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Abstract. The study was conducted in the experimental field of Dobruazha Agricultural Institute on slightly
leached chernozem. To clarify the effect of long-term application of main soil tillage on the mean weight
diameter of dry structural aggregates (MWDd), long-term data were analyzed from the following treatments
in a stationary field experiment: moldboard ploughing at 24-26 cm (MP), chiseling at 24-26 ¢cm (CP),
disking at 10-12 cm (DH), and no-tillage (NT). Over the study period (1994-2024), an overall reduction
in MWDd was observed in the 0-10 cm soil layer for all tillage treatments. The most stable soil structure
was maintained under CP and NT, whereas the application of MP and DH led to deterioration of the studied
indicator. The results show that sustainable management of the surface soil layer requires limiting intensive
tillage, maintaining plant cover, and increasing organic matter, which are key to stabilizing soil structure,
reducing erosion, and preserving soil fertility. In the 10-20 cm layer, long-term NT application led to an
improvement in MWDd. Under CP, satisfactory structural stability was maintained. Under MP and DH, the
gradual degradation of soil structure over the long term may negatively affect soil water and air regimes.
The NT treatment ensured the highest structural stability and improvement of MWDd in the 20-30 cm
layer. Under CP and DH, soil structure was maintained with minimal loss of aggregate stability, while the
MP treatment showed a continuation of the trend observed in the upper horizons toward destabilization
of soil aggregates. Based on this long-term study and considering the soil type and climatic conditions of
Southern Dobrudzha, conservation tillage practices (no-tillage and chiseling) can be recommended for the
sustainable preservation of soil structure and fertility.
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Introduction transmit fluids, organic and inorganic substances,

as well as to support vigorous root growth and

Soil structure is related to the size, shape,  development (Lal, 1991). Soils with good structure

and arrangement of soil particles, the continuity ~ are characterized by higher fertility and greater
of pores and voids, and their ability to retain and  resistance to erosion processes.
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The effects of tillage practices wused in
agricultural production on soil structure are both
direct and indirect. The direct impact of tillage
implements is expressed through mixing, crushing
of soil particles and aggregates, and breaking the
bonds between them. Tillage also modifies soil
aeration, permeability, water-holding capacity, and
temperature regime. As a result, it exerts indirect
effects on soil structure, since these changes
influence the intensity and direction of microbial
activity. Processes related to the accumulation
or mineralization of organic matter are either
stimulated or reduced, and organic matter is a key
factor for soil aggregation.

In this context, all changes in soil physical
properties under the influence of tillage withina crop
rotation are closely linked to climatic conditions,
soil morphology and properties (Simansky et al.,
2016), as well as the frequency and intensity of
tillage operations (Dou and Hons, 2006; Simansky
et al., 2008; Moussadek et al., 2014).

Many studies conclude that ploughing enhances
organic matter mineralization, reduces aggregate
stability throughout the tillage depth, and leads to
structural degradation (Kasper et al., 2009; Mikha
et al., 2013; Devine et al., 2014; Kibet et al., 2016;
Zheng et al., 2018; Jin et al., 2023). According
to other research, although ploughing physically
disrupts aggregates, it incorporates plant residues
(stems, roots) deeper into the soil profile,
contributing to the formation and stabilization of
macroaggregates (Simansky et al., 2007; Burger
et al., 2023; Wang et al., 2023).

Most studies conducted in different parts of
the world show that, unlike ploughing, chiseling
without inversion of the soil layer preserves the
existing soil pore system (Gao et al., 2017; Yang et
al., 2021), creates conditions for higher biological
activity (Obour et al., 2021), and contributes to the
stabilization of soil structure (Wang et al., 2019).
Another research suggests that this tillage method
does not lead to long-term improvements in soil
structure (Nunes et al., 2015; Nunes et al., 2020).

As an alternative to deep primary tillage, some
farmers use shallow surface tillage with disk
harrows. Research in this field indicates that
long-term use of this implement may have both
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positive and negative effects on soil aggregation
and carbon content, depending on the frequency
of its application and the amount of crop residues
present (Acar et al., 2018; Tagar et al., 2020).

No-tillage is the most extreme approach to
eliminating mechanical soil disturbance by tillage
implements. Most studies conclude that leaving the
soil undisturbed leads to structural recovery as a
result of organic matter accumulation, increased
biological activity, and the natural stabilization of soil
aggregates (Hussain et al., 2021; Yang et al., 2024;
Zhang et al., 2024; Han et al., 2025). According to
other research, no-tillage may result in reduction of
macroaggregates (Gonzalez-Rosado et al., 2022)
and deterioration of some physical properties
important for crop development (Reichert et al.,
2009; Li et al., 2020).

The aim of the present study was to assess
the changes in the mean weight diameter of dry
structural aggregates in slightly leached chernozem
soils in the Dobrudzha region under long-term
application of main soil tillage.

Material and methods

The investigation was carried out in a long-
term stationary field experiment established in
1986 at the experimental field of Dobrudzha
Agricultural Institute, General Toshevo. The
experiment examines the effects of different soil
tillage methods and systems on the physical and
chemical properties of the soil, as well as on the
development and productivity of the main crops
grown in the Dobrudzha region — wheat, sunflower,
maize for grain, and common bean.

The climate in the study area is continental but
slightly moderated due to the proximity of the Black
Sea compared to other parts of the subregion. The
mean annual temperature is 10.7°C, and the annual
precipitation totals 518 mm.

The predominant soil type in the region is
slightly leached chernozem (Yolevsky et al., 1959).
Texturally, these soils are heavy sandy-loam to
loam. They are characterized by a favorable water
and air regime throughout the entire soil profile,
with no compacted horizons. The humus horizon
is deep (60-80 cm), with an organic matter content



of 3.7% in the plough layer. Soil reaction is neutral.

For the present study, 30 years of data (1994-
2024) were analyzed for the mean weight diameter
of dry soil aggregates in the 0-10, 10-20, and
20-30 cm layers under the following soil tillage
treatments: mouldboard plough at 24-26 cm (MP);
chisel plough at 24—-26 c¢cm (CP); disk harrow at 10-
12 cm (DH); no-tillage (NT).

Soil samples for determination of soil structure
were collected after wheat harvest. Aggregate-
size distribution was determined under laboratory
conditions. After air-drying the soil, each sample
was sieved through a set of sieves with mesh
diameters of 10, 5, 3, 1, and 0.25 mm, and the
percentage distribution of structural aggregates of
different sizes was determined (Savinov, 1936).

Based on the results of the aggregate analysis,
the mean weight diameter of the dry soil aggregates
(MWDd) was calculated:

n
MWDd =3 dw.
i=1

where d; is the mean diameter of the /™ fraction
(mm); w; is the mass of the aggregates in the /"
fraction expressed as a percentage of the total
mass of the dry soil sample; and n is the number
of fractions.

For statistical analysis of the obtained data,
analysis of variance (ANOVA) was used to assess
the effect of the different primary tillage methods
on the measured parameter. Comparisons of mean
values were performed using Fisher's LSD test
(least significant difference) at P<0.05, 0.01, and
0.001. After performing ANOVA, differences among
the tillage treatments were further evaluated using
Duncan’s Multiple Range Test (DMRT). Statistical
processing of the data was carried out using IBM
SPSS Statistics 19.

Results and discussion

The mean weight diameter is an indicator of the
degree of soil aggregation — higher values reflect
better soil structure and greater resistance to
erosion, compaction, and mechanical breakdown.
The results for this parameter showed that all
studied primary tillage methods led to changes
in MWDd following their long-term, thirty-year
application.

In the uppermost soil layer (0-10 cm), the MP
treatment showed a gradual decrease in MWDd
values (Figure 1). This trend has also been reported
in other field studies. Intensive mechanical
disturbance under this tillage system accelerates
the mineralization of organic matter, which in
turn disrupts soil structure and reduces aggregate
stability (Devine et al., 2014; Zheng et al., 2018; Jin
etal., 2023).

Under CP, although a slight decrease in MWDd
was likewise observed, soil structure remained more
stable compared to ploughing. This is attributed
to the lower degree of profile disturbance, which
preserves a greater proportion of stable aggregates
(Wang et al., 2019).

Among all tillage treatments, DH exhibited the
lowest MWDd values in the 0-10 cm layer. This
is likely due to the more intensive fragmentation
caused by disk implements, which generate smaller
aggregates (Franzluebbers, 2022) that are more
susceptible to erosion (Munkholm, 2002).

In the same layer, a decrease in MWDd was also
recorded under continuous NT. This may be related
to fluctuations in surface plant residue cover
(Reinsch et al., 2024) and environmental factors
that negatively affect aggregate stability (Xu et al.,
2017; Gonzalez-Rosado et al., 2022).

Statistical differences among treatments were
confirmed at various levels of P.
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at the end

mDH  ®=NT

Figure 1. Changes in MWDd (mm) over the study period in the 0-10 cm soil layer under different soil tillage
Legend: MP - moldboard plough (24-26 cm); CP - chisel plough (24-26 cm); DH - disk harrow (10-12 cm); NT - no-tillage

LSD0.05 (0.158); LSD0.01 (0.212); LSD0.001 (0.281)

*, xx kxk _ Gignificance of effects and variations at P levels 0.05, 0.01 and 0.001, respectively

Over time, in the 10-20 cm layer under MP, a
decrease in MWDd was also observed (Figure 2).
This indicated that the long-term application of
this tillage method led to a gradual breakdown of
larger aggregates and a reduction in structural
stability in the deeper soil layer. The causes were
associated with the periodic mechanical inversion
of the soil and the exposure of soil particles to
moisture fluctuations, which favored aggregate
disintegration (Kasper et al., 2009; Jin et al., 2023).

In this horizon, CP maintained relatively high
MWDd values. This tillage method helped preserve
the soil structure because it did not invert the arable
layer, reduced soil disturbance (Liu et al., 2021),
preserved the system of connected soil pores
(Bartlova et al., 2015; Gao et al., 2017), and created

mim
5.00
4,50
4,00
3,50
3.00 -

10-20 cm

at the beginning
m MP

mCP

favorable conditions for higher biological activity
(Ulrich et al., 2010), which in turn supported the
formation of stable aggregates (Obour et al., 2021).

Under DH, the trend observed in the upper
layer persisted, with the lowest MWDd values
compared to the other treatments, resulting from
the formation of smaller aggregates (Tagar et al.,
2020; Franzluebbers, 2022).

In this horizon, NT showed an improvement
in soil structure. The absence of mechanical
disturbance created favorable conditions for the
development of biological binding agents (Han et
al., 2025), which stabilized soil aggregates and
increased their resilience (Hussain et al., 2021).

Statistical differences were confirmed at various
levels of P.

at the end

= DH mNT

Figure 2. Changes in MWDd (mm) over the study period in the 10-20 cm soil layer under different soil tillage
Legend: MP - moldboard plough (24-26 cm); CP - chisel plough (24-26 cm); DH - disk harrow (10-12 cm); NT - no-tillage

LSDO0.05 (0.169); LSDO0.01 (0.228); LSD0.001 (0.303)

*, kx xxk — Gignificance of effects and variations at P levels 0.05, 0.01 and 0.001, respectively

Annual application of MP led to a gradual
decrease in MWDd ata depth of 20-30 cm (Figure 3).
This indicated a slight but persistent breakdown of
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macroaggregates and degradation of soil structure
over time. The mechanical inversion of the soil
layer disrupted natural bonds between aggregates



(Zhang et al., 2008) and fragmented, crushed, or
compacted the soil (Blanco-Canqui and Lal, 2006).

Under CP, the reduction in MWDd in this layer
was minor, with values remaining relatively high
compared to ploughing and disking. Because
this tillage method does not invert the soil layer,
it preserves soil structure more effectively (Yang
et al., 2021). The gradual and minimal decrease in
MWDd is likely primarily due to natural factors, as
this treatment supports the retention and increase
of organic matter deeper in the soil profile (Zhang
et al., 2021; Franzluebbers, 2022).

In the 20-30 cm layer, DH exhibited higher
MWDd values compared to the upper horizons. Over

time, this tillage method led to slight deterioration
of structure at depth, likely due to compaction
immediately below the worked layer caused by
the implement, and the lack of vertical loosening,
which improves water and air exchange (Topa et
al., 2009).

Under NT at this depth, a trend of increasing
MWDd was observed, indicating that long-term
no-tillage promoted the accumulation of organic
matter, enhanced biological activity, and the natural
stabilization of soil aggregates (Yang et al., 2024;
Zhang et al., 2024).

Statistical differences among treatments were
confirmed at various levels of P.
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Figure 3. Changes in MWDd (mm) over the study period in the 20-30 cm soil layer under different soil tillage Legend: MP -
moldboard plough (24-26 cm); CP - chisel plough (24-26 cm); DH - disk harrow (10-12 cm); NT - no-tillage

LSDO0.05 (0.113); LSD0.01 (0.152); LSD0.001 (0.201)

*, kx xxk — Gignificance of effects and variations at P levels 0.05, 0.01 and 0.001, respectively

The Duncan test, regarding the influence
of tillage methods on MWDd under long-term
application, placed the studied treatments into
different groups (Table 1). At a depth of 0-10 cm,
two groups were formed. In the group with the
smaller mean weight diameter (a), MP and DH were
included. In the other group, with higher values of
this parameter (b), CP and NT were classified. The
overall trend of decreasing MWDdd in the surface
layer, compared to the deeper layers, for this soil
type across all studied treatments, is likely due to
the combined mechanical effects of continuously
applied intensive tillage operations at the same
depth (MP and DH) and the weathering processes
of the surface soil layer caused by the constant
destructive action of climatic factors (CP and NT)
(Yankov, 2009).

Table 1. Statistical grouping of tillage treatments at
respective soil depths based on MWDd (Duncan)

Depth, cm
Soil tillage 0-10cm 10-20 cm 20-30 cm
Groups (Values)
MP a (3.50) a(3.61) a(3.81)
CP b (3.86) b (4.05) b (4.04)
DH a(3.33) a(3.58) b (4.11)
NT b (3.97) c (4.32) c (4.53)

Legend: MP - moldboard plough (24-26 cm); CP - chisel
plough (24-26 cm);

DH - disk harrow (10-12 cm); NT - no-tillage

At a depth of 10-20 cm, three groups were
formed. The group with the highest MWDd was
NT (c). The CP treatment occupied an intermediate
position (b), while MP and DH were again in
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the group with the lowest values of the studied
parameter (a). The changes in structure in the 10-
20 cm layer result from the combined influence of
mechanical disturbance by tillage implements, as
well as biological and physicochemical processes
occurring in the soil. Long-term observations
confirm that conservation practices lead to
stabilization of soil structure, due to higher organic
matter content and increased activity of soil
organisms (Melero et al., 2009; Ulrich et al., 2010).
In contrast, conventional tillage disrupts natural
bonds between particles and accelerates the
mineralization and breakdown of soil aggregates
(Panettieri et al., 2013).

Although differences in MWDd values among the
studied tillage methods at a depth of 20-30 cm were
less pronounced compared to the upper horizons,
the Duncan test again separated them into three
groups. The MP treatment was placed in the group
with the smallest MWDd (a). For CP and DH, the
recorded MWDd values occupied an intermediate
position and were included in the same group (b).
The NT treatment maintained the trend from the
upper soil layer, showing the highest MWDd, and
the test placed it in a separate group (c). Long-term
intensive ploughing at the same depth destabilized
soil aggregates due to mechanical fragmentation,
compaction (Blanco-Canqui and Lal, 2006),
and organic matter mineralization (Zheng et al.,
2018; Jin et al., 2023). For the other treatments,
the lower intensity of disturbance (CP) and the
absence of mechanical impact at depth (DH and
NT), together with biological equilibrium (Abid and
Lal, 2008; Carceles Rodriguez et al., 2022), created
conditions for the preservation of soil structure and
the restructuring of soil particles in these horizons.

Conclusion

During the study period (1994-2024) in the
slightly leached chernozems of Dobrudzha,
MWDd decreased in the 0-10 cm layer across
all studied tillage methods. The most stable soil
structure was maintained under CP and NT,
whereas MP and DH caused deterioration of this
parameter. These results indicates that sustainable
management of the surface soil layer requires
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limiting intensive tillage, maintaining vegetative
cover, and increasing organic matter — key factors
for stabilizing soil structure, reducing erosion, and
preserving soil fertility. In the 10-20 cm layer, long-
term NT improved MWDd, while CP maintained
satisfactory structural stability. MP and DH caused
gradual degradation of soil structure in the long
term, potentially negatively affecting the soil’s
water and air regime. The NT treatment provided
the highest structural stability and improvement of
MWDd in the 20-30 cm layer. Under CP and DH,
soil structure was preserved with minimal loss of
aggregate stability, whereas MP showed the same
tendency observed in the upper horizons, leading
to destabilization of soil aggregates. Based on the
results of this long-term study for this soil type and
the climatic conditions of Southern Dobrudzha,
conservation practices, such as no-tillage and
chisel ploughing, are recommended to sustainably
preserve soil structure and fertility.
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