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Performance of zero-tillage furrow openers in different soil textures
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ABSTRACT

A field experiment was conducted in Al-Hamdaniya district, southeast of Mosul city, the center of
Nineveh Governorate, during the agricultural season (2024-2025). The study aimed to investigate the
effects of the furrow opener type of a no-till seeder on mechanized and agronomic performance
indicators (draft force, vibration, and aboveground dry biomass) in two different soil textures for
wheat crop under a no-till farming system (conservation agriculture). The results revealed significant
differences for the studied factors and their interactions across all traits. The disc furrow opener
significantly outperformed by recording the lowest draft force of 3.70 kN m™, compared to the tine
opener, which recorded the highest draft force of 4.84 kN m™. The disc opener recorded the lowest
values for clay loam and sandy loam soils at 3.90 kN m™ and 3.49 kN m™, respectively. Regarding
the vibration, the disc opener was significantly superior, recording the lowest value of 2.5 m.s™ 2
compared to the tine furrow opener, which recorded 4.7 m.s~ 2. The interaction between furrow
opener type and soil type was also significant for vibration. The disc opener recorded the lowest
vibration values for both soil types at 2.5 m.s~ 2, compared to the tine opener. The clay loam soil
recorded the highest biomass value of 4.8 ton ha™ %, compared to the sandy loam soil, which recorded
4.0 ton ha™ 1. The disc opener achieved 5.0 ton ha™ * of biomass at clay loam soil, compared to the
tine opener, which recorded 4.6 ton ha™ * on the same soil texture.

Keywords:  Tractor;  Seeders;  Draft force; Disc and tin  furrow  opener.

INTRODUCTION the seedbed. They’re especially good at

handling crop residue, which makes them a
The type of furrow opener that choose for solid fit for conservation agriculture [2].
a seeder is a fundamental reason for Research shows that the type of furrow
increase or decrease crop productivity. It opener also impacts seed placement, soil
can really make or break how well planting airflow, and how well the soil holds
operation goes. That choice affects how moisture things that are essential for good
easily the opener penetrates the soil, how germination and growth [3]. Those factors,
much force is needed to pull it, how much in turn, play a big role in how much
vibration it creates while running, and even biomass the plants produce. On the other
the long-term health of the crops. Different hand, another study found that tine-type
seeders work in their own ways, with openers tend to disturb the soil more,
unique designs and effects on the soil [1]. which can increase vibrations when they
Disc openers, for example, use rotating move through the ground [4]. Whatever
discs to slice through the surface and prep opener you go with, it needs to support not
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mess up how the rest of the seeding system
works, like keeping seed spacing even and
distribution consistent. Mechanical
properties play a crucial role in evaluating
the performance of different furrow
openers. Vibration has been found to
significantly affect seeder performance,
especially for small seeds, as mechanical
frequencies and vibrations are highly
important in determining seeding accuracy
and seeder performance [5]. Furthermore,
the interaction between seeder type and
soil type affect practical outcomes. In clay
loam soils, cutting and penetration require
higher draft forces; a disc may increase
draft resistance but cuts through crop
residues efficiently while planting. In
sandy loam soils, draft resistance is lower
[6]. Uneven terrain causes complex
vibrations, affecting seed distribution
stability and potentially leading to seeding
inaccuracy, which consequently impacts
crop growth performance and final yield.
Additionally, light sandy soils generate
greater vertical vibration compared to
clayey soils, leading to tangible effects on
seeder performance [7]. Among the
important traits used to assess the
efficiency of any agricultural system are
plant biomass, soil characteristics and
quality, and their impact on machinery-
related mechanical properties such as draft
force and vibrations during planting.
Therefore, biomass is a fundamental
evaluation indicator that reflects the extent
to which plants utilize resources (water,
light, nutrients) by employing appropriate
planting methods that reduce energy
consumption and improve seed-soil contact
[8, 9].Using simulation to design a tine-
type seeder, it was found that seeder type,
planting depth, seeding rate, and row
spacing significantly affect crop yield and
biomass, demonstrating that the seeder's
mechanical performance in terms of draft
force and vibration is closely linked to
biological outputs [10, 11] .The highest
germination rate was found in fields
planted using disc-furrow opener seeders.
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Regarding biomass, seeds planted in a
manner that achieves good soil penetration
and uniform distribution lead to better
germination, stronger root growth, and
stimulation of soil microbial activity,
thereby increasing crop biomass and
biomass [12]. Clay loam soils are
characterized by their ability to retain
moisture and provide nutritional support to
plants compared to sandy soils, giving
them an advantage in promoting early
growth and reducing water stress, which is
reflected in increased production and
biomass [13] .In contrast, sandy soils are
less stable and offer lower resistance,
affecting furrow opener behavior and
vibration  levels  during  operation.
Conservation agriculture is based on
several key factors, including retention of
plant residues, crop rotation, and the type
of seeder used. It is defined as a tillage
planting system that keeps at least 30% of
the previous crop's residues covering the
soil surface [14]. A study by [15] found
that using disc planters improves seeding
indices in  conservation  agriculture
systems. Additionally, disc seeders are the
most suitable for conservation agriculture
in maize and wheat cropping systems [16].
To achieve the expected impact from no-
till seeding machinery, important structural
characteristics such as the type of furrow
openers and covering components must be
compatible with the climate, soil type, field
conditions, and crop types [17]. The
importance of these systems emerged after
it became evident that conventional
moldboard plowing leads, over time, to a
decline in organic matter and increased soil
erosion, prompting the adoption of modern
systems like zero tillage, which relies on
opening narrow furrows to place and cover
seeds without any prior tillage. Multiple
studies have confirmed that selecting the
appropriate furrow opener type contributes
to proper seed placement and enhances
subsequent growth stages, which in turn
affects the final harvest outcome [18].
Thus conservation agriculture is an
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innovative  approach  that promotes
sustainable agriculture while improving
soil health.

The objective of this study is to investigate
the effect of conservation agriculture
seeder furrow opener type on some
mechanical properties and the
aboveground biomass of wheat crop by

testing it under different soil textures.

MATERIAL AND METHODS

A field experiment was conducted in Al-
Hamdaniya district, affiliated with Mosul
city, across two fields during the
agricultural season (2024-2025). The field
topography was characterized by flatness.
The actual experimental area used from
each field was (10) dunums. Regarding
soil properties as shown in Table (1).

Table 1. Soil texture.

Soil textures
The First field The Second field
(clay loam soil) (sandy loam soil)
clay |san |[silt |clay |sand |silt
d
28% |27 |45 |6% |87% | 7%
% | %

Both fields were planted with the wheat
crop (Triticum aestivum L.). Table (2)
shows the average temperature and rainfall
amounts during the experimental period.
This study investigated two factors: furrow
opener type and soil type. Two seeder
types were used. The first was a disc
seeder and the second was a tine-type with
the two agricultural tractors of the type
Massey Ferguson 285s were used to
implement the experiment. The first tractor
served as the primary source of draft
power, while the use of the second tractor
was limited to raising and lowering the
seeder, and specifications as shown in the
table (3, 4). The effect of these factors on
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the studied indicators was measured:
(Draft force, Vibration and Biomass).

Experiment Design

Factorial Experiments conducted within a
Complete Randomized Block Design
(RCBD). Each factor was tested at two
levels: furrow opener (disc, tine) and soil
type (clay loam, sandy loam), with three
replications. Each experimental unit had a
length of 30 meters. Statistical Package for
the Social Sciences (SPSS-version 23)
software was used to analyses the data
derived from the field study [19]. Analysis
of variance was performed on the collected
results according to Duncan's test.
Significant differences between treatment
means were tested at a (5%) probability
level.

1- Draft Force.

The draft force was measured directly
using a draft force measuring device
(dynamometer) as shown in the Figure (1)
and calculated according to the following
equation. [20].

Fpu=Ft+Frm...... .. (D
Ft=Fpu—Frm...... .. (2)

When Fpu was total pulling force process
(kN), Ft was traction force (kN), and Frm
was rolling strength resistance and without
tillage (kN).

2- Vibration (m.s~ 2).

Vibration was measured by mounting a
vibration sensor on the seeder body. The
sensor converts mechanical motion into
measurable and analyzable digital signals.
Measurements were repeated three times to
ensure the highest levels of accuracy and
reliability. This allowed for the evaluation
of the interactive effect of both furrow
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opener type and soil properties on the
vibration levels, as shown in Figure (2).

3- Aboveground biomass (ton ha™ 1).
The crop was harvested manually by

cutting a 2-meter section from each of the
two central rows in every experimental
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plot. The cutting height was approximately
20 mm above the soil surface, carried out
during May 2025. The samples were then
oven-dried at 60°C for 72 hours. This dried
material was wused to estimate the
aboveground biomass, expressed in Ton
ha=1 at a 14% moisture content
(weight/weight basis) according to the
method described by [21]

ISSN 2072-3857



Euphrates Journal of Agricultural Science-18 (1):600-611, (Mar.2026) Alkhoury et al.

Table 2. Temperature and Rainfall during the winter season of 2024-2025 in Al-
Hamdaniya District (data sourced from Directorate of Agriculture in Ninawa).

Month Max. Temperature Min. Temperature Rainfall
(°C) (°C) (mm)

November 2024 21 12 45
December 2024 15 8 58
January 2025 13 5 62
February 2025 15 6 63
March 2025 20 9 63
April 2025 26 14 44
May 2025 33 20 15
Total Rainfall during the season 350

Table 3. Specifications types of seeders used

seeder types

tine seeder disc seeder
grain hopper capacity (250 kg) grain hopper capacity (500 kg)
fertilizer hopper capacity (250 kg) fertilizer hopper capacity (500 kg)
working width (2 m) working width (3 m)
number of furrow openers (10) number of discs (20)
Row spacing (20 cm) Row spacing (15 cm)
Dynamometer

Figure 1. How the draft force was measured using dynamometer
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Table 4. Specifications of the agricultural tractor

Specifications of the agricultural tractor

Massey Ferguson 285s Tractor type
Two-wheel drive (2WD) Model
31KN Total tractor weight
Four-stroke diesel engine with direct fuel Engine type
injection (2WD)
4 Number of cylinders
17.5:1 Compression ratio
56.6 Rated engine power (kW)
2200 + 25 rpm Maximum crankshaft speed under load
(rpm)
2310+ 25 rpm Maximum crankshaft speed at no-load
(rpm)
(4 standard and 4 low-range) Number of forward gears: Eight
(1 standard and 1 low-range) Number of reverse gears: Two
30-18.4 inch Rear tire size
16-17.5 inch Front tire size

> 4

Fure 2. Accelerometer UNI-T UT315A
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RESULTS AND DISCUSSION

Table (5) reveal significant differences in the interaction (furrow opener type x soil type) on
effect of furrow opener type on draft force (p- draft force. The highest draft force was
value < 0.05). The disc furrow opener recorded with the tine opener in clay loam soil
recorded the lowest draft force of (3.70 kN m” at (5.05 kN m™) which differed significantly
1), compared to the tine furrow opener which from the disc opener on the same soil, which
recorded the highest draft force of (4.84 KN m’ recorded the lowest value of (3.90 kN m™).
). This is attributed to the smooth sliding This is because clay loam soil tends to be
action of the disc opener on the soil surface. In sticky and relatively moist at the working
contrast, the tine opener has a larger contact depth, increasing adhesion between the sticky
area and a wider penetration angle which soil and the opener, which in turn raises
increases soil resistance and leads to higher resistance during pulling compared to the disc
draft force, as indicated by [22]. Additionally, opener [23]. Conversely, the lowest draft force
disc openers reduce the direct contact area was recorded with the disc opener in sandy
with the soil and decrease friction, as the disc loam soil at (3.49 KN m™), compared to the
cuts the soil in a rolling manner. This reduces tine opener which recorded the highest value
draft force due to the slipping action of the of (4.63 KN m™) on the same soil. The reason
disc during penetration and the consequent is that disc openers create a narrower furrow
decrease in soil resistance. Regarding the than tine openers, meaning a smaller volume
factor of soil type, no significant differences of soil must be displaced sideways, leading to
were observed. The recorded values were reduced resistance [4]. Additionally, disc
(4.48 kN m™ and 4.06 kN m™) for the clay openers distribute pressure over a relatively
loam and sandy loam soils respectively. smaller area and reduce forward soil
Furthermore, the table shows significant deformation, thereby decreasing overall draft
differences for the effect of the two-factor resistance.

Table 5. Effect of the studied factors on the draft force (kN.m™).

Soil Type
Furrow Opener Type

Furrow Opener Type Clay Loam Sandy Loam Mean

Disc 390b 3.49b 3.70b

Tine 5.05a 4.63 a 4.84 a

Soil Type 4.48 a 4.06 a

Table (6) showed significant differences in the friction and deeper penetration of tine openers
effect of opener type on the vibration (m.s™ 2). into the soil, which increases resistance and
The tine-type opener recorded the highest mechanical disturbance. In contrast, disc
vibration value compared to the disc-type openers operate with smoother sliding over the
opener, with the highest mean vibration for the soil surface and during soil entry, resulting in
tine opener reaching (4.7 m.s™ 2), while the lower vibrations. This aligns with the findings
vibration value for the disc opener did not of [22], who explained that tine openers, due
exceed (2.5 m.s™ 2). This indicates that tine to their geometry and blade design, directly
openers generate greater vibration during influence vibration amplitude and the intensity
operation. This is attributed to the direct of machine-soil interaction more than disc
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openers. Regarding the effect of soil type on openers have a larger soil contact area and a
vibration, no significant differences were wider penetration angle, leading to increased
observed. However, it is noteworthy that the soil resistance and higher vibration intensity
clay-loam soil recorded a higher mean during operation. In contrast, disc openers
vibration of (3.8 m.s” 2) compared to the penetrate the soil more smoothly with less
sandy-loam soil, which recorded (3.3 m.s™ 2). friction, reducing tool oscillation during work.
This is due to the increased resistance of clay This was corroborated by [24], who confirmed
soil to the machine during operation, leading that the type and structure of the furrow-
to higher mechanical vibrations of the planter opening unit in planting machinery directly
[23]. As for the two-factor interaction between affect the operational vibration characteristics
opener type and soil type, it had a significant of the machine. The higher vibration in clay-
effect on the vibration. The tine opener loam soil compared to sandy-loam soil can be
recorded the highest vibration values, reaching explained by its greater cohesion and higher
(5.2 m.s™ ?) in clay-loam soil, which differed density, which limit the absorption of
significantly from the disc opener in the same vibrational waves and increase their
soil, recording (2.5 m.s™ 2). This was followed transmission to the machine body. This is
by sandy-loam soil with the same opener type, consistent with the results of [25], who
also recording (2.5 m.s™ 2), while the tine highlighted that soil density and internal
opener showed a significant difference from cohesion are fundamental factors in
the disc opener in the same soil, recording (4.1 determining soil response to vibrations.

m.s~ 2). This is attributed to the difference in
opener design between the two types. Tine

Table 6. Effect of the studied factors on the vibrations (m s~ 2)

Furrow Opener Type Clay Loam Soil Type Sandy Loam Furrow Opener Type Mean
Disc 25D 25b 25D
Tine 52a 41a 4.7a
Soil Type 3.8a 3.3a

Table (7) showed no significant effect of loam soil features a greater ability to retain
opener type on the biomass trait (P>0.05). moisture and nutrients due to its physical and
However, numerically, the disc opener chemical properties, supplying water and
recorded a higher biomass of (4.4 ton ha™ 1), nutrients to plants for a longer period
while the tine opener recorded a lower yield of compared to sandy-loam soil. This positively
(4.3 ton ha™ 1). In contrast, the results revealed influences photosynthesis, leading to stronger
a significant effect of soil type on biomass. vegetative growth and consequently increased
Clay-loam soil achieved the highest value of biomass [26, 27]. The table also shows
(4.8 ton ha™ *) compared to sandy-loam soil, significant differences in biomass due to the
which achieved (4.0 ton ha™ 1. This is interaction between opener type and soil type.
attributed to the superior water and nutrient Disc openers excelled in recording the highest
retention capacity of clay-loam soil over biomass of (5.0 ton ha™ %) when planting in
sandy-loam soil, providing plants with an clay-loam soil, which differed significantly
opportunity ~ for  higher dry  matter from sandy-loam soil with the same opener
accumulation when seed placement s type, recording (3.9 ton ha™ ). Meanwhile, no
adequate. Additionally, the texture of clay- significant difference was observed between
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clay-loam and sandy-loam soils when using
tine openers, with yields of (4.6 ton ha™ 1) and
(4.0 ton ha™ 1), respectively. The reason is that
suitable soil physical conditions, combined
with precise seed placement and good seed-
soil contact, achieved the highest efficiency in
resource utilization and improved plant
biomass, as well as the best production
performance in modern farming systems
supported by soil properties that enhance
moisture retention. The high efficiency of disc
openers in ensuring consistent planting depth
and uniform seed distribution promotes
germination and growth uniformity [28].
Furthermore, disc openers tend to provide
more consistent seed placement on surfaces

with residues or heterogeneous topography,
reducing depth variations and localized
leveling, improving germination uniformity,
and increasing biomass [29, 17]. This
indicates that disc openers excel in placing
seeds uniformly and effectively closing the
seed furrow, leading to balanced vegetative
growth, which in turn contributes to higher
biomass. As for tine openers, they showed
acceptable performance with an overall mean
of (4.397 ton ha™ 1). Their slight decline
compared to disc openers results from their
operating mechanism, which relies on direct
soil penetration, increasing the likelihood of
planting depth variability in cohesive or

heterogeneous-textured soils [23].

Table 7. Effect of the studied factors on the Biomass (ton ha™ 1)

Soil Type
Furrow Opener Type Clay Loam Sandy Loam Furrow Opener Type Mean
Disc 50a 39D 44 a
Tine 4.6 ab 4.1ab 43a
Soil Type 4.8 a 4.0b
CONCLUSIONS
The results of this study demonstrated that further showed that the disc opener

opener type and soil type were significantly
effect on the mechanical and agronomic
performance  indicators  under  no-till
conservation agriculture conditions. The disc
opener exhibited superior performance by
recording the lowest draft force of (3.70 kKN m”
') compared to the tine opener, indicating its
greater  suitability for reducing draft
requirements in  no-till  systems. This
superiority was confirmed by the significant
interaction between opener type and soil type,
where the disc opener achieved the lowest
draft force values in both clay-loam and
sandy-loam soils, recording (3.49 kN m™) and
(3.90 kN m™), respectively. Regarding
generated vibrations, the disc opener achieved
the lowest values at (2.5 m.s™2). The
interaction between opener type and soil type

608

consistently recorded the lowest vibration
values in both soil types. In contrast, the tine
opener recorded the highest values,
particularly in clay-loam soil at (5.2 m s~ 2).
Concerning biomass, soil type played an
important role with clay-loam soil recording a
higher biomass than sandy-loam soil at (4.8
ton ha™ 1). The interaction between opener
type and soil type was also statistically
significant. The disc opener combined with
clay-loam soil achieved the highest biomass of
(5.0 ton ha 1), indicating a positive
synergistic effect between this opener type and
suitable soil conditions. Conversely, the tine
opener showed no notable differences in
biomass across the different soil types.
Therefore, the disc opener is more efficient in
no-till  conservation agriculture  systems
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particularly in clay-loam soil, due to its lower
draft force, reduced vibration, and increased
biomass. Consequently, the use of disc
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