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Abstract. The relevance of this study stems from the fact that the transition of farms from traditional tillage to
minimum and no-till techniques requires seed drills capable of operating consistently under varying conditions
of crop residue, soil moisture and field micro-relief. A lack of alignment between the design of the seed drill and
the cultivation technology leads to uneven seed placement, excessive fuel consumption and increased costs for
renewing the machinery and tractor fleet. The aim of the study was to substantiate the adaptability of modern
monoblock, modular and combined seed drills and to assess the feasibility of using a direct-drilling tillage
attachment (DDTA) with standard grain seed drills. The research methodology involved a comparative structural
and technological analysis of sowing units based on standardised criteria, the standardisation of indicators on
a 0-1 scale, multi-criteria ranking and verification of the stability of results when weighting coefficients were
altered. The working parts, working width, row spacing, traction requirements, suitability for use in conventional,
minimum and direct drilling, as well as the conditions under which the shortcomings of individual designs became
critical, were analysed. The statistical analysis included the determination of the mean, sample standard deviation,
coefficient of variation and Spearman’s rank correlation. The result obtained characterises the preliminary
comparative suitability according to the adopted system of criteria and does not constitute proof of the absolute
technical superiority of the DDTA without field testing of reliability, durability and service life. It was established
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that the highest versatility was provided by units with a separate soil-tilling section and a sowing module, as they
combined the preparation of the sowing strip with the possibility of using the seed drill separately. The theoretical
analysis showed that the DDTA variant with a standard seed drill fell into the group of Pareto-efficient solutions
due to its better affordability, adjustable row spacing and suitability for upgrading existing machinery. At the same
time, complex European sowing units had the advantage in terms of depth stability and technical equipment, but
required greater tractor power and higher capital expenditure

Keywords: no-till; minimum tillage; coulter; seed drill; crop residues; resource conservation; multi-criteria

optimisation

INTRODUCTION

Sowing has always been, and remains, the stage at
which a technical error directly results in a loss of plant
density, uneven plant development and reduced yields;
therefore, ensuring high-quality sowing of crops, re-
gardless of the tillage method used, is one of the key
factors in the efficiency of modern agriculture. Under
current conditions, the problem is compounded by the
fact that a single farm often combines traditional soil
preparation, minimum and strip tillage, as well as direct
drilling, whilst seed drills of various designs frequently
demonstrate limited versatility: some are effective on a
levelled seedbed following cultivation but lose depth
consistency on stubble with a large amount of crop
residue, whilst others, designed for no-till technology,
are not always economically viable for small and medi-
um-sized farms. This complicates the choice of machin-
ery, as it is necessary to take into account not only the
machine’s productivity but also the limits of its adapt-
ability to soil conditions, tillage techniques, the level of
energy supply and the farm’s financial capabilities. In
this regard, there is a need for a scientifically ground-
ed analysis of modern seed drill designs to determine
their capabilities and limitations, as well as to select a
sowing unit capable of ensuring the required sowing
quality under various operational conditions without
an unjustified increase in capital and operating costs.

Researchers Y. Ma et al. (2025) examined the devel-
opment of direct-drilling technologies in conservation
tillage systems and concluded that the key factor in
their effectiveness was the ability of the working parts
to cut through or deflect crop residues without causing
excessive soil disturbance. This study confirmed that the
adaptability of a seed drill should be assessed not only
by the type of coulter, but also by the coulter’s compat-
ibility with the skimmers, the ground-following system
and the operating modes. Researchers G. Raveendran et
al. (2025) systematised mechanised solutions for the
precision sowing of small-seeded crops and empha-
sised the interrelationship between metering quality,
furrow stability and the design of the seed tube. Their
results showed that the versatility of a sowing unit is

limited not only by the tillage section but also by the
sowing system’s ability to maintain a uniform seed flow
at different speeds.

Researchers S. Wang et al. (2024) investigated the
sowing depth control system of high-speed precision
seeders based on the fusion of data from several sen-
sors. The authors found that section variations and the
micro-relief of the field significantly affected depth
error; therefore, modern designs required not only ro-
bust working parts but also mechanisms to control the
downforce. This finding was taken into account when
introducing the depth stability criterion. Researchers
W. Liu et al. (2025) summarised the key technologies of
intelligent grain seeders and demonstrated that the de-
velopment of sowing technology is shifting towards ac-
tive regulation of the sowing rate, seed position control
and automatic adjustment of working parts. For Ukrain-
ian conditions, these solutions are not yet always eco-
nomically viable; however, they provide a benchmark
for assessing the technological potential of modular
seeding units.

Ukrainian researchers A. Nanka et al. (2021) sub-
stantiated the presence and parameters of guide ele-
ments in coulters that improved seeding quality and
crop yield. They demonstrated that even a relatively
minor design modification within the coulter could re-
duce seed scattering in the furrow; therefore, when se-
lecting a seed drill, it is important to consider not only
the overall machine layout. Researchers E.B. Aliiev et
al.(2024) conducted tests on an improved seed delivery
system for a pneumatic seed drill and found that ele-
ments for slowing down and stabilising the seed flow
are particularly important under no-till conditions with
a high concentration of crop residues. This study con-
firmed the need to view the seed drill as an integrated
system in which the tillage module, coulter and seed
delivery system mutually determine the quality of per-
formance. Researchers V.Shebanin et al.(2025) assessed
the economic efficiency of growing winter wheat us-
ing the resource-saving Mzuri-ProTil technology and
demonstrated that integrating tillage, sowing and the

Ukrainian Black Sea Region Agrarian Science, 30(3), 22-33

23



24

The adaptability of seed drills in modern...

application of materials into a single pass can improve
economic performance. This is important for justifying
a shift from describing expensive sowing complexes to
analysing more affordable solutions for modernising
existing seed drills.

Researcher PV. Lykhovyd (2024) analysed the bio-
logical activity of Ukrainian soils under various tillage
methods and highlighted the mixed results of no-till
farming across different soil and climatic conditions.
This conclusion emphasised that the choice of seed
drill cannot be universal for all regions; it must take
into account the soil texture, moisture supply, previous
crop and the level of crop residues. Researchers V. Za-
dorozhnyi et al. (2025) investigated weed control in no-
till soya cultivation in the Right-Bank Forest-Steppe of
Ukraine and demonstrated that fuel and cost savings
are accompanied by the need for enhanced weed man-
agement. Thus, a direct-drilling seed drill must be eval-
uated in terms of its technological implications, crop
residue retention, the possibility of early sowing, the
need for herbicides and its ability to form a seedbed
without excessive soil disturbance. Researchers U. Sul-
tan et al. (2023) developed a multi-crop, energy-effi-
cient seed drill and demonstrated the potential of com-
pact machines designed to reduce energy consumption.
In the context of this study, this confirmed the value of
evaluating not only large-scale sowing systems but also
simpler units capable of delivering acceptable sowing
quality with a lower tractor power requirement.

The analysis of the studies reviewed above showed
that the literature has devoted considerable atten-
tion to individual working elements, sensor-based
depth control, the economics of resource-saving tech-
nologies and the effects of No-till on soil. However,
the adaptability of different seed drill configurations
(monoblock, modular and combined) for farms that
simultaneously use conventional, minimum-tillage
and direct-drilling systems has not been sufficiently
compared. There is also insufficient justification of the
conditions under which modernising a standard grain
seed drill with a soil-working attachment can serve as
an alternative to purchasing a complex seeding sys-
tem. The aim of this study was to conduct a design
and technological analysis of modern seed drills, de-
termine their advantages and limitations under differ-
ent crop production systems, and validate a multi-ob-
jective model for selecting a seeding unit in order to
substantiate the feasibility of using a direct-drilling
tillage attachment (DDTA).

MATERIALS AND METHODS
The study was conducted as a comparative design and
technological analysis of continuous-row seed drills
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that can be used for conventional, minimum-tillage
and direct drilling. The analysed units included mon-
oblock, modular and combined seed drills: Farmet
Falcon 6 PRO Tandem, HORSCH Sprinter ST, Farmet
Falcon Compact, Vaderstad Rapid 300-400C/S, BED-
NAR OMEGA OO_FL, ALFA 4/6 No-Till, a Great Plains
unit with a CPH soil-preparation attachment, GREEN
PLAINS 1500, and the proposed option of using a DDTA
with a standard grain seed drill. The sample includ-
ed machines for which technical specifications were
available regarding working width, row spacing, type
of working elements, tractor power requirements and
intended application. The information base consisted
of manufacturers’ technical materials, scientific publi-
cations on seed drills and working elements, and de-
sign data for the proposed DDTA. For each machine,
the following parameters were determined: machine
layout; presence of a separate soil-working section;
type of coulters and cutting discs; method of following
field microrelief; working width; row spacing; possi-
bility of simultaneous fertiliser application; suitability
for conventional, minimume-tillage and direct drilling;
relative energy requirements; and potential service
complexity. Values that did not have common physical
units were normalised on a scale from 0 to 1, where 1
represented the best performance against the criterion
among the compared solutions.

The proposed DDTA was considered as a separate
trailed soil-working section attached to a tractor and
coupled with a standard grain seed drill. The design
provides a working width of 3.6, 5.4 or 6.0 m, with ver-
tically arranged corrugated discs as the working ele-
ments, a basic row spacing of 15 cm and the possibility
of adjusting it. Depending on the working width of the
seed drill, tractor power of 80-170 hp is recommend-
ed. The DDTA was assessed using the same system of
criteria and the same normalisation procedure as the
standard seeding units. The input data for the DDTA
consisted of its design parameters, machine layout
and stated technological capabilities; field-test results
were not included in the calculation matrix. The seed
drills were classified according to the layout of their
working elements into monoblock machines, in which
soil-working and seeding elements are mounted on a
common frame; block-modular machines, in which sep-
arate sections perform seedbed preparation and seed-
ing; and combined units, in which a standard seed drill
is attached to a separate soil-working attachment. Ac-
cording to the nature of soil preparation, the units were
classified as systems for full-width preparation, strip
preparation and direct furrow formation. According to
the type of working element, tine, disc, turbo-disc and
combined systems were compared.



To reduce subjectivity in the comparison, a mul-
ti-objective selection model was used. It made it pos-
sible to link the design characteristics with a quantita-
tive assessment of adaptability. The objective functions
were formulated to minimise costs, maximise agronom-
ic performance, minimise soil impact and minimise the
number of machines purchased.

The function for minimising the total cost of the unit:

J=3,6% X+ 55,6 Sy, (1)
where ¢ - capital expenditure on the purchase of a
unit of machinery /; x; - number of units of machinery
type /; c?; - specific operating costs (fuel, maintenance,
wages, etc.) for machinery i during period t on field f;
S; - area of field f; Y, - a binary variable (1 - the piece
of machinery is used on field f, 0 - no).

Function for maximising the agronomic quality of
field work:

‘/2=Zf2iqltf5fyf_> max, 2)
where g, - an indicator of the agronomic quality of
work carried out by machine i during period t on field f.

The function minimises the impact on the soil:

J= 321y Sy )

where d,, ;- the coefficient of the impact of machinery /
on the soil (compaction, erosion processes, etc.) during
the period ¢ on field f.

The objective function is to minimise the number
of units of machinery purchased:

J3=3,X, “

where x; - the number of units of equipment of type
i purchased.

The quantitative indicators were normalised us-
ing the min-max method. For incentive and disincen-
tive criteria, the following relationships were applied
respectively:

2;=(x;- x;, min) / (x,, max - x,, min); (5)
z;=(x, max - x;)/ (x,, max - x,, min). (6)

For qualitative characteristics, a standardised 0-1
scale with increments of 0.05 was used, based on pre-
defined descriptive levels. A value of 1 corresponded
to the best fulfilment of the criterion amongst the
alternatives under comparison, whilst a value of
0 indicated the absence of the relevant functional
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property. The integrated indicator was calculated as
a weighted sum:

A=0.207,+0.15R +0.20D,+ 0.15M,+ 0.15£,+0.15U,. (7)

Higher weights were assigned to criteria T and D
(0.20 each) due to their direct impact on the machine’s
operational compatibility and the uniformity of seed
placement; the other criteria were assigned equal
weights of 0.15. Reliability, durability, actual service life
and sowing accuracy at higher speeds were not includ-
ed as independent criteria due to the lack of compa-
rable field test results for all machines. Thus, A; char-
acterises preliminary comparative suitability within the
accepted system of criteria, rather than the absolute
technical superiority of the seeding unit.

For a set of n=9 integrated assessments, the mean,
sample standard deviation and coefficient of variation
were calculated:

A=(%) LA 8)
s - [Z('Zt__:DZ] ; o)

v = G) -100%. (10)

The stability of the ranking was tested using the
Monte Carlo method over 1,000 iterations. In each itera-
tion, each base weight was independently varied within
a range of #10%, after which the weights were re-nor-
malised to sum to 1, new values of A, were calculated,
and ranks were assigned; in the event of tied scores,
the average rank was used. The similarity between the
baseline and modified rankings was assessed using
Spearman’s rank correlation coefficient:

1 - [24 (11)

nn?-1)1

The table matrix of initial ratings was created in
Microsoft Excel. Automated normalisation, the calcu-
lation of A, descriptive statistics, 1,000 sensitivity sce-
narios and Spearman’s coefficients were performed
in Python 3.13. Thus, the software environment was
used directly to obtain quantitative results. To verify
this logic, a computational validation of the integral
adaptability index was carried out. Scores ranging from
0 to 1 were assigned based on the technical character-
istics, design features and technological capabilities of
the units. The index should not be interpreted as a test
result; it reflects comparative engineering suitability
according to the accepted criteria. The A; index is used
as a tool for preliminary engineering selection and
does not replace field tests for reliability, durability,
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sowing accuracy and the service life of the machines.
The weights were selected taking into account that
technological versatility and depth stability are of the
greatest importance for seedling quality. The sensitiv-
ity of the result was verified by varying each weight by
£10%, followed by normalising the sum of the weights
to one. Data processing was carried out in Microsoft
Excel, with verification calculations performed in Py-
thon 3.13. The results are presented in the form of
comparative tables and a ranking of alternatives.

RESULTS AND DISCUSSION
A comparison of the seed drills showed that their adapt-
ability was determined not by a single parameter, but by
a combination of layout, type of working body, surface
tracking and traction power requirements. Thus, the

technical characteristics of the machines under analysis
were first summarised according to common criteria (Ta-
ble 1). This made it possible to move from a descriptive
list of models to a comparison of their suitability for dif-
ferent operational scenarios. Based on the results of the
classification of working body configurations, the units
were grouped into three design categories: integrated
monoblock or anchor systems (Falcon 6 PRO Tandem,
HORSCH Sprinter ST, ALFA No-Till); modular multifunc-
tional units (Falcon Compact, Rapid 300-400C/S, BED-
NAR OMEGA OO _FL); and combined units with a sep-
arate tillage attachment and a base seed drill (Great
Plains CPH +drill, GREEN PLAINS 1500, DDTA +standard
grain seed drill). This grouping has been used in the
subsequent comparison of advantages, critical operat-
ing conditions and integral index values.

Table 1. Standardised comparison of the analysed seeding units

Width, m Row spacing,cm  Tractor power

Rational application

Seeding unit Configuration  Working elements
Falcon 6 monoblock/  anchor-type coulters, 6
PRO Tandem modular rollers
Duett anchor-type
HORSCH monoblock coulters / cultivator 4-6
Sprinter ST anchor-type -
principle
Falcon disc tillage section )
Compact O and disc coulters 326
Rapid 300- . disc section, B
400C/S combined disc coulters, rollers 3-4
BEDNAR universal PROFI/TURBO
OMEGA system coulters, disc section, 4-9
OO0_FL Y disc coulters
ALFA 4/6 monqblock turbo discs and disc
No-Till seed drill with coulters 4orb6
attachment
. vertical cutting-disc
Great Pla!ns combined for the attachment Suge
CPH +drill : . 6.10
and grain seed drill
GREEN vertical cutting-disc
PLAINS combined for the attachment 4.6
1500 and disc coulters
DDTA + .
separate vertical corrugated o B o
Sr?igd;?d attachment + discs, variable 3'66’ (5)'4’
9 drill base seed drill row spacing :

Source: compiled by the authors based on research

Table 1 shows that universal systems provide
a wider range of technological functions and great-
er operational stability, but require greater tractor
power and substantial capital investment. The com-
bined solutions from Great Plains, GREEN PLAINS
and DDTA retain the option of using the base seed
drill separately, while the DDTA option is additional-
ly distinguished by adjustable working width and the
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minimume-tillage and direct

Pl el drilling on fields

20-25 200 hp .
and above with moderate'amounts
of crop residues
25-32 120-230 h mulched, direct drilling
P and sowing after ploughing
conventional, minimum-
Lisler e tillage and stubble drilling
versatile operation
12.5 90-130 hp following different soil
preparation methods
large areas, high-productivity
12.5or 16.7 180-500 hp technologies with fertiliser
application
direct drilling of cereals with
20 from 100-120 hp moderate capital expenditure
No-till and separate use of
Lo auls Edsliy the seed drill in prepared soil
18 from 120 h affordable stubble drilling
: P of cereals and legumes
15 with depending on  modernisation of the existing
adjustable the base seed  machinery fleet for minimum-
options drill (80-170 hp) tillage and direct drilling

ability to adapt the row spacing to the existing ma-
chine. Monoblock tine seed drills, such as the Falcon 6
PRO Tandem (Fig. 1) and HORSCH Sprinter ST, as well
as other machines of this design, have the advantage
of manoeuvrability and a relatively simple kinemat-
ic arrangement. They are most suitable for fields with
relatively even microrelief and a moderate layer of
crop residues.
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Figure 1. Falcon 6 PRO Tandem seed drill
Note: a - basic process flow diagram; b - coulter-like limbs and their arrangement
Source: compiled by the authors based on material from Farmet (n.d.a)

In seed drills, the disadvantages of tine coulters
become critical when the following main conditions
occur simultaneously: a wet, sticky soil surface, a
large amount of poorly distributed straw residue from
the previous crop, and a high operating speed. Under
such conditions, crop residues accumulate in front
of the shanks and in the inter-row spaces, increasing

unevenness in furrow formation, raising draft resistance
and creating a risk of uneven seed covering. This conclu-
sion was consistent with the findings of B.S. Madhusu-
dan et al. (2024), who showed that the performance of
working elements in conservation agriculture depend-
ed on operating speed, straw density and the ability of
the coulter to cut through crop residues (Fig. 2).

Figure 2. HORSCH Sprinter ST seed drill
Note: a - general view; b, ¢ - coulter types and their arrangement
Source: compiled by the authors based on material from HORSCH (n.d.)

Disc and turbo-disc systems cut through crop res-
idues more effectively and form a narrower seedbed
more precisely; however, they require sufficient down-
force.In a field study of different coulter types for maize,
M. Benetti et al. (2024) found that disc coulters provid-
ed lower variability in seeding depth and seed spacing,
whereas certain tine coulter designs increased plant
variability. The results obtained in this study confirmed
this trend: Rapid 300-400C/S, Falcon Compact, BEDNAR
OMEGA, and combined units with vertical discs, such as
the ALFA No-Till seed drill (Fig. 3) and Great Plains CPH
+ drill, demonstrated similar characteristics:

Figure 3. ALFA No-Till grain seed drill
Source: compiled by the authors based on material from
ELVORTI (n.d.)

The ALFA No-Till is an integrated disc system: turbo
discs pre-cut the surface layer, whilst the disc coulters
form the furrow. The next unit differs from it in that
the tillage attachment can be separated from the grain
drill. The Green Plains 1500 (Fig. 4) received higher rat-
ings for crop residue management and depth consist-
ency than anchor-type monoblock machines.

Figure 4.Great Plains seed drill with CPH attachment
Source: compiled by the authors based on material from
Great Plains (n.d.)

The Great Plains CPH +drill combination illustrates
the modular principle, whereby the front disc section
prepares the furrows for the coulters, whilst the base
seed drill, in its mounted version, can be operated sep-
arately. The GREEN PLAINS 1500 utilises a similar op-
erational layout (Fig. 5).
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N\ # Aversago

Figure 5. GREEN PLAINS 1500 seed drill
Source: compiled by the authors based on material from
Avers-Agro (n.d.)

Modular units with a separate front section of-
fer a wider range of adaptability. The Falcon Com-
pact (Fig. 6) and Rapid 300-400C/S combine seedbed
preparation, sowing and rolling in a single pass, and
are therefore better suited to minimum tillage condi-
tions. L. Yang et al. (2025) demonstrated that the sta-
bility of the sowing depth depends significantly on the
operating mode of the tillage section and the quality
of the seedbed levelling.

Figure 6. Falcon Compact seed drill
Note: 1 - soil-working section; 2 - pneumatic support and
press wheels; 3 — attachment with disc coulters
Source: compiled by the authors based on material from
Farmet (n.d.b)

Falcon Compact has clearly separated functional
sections, which facilitates adjustment of the intensity
of seedbed preparation. Rapid 300-400C/S provides a
similar combination of operations in a more compact
integrated configuration (Fig. 7).

Figure 7.Rapid 300-400C/S seed drill
Source: compiled by the authors based on material from
Viderstad (n.d.)

Ukrainian Black Sea Region Agrarian Science, 30(3), 22-33

BEDNAR OMEGA OO _FL seeding systems, like the
preceding systems and those from other manufactur-
ers, are technologically among the most flexible, as
they can be equipped with different working elements,
operate with fertilisers and provide several row-spac-
ing options. However, this group requires an economic
qualification: high productivity is an advantage on large
areas, but for farms with limited acreage or an existing
fleet of grain seed drills, the capital investment may not
be economically justified. Thus, the transition from the
analysis of European and American seeding systems to
the DDTA for conventional grain seed drills (Fig. 8) was
justified not as a technological contrast, but as a com-
parison of two strategies: purchasing a new universal
system or modernising an existing standard seed drill
for minimum tillage and direct drilling operations.

Figure 8. BEDNAR OMEGA OO _FL seed drill
Source: compiled by the authors based on material from
BEDNAR (n.d.)

A relatively large number of seed drill manufac-
turers offer solutions for diverse operating conditions
based on a strategy of purchasing a new, high-perfor-
mance system with an expanded range of technological
equipment. In contrast, the DDTA represents a strategy
of gradual modernisation of an existing grain seed drill
with a lower initial investment (Fig. 9).

Figure 9. DDTA for a conventional seed drill
Source: compiled by the authors

To address these issues and ensure the rational
use of technical resources, it is proposed to apply a
multi-objective optimisation model for the selection
of seed drills. It has been developed with the aim of



enabling a scientifically sound selection of sowing
machinery for farms operating under traditional, mini-
mum tillage and direct-seeding (‘no-till”) systems. The
model takes into account a range of economic, agro-
nomic and environmental criteria, which are often con-
flicting in nature. Thus, the problem is formulated as
a multi-objective optimisation problem involving the
construction of a Pareto front. The use of the model
helps to reduce subjectivity in decision-making, im-
prove the efficiency of the machinery and tractor fleet,
and achieve a balance between economic, agronomic
and environmental criteria. As there were no compara-
ble field data or operating costs available for all nine
alternatives, a simplified integrated preliminary selec-
tion indicator, described below, was applied for the
computational validation.

Kozachenko et al.

For each seeding unit, an assessment matrix was
developed using six criteria: T — technological versa-
tility; R - crop-residue handling capability; D - depth
stability; M - manoeuvrability; £ - energy and economic
accessibility; U - modularity and maintainability. Crite-
rion T accounted for suitability for conventional, mini-
mume-tillage and direct drilling; R - the type of work-
ing elements, ability to cut through crop residues and
residue clearance between the rows; D - the ability to
follow field microrelief, adjustment of downforce and
coulter stabilisation; M - working and transport width
and the complexity of turning manoeuvres; E — power
requirements, the possibility of using an existing trac-
tor and relative capital affordability; U - the possibility
of using modules separately, row-spacing adjustment
and maintenance using standard equipment (Table 2).

Table 2. Theoretical validation of the integrated adaptability index

Unit T R D M 3 u A Rank
DDTA + standard grain seed drill 0.90 0.80 0.70 0.55 0.90 0.95 0.800 1
Rapid 300-400C/S 0.85 0.75 0.85 0.75 0.70 0.75 0.783 2

Great Plains CPH +drill 0.90 0.80 0.75 0.60 0.65 0.90 0.773 3-4

BEDNAR OMEGA OO_FL 0.95 0.85 0.85 0.60 0.45 0.85 0.773 3-4
GREEN PLAINS 1500 0.80 0.75 0.70 0.65 0.75 0.75 0.735 5
Falcon Compact 0.80 0.75 0.75 0.70 0.65 0.70 0.730 6
ALFA 4/6 No-Till 0.70 0.70 0.60 0.70 0.85 0.55 0.680 7
HORSCH Sprinter ST 0.75 0.60 0.60 0.75 0.70 0.60 0.668 8
Falcon 6 PRO Tandem 0.70 0.65 0.65 0.80 0.55 0.60 0.660 9

Note: T - technological versatility; R - residue handling; D - depth stability; M - manoeuvrability; E - energy and eco-
nomic accessibility; U — modularity and maintainability; A; - integrated adaptability score of the i-th seeding unit in soil

preparation technologies

Source: compiled by the authors based on the research results

The mean value of the integrated indicator was
0.733, the standard deviation was 0.053, and the coeffi-
cient of variation was 7.23%. This indicates that the dif-
ferences between the modern seeding units were not
radical, but were sufficient to form a group of more ad-
aptable solutions.An automated analysis in Python 3.13
using 1,000 scenarios with variations in the weighting
coefficients within * 10% showed that the combina-
tion of the DDTA with a standard seed drill retained
first place in 100% of the scenarios; the mean Spear-
man rank correlation coefficient between the baseline
and modified rankings was 0.99. Thus, the conclusion
regarding the feasibility of the modernisation option
was robust within the adopted system of criteria. The
advantage of the DDTA was explained not by absolute
technological superiority, but by the balance of the cri-
teria. The attachment has an adjustable working width
of 3.6, 5.4 and 6.0 m, vertically arranged corrugated
discs with a basic row spacing of 15 ¢cm, and a design
that allows the spacing between the working elements
to be adjusted. Combined with a standard grain seed

drill, it performs strip preparation ahead of the coulters,
reduces the need for separate seedbed preparation and
retains the possibility of using the base seed drill under
conventional cultivation. This dual functionality result-
ed in a high score for criteria £ and U. At the same time,
the score obtained does not demonstrate the superior-
ity of the DDTA over standard seeding systems in terms
of reliability, durability or service life, as these charac-
teristics require separate experimental validation.
Comparison with other studies supported the
results obtained. L. Liu et al. (2024) developed a
depth-control strategy based on measuring the down-
force of a T-shaped coulter and showed that seeding
depth depends on the interaction between downforce,
soil moisture and soil bulk density. Although the pres-
ent study did not include active coulter control, this
research confirmed the need to consider depth stabil-
ity as one of the principal criteria for machinery selec-
tion. L. Liu et al. (2023), using discrete element mod-
elling, demonstrated the effect of a T-shaped coulter
on straw and soil; this was consistent with the present
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conclusion that a simple comparison of working width
without analysing interaction with crop residues does
not provide an objective assessment of adaptability. Re-
searchers Y. Gao et al. (2025) investigated the seeding
quality of a ridge-clearing no-till seed drill under strip-
till conditions and demonstrated that strip preparation
parameters influenced the uniformity of the seedbed.
The results followed a similar logic: machines that
formed a strip or cut through crop residues in front of
the coulter received higher R and D ratings. K.K. Lak-
hena et al. (2025), in a long-term study of conserva-
tion tillage, emphasised that the system’s productivity
depended on the compatibility of sowing technology,
fertiliser application and soil condition. This supported
the inclusion in the model not only of agronomic cri-
teria, but also of environmental and economic criteria.

L.Oliveira et al. (2025) showed that different down-
force settings affected soil compaction, seeding depth
and crop development. In the present study, this was ac-
counted for through criterion D and through limitations
associated with monoblock frames: where working
elements lack individual surface-following capability,
field microrelief becomes a critical factor. B.L. Beres et
al. (2025) established that coulter type in direct drill-
ing affects seed placement and plant development; this
confirmed the need to distinguish between disc, tine
and combined systems rather than treating them as a
single group of No-till seed drills. Thus, the conclusions
of this study emphasise that increasing the productivity
of a seeding unit should be subordinate to maintaining
depth stability and uniformity, rather than the reverse.
For tine coulters, critical conditions included wet, heavy
soils, long uncut straw, inter-row spaces with limited
residue clearance and operating speeds at which the
working elements could not self-clean effectively. For
disc systems, critical conditions included excessive-
ly dry or highly compacted soils, where the disc could
not maintain a stable depth without sufficient down-
force. For large seeding systems, a critical factor was
a mismatch between their productivity and the farm’s
cultivated area, which increased unit capital costs. For
the DDTA modernisation solution, the critical factor
remained the proper matching of attachment width,
row spacing, the mass of the standard seed drill and
appropriate tractor power. Thus, the proposed attach-
ment was not considered a universal replacement for
all modern seeding systems. Instead, it was identified
as a rational alternative for farms that already have ser-
viceable grain seed drills and seek to transition to min-
imum-tillage or direct drilling without simultaneously
purchasing an expensive seeding system.

A limitation of the study was that the assessment
of adaptability was analytical and calculation-based,
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relying on publicly available technical data and stand-
ardised expert criteria. At the same time, this meth-
odology is suitable for the preliminary selection of
machinery when a farm is comparing several design
alternatives before conducting field trials. A further
limitation is the lack of standardised data in publicly
available sources on reliability, durability, mean time to
failure and overall service life. Thus, the ranking results
should be used only for the preliminary selection of al-
ternatives, followed by field and economic validation.

CONCLUSIONS

The study carried out a design and technological anal-
ysis of modern seed drills for conventional, minimum
and direct sowing and established that the adaptability
of a sowing unit is determined not only by the type of
coulter, but also by the combination of layout, method
of seedbed preparation, micro-relief tracking, the han-
dling of crop residues, energy availability and the pos-
sibility of using modules separately. Monoblock anchor
seed drills offer advantages in terms of compactness
and manoeuvrability, but their shortcomings become
apparent on wet, heavy soils with large amounts of
straw and at high travelling speeds. Disc and turbo-disc
systems handle crop residues better and form a more
stable seedbed, but require sufficient downforce and
more precise adjustment.

Simulation testing of the multi-purpose model
showed that the highest overall adaptability index was
achieved by combining the DDTA with a standard grain
seed drill (A;=0.8). This is not due to superiority across
all agronomic parameters, but rather to a balanced
combination of technological versatility, adjustable row
spacing, affordability, maintainability and the potential
to modernise the existing fleet of machinery and trac-
tors.The group of rational alternatives also included the
Rapid 300-400C/S, Great Plains CPH +drill and BEDNAR
OMEGA 00 _FL, confirming the suitability of modular
and combined configurations for farms employing dif-
ferent cultivation technologies. The ranking presented
does not prove the absolute technical superiority of the
DDTA over mass-produced complexes, as the criteria of
reliability, durability and service life were not assessed
due to the lack of comparable experimental data.

The study substantiated the logical transition from
the analysis of complex European and American seed-
ing systems to the Ukrainian modernisation solution
represented by the DDTA. At present, complex systems
offer advantages in terms of productivity, equipment
configuration and precision; however, they require sig-
nificant capital expenditure and a more powerful trac-
tor. The DDTA is a rational option for farms seeking to
improve the suitability of a standard grain seed drill



Kozachenko et al.

for minimum-tillage or direct-drilling systems without investigate the economic payback of the modernisation
completely replacing the existing machinery. The prac-  for farms of different sizes.

tical significance of the results lies in the possibility

of using the proposed system of criteria for the pre- ACKNOWLEDGEMENTS
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the DDTA in combination with different standard seed  None.
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its effect on soil compaction. It is also advisable to  None.
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AHoTauif. AKTYanbHiCTb AOCHIAKEHHS 3yMOBAEHA TWUM, WO MNepexih rocnofapcTs8 Bif TpaguuinHOro obpobiTky
IPYHTY A0 MiHiManbHUX i No-till TexHonorin noTpebye ciBanok, 3aTHMX CTabiNbHO NpaLOBaTK 3a Pi3HOI KiNbKOCTI
NOXXHWBHUX PELUTOK, BONOFOCTI Ta Mikpopenbedy nons. HempocTaTHs y3romXeHiCTb MiXK KOHCTPYKLIi€EHO MOCIBHOIO
arperaTy i TEXHOMONIE BMPOLLYBAHHS NMPU3BOAWTbL A0 HEPIBHOMIPHOrO 3aropTaHHS HaCiHHSA, NepeBUTpaT NaiMBa
Ta 3pOCTaHHS BApPTOCTi OHOBNEHHS MALIMHHO-TPAKTOPHOro napky. MeTow [OCnigkeHHs 6yno 06rpyHTyBaHHS
a[anTUBHOCTI Cy4aCHUX MOHOBIOKOBUX, MOAY/IbHUX i KOMOIHOBAHMX CiBaNOK Ta OLiHKA AOLINBHOCTI BUKOPUCTAHHS
rpyHT006p06HOi npuctasku npsmoi cisbu (MNMNC) i3 cepiliHMMM 3epHOBMMU CiBankaMu. MeToaonoris AOCHiAKEHHS
nepenbayana nNOPIBHANBHUIA KOHCTPYKTUBHO-TEXHOMONIYHUIA aHaNi3 MOCIBHMX arperatiB 3a YHidikoBaHUMM
KpUTEPISIMKU, HOPMYBAHHS NMOKa3HMKIB y wkani 0-1, 6aratouinboBe paHXyBaHHS Ta NepPeBipKY CTIMKOCTI pe3ynbTaTiB
33 3MiHM BaroBux koediuieHTiB. [lpoaHanizoBaHO poboYi OpraHu, WKWPUHY 3axBaTy, MiXpaaans, TAropy notpeoy,
MOX/IMBICTb pOOOTU Y TPaAMLLIAHIN, MiHIMANbHIW | NpsAMIli CiBOi,a TAKOX YMOBMU, 33 SIKUX HEA,0JTiKM OKPEMMUX KOHCTPYKLLiM
CTaBanu KpUTUYHUMUK, CTaTUCTUYHMIA QHANI3 BK/IIOUYAB BU3HAYEHHS CEpeHbOro 3HaYeHHs, BUBipKOBOro CTaHAAPTHOrO
BiAXMNEHHS, KoediLieHTa Bapiauii Ta paHrosoi kopenauii CnipmeHa. OTpuMaHuii pe3ynbTaT XapakTepusye NonepesHio
NOPIBHANBHY NPUAATHICTb 32 MPUMHATOK CUCTEMOK KPUTEPIiB i HE € LOKA30M abcontoTHOI TexHiuHoT nepesaru MNMNC
6e3 NoNboBOI NepeBipKM HaZiMHOCTI, AOBrOBiYHOCTI, pob6oyoro pecypcy. BctaHoBNEHO, WO HAMBMLLY YHIBEPCANbHICTb
3abe3neyyBanu arperati 3 BiLOKPEMJIEHOK I'PYHTOOOPOOHOK CEKLIE Ta MOCIBHUM MOAYNEM, OCKiIbKM BOHM
NOEAHYBANN MiArOTOBKY MOCIBHOI CMYrM 3 MOX/MBICTIO BUKOPUCTAHHS CiBafkn oKkpemo. Po3paxyHkoBa anpobauis
nokasana, wo BapiaHT MNMNC i3 cepiltHoto ciBankoto yBiNwWoB Ao rpynu MNapeTo-paLioHanbHUX pilleHb 3aBASKMU KpaLLii
€KOHOMIYHIM AOCTYMHOCTI, perynboBaHOMY MiXpSAAI0 Ta NPUAATHOCTI A0 MoAepHi3auii HasBHOI TexHiKW. BogHovac
CKNaAHi €BPONENCHKi NOCIBHI KOMMIEKCU Manu nepesary 3a CTabinbHiCTIO MMUOMHU Ta TEXHONOTMIYHUM OCHALLEHHSIM,
ane notpebyBanu GinbWOi NOTYKHOCTI TPAKTOPA | BULLMX KaNiTasbHUX BUTPAT

KniouoBi cnoBa: No-till; MiHiManbHMI 06pOBITOK TPYHTY; COLIHMK; MOCIBHWIA arperat; MOXHWBHI pPeLTKHu;
pecypco3bepexxeHHs; baraTokpuTepianbHa oNTUMI3aLis
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