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Abstract: Agriculture is one of the leading branches of the economy in the 
Republic of Bashkortostan (Russia). Long-term agricultural use of land with the 
use of plowing has led to a decrease in the thickness of humus-accumulation 
horizon of soils, reduction of organic matter and nutrients. There is also a 
deterioration in water-physical properties, the development of water and wind 
erosion, and a decrease in productivity. Recently, the use of soil conservation 
farming systems has started, including the use of No-till system. This study 
presents the results of assessment of physical properties of agrochernozems 
under conditions of No-ill use. The physical properties of the soil, such as bulk 
density, humidity, temperature, structural and aggregate composition, were 
studied using methods and tools accepted in soil science. It is shown that in the 
upper soil layer (0-20 cm) there is an accumulation of soil moisture, the values of 
capillary and total moisture capacity, as well as bulk density are approach to the 
values of nature soil and are optimal for the growth and development of 
agricultural crops. Structural and aggregate composition is characterized by 
excellent aggregate state with their excessively high resistance to damaging 
effects of water. However, in a single case, the soil density increases to a depth 
of 45 cm. This fact was caused by the impact of heavy agricultural machinery. 
The declining of soil density can be achieved by treating it with a special 
bioorganic agent and growing perennial grasses. 
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Öz: Tarım, Başkurdistan Cumhuriyeti'nde (Rusya) ekonominin önde gelen 
dallarından biridir. Toprağın uzun süreli tarımsal kullanımı, toprağın humus 
birikimi horizon kalınlığının azalmasına, organik madde ve besin maddelerinin 
azalmasına neden olmaktadır. Ayrıca su-fiziksel özelliklerinde bir bozulma, su 
ve rüzgar erozyonunun artması ve verimlilikte bir azalma söz konusu olmaktadır. 
Son zamanlarda, toprak işlemesiz sistem kullanımı da dahil olmak üzere, toprak 
korumalı tarım sistemlerinin kullanımı başlamıştır. Bu çalışmada 
agrokernozemlerin fiziksel özelliklerinin toprak işlemesiz sistem kullanımı 
koşulları altında değerlendirilmesinin sonuçlarını sunmaktadır. Toprağın kütle 
yoğunluğu, nem, sıcaklık, yapısal ve agrega bileşimi gibi fiziksel özellikleri, 
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toprak biliminde kabul edilen yöntemler ve araçlar kullanılarak incelenmiştir. 
Üst toprak tabakasında (0-20 cm) toprak nemi birikiminin olduğu, kılcal ve 
toplam nem kapasitesi değerlerinin yanı sıra kütle yoğunluğunun doğadaki 
toprağının değerlerine yaklaştığı ve tarımsal ürünlerin büyümesi ve gelişmesi 
için en uygun olduğu gösterilmiştir. Yapısal ve agrega bileşimi, suyun zararlı 
etkilerine aşırı derecede yüksek dirençleri ile mükemmel agrega hali ile 
karakterize edilir. Ancak tek bir durumda toprak yoğunluğu 45 cm derinliğe 
kadar çıkmaktadır. Bu gerçek, ağır tarım makinelerinin etkisinden 
kaynaklanmaktadır. Toprak yoğunluğunun azalması, özel bir biyoorganik ajan ile 
muamele edilerek ve çok yıllık otlar yetiştirilerek sağlanabilir. 

  
 
1. Introduction 

 
Nowadays about 25% of the Earth's land surface and 40% of agricultural land are faced to 

intensive degradation. The environmental impacts of land degradation are extensive and include 
irreversible losses of soil, deteriorating water quality, reducing biodiversity, and deterioration of 
numerous ecosystem services. The global costs of land degradation in agriculture alone are 
approaching $500 billion. As a result, the United Nations General Assembly adopted a program in 
2015 aimed at combating desertification and reclaiming degraded land, in which sustainable land 
management is one of the proposed ways of implementing agricultural practices (Pacheco et al., 2018; 
Begum Nasir Ahmad et al., 2020). 

One of the most important land degradation processes in the world is soil erosion, which is 
considered a major threat to food security and human health. Ultimately, this will lead to a complete 
loss of the surface layer and, consequently, land fertility (Govers et al., 2014; Luetzenburg et al., 
2020). Research shows that land-use change can transform resilient agro-ecosystems into highly 
degraded ones in a relatively short period (Vanwalleghem et al., 2017). Erosion processes also 
correlate with slopes, height, precipitation, temperature, soil structure, and the degree of insolation 
(Nowak and Schneider, 2017; Bednář and Šarapatka, 2018). The political conditions and socio-
economic level of development in the region play an important role, which determines the structure 
and culture of land use, the size of cultivated fields, the choice of crops, the norms and quality of 
fertilizers used (Zambon et al., 2017; Bajocco et al., 2018; Baude et al., 2019; Vávra et al., 2019; 
Smetanová et al., 2019). 

It is known that erosion leads to a negative impact on the quality of agricultural soils, changes 
in chemical and biochemical properties, a decrease in the content of organic substances and basic 
nutrients, and changes in the total content of organic carbon content of humic acids and C:N ratio, 
levels decreases enzymatic and microbiological activity (Park et al., 2014; Sarapatka et al., 2018). At 
the same time, there is a transformation of temporal and spatial dynamics agrophysical properties, first 
of all, erosion and accumulative processes increase, power of humus accumulative horizon decreases 
(Gabbasova et al., 2016), soil bulk density and porosity change (Gurbanov, 2010), the soil structure 
becomes degraded and water resistance become essentially reduced (Travnikova et al., 2010; Babaev 
et al., 2015) and the hydrological regime become disrupted (Wilson et al., 2020). 

Recently, various soil-conservative land-use systems have been widely used in world 
agricultural practice, among which No-till is leading (Skaalsveen et al., 2020). A change from 
conventional tillage to No-till can improve soil carbon sequestration and resilience to erosion (Ferreira 
et al., 2020), and there is an increase in mobile phosphorus (Li et al., 2019), nitrogen and potassium 
(Sithole et al., 2019), the water-holding capacity of the soil and the rate of infiltration increase (Nunes 
et al., 2018), the structure of the soil improves and the biological activity increases (Piazza, 2020). 

Agriculture is one of the leading branches of the economics in the Republic of Bashkortostan 
(Russia). Agricultural lands occupy 50.2% in the land fund of the area, on average 65% of arable 
lands, 25% of pastures, and 9% of hayfields are represented in their composition. The diversity of 
natural and environmental conditions creates significant differences in the ratio of agricultural lands by 
natural and climatic zones. Thus, the areas of the Northern and Southern forest-steppe (73.4 and 
71.3%, respectively), then the Northeast forest-steppe (69.4%) and the Pre-Urals steppe (67.5%) are 
the most open. In the mountainous and forest zone, arable land occupies 25.7% of the area, in the 
plain-steppe Trans-Urals - 24.6%. The high degree of plowing and natural conditions under the 
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combined influence of economic activity create conditions for the development of both water and 
wind erosion of soils in almost all regions of the republic, 28% of the Republic's area (4030.4 
thousand ha) is subject to erosion, including 55% (3970 thousand ha) of agricultural land, including 
2451 thousand ha of arable land (57% of arable land), and another 2.7 million ha of land are erosive 
dangerous (Khaziev, 2012). 

According to the scheme of soil-agro ecological zoning of agricultural lands of Russia, the 
territory of the plain part of the Trans-Ural region of the Republic belongs to the steppe zone (B-VI) of 
intensive grain farming and meat and milk cattle breeding with a predominance of high humus soils of 
insufficient moisture supply (Vermic Chernozems, Calcic Chernozems, Gley Chernozems), eroded 
and an exposed to wind erosion deflated, with a spread in hydromorphic and semi-hydromorphic 
conditions of saline and Haplic Solonetz Albic soils and complexes with Haplic Solonetz Albic soils 
(Pankova and Novikova, 2000). 

To date, there is an alarming environmental situation in the Trans-Urals related to land use 
violations. As a result of the development of the nature lands in the 50s, the traditional system of 
environmental management with animal husbandry as the main branch of the economy was deformed. 
Steppes in Khaibullinsky, Baimaksky and Abzelilovsky districts were the most plowed and eroded. 
The plowing soil warms up strongly during the daytime insolation, which leads to their drying out and 
intense water loss. The humus in the soil is highly mineralized. Annual losses of humus reach one ton 
per hectare. Physical properties of soils and their structural condition deteriorate, the soil lumpiness of 
arable land increases, and an increase in soil density at a depth of one meter can be recorded (Khaziev, 
1997). 

Recently there has been a tendency to mainstream soil-conservation tillage systems into 
agricultural practice in the republic. Especially No-Till technology has been widely developed in the 
Trans-Urals region (Gabbasova et al., 2018). It was widely known that the application of No-Till 
technology first affects the physical properties of soils. Changes in soil structure (de Paula et al., 2020) 
and bulk density occur (Gürsoy and Türk, 2019). Some authors (Yin et al., 2020) have shown that No-
Till and mulching optimize soil temperature and help maintain soil moisture. Therefore, the purpose of 
our research was to evaluate the physical properties (density, humidity, temperature, structural and 
aggregate composition) of agronomic Calcic Chernozem under conditions of No-Till technology. 

 
2. Material and Methods 
 

The researches to study a physical properties of soils were conducted in the first decade of 
September 2019 in the territory of the agricultural production cooperative (APC) Krasnaya Bashkiriya, 
which is located in the Abzelilovsky district of the Republic of Bashkortostan within the plain Trans-
Urals (Fig 1). The APC is located in the steppe zone. The relief is a low plain. The climate is warm 
and dry. The sum of active temperatures is 2000-2200°C, average annual air temperature 
approximately 2°C, average temperature in July +18-19,5°C, average temperature in January -16°C. 
The annual sum of precipitation is 270-350 mm (Kadilnikov, 1964). 

The following soil pits were made on agricultural lands where No-till is used (Fig 1): 
Pit 1. No-till has been used since 1991, at the time of the soil physical properties study (2019) 

wheat (Triticum aestivum L.) was sown but has not yet been harvested, in 2018 sunflower Helianthus 
annuus L.)was grown (, sunflower crop residues after harvest were shredded and left on the soil 
surface, perennial grasses were grown from 1991 to 2012, and since 2011 there was rotation of corn, 
wheat and sunflower (N 53°26.642', E 58°51.663'). 

Pit 2. Control, forest belt, ordinary ash (Fraxinus excelsior L.), nature land (N 53°26.636', E 
58°50.970'). 

Pit 3. No-till has been used since 2009, wheat was grown in 2019, ordinary barley (Hordeum 
vulgare L.) was grown in 2018, after harvesting plant residues were shredded and left on the soil 
surface (N 53°23.545', E 58°47.420'). 

Pit 4. No-till has been used since 2010, peas (Pisum sativum L.) with mustard (Sinapis alba 
L.) were grown in 2019, wheat was grown in 2018, after harvesting plant residues were shredded and 
left on the soil surface (N 53°28.368', E 58°51.128'). 
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Pit 5. No-till has been used since 2010, melilótus (Melilotus albus Medik.) is grown since 
2017, after harvesting plant residues were shredded and left on the soil surface (N 53°32.697', E 
58°48.445'). 

In all studied agricultural lands, the seeds are sown directly using a special seed drill for No-
till technology to a depth of 2-3 cm. The construction of the seeder allows for sowing with 
preservation of plant residues and stubble, which has been preserved on the soil surface from previous 
crops. An obligatory element of such seeders is a thin press wheel following a thin anchor coulter that 
cuts a furrow at the desired depth. Harvesting and shredding of crop residue is carried out by 
specialized harvesting machines for each crop. 

The soil cover at all studied agricultural lands of identical and it is represented by agronomic 
weakly-medium eroded Calcic Chernozem (Fig. 2). The granulometric composition (was determined 
according to pipette method (Shein and Karpachevskii, 2007)) of the humus-accumulative horizon of 
soil is characterized as clay loamy texture class (sand - 21.7%, silt - 47.8%, clay - 30.5%), soil reaction 
- neutral (рНН2О - 6.9), the organic matter content is 38.9 (g kg–1 soil), alkaline hydrolyzable nitrogen 
– 166 (mg kg–1 soil) and available phosphorus – 1.9 (mg kg–1 soil) (Gabbasova et al., 2015) (Table 1). 

The physical properties of soils were determined by the methods generally accepted in soil 
science: the bulk density (has been determined by drilling), the categories of humidity (has been 
determined by water saturation and further weighing), structural-aggregate composition (has been 
determined by gravimetrical-sieve method), and water resistance of soil aggregates (has been 
determined by wet sieving) (Shein and Karpachevskii, 2007). Field moisture was determined using 
Soil Moisture Sensor SM 150 digital field moisture meter, soil penetration was measured from the soil 
surface to a depth of 45 cm in 2.5 cm intervals by using Soil Compaction Meter FieldScout SC 900 
equipped a metal rod with a cone (size 1/2 inch), soil temperature was measured by soil thermometer 
AM-6. Location map of the study area was created using Google maps service. Statistical analysis 
(mean, standard deviation, Student's t-test) was performed using MS Excel 2007. 

 

 
 

Figure 1. Map of the study area. 
 

 
Figure 2. Soil profile of agronomic Calcic Chernozem. 
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Table 1. Chemical properties of agrochernozem (averaged data) (Gabbasova et al., 2015) 

Determination Unit Horizon, depth, cm 
AUlc 0-26 ABCAlc 26-39 BCAnc 39-62 Cca 63-73 

pH H2O  6.9±0.1 7.6±0.3 8.2±0.2 8.2±0.1 
Corg g kg–1 soil 38.9±8.3 22.7±1.4 9.3±1.6 2.1±0.4 

N alkaline 
hydrolysable mg kg–1 soil 166±27.3 63±18,1 28±5.7 11±2.1 

P2O5 available mg kg–1 soil 1.9±1.1 0.8±0.2 0.4±0.2 0.3±0.1 
mean ± standard deviation, n = 6 

 
3. Results and Discussion 

 
The field surveys were carried out at the end of the growing season (the amount of 

precipitation for this period – 290 mm), as the investigated agricultural lands were located in 
comparable landscape and climatic conditions then soil profiles were characterizes by approximately 
one level of moisture. Therefore, the penetration resistance in the field condition was determined 
without measuring humidity. 

Determination of penetration resistance using penetrometer has shown that in almost all the 
fields studied, the values of resistance to penetration into the soil of a metal rod with a cone at the end 
to a depth of 20 cm are within the limits of normal (0-1379 kPa, Pit 3) or average growth of the root 
system (1379-2068 kPa, Pits 4 and 5). With depth, these indicators increase, which is generally 
characteristic of nature soils (Pit 2) (Fig. 3). At Pit 1, with a depth of 7.5 cm, there is a sharp increase 
in resistance values to ~ 4000-4500 kPa, the values of which are within the limits of bad (2068 and 
more kPa) root system growth and are preserved for the entire studied profile depth (up to 45 cm). 
This compaction can be the result of prolonged exposure to heavy agricultural machinery. Some works 
also note compaction in the No-till system (Gao et al., 2016; Ferreira et al., 2020) and it is particularly 
strong in arid climatic conditions (Radford et al., 2007; Lin & Chen, 2016). 

 

 
Figure 3. Vertical distribution of soils penetration resistance under No-till conditions. 

 
At the time of the survey, the lowest temperature in the upper surface of topsoil (0-20 cm) soil 

layer was observed in the area with unharvested wheat (Pit 1), the maximum values - in fields where 
crops have already been harvested (Pits 4 and 5). The temperature difference in these areas was ~ 
4.5°C (Table 2). We note that soil temperature is an important agro-meteorological indicator that is 
necessary for the effective activity of agricultural practices. The most interesting is the estimation of 
soil temperature in the upper layers of the soil profile where plant roots grow (Huang et al., 2020). 
Plant cover also has an impact on soil temperature and humidity. Of course, long spring-summer-
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autumn studies with the use of special equipment are necessary to study their seasonal fluctuations, as 
each period of the growing year has its specifics of soil-plant system functioning (Ni et al., 2019). 

 
Table 2. Water-physical properties of soils under No-till conditions 

Depth,  
cm 

Temperature, 
С° 

Bulk density, 
g cm-3 

Field  
moisture (gravimetric), % 

Moisture content, % 
Capillary Total 

Pit 1 
0-10 8.9±0.7 1.16±0.10 39.3±5.4 42.2±11.5 50.2±11.1 

10-20 1.28±0.04 29.2±3.4 38.6±2.4 42.6±1.3 
Pit 2 

0-10 10.1±0.8 1.09±0.04 16.9±2.9 47.3±3.5 65.4±3.2 
10-20 1.24±0.04 20.0±6.9 37.9±1.8 46.7±0.6 

Pit 3 
0-10 11.2±0.07 1.13±0.02 37.2±1.3 43.4±1.1 54.5±1.3 

10-20 1.19±0.05 37.5±0.6 35.8±1.0 48.3±1.7 
Pit 4 

0-10 13.3±0.07 1.15±0.10 26.5±5.9 38.4±4.7 49.7±7.3 
10-20 1.33±0.05 20.2±2.9 34.5±1.7 37.3±1.9 

Pit 5 
0-10 13.5±0.07 1.17±0.01 34.2±1.9 32.9±2.5 46.0±2.0 

10-20 1.33±0.03 23.8±4.2 33.0±1.0 39.4±1.4 
mean ± standard deviation, n = 5 

 
In the surveyed areas, the values of field moisture were significantly higher than those of 

nature soils, especially in the 0-10 cm layer (by about 10-20%) (Table 2). At the same time, moisture 
content categories (capillary and total) were slightly lower than that of the nature soil, which is 
probably due to some increase in bulk density, but in general, these indicators are within the limits 
typical for soils in the region (Gabbasova et al., 2015). 

The analysis of the structural and aggregate composition of the studied soils showed that the 
share of aggregates of the agronomically valuable range (10-0.25 mm) in the soils of agricultural land 
is ~ 71-76% (respectively, the aggregation coefficient 2.42-4.26 at 8.62 on nature soil (t-empirical – 
23.2, t-critical – 3.71, p≤0.01)) and is characterized as "excellent aggregate state", which indicates the 
formation of an optimal hydrological and aeration regime of agricultural plants (Fig. 4). The 
agronomic value of a structure is determined by its water resistance, which is calculated based on the 
sum of units >0.25 mm, obtained after „wet” sifting. The share of water-resistance units of the studied 
soils was ~80-90% (respectively, water-stability factor – 0.83-0.89 at 0.93 on the nature soil (t-
empirical – 7.0, t-critical – 3.71, p≤0.01))), which characterizes the structure of the soil as “excessively 
high” and give possibility to predict that soil will be stable to water erosion. (Fig. 5) (Shein and 
Karpachevskii, 2007). Some authors (Ferreira et al., 2020) note that prolonged use of No-till increased 
the content of organic carbon particles, mineral-bound organic substances and humic as a result of the 
constant flow of plant residues into the surface layers, which contributed to the increase in physical 
and chemical aggregation of the soil and the increase in its water content. Compared to other systems, 
No-till increased the electrical conductivity, cation exchange capacity, total nitrogen and total organic 
carbon in the uppermost soil layer (Neugschwandtner et al., 2020).  
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Figure 4. Structural and aggregate composition of soils in the layer of 0-20 cm. 

 
Figure 5. Water-stable aggregate fractions of soils in the layer of 0-20 cm. 
 
4. Conclusions 
 

Long-term use of farming systems with the use of plowing, especially in the arid climate of 
the Trans-Urals (Russia, Republic of Bashkortostan) has led to the degradation of the soil cover. There 
is a development of erosion, a decrease in the thickness of humus-accumulation horizon, reduction of 
humus and nutrients contents, deterioration of water and physical properties in the soil which 
ultimately leads to a decrease in yield and economic efficiency. Therefore, many agricultural 
enterprises began to use soil-saving technologies, including No-till. 

The studies carried out on the study of physical properties of soils in APC Krasnaya 
Bashkiriya (Abzelilovsky district of the Republic of Bashkortostan) showed that as a result of the 
switching to the use of No-till, soil moisture is preserved and increased. The values of the capillary 
and total moisture capacity, as well as the bulk density in the upper layer of 0-20 cm of 
agrochernozem, approach the values of nature soil. 

The measurement of soil resistance to penetration of a metal rod with a cone at the end from 
the surface to a depth of 45 cm showed that the soil density indicators correspond to the nature lands 
and are within optimal limits for growth and development of agricultural plants. In one of sites, which 
is treated by the No-till system approximately 30 years, there is a critical level of compaction from a 
depth of 10 cm, which is obviously due to the type of crops grown and the long-term impact of heavy 
agricultural machinery. 

Structural and aggregate composition of agrochernozems in condition No-till system is 
characterized by excellent aggregate state with their excessively high resistance to damaging effects of 
water. 
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