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Abstract
One of the key factors affecting agricultural productivity is the availability of technical
means that include machine and tractor units of agricultural enterprises. The production
volume of the plant growing industry depends on high yields that can be achieved
by high-quality sowing, which implies the optimal seed placement and sowing depth.
Thus, the modernization of existing seeding machines and the creation of new ones
that ensure the optimal seed placement is an urgent task. This study aimed to develop
a coulter for uniform seed distribution along the furrow length. The object of the study
was uniform sowing patterns for grain crops based on the optimal parameters of the
proposed working unit of the seeding machine obtained by multivariate regression
analysis. A symmetric orthogonal compositional plan of the second order was chosen
as a model. The criterion for optimization of the geometric parameters of the developed
coulter was the uniformity of seed distribution along the furrow length. The following
parameters of the proposed coulter were changed: the cut length of the outer side of
the rectilinear profile of the lower edge of the rack varied within 20–80 mm (L), and
the approach angle in the horizontal plane (α) and the roll angle in the vertical plane
(β) varied within 3–28 deg. The study yielded the regression equation for constructing
the response surfaces. The analysis of the response surfaces showed that the optimal
parameters for uniform seed distribution along the furrow length can be achieved at
the approach angle α=250, the roll angle β=150, and the cut length of the lower edge
of the rack L=50 mm.

Keywords: Coulter, sowing, grain, quality, distribution uniformity, multivariate
experiment

1. Introduction

Welfare, raising living standards and employment of citizens, sustainable development
of rural areas, preservation of territorial integrity and ensuring the national security of the
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Russian Federation are key priorities of the State Program for Agribusiness Development
and Regulation of Agricultural Products, RawMaterials and FoodMarkets in 2013–2020.

The program aims to ensure food independence of Russia based on the Doctrine
of Food Security of the Russian Federation; to increase the competitiveness of Russian
agricultural products in the domestic and foreign markets; to improve the financial
stability of agricultural enterprises; to ensure sustainable development of rural areas; to
increase the efficient use of agricultural land and other resources, as well as greening
of production [1].

According to the Strategy for machine and technological modernization of agribusi-
ness in Russia, the machine and technological complex of agribusiness, as the basis
for agricultural production, is a significant socially oriented production system that reg-
ulates the volume, quality and economic characteristics of the final agricultural product
and includes agricultural technologies for production of these products performed by
machine units, and technical means and infrastructure that ensure the system efficiency
[2]. At the same time, according to the Concept of scientific development of the Russian
agro-industrial complex until 2025, innovative technologies for manufacturing high
quality products, resource conservation, environmental safety, competitiveness in the
world market, development of fundamentally new high-performance and resource-
saving machines and equipment, are being developed in order to effectively implement
the priority national project Agribusiness development [3]. Thus, one of the key factors
that determine the growth rate of agricultural production is the availability of technical
means that include machine and tractor units of agricultural enterprises.

An increase in production volumes and in the competitiveness of agribusiness is inex-
tricably linked with agricultural science, which ensures the development of innovative
approaches and introduction of effective technologies that are most appropriate for the
climatic conditions and regional characteristics of agricultural production [4, 5].

The production volume of the plant growing industry depends on high yields that
can be achieved by high-quality sowing of agricultural crops [6, 7]. High-quality sowing
implies the optimal seed placement and sowing depth [8]

To date, drill sowing is the most widespread method of sowing, however, this method
has an apparent drawbacks such as thickened rows and the area of plant nutrition in
the form of a rectangle with aspect ratio of 1:10, while the optimal placement of plants
is triangulation [9, 10].

Based on the above, we can conclude that the modernization of existing seeding
machines and the creation of new ones to ensure the optimal placement of seeds is an
urgent task
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The purpose of the study is to develop a coulter that ensures uniform seed distribution
along the furrow length

2. Methods and Equipment

To describe the patterns of seed distribution along the furrow length, a planned experi-
ment is carried out to reveal the impact of factors on the studied indicator. The criterion
for optimization of the geometric parameters of the proposed coulter is the uniformity
of seed distribution along the furrow length. Table 01 presents a symmetric orthogonal
compositional plan of the second order that was chosen as a model. Table 02 shows
the distribution of factors by levels of variation.

TABLE 1: Experiment planning matrix

Experiment
no.

Х0 Х1 Х2 Х3 Х1Х2 Х1Х3 Х2Х3 X1X1 X2X2 X3X3 Y average
(by length)

1 1 1 1 1 1 1 1 1 1 1 0.7219
2 1 -1 1 1 -1 -1 1 1 1 1 0.7041
3 1 1 -1 1 -1 1 -1 1 1 1 0.6838
4 1 -1 -1 1 1 -1 -1 1 1 1 0.6844
5 1 1 1 -1 1 -1 -1 1 1 1 0.7494
6 1 -1 1 -1 -1 1 -1 1 1 1 0.7362
7 1 1 -1 -1 -1 -1 1 1 1 1 0.691
8 1 -1 -1 -1 1 1 1 1 1 1 0.6942
9 1 1.215 0 0 0 0 0 1.476225 0 0 0.8295
10 1 -1.215 0 0 0 0 0 1.476225 0 0 0.804125
11 1 0 1.215 0 0 0 0 0 1.476225 0 0.68435
12 1 0 -1.215 0 0 0 0 0 1.476225 0 0.7347
13 1 0 0 1.215 0 0 0 0 0 1.476225 0.685875
14 1 0 0 -1.215 0 0 0 0 0 1.476225 0.746675
15 1 0 0 0 0 0 0 0 0 0 0.877625

TABLE 2: Levels of variation of factors

Factor Approach angle
α, deg

Roll angle β, deg Cut length L, mm

Coded designation X1 X2 X3

Main level (X𝑖0) 15 15 50

Variation interval (ΔX𝑖) 10 10 25

Upper level (X𝑖=1) 25 25 75

Lower level (X𝑖=-1) 5 5 25

Star point +α(X𝑖=2) 2.85 2.85 80.375

Star point -α(Xi=2) 27.15 27.15 19.625
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The planned experiment results in the following model: [11, 12]:

𝑦 = 𝑏0 + ∑
1≤𝑖≤𝑘

𝑏𝑖𝑥𝑖 + ∑
1≤𝑖≤𝑗≤𝑘

𝑏𝑖𝑗𝑥𝑖𝑥𝑗 + ∑
1≤𝑖≤𝑘

𝑏𝑖𝑖𝑥2𝑖 (1)

To eliminate systematic errors caused by external conditions, experiments were
randomized according to the table of random numbers. The number of replicates of
each experiment during the planned experiment is calculated using the formula for
calculating probabilities 0.95 [13].

𝑛 =
𝑆2
𝑦

0.05𝜏2 , (2)

where Sy is standard deviation;

𝜏 is 5% of ̄𝑦;
̄𝑦 is arithmetic mean.

According to the calculation results, the number of replicates of each experiment was
taken equal to four.

The variance is calculated for each experiment:

𝑆2
𝑦𝑢 =

(𝑦𝑢𝑔 − ̄𝑦𝑢)2

(𝑛 − 1) (3)

where уug is the result of the g-th replication;

̄𝑦𝑢 is the arithmetic mean of u-th repetition.

To determine the possibility of conducting regression analysis, the homogeneity of
the variances of parallel experiments is calculated using the Cochran’s test:

𝐺𝑐𝑎𝑙𝑐 =
𝑆2
𝑦𝑢 max

∑𝑁
𝑢=1 𝑆2

𝑦𝑢
(4)

where 𝑆2
𝑦𝑢 max is the largest variance in the series.

The calculated value of theGCALC criterion is comparedwith the value of the Cochran
test, depending on the level of significance, the number of degrees of freedom 𝑓 = 𝑁−1
and the number of experiments [14].

A series of dispersions is considered homogeneous if 𝐺𝑃 < 𝐺𝑡𝑎𝑏.

The reproducibility variance is calculated using the formula:

𝑆2
𝑦 =

∑𝑁
𝑢=1 𝑆2

𝑦𝑢
𝑁 (5)

where N is the number of independent experiments.

The experiment using an orthogonal symmetric compositional plan involves, first of
all, obtaining a process model:

𝑦 = 𝑏′0 +
𝑘

∑
𝑖=1

𝑏𝑖𝑥𝑖 +
𝑘

∑
𝑖≺𝑗

𝑏𝑖𝑗𝑥𝑖𝑥𝑗 +
𝑘

∑
𝑖=1

𝑏𝑖𝑖𝑥2𝑖 , (6)
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Themodel coefficients are estimated independently of each other using the formulas:

𝑏′0 =
∑𝑁

𝑢=1 𝑛𝑢 ̄𝑦𝑢
∑𝑁

𝑢=1 𝑛𝑢
𝑏𝑖 =

∑𝑁
𝑢=1 𝑛𝑢𝑥𝑖𝑢 ̄𝑦𝑢
∑𝑁

𝑢=1 𝑛𝑢𝑥2𝑖𝑢

𝑏𝑖𝑗 =
∑𝑁

𝑢=1 𝑛𝑢(𝑥𝑖𝑥𝑗)𝑢 ̄𝑦𝑢
∑𝑁

𝑢=1 𝑛𝑢(𝑥𝑖𝑥𝑗)
2
𝑢

𝑏𝑖𝑖 =
∑𝑁

𝑢=1 𝑛𝑢𝑥′𝑖𝑢 ̄𝑦𝑢
∑𝑁

𝑢=1 𝑛𝑢𝑥′𝑖𝑢
2

, (7)

where u is the ordinal number of the experiment.

The variance of the coefficient estimates is calculated by the formulas:

𝑆2
𝑏′0
= 𝑆2

𝑦
∑𝑁

𝑢=1 𝑛𝑢
, 𝑆2

𝑏𝑖 =
𝑆2
𝑦

∑𝑁
𝑢=1 𝑛𝑢𝑥2𝑖𝑢

,

𝑆2
𝑏𝑖𝑗 =

𝑆2
𝑦

∑𝑁
𝑢=1 𝑛𝑢(𝑥𝑖𝑥𝑗)

2
𝑢
, 𝑆2

𝑏𝑖𝑖 =
𝑆2
𝑦

∑𝑁
𝑢=1 𝑛𝑢𝑥′𝑖𝑢

2 .
(8)

After calculating the regression equation coefficients, they are checked for statistical
significance. The confidence interval is calculated using the formula:

Δ𝑏𝑖 = 𝑡𝛼;𝑓1𝑆𝑏𝑖 , (9)

where t is the Student’s criterion, which is chosen depending on the level of significance
and the number of degrees of freedom.

𝑆𝑏𝑖 is the root-mean-square error in determining the regression coefficients.

Then the coefficient significance is determined. The coefficient is considered statis-
tically significant when its absolute value is greater than or equal to the confidence
interval:

|𝑏𝑖| ≥ Δ𝑏𝑖. (10)

In orthogonal planning, statistically insignificant coefficients can be excluded from
the model, while other coefficients need not be recalculated. After calculating the
coefficients and checking their statistical significance, go from model (6) to model (1),
calculating the value of b0:

𝑏0 = 𝑏′0 − 𝜆2
𝑘

∑
𝑖=1

𝑏𝑖𝑖, (11)

𝜆2 = 𝑁−1
𝑁

∑
𝑢=1

𝑥2𝑖𝑢, (12)

Since the coefficients b′0 and bii are estimated independently of each other, the
variance 𝑆2

𝑏0 is determined by the law of error accumulation:

𝑆2
𝑏0 = 𝑆2

𝑏′0
+ 𝜆22

𝑘

∑
𝑖=1

𝑆2
𝑏𝑖𝑖 , (13)
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The obtained model is checked for adequacy using the Fisher’s test by the formulas:

𝐹 𝑐𝑎𝑙𝑐
𝑓2;𝑓1 =

𝑆2
𝑖𝑛𝑎𝑑

𝑆2
𝑦
, (14)

where f2 is the denominator;

f1 is the numerator;

𝑆2
𝑖𝑛𝑎𝑑 is the variance of inadequacy.

𝑓2 = 𝑁 − 𝑘′, (15)

where k′ is the number of equation coefficients left (including b0);

N is the number of planned experiments.

𝑓1 = 𝑁(𝑛 − 1), (16)

where n is the number of replications of each experiment.

𝑆2
𝑖𝑛𝑎𝑑 =

𝑆𝑆𝑖𝑛𝑎𝑑
𝑓2

, (17)

𝑆𝑆𝑖𝑛𝑎𝑑 = 𝑛
𝑁

∑
𝑢=1

(𝑦𝑢𝑐𝑎𝑙𝑐 − ̄𝑦𝑢exp)
2
, (18)

where yu calc и yu exp are the response values in the u-th experiment calculated by
the regression equation and determined experimentally.

The hypothesis about the equation adequacy can be accepted when the value of
the Fisher’s test obtained as a result of calculations does not exceed the tab value for
the selected level of significance, that is, when Ftab ≥ Fcalc

3. Results

Based on the results of the study, a double disk coulter was developed (Figure 1) [15].
The process of uniform seed distribution along the furrow length is affected by many
factors: design parameters of the coulter, technological parameters of the sowing unit,
agrotechnical requirements. Since the available coulters are installed on the seeding
machine with a standard row spacing of 150 mm, it is necessary to ensure uniform seed
distribution along the furrow length in order to prevent seed thickening in the row.

In the experimental studies, the following parameters of the proposed coulter were
changed: the cut length of the outer side of the rectilinear profile of the lower edge of
the rack varied within 20–80 mm (L), the approach angle in the horizontal plane (α) and
the roll angle in the vertical plane (β) varied within 3–28 deg.
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Figure 1: Double disk coulter: 1 – plate with a pointed tip, 2 – hollow rack, 3 – seed guide, 4 – holder, 5 –
cut with a convergence angle γ, 6 – mounting rack, 7 – cut made outside the straight profile of the lower
edge, α – approach angle, β – roll angle, L – cut length

In the study, a second-order model was obtained. Check for the homogeneity of a
number of variances using the Cochran’s test showed that a number of variances can
be considered homogeneous 𝐺𝑐𝑎𝑙𝑐 = 0.2141 < 𝐺𝑡𝑎𝑏 = 0.2758.

As a result, the regression equation was obtained to describe the process of changing
the uniformity of the seed distribution along the furrow length in coded values. The
confidence interval of the regression coefficients calculated by the formula (9) Δbi =
0.000473 makes it possible to recognize the coefficients as statistically significant, the
absolute value of which is equal to the confidence interval or greater, so the equation
has the following form:

Y=0.824731 + 0.005298 ⋅ х1 + 0.008886 ⋅ х2 - 0.01374 ⋅ х3 + 0.00435 ⋅ х12 -0.00533
х13 - 0.00533 х23 + +0.006014 ⋅ х11 - 0.0666 ⋅ х22 - 0.06204 ⋅ х33

The preliminary analysis of the regression equation shows that:

1. The most significant factor is the cut length of the lower edge of the rack (x3).
However, its increase leads to a decrease in the quality of seed distribution, as indicated
by the minus sign in front of (x3). The least significant factor is the approach angle (x1),
but its increase leads to an increase in the uniformity of seed distribution along the
furrow length, as evidenced by the plus sign in front of (x1). A similar pattern is observed
for (x2) that indicates the effect of the roll angle.

2. Since the quadratic coefficients (x11, x22, x33) are present in the equation, the
model is nonlinear and the response surfaces should be described by curves of the
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second order. The minus sign in front of x22 and x33 indicates the convexity of the
curves describing the dependence of the response on the corresponding factors and
the presence of model extrema.

3. The absence of double and triple mixed sets of factors suggests that their effect
on the quality indicator is insignificant.

Conversion of the coefficients from coded to natural ones yields the following regres-
sion equation:

𝑌 = 0.393569 + 0.002994 ⋅ 𝛼 + 0.022585 ⋅ 𝛽 + 0.011002 ⋅ 𝐿 − 0.000044 ⋅ 𝛼 ⋅ 𝛽

−0.000021 ⋅ 𝛼 ⋅ 𝐿 − 0.000021 ⋅ 𝛽 ⋅ 𝐿 − 0.00006𝛼2 − 0.000667𝛽2 − 0.000099𝐿2

This equation contains nine coefficients. The hypothesis about the adequacy of the
mathematical model was tested using the Fisher’s test. Based on the test results, the
model was found to be adequate 𝐹 𝑐𝑎𝑙𝑐 = 2.75 < 𝐹 𝑡𝑎𝑏 = 3.2.

Based on the data obtained, the response surfaces were constructed, that is the
dependences of the uniformity of seed distribution of seeds along the furrow length.

Figure 2: Dependencies 𝜋𝑝 = 𝑓(𝛽; 𝐿), at 𝛼 = 50.

4. Conclusion

In the study, the regression equation was obtained to construct the response surfaces.
The analysis of the response surfaces shows that the optimal parameters for uniform
seed distribution along the furrow length can be achieved at the approach angle α=250,
the roll angle β=150, and the cut length of the lower edge of the rack L=50 mm.
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Figure 3: Dependencies 𝜋𝑝 = 𝑓(𝛽; 𝐿), at 𝛼 = 150.

Figure 4: Dependencies 𝜋𝑝 = 𝑓(𝛽; 𝐿), at 𝛼 = 250.
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