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Moraine deposits in the Penza oblast were formed as a result of the destruction of the Oka-Don 
glacier of the lower boundary of the neo-Pleistocene during warming [6, 15, 16]. The thickness of the 
main moraine can be ≈ 30.0 m [8, 10]. In terms of spacing, glacial deposits of the Don horizon predom-
inate in the western part of the oblast. In current physical-geographical conditions, they are placed as 
the cover on watersheds and used in the agro-ecosystem. The composition and properties of soils on 
morainic deposits are special due to their structural state, peculiar distribution of physical clay fractions, 
low humus content and low fertility.  
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Introduction 
Problems of rational use of the Penza ob-

last's land resources in modern conditions deter-
mine the need to study the "untouched" area 
when speaking about the soil cover up to the pre-
sent time. This may indicate the complexity of 
the soil cover structure of the Penza oblast, the 
insufficiently represented variety of soil-forming 
material, in particular, soils on moraine deposits. 
The Penza oblast in its western part underwent 
the glaciation in the lower boundary of the neo-
Pleistocene. A part of the Oka-Don glacier cov-
ered a significant area of the oblast, dividing it 
into glacial and non-glacial zones. The Oksko-
Don glacier recession was associated with cli-
mate warming and accompanied by the deposi-
tion and transformation of various moraines, 
which caused a variety of soil-forming materials, 
mainly in the glacial zone of the Penza oblast [6, 
15, 16]. The thickness of the main moraine part 
can be 30.0 m [8, 10]. Current absolute levels of 
moraine deposits record at 200-240 m above the 
sea level [3, 7]. The outlines of the primary relief 
forms of moraine deposits has not been pre-
served [13]. In the current physics and geo-
graphical conditions, the moraines place as well 
in watershed levels as slope positions.  

Present landscapes on moraine deposits 
are mostly located at sublatitudinal placing. The 
coniferous-broad leaved forest dominates on the 
moraines in the Northern part. In the Central part 
and in the South, the forest-steppe landscapes 
dominate on the morainic plains of the Volga Up-
land [14]. 

In the Penza oblast the soils on moraine de-
posits have not been observed by the study until 
recently; there are corresponding gaps in 

information about the soil cover structure [2, 9, 
11]. According to this fact, the goals of the re-
search were determined. They are the need to 
study the features of the soils' morphological 
structure on moraine deposits, and physical and 
chemical properties, as well as to compare the 
data obtained with the fertility of chernozems on 
loess loams. 

After reconnaissance exploration of the 
moraine complexes in the area of Lipyagi (a vil-
lage in the western part of the Penza Oblast), a 
section was laid to study the morphological fea-
tures of soils. In addition, a collection of particu-
lar minerals and bone remains within the mo-
raine complex was carried out [12]. Diagnostics 
of the collected stony material fragments from 
the surface of the soil cover, especially on the 
slopes, allowed determining various resources: 
limonite, quartzite, granite, phosphorite, sili-
ceous fragments, quartzite with calcite, geyser-
ite, chert with calcite, corals, jasper, olivine, silic-
ified corals of organic origin. According to expert 
evaluation, almost all the geological species and 
bone fragments were brought by the glacier from 
the deposits of the northern seas, that is, the 
original area of glaciation. Therefore, following 
V.V. Dobrovolsky [5], it can be considered that 
glacial moraines are re-appeared products of ni-
val weathering (nival-tundra crust), including not 
only large boulders but also small-scale material. 

Methods and materials 
The main used research method was com-

parative-geographical, which consisted of the 
combined study of the soils' morphological struc-
ture on the moraine deposits and loess loams. 
Analytical parameters of soils were determined 
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in the laboratory of the State Center of Agro-
chemical Service "Penzenskiy". 

Grade analysis was carried out in accord-
ance with N.A. Kachinskiy. In addition, the clay 
deposition coefficient was calculated as a quo-
tient of the ratio of silt to physical clay in the soil 
and the corresponding value in the rock (accord-
ing to I.A. Krupennikov). The aggregate compo-
sition was determined by the classification of 
S.A. Zakharov. Calculations of the structural and 
waterproofness coefficients were carried out ac-
cording to N.I. Savvinov. Among the physical 
and chemical properties, acidity (pHКCl) and the 
total exchangeable bases were studied. The 
content of humus, as well as mobile and total 
forms of nitrogen, potassium and phosphorus 
were determined by E.V. Arinushkina [1]. 

Thus, the presented set of research meth-
ods allows implementing a comprehensive ap-
proach to substantiating the features of soil for-
mation and assessing fertility on moraine depos-
its in comparison with soils on loess loams. 

Results 
On the moraines that currently stand out on 

the mild slopes on both banks of the Penzyatka 
river, leached chernozems are formed. Previ-
ously, the mild slopes were plowed up. Currently, 
the soil is subject to the processes of virgin land's 
creation under the planting of pine and birch (Pi-
nus silvestris, Betula pendula).  

An example of the morphological structure 
of soils can be a meter section set on the top of 
a slope. Speaking about flora, only the feather-
grass groups can be seen; the others are the 
wormwood ones. Micro-relief is in the form of 
bumps up to 15-20 cm high. There are dried 
stems of chiccory, tansy, etc. There are shrubs 
of sweet briar and willow (Salex alba) some-
where. 

Ad (0-11 cm). Humid, dark-grey, slightly 
grass-lined. Some infrequent markers of lessiv-
age can be noticed. Huge root system; the gran-
ulometric texture is loam with unclear structure 
and gradual transition.  

A1 (11-31 cm). Humid, dark-gray; light 
"dots" can be noticed (the lessivage markers). 
Grassy root system; loam with unclear structure. 
Transition is gradual. 

AB (31-46 cm). Grey with a yellowish tinge, 
slight lessivage markers. Loam with unclear 
structure. Transition is noticeable.  

C (46-90 cm). Ochre-coloured, the granulo-
metric texture is inhomogeneous with the layers 
of the grey sand lens. Humid, heavy loam. Frag-
ments of granite, sandstone and other minerals 
can be noticed. 

Leached chernozems on moraines are cur-
rently being restored under pine plantations, the 
density of which varies. Spaced plantings are 
dominated by feather-grass groups (Stipa 

pennata) and wormwood-tansy forbs (Artemisia 
santonica). The weeds' stage seems to be 
ended, but the sod soil has not fully recovered. 
According to the morphological structure of the 1 
m section, the thickness of leached chernozems 
on loamy moraines is small, only 46 cm. This 
may indicate that the studied soils were eroded 
during plowing and their usage in agrocenosis. 
This can be indirectly indicated by data on the 
structural state of chernozems on moraines, 
compared with chernozems on loess loams (Ta-
ble 1).  

From the data in Table 1, it can be seen that 
moraine loams have an unsatisfactory structural 
state, lumpy fractions (> 10.0 mm) predominate 
in the rock up to 70 %. As a result, the structural 
coefficient was only 0.4. In the sub-humus hori-
zons A1 and AB, the lumpy fraction decreased 
to 57.8 % and 55.2 %. Thus, the structural state 
increased to a satisfactory assessment. In the 
sod horizon Ad, the lumpy fraction decreased to 
32.0 %, the structural coefficient increased to 
1.4. It might be due to the processes of virgin 
land's creation and restoration of natural fertility.  

The waterproofness properties of the struc-
ture were determined in the same samples (Ta-
ble 1). The data obtained indicate satisfactory 
waterproofness throughout the soil profile and 
even in the soil-forming rock. Besides, the water-
proofness coefficient increased down the profile 
from 0.8 to 1.19, i.e. in the rock, waterproofness 
increased, compared to the humus horizon Ad. 
Such extraordinary data predetermined viewing 
of small fractions of the structure under a micro-
scope. The results of the examination showed 
that all small fractions from 1.0 to 0.25 mm, 
which increased the waterproofness coefficient 
in the lower layers, are fragments of primary min-
erals of siliceous and other previously noted 
rocks and are not structural fine-grained gran-
ules. This is confirmed by data on the distribution 
of 1.0-0.5 mm fraction values over the soil profile 
– 9.8 % in the Ad horizon and 21.8 % in the rock.  

The low number of values of the marked 
fraction in the Ad horizon indicates the activity of 
weathering and soil formation processes in the 
upper layer of the soil profile, which together de-
termine the increased rate of destruction of pri-
mary minerals, in comparison with the data of 
soil-forming rocks (Table 1, section 14). As a re-
sult, data on the waterproofness of the structure 
in the lower part of the soil profile from a depth 
of 31 cm can be considered erroneous. Cherno-
zems on loess loams differ significantly in their 
structural state (Table 1, section 79). It is char-
acteristic that even arable options on loess 
loams have a good structural state of the upper 
horizon. For the sub-arable horizon, the struc-
tural coefficient increased to 10.1, which may in-
dicate, firstly, the structure of an excellent level,  
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Table 1. Structural state of soils on moraines and loess loams 

Layers and 
depth, cm 

Fractions, mm; content, % 
Fractions 10-

0.25 % 
(dry sieving); 

>0.25 mm 
(wet sieving) 

Cs and 
Cw 

Evaluation of 
structure and 
waterproof-

ness >10 10-5 5-3 3-2 2-1 1-0.5 0.5-0.25 < 0.25 

Leached chernozems on moraines, 1 m section (dry sieving) 

Ad, 0-11 32.0 19.0 12.4 8.2 8.6 5.4 7.4 9.0 59.0 1.43 Satisfactory 

A1, 11-31 55.2 21.6 6.4 5.6 3.4 1.6 1.2 1.8 43.0 0.72 Satisfactory 

А1В, 31-45 57.8 20.2 8.0 4.4 3.8 1.6 1.4 1.0 41.0 0.70 Satisfactory 

C, 70-90 70.2 15.0 5.4 3.3 2.8 2.6 3.6 4.2 25.6 0.34 
Unsatisfac-

tory 

Leached chernozems on moraines, 1 m section (wet sieving) 

Ad, 0-11 - - 2.22 0.96 5.3 9.8 25.1 56.6 43.4 0.8 Satisfactory 

A1, 11-31 - - 0.2 1.36 10.1 15.3 22.5 50.56 49.4 0.98 Satisfactory 

А1В, 31-45 - - 0.16 13.2 4.0 20.9 16.58 45.2 54.8 1.21 Satisfactory 

C 70-90 - - 0.4 2.0 7.8 21.8 22.4 45.6 54.4 1.19 Satisfactory 

Leached chernozems on loess loams, section 79 [10] (dry sieving) 

Aah, 0-30 21.2 18.6 12.0 6.7 15.1 10.1 8.8 7.6 71.2 2.4 Good 

Asah, 40-50 4.7 18.7 28.4 15.0 18.1 6.4 4.6 4.1 91.2 10.4 Excellent 

A1, 70-90 24.1 22.3 18.1 3.8 13.3 1.9 3.8 2.7 73.2 2.7 Good 

and secondly, the heredity of a good structural 
state from the stage of virgin development of 
chernozems, as evidenced by the data from sec-
tion 79. 

The granulometric texture of chernozems 
on moraine deposits is characterized by a pre-
dominance of fine sand fraction > 40-50. 0 % in 
the upper horizons, low content of large fines 
(8.9-11.0 %) over the entire soil profile, and rel-
atively uniform distribution of fine dust from 3.0 
to 6.6%. (Table 2, section 1 m). The distribution 

of the silt fraction is accompanied by an increase 
in its indicators with a depth from 12.5 % in the 
upper horizon to 28.1% in the rock, thus reflect-
ing the development of lessivage processes. 
The clay deposition coefficient was less than one 
within the underhumus horizons Ad, A1 and AB 
of the soil profile – 0,81-0,73 (Table 2).  

As a result, the granulometric texture 
changed along the profile from light loam in the 
Ad and A1 horizons to medium-textured loam in 
the lower part of the soil profile (Table 2).  

Table 2. Grade analysis of leached chernozems on moraine deposits, % (1 m section) 

Index of hori-
zons and 
depth, cm 

Sand, mm Fines, mm 
Silt 

< 0.001 
mm 

Sum of 
fractions 
< 0.01 

mm 

Argilliza-
tion coef-

ficient 

Grade 
analysis 

Large 
(1.0-
0.25) 

Small 
(0.25-
0.05) 

Large 
(0.05-
0.01) 

Average 
(0.01-
0.005) 

Small 
(0.005-
0.001) 

Аd 0-11 13.4 55.4 8.9 4.5 5.3 12.5 22.3 0.81 Light loam 

А1 11-31 11.1 49.1 10.9 4.7 6.6 17.6 28.9 0.86 Light loam 

АВ 31-46 8.4 42.5 11.0 15.2 3.0 19.9 38.1 0.73 
Medium-
textured 

loam 

С 46-90 21.5 33.2 8.7 4.2 4.3 28.1 36.6 1.0 
Medium-
textured 

loam 

Leached chernozems on loess loams (Kamensky district; section 90 [10]) 

Аn 0-10 0.4 7.1 28.5 9.9 7.4 36.7 54.0 1.0 
Heavy 
loam 

А1 60-70 0.5 8.3 24.2 9.0 14.6 43.4 67.0 0.96 Light clay 

Сса 140-150 2.3 10.7 22.4 7.2 13.3 43.5 64.0 1.0 Light clay 
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Table 3. Physico-chemical and chemical properties of leached chernozems on moraine deposits  
(section 1 m) 

Index of hori-
zons and 
depth, cm 

Humus, 
% 

pHKCl 

Amount of ab-
sorbed bases, 
cmole (EQ)/kg 

Alkaline-hydro-
lyzable nitro-

gen 

Exchangeable 
potassium 

Mobile phos-
phorus, 

mg/kg 

Ad 0-11 3.44 5.1 14.1 60.2 300 360 

A1 11-31 3.10 4.8 15.2 45.5 127.5 370 

AB 31-46 1.55 4.2 23.7 - 142.5 521.5 

C 46-90 0.7 4.0 20.2 - 120.0 260 

Leached chernozem on loess loams, section 80 

Aah 0-30 7.60 5.4 38.0 1061 100 89.0 

Аsah 30-40 7.29 5.4 35.5 102 80 79.0 

А 50-60 5.30 5.6 32.5 89 70 35.0 

А1 70-80 2.80 6.0 31.0 48 70 30.0 

АВ 80-90 1.80 6.6 31.5 38 60 24.0 

В 90-100 0.80 7.0 30.0 10 70 19.0 
1 Data on easy hydrolysable nitrogen are given. 

 
By granulometric texture, chernozems on 

loess loams are distinguished by increased val-
ues of the large dust fraction – 28.5 %, as well 
as average and small dust, with the predomi-
nance of the silty fraction of 36.7-43.4 %. As a 
result, the granulometric texture of the studied 
soils is characterized by heavy loam in the Aah 
horizon and light clay in the middle and lower 
parts of the profile (Table 2, section 90). Moreo-
ver, the clay deposition coefficient was close to 
1.0 for the entire soil profile. 

Such differences in the granulometric tex-
ture are related to the loess rocks' carbonate 
content. Soil formation on these rocks was ac-
companied by processes of leaching of car-
bonates and weak clay deposition of the upper 
part of the soil layer. The acidity of morainic 
rocks caused the development of lessivage pro-
cesses and changes in the granulometric texture 
from light to medium loams down the soil profile. 

Chemical and physico-chemical data of the 
considered soils are presented in Table 3. It 
should be noted that the low humus content in 
the upper sub-humus horizons Ad and A1 is low 
– 3.44 % in the sod horizon and 3.10% in the 
lower one (Table 3 section 1 m). In the AB tran-
sition horizon, the humus content decreased to 
1.55 %. It should be noted that the humus con-
tent, gradually decreasing along the profile, is 
typical for chernozemic soils. The values pHKCl – 
5,1 in the Ad horizon determine a weak acid re-
action. With depth, these values decrease to 4.8, 
4.2, 4 and characterize a strong acid reaction in 
the lower horizons and in the soil-forming rock. 
The amount of absorbed bases is low, in the up-
per sub-humus horizons – 14.1 cmole (EQ)/kg, 
in the Ad horizon – 15.2 cmole (EQ)/kg, 

significantly increases in the transitional horizon 
AB – 23.7 cmole (EQ)/kg and in the soil-forming 
rock – 20.2 cmole (EQ)/kg (Table 3, section 1 m). 
This fact is consistent with the distribution of 
physical clay fractions (Table 2). 

There is a low content of mobile nitrogen in 
the upper humus horizons of chernozems on 
moraine deposits. At the same time, the studied 
soils are rich in exchangeable potassium – 300 
mg/kg in the Ad horizon (Table 3). Also, the soils 
are rich in mobile phosphorus 360 mg/kg in the 
Ad horizon and 521.5 mg/kg in the AB horizon. 
The high content of potassium and phosphorus 
is associated with the presence of phosphorite 
and shale rocks in moraine deposits, the de-
struction and weathering of which ensures the 
entry of mobile forms of phosphorus and ex-
changeable forms of potassium into the soil so-
lution.  

Leached chernozems on loess loams differ 
significantly in their morphological structure. The 
thickness of the A+B horizons is twice as large, 
up to 100 cm, compared to the soils on mo-
raines. Besides, the chemical properties are 
characterized by a high humus content almost 
twice as high as 7.60 % and 7.29 % in Aah and 
Asah horizons than in soils on moraines. 

The reaction of chernozems on loess 
loams: pH is 5.4-5.6; close to neutral. It was de-
termined using the KCl salt. The amount of ab-
sorbed bases is high in the upper horizons – 
38,0- 35,5 cmole (EQ)/kg, in the Aah and Asah ho-
rizons with a gradual decrease to 30.0 cmole 
(EQ)/kg, in the B horizon (Table 3, section 80). 
Leached chernozems are poorly provided with 
mobile nitrogen, exchangeable potassium, and 
mobile phosphorus (Table 3, section 80). 
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Conclusion 
The area of the studied chernozems on mo-

raine loams is confined to the mild slopes of the 
Penzyatka river. Currently, the studied soils are 
included in the zone of riverside afforestation, 
mainly pine and birch planting. 

The study of the morphological structure of 
soils confined to the top of the slope showed a 
small thickness (AB horizon) of only 46 cm, 
which may indicate that they were eroded during 
ploughing and use in agrocenosis. This is em-
phasized by the unsatisfactory assessment of 
the aggregate composition of the entire profile, 
with the exception of the Ad sod horizon.  

Chernozems on loess loams are distin-
guished by a much greater thickness (AB hori-
zon) up to 90-120 cm and good aggregation 
even of arable horizons.  

The granulometric texture of chernozems 
on morainic rocks is light-loamy in the upper sub-
humus horizons Ad and A1, and medium-loamy 
in the lower part of the soil profile, which reflects 

the development of lessivage processes in the 
conditions of acidic reaction of soil formation. 

The granulometric texture of leached cher-
nozems on loess loams is characterized by a 
high content of large dust fractions (0.05-0.01 
mm) up to 28.5 % and maximum content of silty 
fraction (less than 0.001 mm) up to 36.7-43.5 %, 
which in total provides heavy loam and light clay.  

Chernozems on moraine deposits are char-
acterized by a low humus content of 3.44 % and 
strong acidity, a small number of absorbed ba-
ses, and high provision of exchangeable potas-
sium and mobile phosphorus.  

Chernozems leached on loess loams, on 
the contrary, are characterized by a high humus 
content of 7.60 %, an almost neutral reaction, a 
big number of absorbed bases, and low provi-
sion of mobile nitrogen, exchangeable potas-
sium, and mobile phosphorus. 

Comparison of chernozems formed on mo-
rainic and loess loams highlights the low fertility 
of leached chernozems on morainic deposits. 
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