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Introduction

Abstract: No-till farming is a conservation agriculture strategy aimed at protecting
natural resources in semi-arid environments. This study focuses on analyzing the
performance of the two main groove opening systems: disc and knife, and
developing predictive models for their performance. Field experiments were
conducted in a randomized complete block design (RCBD) to evaluate the effect
of hatch type, operational speed (4-8 km/h), and soil moisture (12-18%) on key
performance indicators. The results revealed the superiority of Al-Fateh Al-Sakini
in achieving a higher uniformity of seed depth (with a lower standard deviation
of 22%), especially in dry cohesive soil. In contrast, the disc opener demonstrated
superior crop residue cutting efficiency (>95%) and reduced soil disturbance, with
up to 28% lower pulling force requirements. High-resolution regression models
(R2>0.85) were built to predict performance. The research concludes that choosing
the ideal conqueror depends on administrative priorities. The disc type is the most
efficient and reliable option in semi-arid conditions with high residues, while the
knife-threader provides better seeding depth performance in cohesive soils at the

expense of higher energy consumption.

Key Words: No-tillage, Disc, Hoe Tine, Seeding Depth, Operating Speed, Predictive
Modelling

No-till agriculture has emerged as a sustainable solution to the crisis of agricultural land degradation,

which is seriously exacerbated in semi-arid regions due to the effects of climate change. In Iraq, for example,
which is a model for these areas, 'it suffers from water stress due to high temperatures, low rainfall... and
increased evaporation [1]. In this context, the implementation of conservation farming systems is no longer
an option, but an imperative to conserve scarce resources and ensure the sustainability of agricultural
production. This is confirmed by the United Nations Report to Combat Desertification [2], which classifies

this problem as a global crisis. The no-till farming system, which has been shown to be effective in reducing

American Journal Of Botany And Bioengineering!| 76



https://biojournals.us/index.php/AJBB
mailto:Msh41551@ntu.edu.iq

Al-Totonjy, M. S /Biojournal Vol 3 (3), March

soil erosion and improving water use efficiency, is a practical embodiment of this strategy [3]. The
significance of this system is not only represented in theoretical research, but also in regional studies that
have brought to light the difficulties that this system presents in practice. For example, a field study
conducted in the semi-arid conditions of Nineveh Governorate showed that the selection of groove opener,
pressure wheels, and seeding depth had a significant impact on biomechanical performance indicators such
as fuel consumption and field efficiency [4], underscoring the urgent need to improve these systems at the
local level. The power of conservation agriculture lies in three basic principles, and the no-till farming
system is a practical embodiment of these principles: minimal reduction of soil disturbance, continuous
conservation of vegetation, and crop diversification. This practice has been shown to be effective in
reducing soil erosion, increasing organic matter content, improving soil structure, and reducing fuel
consumption by up to 70% compared to conventional agriculture [5].

The practical success of a no-till farming system does not lie in the theoretical principle, but is
crucially dependent on the field performance of the machine, and this system is a practical embodiment of
the principles of conservation agriculture characterised by the practical application of three interrelated
principles: no or minimal mechanical disturbance of the soil, permanent maintenance of soil biomass cover,
and diversification of crop types [6] Highlights within this machine is one component that is the most
influential and decisive: the groove opener. It is not only a tool for seed placement; rather, it is a multi-
tasking engineering unit that is required to achieve a delicate balance between conflicting requirements.
These requirements include penetrating the soil, placing seeds at a uniform depth, managing dense plant
residues, and ensuring optimal furrow closure in order to conserve moisture [7] The suggestions for
sustainable agriculture are built on the foundation of these various criteria. The disc opener and the hoe
opener are the two most common forms of furrow openers. The most significant technical challenge that
engineers and farmers have is deciding which of these two types of furrow openers to use. According to
[6], the disc opener, which functions according to the cutting principle, provides superior waste
management performance and needs less energy, making it the best choice for fuel efficiency. On the other
hand, this efficiency comes at the price of its capacity to penetrate dry and compact soil, which puts the
uniformity of seed depth in jeopardy. On the other hand, the hoe opener is particularly effective in breaking
up rough soil and ensuring a consistent seeding depth, both of which are essential in arid areas. However,
this power does not come from nowhere; they demand a significantly higher amount of energy, they
produce a bigger disruption to the soil structure, and most crucially, they are essentially impotent against
thick material, which makes them susceptible to repeated blockage [8]. The continuity of this challenge as
a focus of contemporary scientific research is underscored by a very recent study conducted in the same
region [9], which once again showed that the gap in performance between the two openers persists even
when additional variables such as soil type (clay and sandy) are taken into account. This ongoing interest
highlights that the knowledge gap persists, especially in the absence of accurate predictive models.
Consequently, this study has two goals in order to close this gap:

1. To carry out a thorough and comparative mechanical analysis of disc and hoe
openers, with an emphasis on key performance metrics such as draft force, uniformity of seeding dept
h, efficiency of residue cutting, and quality of furrow closing, under field conditions that accurately ref

lect the difficulties of the semi-arid environment.
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2. To create reliable mathematical regression models that can forecast each opening type's performance d
epending on important operational variables (speed, moisture) and are appropriately calibrated for th

ese circumstances.

Materials and Methods
1. Experimental Site and Initial Soil Properties

The field experiment was conducted in AL-Ayadiya area, a semi-arid site with an average annual
rainfall of only 250 mm, during the 2024-2025 growing season. The total density of clay soils at the
experimental site was 1.45 g/cm?. To ensure site homogeneity, the total density and organic matter content
of the soil were measured prior to the experiment. At a rate of 4 t/ha, the usual rate of no-till systems in the
region, the fields were covered with residues of the previous wheat crop.

2. Experimental Design and Treatments

Three replications of a Randomized Complete Block Design (RCBD) were employed. Because it
makes it possible to assign additional degrees of freedom to the primary factor (furrow opener), which
might be challenging to randomize within blocks, this design works well for researching interactions
between factors [10]. The following variables and levels were present in the experiment:

* Critical Factor: Two-level furrow opening type
1. disc opener
2. hoe Tine Opener
+ Secondary Factor: Three levels of operating speed
1. 4 km/h
2.6 km/h
3.8 km/h
* The third factor is the two-level soil moisture content at seeding;:
1. (12% £ 0.5%).
2. (18% +0.5%).

While the medium-moisture treatments relied on natural soil moisture, the low-moisture treatments
were managed by additional irrigation one week before the treatments were put into place. 36 experimental
units were set up, consisting of 2 openers, 3 speeds, 2 moisture levels, and 3 replications.

a. Equipment and Furrow Openers Used

An agricultural tractor with a four-wheel drive and 75 horsepower was used in the investigation.
Two different kinds of seed drills were used: one with hoe tine openers that were 2 cm wide and the other
with normal disc openers that had a 15° cutting angle. Both drills were set up to plant wheat seeds at a pace
of 120 kg/ha and at a target depth of 5.0 cm.

b. Measurement of Performance Indicators

Following accepted procedures in the scientific literature, the following performance metrics were
assessed for every experimental unit once the drill had stabilized:
¢ Draft force: It is determined by placing a calibrated dynamometer between the seed drill and the tractor.

We evaluated the average pull force (kN) from each treatment at a constant 20 m. Hunt (2001) says that
this is the usual approach to finding out how much energy agricultural equipment consumes.
¢ Seed depth: [5] indicate that depth of consolidation is a very important indicator of excellent quality

cultivation. A week later, when the seedlings had grown twenty of them were randomly selected from
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each experimental unit. We used a stepped metal ruler to see the depth of each seedling from the top of
the soil to where the seeds begin to germinate. We also use the standard deviation (SD) of depth per unit
to evaluate the consistency of depth. A smaller SD number means things are more stable.

o Cutting residue efficiency: The frame with an area of one square meter is randomly placed above the
seed line. We counted the frame remains and divided them into two groups: 'cut' and "partially cut'. This
is a typical way to find out how effective an aperture is [11]. I used the following calculation to calculate
the percentage efficiency:

EF (%) = (NCr/ TNr) x 100

Where:

Ef : Residue Cutting Efficiency (%)
NCr  :Number of cut residues

TNr  :Total number of residues

It is suggested by [12] that efficient furrow closure is essential for both retaining moisture and
ensuring that seeds come into contact with the soil in a manner that is beneficial to their growth. For the
purpose of counting seeds that were either on the surface or less than one centimeter deep in the soil, we
utilized the same quadrat. It was determined that the quality of the closure could be evaluated based on
the proportion of seeds that were adequately covered:

CQ % =(NCs/TNs) x 100.
Where:
CQ : Closure Quality (%)
NCs  : Number of adequately covered seeds
TNs  :Total number of seeds
c. Statistical Analysis and Predictive Modeling

The data that we gathered for each performance measure were analyzed using the analysis of
variance (ANOVA) software that was developed by SAS (version 9.4). In order to ascertain whether or
whether there were important distinctions between the therapies, this was done. If the F test is significant
(P <0.05), then Duncan's multiple range test is utilized to determine the means at the 5% probability level
(P <0.05) for a split chart design that includes a main chart (opening type), a sub chart (speed), and a sub
chart (soil moisture). With the use of variable linear regression analysis, statistical models were developed
that are able to assess the performance of slots in a variety of various circumstances. To make educated
guesses about concepts such as opener type (Op), soil moisture (SM), and machine operating speed (V), we
utilized a mix of independent inputs.

There is a model that has been built to forecast the standard deviation of seeds in depth (SD), which
is a useful technique to analyze the uniformity of seed sowing. This model has been developed. Using the
equation that is shown below, the model was constructed in part:

SD =0.12 + 0.45 x Op - 0.08 x SM + 0.05 x V + 0.02 x (Op x V)
The variables are defined as follows:

SD : standard deviation of seed depth (cm).

SM : percentage of water in the soil.

\Y : The speed at which it runs (km/h).

0] : The shovel tine opener's reference is 0, while the disc opener's reference is 1.
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We can use these models to see how operational factors affect performance indicators. This helps us

guess how the openers will perform in certain scenarios in the field.

Results
Analysis of variance (ANOVA) showed that the statistical model was significant (P < 0.05) for all

performance measures examined. This suggests that the type of opening, speed of operation, and soil

moisture level all significantly impact how well the seeds have been dug.

1. The effect of the study variables on the pulling force of the KN

The statistical analysis revealed that the seed pulling force was significantly affected by the three main

factors (soil moisture, speed, and type of groove opening) and their interaction. Table 1.

¢ Opener Type (OP): The results showed that the two types of editorials were very different from each
other. Hoe's editorial has always needed much more drag than a Disc editorial, no matter how fast or
wet. The opening device could pull an average of 3.48 kN, while the dial switch pulled about 2.45 kN.
This means that the pickaxe now needs 42% more energy than it used to. This is mainly due to the way
it works, as it cuts and lifts more dirt.

¢ Operating Speed (V): The pulling force increased significantly and of course with the increase in the
speed of the machine. When the speed increased from 4 to 8 km/h, the average drag increased from 2.54
kN to 3.39 kN. Both types of editorials had the same effect.

¢ Soil moisture (SM): Soil moisture had a statistically significant negative effect on the strength of the
omitter. The drag force decreased from an average of 3.04 kN to 2.89 kN when the moisture content of
the soil increased from 12% to 18%. The cutting resistance and shear strength of the soil decreases when
the moisture content is high.

¢ Interactions: Type of start and rhythm (Op x V) had a significant impact on each other. As the pace of
play has escalated, the power of the opener's selection has become much stronger. At 8 km/h, the air's

countersunk force was 4.05 kN, which is much greater than the drag force of 2.75 kN per disc at the same

speed.
Table 1. Arithmetic Averages of Draft Force (KN)
Type of Furrow Velocity Soil Moisture Furrow Opener x Velocity ~ Furrow Opener
Opener Km/h %12 %18 Velocity effect effect
4 221 2.06 k 2.13f
Disc 6 253 h 2381 2.45e
8 2.82f 2.68¢g 2.75d
4 3.03e 2.88 f 2.95¢
Hoe 6 3.52¢ 3.37d 3.45b
8 412 a 397e 4.05a
o 4 2.62e 247 ¢ 254 ¢
Soil Moisture x
. 6 3.03c 2.87d 295b
Velocity
8 347 a 3.32b 3.39 a
Furrow Opener x Disc 252 ¢ 2.37d 245b
Soil Moisture Hoe 356a  341b 348a
Soil Moisture effect 3.04a 2.89b
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2. Seeding Depth Uniformity (SD) and the Impact of Study Variables
The results indicated that the standard deviation (SD) coefficient was employed in many different

ways to evaluate how regular the seed depth was. Higher values imply less regularity, which means more

depth variance.

¢ Opener Type (Op): The Hoe opener always made the depth of the sowing more equal (lower SD values).
In comparison, the standard variation of the Hoe opener was 0.49 centimeters, while the standard
deviation of the Disc opener was 0.59 centimeters. The fact that the hoe is able to break through densely
packed earth and create a solid seed path is what makes this performance so remarkable. Table 2

e Operating Speed (V): As the speed of operation went up, the seeding depth homogeneity went down a
lot, which made the standard deviation values go up. At a speed of 4 kilometers per hour, the standard
deviation was 0.45 centimeters, and at a speed of 8 kilometers per hour, it was 0.62 centimeters. When
the pace is increased, the opener and the dirt do not remain in contact with each other for as long, which
results in a decrease in the stability of the situation.

e Soil Moisture (SM): When the soil was deeper, it contained a greater amount of moisture, which
resulted in lower SD values. With 12% moisture, the mean standard deviation was 0.56 cm, whereas
with 18% moisture, it was 0.49 cm. It is possible for the aperture to go further into the earth when it is
moist since the ground does not have as much resistance.

¢ Interactions: The Op x V interaction was quite important. The Disc opener makes it simpler to observe
how speed may make depth uniformity worse. This means that using a disc opener to plant seeds in

dry soil at fast speeds doesn't work.

Table 2. Standardized Deviation of Sowing Depth (cm) Arithmetic Averages

Type of Furrow Velocity Soil Moisture Furrow Opener x  Velocity Furrow
Opener Km/h %012 0,18 Velocity effect Opener effect
4 0.55 ¢ 0.47 e 0.51 ¢
Disc 6 0.63b 0.55c¢ 0.59b
8 0.72 a 0.64 b 0.68 a
4 0.42f 035¢g 0.38 e
Hoe 6 048 e 043 f 0.46d
8 0.58 ¢ 0.53d 0.55 ¢
. . 4 0.48 ¢ 0.41d 0.45c
Soil Moisture x
. 6 0.55b 0.49 ¢ 0.52b
Velocity
8 0.65 a 0.58b 0.62 a
Furrow Opener DiSC 0.63 a 0.55 b 0.59 a
x Soil Moisture Hoe 049c  0.44d 0.49 b
Soil Moisture effect 0.56 a 0.49b

3. The effect of study variables on the effectiveness of residual plotting
The results showed that the treatments were not equally effective in reducing waste, as shown in
Table 3.
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e Opener type (OP): The results clearly showed that the disc opener was the best in removing crop
residues. Houzz's average opening efficiency was 96.4%, but he was only successful 75.4% of the time.
The sharp, cutting motion of the disc cuts rather than pushes debris, avoiding the important problem of
pinning hair into the slot.

¢ Operating Speed (V): Speed had different effects on the two groups. The efficiency of the tablet opener
has remained very high (more than 95%) with very few changes. As for Ho's opening, I faced a lot of
problems with increasing the speed. Efficiency decreased from 82.6% at 4 km/h to 68.2% at 8 km/h.

¢ Soil Moisture (SM): A small but beneficial effect of moisture was observed, with higher moisture levels

showing a slight increase in efficiency.

Table 3. The average waste cutting efficiency in percent

Type of i i i
yp Velocity  Soil Moisture Furrow Opener x Velocity Furrow
Furrow
Km/h %12 %18 Velocity effect  Opener effect
Opener
4 9.1b 96.2b 96.2b
Disc 6 970a 971a 97.0 a
8 959b 96.1b 96.0b
4 822d 83.0c 82.6 ¢
Hoe 6 750f 758e 75.4d
8 67.8h 687¢g 68.2e
. ) 4 89.1b 89.6a 89.4a
Soil Moisture
) 6 86.0d 86.4c 86.2b
x Velocity
8 81.8f 824e 82.1c
Furrow Disc 963a 965a 96.4 a
Opener x Soil
. Hoe 750c  758b 754 Db
Moisture
Soil Moisture effect 85.6b 86.1a

4. Study of variables on the quality of notch closure.

Table 4 shows that the fractions had quite diverse effects on the extent of groove closure.

e Opener Type (Op): The disc opener was better at closing grooves than the hoe opener, averaging 90.3%
compared to 77.9%. The disc opener does not damage the soil as much, so it is easier for the ground to
cover the furrow again.

e Operating Speed (V): Speed had a significant negative effect on closing quality for both types of openers.
As the speed increased, the quality decreased sharply. The average values decreased from 89.1% at 4
km/h to 79.1% at 8 km/h.

e Soil Moisture (SM): High soil moisture (SM) helps improve sealing quality slightly. This is because

wetter soil is more cohesive and plastic.
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Table 4. Mathematical Averages of Groove Closure Quality (%)

Velocity Soil Moisture Furrow Opener x ) Furrow
Type of Furrow Velocity o
ener
Opener Km/h %12 %18 Velocity effect P
effect
4 925a 93.0a 92.7 a
Disc 6 90.0b 90.3b 90.1b
8 879 ¢ 88.4 ¢ 88.1c
4 85.0 e 86.0 d 85.5d
Hoe 6 778 ¢ 785 f 782 e
] 69.8 h 70.3 h 70.0 f
o 4 88.7 b 89.5a 89.1a
Soil Moisture x
. 6 839d 84.4 c 84.1b
Velocity
8 78.8 f 79.3 e 79.1c
Furrow Opener x Disc 90.1b 90.5 a 90.3 a
Soil Moisture Hoe 77.5d 782 ¢ 779b
Soil Moisture effect 83.8Db 84.4 a

5. Understand the predictive model and its accuracy

The mathematical model that was built offers a quantitative framework that can be utilized to obtain
an understanding of the connection that exists between operational variables and seed hole performance.
The coefficients of the equation can be analyzed in great depth in order to gain an understanding of the
influence that each variable has. Before taking into consideration the effects of variables, the model begins
with a baseline standard deviation value of 0.12 cm. This value indicates the smallest amount of irregularity
that can currently be anticipated. Once this base value has been reached, each independent variable will
start to introduce changes to this value. Using the disc opener (where Op = 1) results in an increase of 0.45
cm in the standard deviation, which is evidence that the knife opener produces higher consistency in the
seed depth. The model demonstrates that the kind of opener has a substantial influence. On the other hand,
the moisture level of the soil plays a function that is both beneficial and calming. When the soil moisture
content increases by one percent, the standard deviation lowers by 0.08 centimeters. This indicates that wet
soil leads to a more uniform seeding process. Operational speed leads to the opposite effect. Every increase
in speed by 1 km/h increases the value of the standard deviation by 0.05 cm, which indicates a deterioration
in seed uniformity with increasing machine speed. The most accurate aspect of the model is the interaction
coefficient (Op x V) of 0.02. This coefficient reveals that the negative effect of increasing speed is not
constant, but rather depends on the type of opener used. The disc opener shows greater sensitivity to
increasing speed, as each increase in speed leads to an additional increase in irregularity that does not
appear when using the knife opener. In other words, the irregularity problem caused by high speed is more

severe and obvious when using the disc opener than with the knife opener.

Discussion
This study demonstrates the fundamental trade-off between hoe openers and disc openers in semi-
arid no-till environments. There is no one perfect answer for everyone; It depends on the operational and

environmental goals of the farmer.
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a. Interpret the opening performance and compare the literature

The hoe opening's pulling force requirement, which is 42% higher, fits well with the rules for how
things are built. A hoe uses more energy because it cuts and lifts more dirt. On the other hand, a disc opener
has a cutting mechanism that uses less energy [13]. This increase in energy use is a sign that the soil is being
disturbed more, and it's not just about operating expenses. Studies show [14]; [9] stated that 'the increase
in the weight of agricultural machinery and the number of passes within the field has led to increased levels
of soil compaction... and increased energy requirements for tillage operations.' These results are consistent
with recent research on agricultural machinery motion. So, the energy efficiency of the disc opener is good
for saving fuel and maintaining soil health. This is in line with the benefits of conservation agriculture seen
around the world, where 'reductions in fuel consumption of up to 60% or more' have been documented
[15].

On the other hand, the open hoe obtains more consistent seeding depths than other methods because
it can penetrate hard soil and create a solid seed channel [16]. On the other hand, dry soil can have different
depths because the disc opener can slide over solid blocks [6]. But this benefit comes with the cost of high
energy use and environmental damage that we mentioned earlier.

The disc opener is the best choice for no-till systems, especially in delicate situations, because it cuts
through residue very well (96.4%). Because it only cuts 75.5% of the time, the Hoe is prone to hair-pinning,
which is one of the biggest problems with how it works [11]. More importantly, keeping residue on the
surface of the soil is a big way to stop land degradation, and it's more than just a technical need. Any
problem with managing residue makes the 'loss of arable land due to desertification, frequent droughts,
and sandstorms' that semi-arid regions already deal with even worse [17] Because the Disc works so well,
it immediately helps to reduce the severity of dust storms and desertification, which climate change makes
worse [1].

In conclusion, the high quality of the Disc opener's furrow closure (90.3%) is very important because
these areas are 'water stressed [18]. In dry conditions, effective closure is necessary for uniform germination
because it ensures good contact between the seeds and the soil and prevents moisture loss through
evaporation.

b. Related findings and suggestions

In real life, this data provides growers and manufacturers with specific and accurate guidance.

*For growers: A hoe opener may be worth increasing the peanuts to ensure that the substrate grows
permanently in areas with very dry and hard moisture. A disc opener is the only real option, if you want
to be able to get contracts working at a company that has a lot of vegetable scraps. Farmers who use hoe
opening tools must be more sophisticated with the machine because its duration has a significant impact
on the quality. Next link: Preventing any sudden surges in heavy fuel use in the Quality Pledge.

*For manufacturers: Integrated results in the need for complete insulation. It may have semi-galaxy-
shaped terminal openings, its presence is constant at greater depths, and its lack of insect control.

c¢. Limitations of research and future studies

It is important to keep in mind that this study only considered one type of vegetable and soil in order
to reach any solid conclusions. In the future, scientists may be able to determine the impact of these openers
on the health of their production over time. Another thing you can do is test them in moist or loose soil

with root variation.
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Conclusion

The results of the predictive analysis study show that hoe and disc openers do not perform well in
no-till farming systems in semi-arid regions. A disc opener is the best choice when the most important
things are using less energy, keeping high levels of crop residue under control, and conserving soil
moisture. An open hoe, on the other hand, does a better job of making sure the seeding depth is the same
in compacted soil, but it uses more energy and may not be as good at conserving moisture. Therefore,
choosing the right opening is a strategic choice that must be based on a full understanding of this trade-off

in order to make conservation agriculture as sustainable and profitable as possible.

Recommendations
The results of the study indicate the following recommendations:
1. For practitioners and farmers
o disc opener is the ideal choice when the top priority is reducing energy consumption, handling large
amounts of crop residue, and conserving soil moisture by minimizing disturbance.
¢ hoe opener offers better performance for ensuring uniform seeding depth in cohesive, dry soil, which
may lead to better germination, but at the cost of higher operating power and a potential negative impact
on moisture conservation.
2. For scientists and equipment producers
The future of R&D should be focused on manufacturing and testing hybrid groove openers. These
designs can attempt to combine the shovel opener's better ability to cut through debris and reduce energy
use with the disc opener's better ability to penetrate and control depth. This would make it better suited to

deal with the variable and complex conditions of agriculture in semi-arid regions.
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