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Impact of tillage machinery on the granulometric composition of soil

T. Tihanov*

Department of Mechanical Engineering, Faculty of Techniques and Technologies, Trakia University, 8600 Yambol, 
Bulgaria

(Manuscript received 14 April 2026; accepted for publication 19 May 2026)

Abstract. This article examines the impact of various tillage machinery on the granulometric composition 
of soil. An analysis of literature sources dealing with the operation of moldboard ploughs, cultivators, disc 
harrows, digging machinery and rotary tillers under different soil conditions and operating modes has 
been carried out. It has been established that the type of machinery, depth of cultivation, soil moisture and 
working speed have a significant impact on the granulometric composition of soil. It has been established 
that moldboard ploughs provide good inverting of the soil layer and high level of coverage of plant residues, 
but often lead to the formation of larger aggregates and compaction of the subsoil layer. Cultivators, disc 
harrows and rotary tillers contribute to more intensive crushing and the formation of a finer soil structure, 
suitable for sowing crops. Digging machines are distinguished by better preservation of the soil structure, 
but with lower actual productivity. The analysis shows that the correct choice of a tillage machine and 
operating mode is essential for the granulometric composition of soil.
___________________________________________________________________________________
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Introduction

The major technological operation in agricultural 
crop farming is soil cultivation (Boydas and Turgut, 
2007; Musil and Červinka, 2007; Mitkov, 2023). 
It is essential for creating the best conditions 
for plant growth and development in order to 
achieve maximum productivity (Jabro et al., 2010; 
Georgieva, 2013). Soil cultivation is the mechanical 
impact of the working bodies of tillage machinery on 
it. In this way, the chemical, physical and biological 
processes in it are affected and the efficiency 
of other agrotechnical processes, such as crop 
rotation, fertilization, irrigation, pest control, etc., 
is increased. A well-structured soil, characterized 
by a predominance of small-sized soil particles, 
creates favorable conditions for the development 

of microbial biomass by ensuring optimal air 
exchange (Liu et al., 2014; Thapa and Dura, 2024).

The size of soil aggregates after cultivation 
depends on numerous factors such as soil type, 
cultivation depth, working speed, soil moisture, 
etc. (Boydas and Tirgut, 2007; Ghali, 2019; Aridhee 
et al., 2020). The basic cultivation of the soil should 
be carried out at appropriate moisture in order to 
achieve a smaller clod size. This will reduce the 
number of additional treatments with a disk harrow 
to crush them to the desired size (Ahmadi and 
Mollazade, 2009).

The working bodies of agricultural machinery 
make contact with, affect and change the state or 
type of the object of impact - the soil or plants of 
a given agricultural crop (Demirev and Bratoev, 
2012). The impact of the working bodies of tillage 
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machinery on the soil is reduced to the following 
technological processes: inverting, loosening, 
mixing and compacting the soil (Mitev, 2016).

The objective of this article is to analyze the 
impact of tillage machinery on the granulometric 
composition of soil.

Recapitulation of findings

Ploughs
In our country, the basic tillage of the soil is 

carried out mainly by inverting the surface soil 
layer to a depth of about 30 cm and is carried out 
practically when growing all agricultural crops. For 
this purpose, moldboard ploughs are mainly used 
and the operation is carried out after harvesting the 
previous crop (Delchev et al., 2017). The plough 
serves for mechanical tillage of the soil, and its major 
function is to invert the soil layer – to exchange the 
places of the upper and lower layers. This inverting 
can be complete up to 180° or partial up to 135° 
(Kadiev, 2025). When inverting the soil, the upper 
layer is placed at the bottom of the ploughed layer, 
and the lower one – on the surface. Thus, grass, 
plant residues, weeds and their seeds, pests and 
fertilizers are buried in the soil (Stoyanov, 2018). 
Some authors have found that the extent of plant 
residue burial in a field can be assessed using color 
digital images (Kadiev et al., 2026).

Moldboard ploughs are used for the basic tillage 
(Trendafilov et al., 2024). Their working principle is 
as follows: slicing the soil layer, lifting, shifting and 
finally inverting it. A disadvantage of this method 
of processing is that the surface of the ploughed 
soil layer remains uneven, and it contains soil 
aggregates that are large in size and unsuitable for 
sowing (Trendafilov et al., 2025). 

Table 1 presents the granulometric composition 
of the soil after ploughing in clay and sandy soil. 
It can be seen that the largest relative share is 
occupied by soil particles with a size of over 200 
mm - 46% in clay soil, while in sandy soil it is only 
2%. It is also evident from the table that the size of 
the aggregates from 25 to 50 mm in sandy soil is 
34% while in clay soil it is 5%, i.e. the type of soil 
has a serious impact on the aggregate composition 
of the soil (Zaprianova and Zapryanov, 2019).

Table 1. Relative share of soil particles after ploughing in 
clay and sandy soil (Zaprianova and Zapryanov, 2019) 

Share of soil 
particles,
mm

Clay 
soil

Sandy 
soil

%  %

over 200 46 2

100 ÷ 200 16 9

50 ÷ 100 8 15

25 ÷ 50 5 34

10 ÷ 25 7 26

under 10 18 14

Various authors have established the effect of 
the depth of ploughing with a moldboard plough 
on the resistance to soil penetration - Figure 1 
(Kouwenhoven et al., 2002; Hu et al., 2015). It has 
been found that the resistance that the soil has when 
trying to penetrate the top layer decreases with 
increase of the ploughing depth, while in deeper 
layers it increases. However, in the long-term, 
shallower cultivation helps to keep “air channels” in 
the soil layers below the ploughed horizon, which 
are formed mainly by earthworms (Lumbricus 
terrestris) coming to the surface to feed on plant 
residues. The channels formed by them improve 
aeration and the water retention capacity of the soil, 
which in turn favours the development of the root 
system.

Figure 1. Hardness of the subsoil depending on the 
cultivation depth (Kouwenhoven et al., 2002)

Kouwenhoven et al. (2022) have determined the 
size of soil aggregates after soil tillage in the spring 
and autumn in which the tillage was performed. 
Their research found that tillage in the autumn 
resulted in better fragmentation than in the spring, 
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mainly due to the higher moisture content of the 
soil in the spring. The measured force required to 
fragment soil aggregates was 2.5 times greater 
force in the spring than in the autumn (Figure 2).

Figure 2. Size of soil aggregates depending on the season 
in which tillage was performed (Kouwenhoven et al., 2002)

The same authors point out that shallow 
ploughing reduces diesel fuel consumption, 
increases the concentration of organic matter 
in the upper soil layer, thus allowing crops to 
access more nutrients (Kouwenhoven et al., 2002). 
Reducing the size of soil aggregates in turn leads 
to the preservation of soil moisture and thus some 
crops have shown better yields.

Figure 3 presents the influence of ploughing 
depth and soil moisture on subsequent cultivations 
(Ahmadi and Mollazade, 2009; Schneider et al., 
2017). They studied ploughing depths between 
15-20 cm and 25-30 cm. Each experiment was 
replicated 3 times. The first cultivation was with 
a moldboard plough, and the second with a disk 
harrow. The experiments were conducted on clay 
and sandy clay soil.

Figure 3. Diameter of soil aggregates at various ploughing 
depths and various soil moisture: а) in clay soil; b) in sandy 
soil (Ahmadi and Mollazade, 2009)

The results in Figure 3 show that moisture has 
a significant effect on the size of soil aggregates, 
which in turn has a strong effect on the number 
of subsequent treatments. Of the two types of soil 
studied, clay and sandy-clay, the minimum number 
of subsequent tillages is achieved at soil moisture 
of 13% and 18%. At such moisture, optimal 
diameter of the soil particles with a minimum 
number of tillages is obtained in the two types of 
soil considered. At such soil moisture, the basic 
tillage with a plough can be carried out at a depth 
of 15-20 cm, thus reducing the cost of treatment 
(Ahmadi and Mollazade, 2009). Liu et al. (2014) 
have studied the size of soil particles to achieve 
optimal conditions in the upper soil layer of 0-20 
cm, the size should be 1-5 mm, while at a depth of 
20-40 cm the largest microbial biomass is observed 
at a size smaller than 1 mm (Liu et al., 2014).

Some authors have conducted a comparative 
study of the granulometric composition of the soil 
when working with a plough with and without a soil 
crusher (Kadiev, 2025; Trendafilov et al., 2025). 
The results are shown in Table 2. It is evident that 
there is a significant difference in the soil structure. 
While when ploughing without a soil crusher, soil 
particles with sizes up to 25 mm are 22%, when 
ploughing with a soil crusher, they are 65.4% at a 
depth of 0-10 cm and 60.6% at a depth of 10-20 
cm, respectively, i.e. the share of these aggregates 
has increased 3 times. Aggregates with sizes up to 
50 mm are 89.4% and 84%, respectively, and there 
are no aggregates with sizes over 100 mm on the 
surface.а)

b)
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Table 2. Granulometric composition of soil after tillage 
with a plough without a soil crusher and with a soil crusher 
(Kadiev, 2025; Trendafilov et al., 2025)

Share of soil 
particles,
mm

Processing 
depth, 
mm

Plough 
with 

a soil 
crusher

Plough 
without 
a soil 

crusher

% %

under 1
up to 100 2 10

over 100 2.4 8.4

from 1 ÷ 10
up to 100 5 27

over 100 4 24.6

from 10 ÷ 25
up to 100 15 28.4

over 100 15.6 27.6

from 25 ÷ 50
up to 100 36 24

over 100 36.4 23.4

from 50 ÷ 100
up to 100 32 10.6

over 100 30 10

over 100
up to 100 10

0

over 100 11.6 6

Cultivators
Cultivators are used to loosen the soil and 

remove weeds without inverting the soil layer. They 
are particularly suitable for soil preparation before 
sowing, as well as for deep loosening (Trendafilov, 
2019; Tihanov et al., 2025).

Table 3. Relative share of soil particles after tillage with a 
cultivator (Nkakini, 2015)

Share of soil particles,
mm

%

 over 50 1

30 ÷ 50 4

10 ÷ 30 28

5 ÷ 10 27

3 ÷ 5 14

1 ÷ 3 22

According to their purpose, cultivators are 
divided into three main groups: for integrated soil 
cultivation (the entire area), for inter-row cultivation 

(between rows of plants) and special cultivators 
(Trendafilov, 2019). A structural analysis of a 
combined cultivator working body designed to 
combine primary cutting and loosening of the soil 
with secondary crushing within a single pass was 
performed (Tihanov et al., 2026).

After tillage with a cultivator, the soil is crushed 
into particles of different sizes. The relative share of 
the size of soil particles after tillage with a cultivator 
is presented in Table 3 (Nkakini, 2015):

Harrows
Harrows are used for loosening the soil, leveling 

the field surface, crushing the soil crust and clods, 
cutting plant residues, destroying weeds, burying 
seeds and fertilizers, etc. (Trendafilov, 2019). 
Depending on the shape of the working elements, 
harrows are divided into toothed and disc harrows 
(Demirev and Bratoev, 2012; Trendafilov, 2019). 
The working elements of disc harrows are spherical 
discs with a smooth or serrated periphery, and in 
toothed harrows they are different types of teeth 
with different cross-sections and thicknesses. 
According to the drive of the working elements, 
harrows are of two types - with active and passive 
working elements (Trendafilov, 2019). In passive 
working elements they remain stationary during 
operation or rotate around a horizontal axis, while 
in active working elements they receive movement 
from the tractor, and this movement can be 
rotational around a vertical axis or vibrational.

Table 4. Percentage distribution of the size of soil particles 
after tillage with disc harrows (ENTAM, 2013)

Share of soil 
particles,
mm

Discing 
after 

plowing,
%

Shallow 
discing of 
stubble,

%

Deep 
discing of 
stubble,

%

under 2.5 25.52 28.08 25.03

2.5 ÷  5 22.90 21.00 20.36

5 ÷ 10 20.13 15.34 15.39

10 ÷ 20 16.22 13.36 13.18

20 ÷ 40 9.40 10.42 9.99

40 ÷ 80 5.82 7.88 10.05

over 80 0.00 3.92 6.01

average 11.43 16.07 19.24
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Table 4 presents a comparative study of the size 
of soil particles after tillage with a disc harrow - 
after ploughing, during shallow stubble tillage and 
during deep stubble tillage (ENTAM, 2013). The 
table shows that the largest percentage of soil 
particles after the disc harrow is 11.43 mm, and the 
largest size of soil particles after the disc harrow 
during deep stubble tillage is 19.24 mm on average.

Table 5 presents the percentage distribution of 
soil particle size after tillage with a disc harrow in 
stubble tillage during the first and second discing of 
the machine-tractor unit (DLG, 2014). It is evident 
from the table that the largest size of soil particles 
is 20.28% below 2.5 mm in first discing and after 
the second one their size decreases by about 13% 
(17.69%). The table shows that the percentage 
distribution of soil particle size from 40-80 mm in 
the second discing is 21.04% higher, while in the 
first one it is lower (9.62%), which is inexplicable. 
This is due to the fact that the soil particles have 
stuck together and gathered, thus forming larger 
soil pieces. Also, the actual working speed of the 
machine-tractor unit, the working conditions and 
the processing depth in the two discing operations 
are different, and this is where the larger percentage 
ratio comes from.

Table 5. Percentage distribution of the size of soil particles 
after tillage with disc harrows (DLG, 2014)

Share of soil 
particles,

First discing 
of stubble

Second discing
of stubble

mm % %

under 2.5 20.28 17.69

2.5 ÷ 5 16.59 13.75

5 ÷ 10 16.84 13.70

10 ÷ 20 18.12 15.95

20 ÷ 40 18.55 17.87

40 ÷ 80 9.62 21.04

over 80 0.00 0.00

Active harrows are used for pre-sowing soil 
cultivation (Trendafilov, 2019). To form a combined 
unit with a seeder, the harrows have a rear shaft for 
power take-off and an additional hinged mechanism. 

The working elements are straight knives, located 
two on a shaft and at a certain angle to the soil. The 
adjacent shafts rotate in opposite directions. Table 
6 presents the soil distribution of soil particles after 
tillage with active harrows (ENAMA, 2001 a, b, c). 
Despite the differences in the results shown in the 
table for the three machines, the data show a higher 
degree of soil fragmentation, which is expressed 
in a higher percentage of soil particles with size of 
less than 10 mm. It shows that the proportion of 
soil particles with size below 10 mm is the largest 
- an average of 53.3%. In this way, optimal tillage 
and preparation for sowing can be guaranteed.

Table 6. Percentage distribution of the size of soil particles 
after tillage with active harrows (ENAMA, 2001 a, b, c)

Share of soil 
particles,
mm

Share,
 %

(ENAMA, а)

Share,
%

(ENAMA, b)

Share,
%

(ENAMA, с)

> 50 8 13 7

25 ÷ 50 14 15 12

10 ÷ 25 18 23 30

< 10 60 49 51

Digging machinery

Diggers are an alternative to tillage with a plough. 
These machines have active working bodies that 
work on the principle of manual inverting of the 
soil with a straight shovel (Trendafilov et al., 2017). 
Unlike ploughs, they do not compact the soil under 
the tilled layer and do not disturb the microrelief 
of the field (Stoyanov et al., 2018). They can also 
work at higher soil moisture. By adjusting the 
rear cover and the forward speed of the tractor, 
diggers make it possible to achieve the desired 
soil structure without having to use other tillage 
machines (Stoyanov, 2017). 

Stoyanov has established the influence of the 
operating mode on the fragmentation of the soil by 
changing the pitch of the working element and the 
angle of deflection of the reflector cover, in this way 
the size of the aggregates can be regulated within 
wide limits, as can be seen from Table 7 (Stoyanov, 
2018). The table presents the relative share of soil 
particle size after soil tillage with a digger.
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Table 7. Percentage distribution of the size of soil particles 
after tillage with a digging machine (Stoyanov, 2018)

Share of soil particles,
mm

Share,
%

 under 100 0 ÷ 95 

50 ÷ 100 0 ÷ 95

25 ÷ 50 0 ÷ 25

10 ÷ 25 0 ÷ 20

1 ÷ 10 2 ÷ 50

over 1 1 ÷ 5

Some authors have conducted studies on 
replacing the plough with a digger, comparing 
the main technical parameters – required driving 
power, fuel consumption, tractive effort and other 
parameters (Davide et al., 2015). They found that 
despite the smaller working width of the plough, the 
area tilled with it is 51% to 141% larger compared 
to that when using a digger, which is mainly due 
to the working speed (which can be up to 3 times 
higher than that of the digger). On the other hand, 
the tractor slippage when working with a plough is 
significantly higher, the main reason for this being 
the need for greater tractive effort. The hourly fuel 
consumption in tillage with a plough is about 28% 
higher. However, when the cultivated area is taken 
into account, the plough turns out to be more 
economical in all considered working modes.

Another important parameter is the coverage 
of crop residues with soil, where ploughing 
shows undoubtedly better results. In this case, the 
coverage rate reaches 97%, while in the case of the 
digger it varies between 82% and 84% (Liu et al., 
2014).

Rotary tillers
Rotary tillers are increasingly used worldwide, 

both independently for basic soil tillage and as 
part of combined agricultural machinery. They can 
completely replace traditional ploughing - during 
tillage, the soil is sliced, lifted and inverted. Rotary 
tillers provide very good results by loosening the 
soil, crushing plant residues, destroying weeds, 
mixing the soil layers well and leveling the surface. 
They can be used both for surface cultivation 

after the main one and directly after harvesting. 
Their working depth reaches 12 cm, and rotary 
tillers are distinguished by better crushing and 
leveling compared to disc harrows and cultivators. 
However, their efficiency depends largely on 
the type of soil (Kadiev, 2025). When cultivating 
the soil with a rotary tiller, the distribution of 
aggregates is presented in Table 8 (ENAMA, 2000). 
A comparative study of two innovative active disc 
tillage devices with different structural profiles, 
designed for surface tillage was made (Genkova, 
2025). This study was carried out at a certain 
forward speed and absolute soil moisture in real 
production conditions, and an analysis was carried 
out on the fragmentation and uniformity of the 
maintained depth (Genkova, 2025 a, b).

Table 8 gives the relative share of the size of soil 
particles after tillage with a rotary tiller (ENAMA, 
2000). It can be seen that 66% of the soil particles 
are below 10 mm, which is a very good tillage for 
sowing vegetable crops.

Table 8. Relative share of the size of soil particles after 
tillage with a rotary tiller (ENAMA, 2000)

Share of soil particles,
mm

Share,
%

 under 100 0

50 ÷ 100 5

25 ÷ 50 7

10 ÷ 25 22

over 10 66

Conclusion

It has been established that: (i) the type and 
mode of operation of soil tillage machines have a 
significant impact on the granulometric composition 
of the soil (ii) from the literature sources it has 
been established that moldboard ploughs provide 
inverting of the soil layer and good burying of plant 
residues, but lead to the formation of larger soil 
aggregates and increased compaction of the fertile 
layer, especially at greater depths of ploughing and 
inappropriate moisture. Shallower ploughing and 
the use of soil crushers significantly improve the 
granulometric composition of the soil and reduce 
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the need for subsequent tillage. (iii) disc harrows 
crush the soil better and the soil aggregates are of 
smaller size, which is especially important in pre-
sowing soil preparation. (iv) rotary tillers exhibit 
the highest degree of crushing and homogenization 
of the soil, but their efficiency depends largely on 
the type and moisture of the soil. (v) diggers are 
an alternative to traditional ploughing, providing 
better preservation of soil structure and biological 
activity, but with lower productivity and poorer 
burying of plant residues compared to the plough.
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