Pre prints.org

Article Not peer-reviewed version

Impact of Reduced Tillage Systems and
Straw Incorporation on Soil Properties
and CO2 Emissions

Ausra SinkeviCiené , Alfredas SinkevicCius , Vaclovas Boguzas , Vaida Steponaviciené i

Posted Date: 31 December 2024
doi: 10.20944/preprints202412.2608.v1

Keywords: shear resistance; CO2 emissions; soil; tillage; soil temperature; soil moisture

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/1458380
https://sciprofiles.com/profile/1162420
https://sciprofiles.com/profile/1576900

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 December 2024 d0i:10.20944/preprints202412.2608.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Impact of Reduced Tillage Systems and Straw
Incorporation on Soil Properties and CO:2 Emissions

Ausra Sinkeviciené, Alfredas Sinkevicius, Vaclovas Boguzas and Vaida Steponaviciené *

Affiliation 1

* Correspondence: vaida.steponaviciene@vdu.lt

Abstract: The aim is to investigate the long-term impact of tillage technologies combined with the
continuous application of straw and green manure on the sustainability of agroecosystems. Methods:
Soil shear resistance was determined in the 0-10 and 10-25 cm soil layers with a Geonor 72,410
hardness tester after the sowing of spring rape and barley or after the resumption of winter wheat
vegetation (beginning, middle, and end of the vegetation period) at 10 locations in the field. Soil
moisture and temperature were measured in the 0-10 cm soil layer in 10 field locations. A portable
soil respiration system LI-8100A with camera 8100-103 was used. Soil moisture was measured with
the appendage 8100-204 and soil temperature—with the appendage 8100-203. The measurements
started after the sowing of spring rape and barley, before harvest, or after the resumption of winter
wheat vegetation and were carried out until autumn at fortnightly intervals in ten locations in the
field. Soil COz emission (umol m=2 s™) was determined by IRGA (Infrared Gas Analyzer). A portable
soil respiration system LI-8100A with camera 8100-103 was used. Results: The results showed that
reduced tillage systems, compared to conventional deep plowing, resulted in higher soil moisture
retention and lower CO:z emissions, showing potential for sustainable agroecosystem management.
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1. Introduction

Mechanical tillage affects all the physical properties of the soil, such as soil moisture, the weather
regime, nutrient supply to plants, etc. Soil’s physical properties affect the formation of the biological
potential of the crop and its yield. Soil shear resistance is dependent on many factors: humus content,
soil granulometric composition, porosity, hardness, density, as well as freeze-thaw processes [1]. Soil
shear resistance is influenced by the geometry (root diameter and length) and distribution of plant
roots and rooting characteristics [2].

Soil physical properties are altered by the simplification of tillage and direct sowing into stubble
[3,4]. Report that in a light loam on sandy loam underlain by morainic clay in a deeper gleyic
saturated loamy soil, replacing deep plowing (23-25 cm) with shallow plowing (12-14 cm) or deep,
shallow, no-till technology did not result in any significant difference in soil moisture at different
stages of the development of a barley crop [5].

Research has shown that the application of no-till technologies conserves soil moisture [6,7],
which is one of the main factors determining the productivity of crops [8]. Was found that deep and
shallow loosening increased the moisture content in the upper layer of the soil studied, while the
opposite trend was observed in the deeper (10-25 cm) layer [9,10]. With decreasing tillage intensity,
the moisture content of the soil layer decreased from 14.1 to 13.7%. The moisture content also
decreased in the 10-15 cm soil layer in a similar study, obtained the same trends [11].

Ambient temperature is related to soil temperature [12,13]. Intensive tillage practices warm the
soil more quickly. Minimum tillage ensures optimal soil temperature conditions during the plant
vegetation period [14]. Soil temperature influences many processes that occur in nature [15]. Soil
temperature influences the rate and energy of root system development in cultivated plants. The
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subsequent growth and development of the plant depend on the root system [16]. Biochemical
processes, such as the transport of dissolved organic carbon, are dependent on soil temperature [17],
and the length of the crop vegetation period is also dependent on soil temperature [15,18,19], the
duration of decomposition of soil organic matter [20], the rate of mineralization [17] (Haei et al., 2013),
and the uptake of nutrients by plants [21,22].

With the changing climate, especially the drying of the climate, the European Environment
Agency and the Centre for Environmental Research emphasize the importance of studying the water
content of arable soils to increase soil moisture through agriculture. Research on soil moisture
conservation is currently one of the most important topics [23].

Carbon stocks and soil physical properties are also affected by the tillage intensity. Research
suggests that improving plant organic nutrition could improve the sustainability of agroecosystems.
The use of crop residues needs to be optimized under Lithuanian soil and climate conditions [24].

Scientists argue that correct agronomic practices through farming systems can improve the
carbon exchange between the soil and the atmosphere, increasing C sequestration and reducing CO:
emissions to the atmosphere [25-27].

Agricultural activity alters the nature and intensity of COz, N0, CHs gas cycling, plant
productivity, and photosynthetic activity [28-30]. The results obtained by researchers are very
contradictory: some claim that the intensification of agricultural activity increases the intensity of
GHG fluxes [31-33], while others claim that it reduces it [32], or that there is no difference in GHG
concentrations [34].

COz can accumulate in the soil and act as a source of gas emissions. Photosynthesis contains
organic matter and CO:z is incorporated as organic carbon. Deep plowing disrupts the soil structure
and increases soil aeration, plant residues are incorporated into the soil mineralization and organic
carbon oxidation processes, and more CO: is released from the soil. By direct sowing into
uncultivated soils and leaving all crop residues on the soil surface, we can increase the carbon content
of the topsoil [35]. The release of CO:2 from the soil is enhanced by soil microflora, fauna, and plant
roots [36]. Soil carbon is limited and is part of the total carbon cycle. Carbon moves through the
atmosphere, the terrestrial biosphere, and the oceans. Nature has a unique carbon cycle: plants absorb
CO: from the atmosphere through photosynthesis, make their tissues from the carbon, and return it
to the atmosphere when they die. CO: stays in the atmosphere for quite a long time (50 to 200 years),
depending on how quickly it is returned to the land or oceans. About 60% of greenhouse gases are
carbon dioxide. To reduce the greenhouse effect, it is necessary to sequester carbon in the soil. This
can be done by incorporating manure or crop residues into the soil, increasing biodiversity, or using
organic mulches [37].

The use of simplified tillage systems or direct sowing into uncultivated soil preserves the basic
mechanical and physical soil properties and reduces labor time, fuel consumption, and costs. No-
tillage reduces negative environmental impacts and the release of greenhouse gases from the soil [38].
The argue that intensive tillage increased CO: emissions from soil. Other researchers have argued
that no-tillage reduces the release of CO: from soil [39]. Argue that COz emissions depend not only
on the choice of tillage method but also on the soil composition [40].

Continuous deep tillage harms many soil properties: it promotes the formation of a soil tread at
the boundary between the soil and the subsoil, and it decreases the humus content, which leads to
lower yields of crops [41].

The Aim to evaluate the long-term impact of different tillage technologies combined with the
continuous application of straw and green manure on soil physical and chemical properties and CO,
emissions, aiming to identify sustainable agricultural practices that ensure agroecosystem stability
and productivity.
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2. Materials and Methods

2.1. Study Sites

The stationary experiment was set up in 1999 at the Experimental Station of VMU Agriculture
Academy. The studies were carried out in 2019-2023. The field soil of the experiment is a deeper
gleyic saturated loamy soil according to the Lithuanian soil classification (LTDK-99) [42], and
according to the international classification (IUSS Working Group WRB, 2022) it is Epieutric
Endocalcaric Endogleyic Planosol (Endoclayic, Aric, Drainic, Humic, Episiltic).

Experimental variants. The experiment was set up in a split-plot design with 4 replicates, and 48
fields in total. The size of the fields was 102 m2 (6 m x 17 m) for the baseline and 30 m2 (15 m x 2.0 m)
for the reference. In the experiment, the crops were heated in the following order: spring rape, winter
wheat, barley. In one part of the experiment, the straw was removed (50) and in the other part it was
chopped and spread (S1). All tillage systems were tested in both the no-straw and the straw-spread
backgrounds.

Factor A. Straws

Without straw (S0);

2. Straw chopped and spread (51).
Factor B. Tillage systems
Stubble shaved and plowed in autumn at a depth of 23-25 cm (control, deep plowing, CP);
Stubble shaved and plowed in autumn at a depth of 10-12 cm (shallow plowing, SP);
3. Stubble shaved in autumn with a disc cultivator to a depth of 8-10 cm (shallow cultivation in
autumn, SC);
4. Stubble left over winter and shaved before sowing with a disc cultivator at a depth of 4-5 cm
(stubble left over winter, SOW);
5. Direct sowing of cover crops on uncultivated land and shallow loosening with a disc cultivator
to a depth of 4-5 cm (no-till with cover crops, NTC);
6. Direct sowing on uncultivated land without cover crops (NT).
After harvesting the pre-crop (except for spring rape), the straw was removed in one part of the
experiment (S0) and chopped and spread in the other part (S1). All tillage systems were investigated
in both the background without straw and the background with straw spread.

2.2. Soil Shear Resistance

Soil shear resistance was determined in the 0-10 and 10-25 cm soil layers with a Geonor 72,410
hardness tester after the sowing of barley or after the resumption of winter wheat vegetation (at the
beginning, middle, and end of the vegetation period) at 10 locations of the reference field. However,
in 2019, it was impossible to determine the shear resistance due to unfavorable climatic conditions.

2.3. Soil Temperature and Moisture

Soil moisture and temperature were measured in the 0-10 cm soil layer at 10 field locations. A
portable soil respiration system LI-8100A with camera 8100-103 was used. Soil moisture was
measured with the appendage 8100-204 and soil temperature—with the appendage 8100-203. The
measurements started after the sowing of spring rape and barley, before harvest, or after the
resumption of winter wheat vegetation, and were carried out until autumn at fortnightly intervals in
ten locations in the field.

2.4. CO2 Emissions from Soil

CO2 emissions (pmol m= s™) from soil were determined by the IRGA (Infra-Red Gas Analyzer)
method. A portable soil respiration system LI-8100A with camera 8100-103 was used. In each
reference field, 20 cm diameter rings were staked in the spring, and measurements were taken at the

d0i:10.20944/preprints202412.2608.v1
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beginning, middle, and end of the vegetation period. CO: emissions from the soil were measured
from 8 a.m. to 11 a.m. and from 2 p.m. to 5 p.m.

2.5. Statistical Analysis

Experimental data were analyzed using a two-factor analysis of variance (ANOVA) based on
the methodology using the SYSTAT 12 statistical software package, version 12 (SPSS Inc., Chicago,
IL, USA). The significance of differences among the treatments was determined using the least
significant difference (LSD) test. The inter-causality of the tested variables was estimated through the
correlation-regression analysis method using STAT ENG software. The probability levels indicating
significant differences between specific treatments and the control treatment were denoted as
follows: *—when 0.010 < p < 0.050 (significant at the 95% probability level); **—when 0.001 <p <0.010
(significant at the 99% probability level); and ***—when p <0.001 (significant at the 99.99% probability
level).

3. Results and Discussion

3.1. CO2 Emissions from Soil

During the 2019 spring rape vegetation period (24 May, 26 July), measurements in fields without
straw (50) and no-till (CP), no-till with cover crops (NTC), and no-till with cover crops (NTC) resulted
in a higher release of CO: from the soil by 5.2% to 12.6% (Figure 1).
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Figure 1. CO:z emission from the soil in spring rape crop 2019. Note: Factor A: S0—Without a straw, S1—With a
straw. Factor B: CP—Conventional plowing, NTC —No-till with cover crops, NT—No-till without cover crops.
No significant differences at p > 0.05.

However, measurements in the middle of the crop vegetation period (26 June) showed the
opposite trend. During the period studied (24 May, 26 June), in the fields where the pre-crop straw
was chopped and spread (S1), the no-till technology with cover crops (NTC) showed a higher CO2
emission (from 4.1 to 40.0%). The measurements on 26 July in the fields with no-till with cover crops
(NTC) and no-till without cover crops (NT) showed a lower CO2 emission from the soil of 18.5 to
22.1%.

During the 2020 winter wheat vegetation period (10 May, 27 April, 10 August), measurements
on fields where straw was removed (S0) and chopped and spread (51) by no-till with cover crops
(NTC) showed an increase of 1.1 to 1.6% in the release of CO: from the soil in comparison to deep
plowing (CP) (Figure 2).
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Figure 2. CO:z emission from the soil in winter wheat crop in 2020. Note: Factor A: SO—Without a straw, S1—
With a straw. Factor B: CP—Conventional plowing, NTC—No-till with cover crops, NT—No-till without cover
crops. No significant differences at p > 0.05; Fisher LSD test vs. control.

The application of no-till technology without cover crops (NT) revealed quite different trends.

In a study from 2013 to 2015, it was found that straw incorporation had no significant effect on
the release of CO2 from the soil compared to deep plowing [43]. Similar results were obtained in our
experiment. In 2019 and 2020, no significant differences were found in all fields where different tillage
systems were applied. These observations support the results reported who suggested that such
changes in CO2 emissions during the growing season may be related to root and soil respiration rates
[44].

In the spring barley vegetation period of 2021 (12 May), measurements in fields where straw
was removed (S0) and chopped and spread (S1) using no-till without cover crops (NT) and with cover
crops (NTC) showed a higher release of CO: from the soil (between 1.6% and 2.5%) in comparison to
deep plowing (CP) (Figure 3).
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Figure 3. CO2 emission from the soil in spring barley crop in 2021. Note: Factor A: S0—Without a straw, S1—
With a straw. Factor B: CP—Conventional plowing, NTC—No-till with cover crops, NT—No-till without cover
crops. Differences significant at *—p < 0.05 > 0.01, ***—p < 0.001.
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Measurements made later (17 July, 3 August) showed that no-till with cover crops (NTC) and
no-till without cover crops (NT) showed a lower release of CO: from the soil (between 1.6% and 2.4%)
compared to deep plowing (CP) fields.

The release of COz in the soil occurs as a result of biochemical processes closely related to the
biological activity of microorganisms and root respiration. Autotrophic soil respiration originates
from roots and the rhizosphere and is most affected by fine root biomass, soil temperature, C
partitioning, and nutrient availability [45,46]. CO2 emissions from the soil are an important indicator
for assessing the environmental impact of tillage practices. Our data show that the use of minimum
tillage and leaving straw residues in the soil resulted in significantly lower CO2 emissions compared
to conventional deep plowing. These results are similar to the findings of and other researchers
[47,48], who suggest that the accumulation of organic matter in the soil and lower soil mechanical
compaction reduces microbial activity and thus CO2 emissions.

In 2019, in the fields where the straw was chopped and spread (S1), a linear, very strong,
negative, and statistically significant correlation between soil CO:z emission (24 May 2019), (26 June
2019) and density (30-35 cm), (5-10 cm) was established (r = -0.99, y = 7.824 - 2.627x, p < 0.05), (r =
-0.99, y=1.663 - 0.09x, p <0.05). A linear, very strong, negative, and statistically significant correlation
was found between the soil CO2 emission (26 June 2019) and the stocks of microbiota (0-10 cm) (r =
-0.99, y = 956.263 - 128.526x, p < 0.05) as well as stocks of microbiota (10-25 cm) (r =-0.99, y = 528.316
- 88.632x, p < 0.05). A linear, very strong, positive, and statistically significant correlation between
soil CO2 emission (26 June 2019) and water retention (-4 hPa) (5-10 cm) was found, as well as water
retention (—10 hPa) (5-10 cm) (r = 0.99, y = 0.272 + 0.034x, p < 0.05).

In 2020, in the fields where the straw was chopped and spread (S1), a linear very strong, positive,
and statistically significant correlation was found between soil CO2 emissions (27 May 2020) and
mobile humic substances (10-25 cm) (r=1.0, y = 4.853 + 13.141x, p < 0.01).

In 2021, in the fields where the straw was removed (S0), a linear, very strong, positive, and
statistically significant correlation was found between soil CO:2 emission (12 May 2021) and organic
carbon content (0-10 cm) (r =0.99, y =-2.479 + 2.322x, p < 0.05), as well as organic carbon stocks (0-10
cm) (r=0.99, y = -2.462 + 0.17x, p < 0.05). The data are from the dissertation [47].

3.2. Soil Shear Resistance

For the 2020 winter wheat crop, it was found that for the whole study period, soil shear resistance
was 1.1 to 1.3 times higher in the soil layers with the straw removed (50) when the shallow autumn
cultivation (SC) was applied compared to deep plowing (CP) (Figure 4). In the previous year of our
study (2014), we found similar trends when the same crop was grown (adapted from Steponaviciené
et al. 2020). Measurements taken on 27 May in fields where straw was removed (SO) and where straw
was chopped and spread (S1) using no-till with cover crops (NTC) and without cover crops (NT) and
leaving stubble over winter (SOW) showed a significantly higher soil shear resistance of 1.3 to 1.5
times in the soil layers studied compared to deep plowing (CP). In our previous studies, it was found
that, in the winter wheat crop, different tillage technologies had a significant effect on the soil shear
resistance in both the 0-10 and 10-25 cm soil layers tested. Compared to deep plowing, simplified
tillage systems increased soil shear resistance in the 0-10 cm soil layer from 14.6% to 64.5% and in the
deeper 10-25 cm layer—from 49.8% to 71.7% (see publication II) [49]. Based on these data, recent
studies have revealed the different effects of different tillage methods on soil strength and structure.
Their study compared different tillage practices with conventional tillage and found that all other
tillage systems significantly increased soil shear strength [50].

Researchers found that soil shear resistance was significantly higher in both fields with straw
removed and straw chopped and spread under different reduced tillage systems [51]. Other states
that a considerable influence of tillage systems was found in the upper (0-10 cm) soil layer studied
[52]. Significantly higher soil shear resistance was found in the soil shallowly cultivated in autumn
with a cultivator with flat-cut colters and disc implements, shallowly with a rotary cultivator before

d0i:10.20944/preprints202412.2608.v1
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sowing cultivated soil, after shallow application of green manure with a rotary cultivator in spring,
and in direct sowing in uncultivated soil compared with deep plowing.
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Figure 4. Soil shear resistance in different soil layers in 2020-2021 (2014-2015). Note: Factor A: SO—Without a
straw, S1—With a straw. Factor B: CP— Conventional plowing, SP—Shallow plowing, SC—Shallow cultivation,
SOW —Stubble over winter, NTC—No-till with cover crops, NT—No-till without cover crops. Differences
significant at *—p < 0.05 > 0.01, **—p < 0.01 > 0.001 and **—p < 0.001.

In 2021, measurements in spring barley crops on 12 May and 3 August in the fields where straw
was removed (S0) and where it was chopped and spread (S1) using both no-till with cover crops
(NTC) and without cover crops (NT) and leaving stubble over winter (SOW), the soil layers studied
showed a shear resistance of 1.0 to 1.5 times higher than that of the deep plowing (CP) method (Figure
4). Similar trends were found in the upper soil layer during the studies in 2015 (adapted from
Steponavidiené et al., 2020). In the deeper soil layer, no soil shear resistance was determined due to
unsuitable meteorological conditions and very hard soils. In our previous studies, we found that the
influence of tillage systems on shear resistance, compared to deep plowing, in the upper 0-10 cm soil
layer studied, was significantly higher after loosening the soil with a rotary cultivator before sowing
-12.9%; 14.0% after shallow application of green manure with a rotary cultivator in the spring; and
11.3% after direct sowing in uncultivated fields (see Paper II) (Steponaviciené et al., 2020). However,
measurements in these fields on 17 July showed the opposite trend. These findings highlight the
positive effect of straw incorporation into soil on shear strength [53].

Shear resistance was one of the main indicators of soil physical properties measured. Our data
show that minimum tillage and the use of cover crops reduce soil density and shear resistance,
making it easier for plant roots to grow. This result is consistent with studies who also reported that
minimum tillage improves soil porosity and structure [25,32]. However, it should be stressed that
some of our results show a higher shear resistance in shallow plowing zones, which may be related
to inadequate plowing depths or soil compositional characteristics. Similar results, where minimum
tillage did not provide the expected benefits, are found in the studies [54,55].

In the fields where straw was chopped and spread (51), a linear very strong negative, and
statistically significant correlation was found between soil shear resistance (2020) (r =-0.99, y = 81.06
—10.941x, p <0.01) and the organic carbon content (r =-0.99, y = 681.25 — 0.81x, p < 0.05) in the organic
carbon pool in the 0-10 cm soil layer. The data are from the dissertation [47].

3.3. Soil Moisture

Soil moisture is an important factor in assessing soil health and has a major impact on plant
development. Water supply plays a critical role in facilitating crop physiological processes [56].
During the 2019 spring rape vegetation period (24 May, 26 June, and 26 July), measurements in the
fields where straw was removed (S0) using no-till without cover crops (NT) showed a higher soil
moisture content (between 0.02 and 1.26 percentage points) compared to the deep plowing (CP) fields
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(Figure 5). Similar results were found [57] i.e., that reducing tillage intensity improves soil moisture

retention.
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Figure 5. Soil moisture during the plant vegetation period in 2019. Note: Factor A: SO—Without a straw, S1—
With a straw. Factor B: CP— Conventional plowing, NTC—No-till with cover crops, NT—No-till without cover
crops. Differences significant at **—p < 0.01 > 0.001.

During the study period (24 May, 26 June), higher soil moisture content (between 0.59 and 1.85
percentage points) was found in the fields where the straw was chopped and spread (S1), in the no-
till without cover crops (NT) and with cover crops (NTC). On 24 May, in the no-till with cover crops
(NTC) fields, the soil moisture content was significantly higher (0.82 percentage points) compared to
deep plowing (CP) (Figure 5).

In the 2020 winter wheat vegetation period (10 April), measurements in the fields where straw
was removed (50) with no-till without cover crops (NT) and with cover crops (NTC) showed a
significantly lower soil moisture content of 1.25 to 1.45 percentage points compared to deep plowing
(CP) fields (Figure 6). Measurements taken later (27 May, 10 August) showed an increase in soil
moisture (from 0.68 to 1.43 percentage points) in the simplified tillage systems compared to the deep

plowing (CP) fields.
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Figure 6. Soil moisture during the plant vegetation period in 2020. Note: Factor A: SO—Without a straw, S1—
With a straw. Factor B: CP—Conventional plowing, NTC —No-till with cover crops, NT —No-till without cover
crops. Differences significant at *—p < 0.05 > 0.01, **—p < 0.01 > 0.001 and **—p < 0.001.
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In the 2020 winter wheat crop, measurements of soil moisture content on 10 April in the fields
where straw was chopped and spread (S1) using no-till with cover crops was significantly higher
(0.74 percentage points). The measurements on 10 August showed a significantly higher soil moisture
content (3.42 to 4.58 percentage points) in the fields with cover crops (NTC) and without cover crops
(NT) compared to deep plowing (CP) (Figure 6).

In the spring barley vegetation period in 2021 (17 July), measurements in the fields with removed
straw (S0) using no-till without cover crops (NT) and with cover crops (NTC) technologies showed a
significantly lower soil moisture content (1.51 to 2.38 percentage points compared to the deep
plowing (CP) (Figure 7). Measurements taken later (3 August) showed an increase in soil moisture
(from 0.74% percentage points) in the no-till with cover crops (NTC) compared to deep plowing (CP)

fields.
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Figure 7. Soil moisture during the plant vegetation period in 2021. Note: Factor A: SO—Without a straw, S1—
With a straw. Factor B: CP—Conventional plowing, NTC —No-till with cover crops, NT —No-till without cover
crops. Differences significant at *—p < 0.05 > 0.01, **—p < 0.01 > 0.001 and **—p < 0.001.

In the spring barley crop, measurements (12 May, 17 July, 3 August) in the fields where straw
was chopped and spread (51) using no-till with cover crops (NTC) and no-till without cover crops
(NT) showed a lower soil moisture content (0.10 to 3.35 percentage points) compared to deep plowing
(CP) (Figure 7).

Soil moisture is an important indicator for evaluating tillage systems, especially during drought.
Our data show that leaving straw residues and cover crops helps to conserve higher soil moisture.
Our results are in line with other researchers [18,19], who showed that the use of organic mulches
and the retention of soil cover can significantly improve soil water content. However, it is important
to note that different agroecological conditions may lead to different results and further research is
needed to assess the effectiveness of these methods in different environments [58,59].

In 2019, a linear very strong negative and statistically significant correlation (r = 0.99, y =-22.421
- 0.048x, p < 0.05) was found between soil moisture (26 July 2019) and the persistence of aggregates
in the 0-10 cm soil layer in the fields where straw was removed (S0). In the fields where straw was
chopped and spread (S1), a linear very strong positive, and statistically significant correlation was
found between soil moisture (26 June 2019) (r =0.99, y = 6.129 + 4.861x, p < 0.05) and organic carbon
content (r =0.99, y = 6.113 + 0.239x, p < 0.05) in the organic carbon pool in the 10-25 cm layer of soil.
A linear very strong negative and statistically significant correlation was found between soil moisture
(26 July 2019) (-r=1.0, y = 22.324 - 2.282x, p < 0.05) and soil density (15-20 cm).

In 2020, in the fields from which straw was removed (S0), a linear very strong positive and
statistically significant correlation was found between soil moisture (10 August 2020) (r = 1.0, y =
220.861 + 0.05x, p < 0.05) and organic carbon content (10-25 cm) (r = 1.0, y = 20.861 + 0.05x, p < 0.05) as
well as organic carbon stocks. In the fields where straw was chopped and spread (S1), a linear very
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strong positive, and statistically significant correlation was found between soil moisture (10 August
2020) (r=0.99, y = 14.927 + 22.0x, p < 0.05) and mobile humic substances in the 10-25 cm soil layer.

In 2021, a linear very strong positive and statistically significant correlation was found between
soil moisture (12 May 2021) (r=1.0, y =10.258 + 0.003x, p <0.01) and the crop emergence after 10 days
in the fields where straw was removed (S0). In the fields where straw was chopped and spread (51),
a linear very strong positive, and statistically significant correlation was found between soil moisture
(12 May 2021) and spring barley yield (r = 0.99, y = 10.269 + 0.184x, p < 0.05). A linear, very strong
positive, and statistically significant correlation was found between soil moisture (17 July 2021) (r =
0.99, y =—46.145 + 4.782x, p< 0.05) and spring barley yield. The data are from the dissertation [47].

3.4. Soil Temperature

Soil temperature is a critical factor in agricultural activities because it affects seed germination,
composition, flowering, and various plant developmental activities [60]. During the 2019 spring rape
vegetation period (24 May, 26 July), measurements in fields with straw removed (S0) and no-till
technologies without cover crops (NT) as well as with cover crops (NTC) showed lower soil
temperatures (1.05 to 8.81%) compared to deep plowing (CP) fields (Figure 8). The measurements
taken on 26 June showed higher soil temperatures (8.81 to 16.78%) in the reduced tillage fields.
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Figure 8. Soil temperature during the plant vegetation period in 2019. Note: Factor A: S0—Without a straw, S1—
With a straw. Factor B: CP— Conventional plowing, NTC—No-till with cover crops, NT—No-till without cover
crops. Differences significant at **—p < 0.01 > 0.001.

In the spring rape crop, measurements (24 May, 26 June, 26 July) in the fields where the pre-crop
straw was chopped and spread (S1) using the no-till technology without cover crops (NT) showed a
lower soil temperature (1.50 to 4.34%) compared to the deep plowing (CP) (Figure 8).

During the 2020 winter wheat vegetation period (10 August), measurements in fields where
straw was removed (S0) and chopped and spread (S1) using no-till technology without cover crops
(NT) and with cover crops (NTC) showed significantly lower soil temperatures (11.53 to 14.26%)
compared to deep plowing (CP) fields (Figure 9).
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Figure 9. Soil temperature during the plant vegetation period in 2020. Note: Factor A: S0—Without a straw, S1—
With a straw. Factor B: CP—Conventional plowing, NTC—No-till with cover crops, NT—No-till without cover
crops. Differences significant at *—p < 0.05 > 0.01, **—p < 0.01 > 0.00.

During the whole study period (10 April, 27 May, 10 August), the soil temperature was lower
(0.68 to 1.43%) in the fields where straw was removed (S0) using no-till with cover crops (NTC)
compared to the deep plowing (CP) fields (Figure 9).

In the spring barley vegetation period of 2021 (12 May), measurements in the fields where straw
was removed (S0) using no-till without cover crops (NT) and no-till with cover crops (NTC) showed
significantly higher soil temperatures (51.95 to 53.25%) compared to the deep plowing (CP) fields

(Figure 10).
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Figure 10. Soil temperature during the plant vegetation period in 2021. Note: Factor A: SO—Without a straw,
S1—With a straw. Factor B: CP—Conventional plowing, NTC—No-till with cover crops, NT—No-till without
cover crops. Differences significant at ***—p < 0.001.

In the spring barley crop, measurements (12 May, 17 July, 3 August) in the fields where straw
was chopped and spread (S1) showed quite different trends. Measurements on 3 August in the no-
till without cover crops (NT) and no-till with cover crops (NTC) fields showed lower soil
temperatures (0.88 to 1.68%) compared to deep plowing (CP) (Figure 10).

Our study shows that sustainable tillage practices can have a positive impact on soil properties
and reduce negative environmental impacts. However, local soil and climatic characteristics, as well
as different agrotechnical conditions, need to be considered to fully assess the sustainability and
effectiveness of these systems. Such an approach allows for a better understanding and
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implementation of agricultural practices that not only improve plant productivity but also contribute
to environmental protection.

In 2019, in the fields where straw was chopped and spread (S1), a linear very strong positive and
statistically significant correlation was found between soil temperature (26 June 2019) (r =0.99, y =
15.01 +0.039x, p < 0.05) and the sucrase activity in the 0-10 cm soil layer.

In 2020, in the fields where straw was removed (S0), a linear very strong negative and statistically
significant correlation was found between soil temperature (10 August 2020) (-r = 1.0, y = 30.733 -
3.773x, p < 0.05) and the organic carbon content in the 0-10 cm soil layer and the organic carbon
accumulation in the 0-10 cm soil layer (-r =0.99, y = 30.695 — 2.760x, p < 0.05).

In 2021, a linear very strong positive, and statistically significant correlation was found between
soil temperature (12 May 2021) and the sucrase activity (r = 1.0, y = 9.56 + 7.977x, p < 0.01) in the 10—
25 cm soil layer as well as the urease activity in the 0-10 cm layer (r =0.99, y = 4.735 + 0.196x, p < 0.05)
in the fields where straw was removed (S0). A linear very strong negative and statistically significant
correlation was found between soil temperature (12 May 2021) (r = 1.0, y = 66.228 — 151.68x, p < 0.01)
and the water temperature (-4 hPa) in the 5-10 cm soil layer. The data are from the dissertation [47].

4. Conclusions

A long-term study has shown that different tillage systems, including deep and shallow plowing
and direct sowing, have different effects on soil physical properties. Shallow plowing and direct
sowing are characterized by higher soil moisture retention and lower CO: emissions, indicating the
sustainability of these practices and their potential to reduce greenhouse gas emissions. In this case,
deeper plowing (conventional method) often resulted in higher CO2 emissions and lower moisture
content compared to alternative methods. This suggests that conventional tillage methods may be
inefficient in terms of sustainability due to more intensive soil aeration and higher organic matter
decomposition.

The use of intercropping and leaving straw on the field after harvesting increased soil organic
carbon stocks and improved soil structure. These practices were associated with lower CO2 emissions
and higher moisture retention compared to fields where these materials were removed or not used.
Chopping and spreading straw acted as an effective mulching practice, conserving moisture, and
maintaining lower soil temperatures, which is particularly important during dry periods.

Optimization of tillage practices, including reduced intensity plowing techniques and the use of
organic matter (e.g., straw and cover crops), has demonstrated its potential to significantly improve
soil properties and reduce greenhouse gas emissions. This shows that enhancing the sustainability of
agroecosystems is possible through changing agricultural practices. Research has shown that
sustainable agricultural practices can not only improve soil properties but also increase plant
productivity through better root development and nutrient availability.

Further research is needed across different agroecological zones to identify the specific effects of
tillage systems under different climatic and soil conditions. This will help to develop region-specific
guidelines that are adapted to local farming conditions.
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