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The implementation of seeding technologies with minimum or zero tillage offers a wide range of economic
and environmental advantages. Among the most significant benefits are the improvement of soil structure and
fertility, reduction of erosion and degradation processes, preservation of soil moisture, and substantial savings in
fuel consumption and labor. These advantages make no-till and minimum-till systems increasingly relevant for
modern sustainable agriculture, particularly under conditions of climate change and soil exhaustion.

However, successful operation in no-till systems poses new engineering challenges, especially related to
the performance of disc openers when cutting through dense crop residues. Residue cover remaining on the soil
surface after harvest (e.g., wheat straw, maize stalks) creates resistance to the movement of sowing equipment,
which can negatively affect seed placement accuracy, depth uniformity, and overall field emergence.

Theoretical studies have shown that the diameter of the disc opener influences key parameters such as
the depth of soil penetration, thickness of residue layers to be cut, and the compression angle required for
effective slicing. Larger discs can penetrate deeper, but they may also face increased rolling resistance and
interact differently with moist or compacted residues.

Experimental research conducted in this study revealed that disc openers with a diameter of 380 mm-—
regardless of specific shape—demonstrated the best performance in cutting winter wheat straw under two
moisture conditions:natural straw moisture (W = 10.1%)Field moisture (W = 22.3%)

It was observed that active disc rotation at increased forward speeds (characterized by a speed ratio
A>1.37 and A = 1.58) led to a higher degree of residue fragmentation, in contrast to passive rotation where
the disc rolls freely in contact with the soil surface (A = 1.0). This suggests that excessive forward speed can
negatively affect residue handling by increasing mechanical disruption rather than clean cutting.

Furthermore, serrated disc openers were found to be more effective at cutting straw than smooth-
edged discs, owing to their improved grip and cutting action. However, their performance was still strongly
influenced by the moisture content of the straw, with drier residues being easier to cut cleanly, while higher
moisture levels increased resistance and often led to clogging or smearing.

These findings underscore the importance of optimizing disc opener parameters—such as diameter,
edge design, and operating speed—for effective operation in conservation tillage systems. The results can assist
in improving the design of seeding machinery for no-till applications and in enhancing overall seeding
performance under high-residue field conditions.

Key words: water level, mathematical modeling, hydraulic pressure tank, pump, transient response,
stability, proportional-integral controller.

Fig. 2. Ref. 17.

1. Problem formulation

One of the key challenges currently faced by farmers using No-till, Strip-till, or Mini-till technologies
is maintaining the accurate seed placement depth with the openers of seeding machines [1]. This parameter is
one of the most critical factors affecting crop yield.

Several factors must be considered when setting the correct seeding depth. The first factor is soil
moisture and seed size. Larger seeds can generally be placed deeper because they contain more internal nutrient
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reserves, which support seedling emergence even from greater depths, and require less external moisture
compared to smaller seeds.

The second factor is the agronomic timing of seeding. When sowing occurs early in the season, a
shallower depth is generally preferred, while later sowing may require deeper placement to ensure contact with
sufficient soil moisture [2].

However, an additional and increasingly relevant problem in conservation tillage systems is the uneven
distribution of crop residues—such as straw and plant stems—left on the soil surface after harvest. These residues
can interfere with the performance of seed openers by creating physical resistance, making it difficult to
consistently reach the target seeding depth across the field.

Thus, choosing the correct seeding depth is not the only challenge. Farmers must also overcome a
range of multifactorial issues, with one of the most significant being the obstruction caused by crop residues,
which act as a barrier to the penetration of disc openers.

Therefore, the optimization and justification of disc opener parameters is a highly relevant task when
implementing seeding technologies under no-till conditions [4, 5].

2. Analysis of recent research and publications

Studies have shown that the number of cereal and other crop plantings, as well as cultivated lands, is
rapidly increasing across Europe and Ukraine [1, 2, 3]. Compared to conventional tillage and seeding practices,
No-till and minimum tillage technologies require less labor time and fuel consumption [6, 7, 8, 17].

Seeding efficiency in untilled soils is enhanced due to the structural stability of the soil, an increase in
soil fauna, improved moisture retention, and reduced compaction (Linke, 1998) [10, 17]. Furthermore, soil
resistance to wind and water erosion improves significantly (Chen et al., 2004; Van Oost et al., 2009) [11, 12].
Rainfall, wind, and the soil tillage method have the strongest impact on soil erosion (Tiessen et al., 2010) [14].

Researchers have noted that mechanized intensive tillage can lead to soil erosion levels 3 to 10 times
higher than those observed under non-mechanized soil management systems [11]. According to scientific
literature, average annual soil erosion in Ukraine affects approximately 10,000 hectares, with total erosion losses
estimated at 300—400 to 500-600 million tons of soil per year.

Although minimum or zero-tillage systems, along with plant residues left on the soil surface, provide
effective protection against soil erosion and degradation, they also complicate the seeding process. The quality
of seed placement depends heavily on the amount, degree of shredding, length, and uniform distribution of
crop residues across the field surface.

Authors such as Linke (1998) and Doan et al. (2005) [12, 17] studied the interaction between tillage
speed and straw length in the soil, and concluded that longer straw residues are more difficult to incorporate
into the soil compared to shorter ones, even at the same operating speeds.

In direct seeding equipment, disc openers typically have diameters ranging from 300 to 500 mm.
However, research has been conducted on disc openers with diameters ranging from 360 to 762 mm to evaluate
their interaction with crop residues and soil.

Kushwaha et al. (1986) [13] investigated the cutting of plant residues by smooth disc openers with
diameters of 360, 460, and 600 mm under No-till soil conditions. Hemmat et al. (2008) [14] used a 762 mm
disc opener to study mechanical resistance of the soil in both tilled and untilled areas. Fallahi and Raoufat
(2008) [15] focused on the interaction between plant residues, soil, and a 470 mm disc opener. Karayel (2009)
[16] used experimental disc openers of 400 and 450 mm to study corn and soybean seeding in no-till fields.

3. The purpose of the article

Considering that the sowing process without prior field surface preparation and incorporation of crop
residues is random in nature, depending on the selected working depth for seed placement which is not the
only issue a number of complex, multi-factorial challenges must also be addressed. One of the main factors is
the presence of residues that hinder the penetration of coulters to the desired optimal depth. Therefore,
establishing the patterns and justification of parameters for disk coulters becomes a highly relevant task when
applying them in no-till farming systems.

4. Results and discussion

The cutting of winter wheat straw using active disk coulters was studied under field conditions at the
“Starokotelnyanske” agricultural enterprise in the Zhytomyr district. The research was conducted under natural
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climatic conditions on loamy soils at depths of up to 35 mm. Soil moisture was 12.9+0.4%, and soil hardness
was 0.5+0.01 MPa, measured using a WALCOM FM-204TR electronic penetrometer.

Both naturally and artificially moistened winter wheat straw were used for the study. The moisture
content was (W = 10.1+0.2%), and the straw was collected from the soil surface immediately before the
experimental trials. Some samples of naturally moistened straw were soaked in water for 24 hours. The wet
straw was removed from the water one hour before testing and spread over the soil surface for natural drying.
During the trials, the moisture content of the winter wheat straw was W = 22.3+0.5%.

Four types of disk coulters with different cutting edge shapes were used in the study. Experimental
results showed that four disk coulters with a diameter of 380 mm had the following parameters:

e Smooth edge: number of notches n = 0, notch radius r = 0, notch depth Ar =0 mm;

e Serrated (12 teeth): n =12, r = 15 mm, Ar = 15 mm;

o Serrated (18 teeth, deep): n =18, r = 10 mm, Ar =20 mm;

o Serrated (18 teeth, shallow): n = 18, r = 10 mm, Ar = 10 mm.

The selection of these parameters allows a comparison of straw cutting results with those of passive
single- and double-disk coulters obtained in previous research.

The coulters were sequentially mounted on a seeder based on a research device with an active drive
via chain transmission, receiving rotational motion from a ground-driven support wheel (diameter 680 mm).
Slippage of the wheel on the soil surface had negligible effect on the rotation speed of the disk coulters.
Sprockets with varying tooth counts were used to change the transmission ratio and, accordingly, the speed
coefficient A of the disk coulter.

The average lengths of distributed straw for winter wheat and spring barley were 330+10 mm and
353+10 mm, respectively. The straw was laid out in five separate rows, each 0.5 m long, with 100 stalks per
row. The average forward speed of the equipment with disk coulters was 7 km/h, and the movement of the
coulters was perpendicular to the straw placement. The disk coulter penetration depth into the soil was 35 mm,
as this is the typical sowing depth for major cereal crops.

The process of cutting both naturally moistened and artificially moistened straw of both plant types
was carried out five times. Similar tests were conducted using different disks and different speed coefficients
(A=1.0, 2 =1.37, and A = 1.58). After the active disk coulters passed over the distributed straw (both cut and
uncut), the effectiveness of straw cutting was assessed. The active coulters with varying numbers of teeth on
the cutting edge were evaluated based on the number of cut straw stalks.

The best straw cutting results using this methodology were achieved with an active single-disk serrated
coulter (18 teeth, Ar = 20 mm). The next experimental focus was on the influence of the speed coefficient of
the active single-disk serrated coulter (1) on cutting efficiency. The tested values of the speed coefficient
Awere:1.0,1.1,1.27,1.37,1.42,1.5, and 1.58. The seed placement depth for the disk coulter was set at 35 mm.

Research on cutting winter wheat straw using disc coulters has shown that all passive disc coulters, at a
movement speed coefficient (A = 1.0), reduce the natural moisture content of winter wheat straw (W = 10.1%) by
approximately 30% (Fig. 1a). No significant differences were observed between disc coulters of different diameters.
The amount of straw cut by toothed active disc coulters (transmission numbers A > 1.37 and A = 1.58) increases by
26.7% to 38.0% compared to cutting by passive disc coulters. The highest amount of natural moisture is retained
by winter wheat straw (69.3 + 7.6%) cut by an active disc coulter with 18 notches (Ar = 20 mm).

The difference between this disc coulter and others used in the study was quite significant.
Experimental research on cutting winter wheat straw with moisture content (W = 22.3 + 0.5%) established that
an active disc coulter with 18 teeth (Ar = 20 mm) is optimal for cutting artificially moistened straw. For the
active notched disc, the coulter speed coefficient is A = 1.27, and the discs cut 57.3% of the wet winter wheat
straw (Fig. 1b). The other three active smooth and toothed disc coulters cut a smaller amount of winter wheat
straw. The amount of wet straw cut by passive disc coulters at a speed coefficient (A = 1.0), regardless of the
number of notches on the cutting edge, is 12-24% lower than that cut by toothed active disc coulters. The
smooth disc coulter cuts up to 12% more straw, and the difference between smooth and toothed disc coulters
is significant.
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Fig. 1. Influence of the shape of the single-disc coulter, the speed coefficient A, and straw
moisture on cutting winter wheat straw:
a) natural moisture content of straw (W = 10.1%); b) wet straw (W = 22.3%)

The passive disc coulter with a transmission ratio of A = 1.0 cuts the smallest amount of residue (84.8—
88.8%) at both natural moisture (W1 = 11.8%) and wet moisture (W2 = 26.1%) of winter wheat straw (Fig. 2).
The active disc coulter cuts straw with both natural and wet moisture more effectively at speed coefficients of
A =1.37and A = 1.57, respectively. It has been established that changing the rotational speed coefficient of the
disc coulter from A = 1.1 to A = 1.58 does not significantly affect the cutting of winter wheat straw at natural
or wet moisture levels.
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Fig. 2. Influence of Single-Disc Coulter Parameters (18 teeth, Ar = 20 mm) and speed coefficient J. on
cutting winter wheat straw with natural moisture (W: = 11.8%) and wet moisture (W2 = 26.1%)

During further experimental research, a notable increase in the amount of winter wheat straw cut was
observed, which was attributed to natural experimental conditions. Specifically, the resistance to coulter
penetration into the soil in these trials was roughly twice as high (1.0 + 0.02 MPa at a depth of 35 mm)
compared to earlier studies. According to researchers (Linke, 1998) [17], there is a clear relationship between
soil hardness and the resistance encountered when cutting straw, highlighting the need for additional
investigations. It was determined that as soil hardness increases, the effectiveness of cutting plant residues also
improves. Observations showed that when the disc coulter penetrates the soil up to 35 mm deep, some straw
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particles remain uncut. To enhance the amount of cut plant residues, it is recommended to increase the
penetration depth of the disc coulter by 20-25%.

Previous experiments conducted in the Zhytomyr region at the farm STOV "Starokotelnianeske™

revealed that increasing the disc penetration depth from 20 to 35 mm improves the cutting efficiency of winter
wheat straw by 7-18%. Additionally, it was found that passive smooth disc coulters with a diameter of 460

mm moving at 6.4 km/h are capable of cutting 100% of plant residues (2000 kg/ha) when penetrating the soil
to a depth of up to 50 mm.

5. Conclusion

When the toothed disc coulter is forcibly rotated (with speed coefficients A > 1.37 and A = 1.58) in
untreated soil (moisture content 12.9 + 0.4%, hardness 0.5 MPa, and penetration depth up to 35 mm), it cuts
between 56.0% and 69.3% of winter wheat straw at natural moisture (W = 10.1%). This is substantially higher
than the cutting efficiency observed when the toothed disc coulter moves freely at A= 1.0. In the case of forced
rotation, the smooth disc coulter also cuts a significantly greater amount of straw compared to its free
movement. However, this improvement is less pronounced for toothed disc coulters. Across all scenarios, dry
straw is more effectively cut than wet straw. Adjusting the speed coefficient of toothed disc coulters (with n =
18 teeth, Ar =20 mm) from A = 1.1 to A = 1.58 does not have a significant impact on cutting performance in
untreated soil with varying moisture levels, where soil hardness measures around 1.0 = 0.02 MPa at 35 mm
depth. Nevertheless, when the disc coulter (A = 1.0) moves freely, the quantity of cut straw is markedly lower
compared to when forced rotation is applied.
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BIIJIUB ITAPAMETPIB JTUCKOBHUX COUIHUKIB HA 3IATHICTb ITPOPI3AHHS
POCIMHHUX PEHITOK ¥ CUCTEMI NO-TILL

Bnposaooicennss mexnonozii 6e306pobimHoco nocigy Mae HU3KYy eKOHOMIYHUX Md eKOA02IYHUX
nepesaz, maxKux K NOKPAujeHHs 81acmusocmeti IDYHmMYy, 3MeHUeH A epo3ii ma 0e2paoayii IPYHmy, a maKoxc
nioBUWeHH eheKMUBHOCTHI BUKOPUCMAanHs Yacy ma naauga. OOHAK OCHOBHUM HEOONIKOM YUX mMexHoNo02il €
me, WO POCIUHHI PeumKy HA NOBEPXHI TPYHMY 3HUNCYIOMb 30AMHICMb 00 PIBHOMIPHO20 NPOPOCAHHS
HACIHHA CLIbCbKO20CNO0APCHKUX KYIbMYD, WO BUMALAE BNPOBAONCEHH 000AMK08020 npoyecy 360py abo
3PI3AHHA POCTUHHUX PEUMOK.

Teopemuuni  Q0CHIONCEHH OOIDYHMOBYIOMb 3ANEHCHICIb  diamempa O0OHOOUCKOBO20 COUHUKA 6I0
POOOUOI 2TUOUHU NPOHUKHEHHS OUCKA, 2TUOUHU WUAPY POCIUHHUX PEWMOK Mad Kyma cmucky. Bukxopucmosyrombcs
AKMUeHi ma nacusHi COUHUKY, 5IKI 3pI3aromy CONIOMY KOB3AHHAM NO pOOOUILl NOBEPXHI NOJIAL.

Excnepumenmanvui 0ocniodicents 6Cmanosunu, wo Haukpauje 3pizaromvcs cOLOMA NPUpoOHoi
sonozocmi (W = 10,1%) ma eéonoea conoma ozumoi nuwenuyi (W = 22,3%) 3a 00nomo2o yvomupvox pizHux
dopm duckosux cownuxie diamempom 380 mm (2naoxi 6e3 3yoyie n=0, enudbuna xanasku Ar=0 mm; 3y6uacmi
n=12, Ar=15 mm, 3youacmi n=18, Ar=10 mm, 3youacmi n=18, Ar=20 mm). Excnepumernmanvhi 00CrioNceHHs
niomeepoOUu 0OMeNCeH s, 00ePMAanHsL AKMUBHO20 OUCKOBO20 COUHUKA HA BUCOKUX UWBUOKOCHSX (Koe@iyichm
weuoxkocmi 2>1,37 ma A=1,58), wo npuzeodums 00 6inbuwioi KitbKocmi 3pi3anoi conoMu NOPIGHAHO 3
BUNAOKOM BUKOPUCMAHHA OUCKOBO2O COUIHUKA 3 NACUBHUM 00epmaHHAM y KoHmakmi 3 tpyumom (A=1,0).
3youacmi Ouckosi coutHuxu egexmusHiuie 3pizaioms CONOMY MA POCAUHHI PEULMKU, HINC 21a0Ki OUCKUL.
Hocniosxcennsa niomeepodicyroms 3aledHCHICMb 30aMHOCMI 3PI3aHHA COJIOMU 8I0 B8071020CMi Mamepiaiy,
npUYOMY KLIbKICMb 3PI3AHOT COOMU 3MEHULYEMBCA 31 30LIbULEHHAM 80JI020CHE Mamepiany.

Ipumycose obepmanns 3y6uacmo2o OUCK08020 couuKka (koegiyicum weuoxocmi A>1,37 ma A=1,58)
y Heobpobaenomy tpyumi (6onozicmu 12,9+0,4%, meepdicmo 0,5 Mlla, enubuna nponukHenus oucka 00 35 mm)
3abe3neuye 56,0 — 69,3% spizanna conomu o3umoi nuenuyi npupoonoi eonoeocmi (W=10,1%), wo cymmego
nepesuuye NOKA3HUKY, OMpPUMAHI nio Yac 8iIbHO20 PyXy 3y0uacmozo ouckoso2o counuxa npu A=1,0.

KarouoBi cioBa: Ouckosuii cowHuk, Koegiyichm weuoKocmi, POCIUHHI PEWmKU, HYIbOSULl
00poimoK, po3nodin conomu, 3youacmi OUCKu.
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