horizon because of re-
duction SOM, increasing colloidal com-



pounds Al3+ and Fe3+ metamorphism ac-
tivity, nutty-prismatic aggregates, etc.
Ukrainian chernozems, as a rule, have a
neutral reaction, with soil pH ranging
from 6.6 to 7.5. By pHm and hydrolytic
acidity Podzolised chernozem is slightly
acid in the upper horizon (Figure 4d.e).

The comparatively higher amount of phys-
ical sand (>0.01 mm) and lower amount of
OM have resulted medium level of cation
exchange capacity (CAC) in Podzolised
chernozem (Figure 4f). Ca2+usually makes
up 95 % of all soil cations.

=Arable - Bulk density

b c

Figure 4 - Profile distribution of Podzolised chernozem properties: a - coarse silt and
clay content; b - humus content in abandoned and arable soils; c - bulk density; d - ex-
changeable pHkd acidity; e - hydrolytic acidity; f- cation exchange capacity

CONCLUSION
Podzolised chernozem is distributed
in the Forest-Steppe area, and is mostly
formed under temperate and freezing
zones. Parent material is represented by

the loess, but regional conditions may in-
fluence soil profile by clays, shists, lime-
stone, alluvial deposits. Soil texture varies
from light loam to middle loam. Coarse silt
and clay are dominant soil particles but
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differ in distribution. Chernozem have an
accumulative type of OM distribution in
soil profile. The soil have a slightly acid
reaction in the upper horizon and neutral
or slightly alkaline in the bottom, medium
level of cation exchange capacity. Podzo-
lised chernozem have been primarily used
in Ukraine for growing winter wheat, bar-

properties have been changed by different
management. The eminent changes are
decline in soil organic matter and soil
thickness, while the water and wind ero-
sion as well as soil compaction are also
becoming serious. Practices that favor con-
servation of the soil resource is urgently
needed to guarantee food security.

ley, corn, sugar beet, and sunflower. Soil
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TYmH
MartseeB A., KpaBueHKo HO
YKPAVHAHbBIL, BATbIC OPMAHObI JANACBIHOAFBI Ne/TT1HAL LLAPA TOMbIPALITAP
MEHE3NCL, LACVETTEPL XX3HE ONAPAbI XXALICAPTY
YKpaHaHbIL, ¥ N TTbl K 6MopecypcTap X3aHe TaburaTtnanganaHyyHUBEPCUTETY
TonblpayTaHy XX3He Tonblpak Kopray Kageapacsl, 03041 Kues, CTanmHrpag
6aTbipnap Kewecww, KopraHbicbl, 15, YKpanHa, e-mail: kravch@i.ua, annytas89@mail.ru

Ocbl 6epbireH XYMbICTa YKpauHaHbll, KY/riHAI Kapa TonbipakTapbl KepceTbireH. Llapa
ToNbIpaKTapAblL, 6apblHLWA KyHap/bl TOMbIpak 60nbIN ecentenetM 6enrT, onapAably, LW e
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YKpauHaHbIL, TOMbIpaK KaacCUpMKaLMaCbiHA C3IUKEC, YKpauHaHbIl, 6aTbiC >XK3HE LWbIThIC
opmaHAbl fana 6enTHAeE aupbiKlla Ken KanbintackaH, KYAriH Kapa ToMblpakTap Tunweci
epekleneHeai. Makanafja >XeprbKT Kapa Tonbipak (akTopnapbl cypeTTenegi: KaAumar,
eaM [1X XaMblINrbichl, XKep 6eaepi, Tonbipak TY3yLWi aHaNbIK XbIHbIC, COHbIMEH KaTap 0fapbly,
Tapany aymarbl. XXeprinikTi >xarfgavnap MeH onapabll navjanaHbliyblHa 6aniaHbICTbl
KYNriHai Kapa TonblpakTap reHesuciHe, Mop@oNoruMsacbiHa >X3He 6acka fa KacueTTeplue
capantamMa >acanblHAbl. KYnriHgi kapa TonblpakTapra KoJffaHbifaTblH TOMbIPaK Kopray
TEXHON0rMANapbl CUNATTaNbl XX3He Ta/KblNaHAabl.

TYRiHAI cB3gep: Knaccuukaumsa, ToMblpakTapbl OpraHuMKanblK 3aTTap, OpMaHAbl
6anwbiK, TONbIpakK euaey, nanganany.

PE3IOME
Martsees A., KpaByeHKo HO

FEHE3WC, CBOMCTBA M Y/TYULLEHVE MNOA30/ICTbIX YEPHO3EMOB 3AMAIHOWN NE-
COCTENN YKPAVHbI
HauunoHanbHbIRYHUBEPCUTET BMOPECYPCOB M MPUPOLOMNONL30BAHNA YKpanHbl, Ka-
(heapa nousoBefeHMA 1 oxpaHbl nous, 03041 Kues, Mepoes CTanmHrpagayn. 060poHsl, 15,
YKpaunHa, e-mail: kravch@i.ua, annytas89@mail.ru

B naHHOM 0630pHOM paboTe NpeacTaBieHbl NOA30ANCTbIE YEPHO3eMbl YKpauHbl. YepHo-
3eMbl KaK U3BECTHO ABNAOTCA Hanbonee NaoJopoaHbIMM NOYBaMU, CPEAN KOTOPbIX BblAENA0T-
€St MOATUMbI NMOA30/INCTbIX YEPHO3EMOB COM/IACHO Y KPaUHCKOM Knaccugukaumm nous, chopmm-
POBaHHbIE MPEMMYLLECTBEHHO Ha BO3BbILLIEHHOCTAX /IECOCTENW B 3aMafHOM M BOCTOUYHOM YacTu
YKpauHbl. B cTaTbe ONMCbIBAKOTCA /IOKa/lbHble YEPHO3EMHbIE (DaKTOPbl: KAMMaT, pacTuUTe lb-
HOCTb, penbed), NoYBoo6pasyloLLMe NOPOAbl, a TAKXKE PanOHbl UX pacnpocTpaHeHus. MpoaHanu-
31POBaHbl 0CO6EHHOCTU FeHe3nca, MoOpPGoNornyeckne 1 Apyrue cBOMCTBa NOA30/IUCTbIX YEPHO-
3eMOB B 3aBUCMMOCTU OT MECTHbIX YCMIOBMU U UX UCMOMb30BaHWUSA. OnucaHbl U 06CYyXAeHbl MoY-
BO3alNUTHbIE TEXHONOIMWN, KOTOPble MPUHUMAKOTCS Ha NOA30/IUCTbIX YePHO3EMAX.

KntoueBble CoBa: KMacCUMKALMW, OpraHWYecKoe BELIEeCTBO MOYB, JIECCOBUAHBIA CYT/INMHOK,
noyBeHHasi 06paboTKa, MCMo/b30BaHME.
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