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Abstract. Irrational use of land such as uncontrolled cattle grazing leads to desertification of vast areas. This 

situation needs to be addressed by integrated actions, including development of technologies to recovery of 

fodder lands by undersowing seeds of crops such as Kochia prostrata, Agropyron cristatum and others. The 

specific character of these crops is poor flowability as a result of low quality planting. The modern grass drills do 

not provide requirements for non-uniformity of seeding between individual apparatus and general instability of 

seeding. With the method of seeding consisting in forced delivery of seeds with spirals left and right winding to 

a booster, supply of the seed material is forced to the coils and into the throwing drill tube. A device for 

performing the proposed method of seeding comprises a hopper shaft with right and left spirals winding, 

boosters, located at the sides and in the middle part of the hopper above the coils. Based on the research results, 

the parameters and modes of operation of the transporting spiral organs are: diameter of the spirals – 64 mm, 

wire diameter – 4 mm, extreme pitch helix – 18 mm, helix pitch medium – 10 mm, rotational frequency of the 

coils – 0.333; 0.266; 0.200; 0.133 s
-1

. These experiments indicate that a change in the thickness of the seed layer 

in the hopper does not have a significant impact on the overall stability of the seed, the range of the variation 

coefficient of variation was 1.65 - 6.98 %. Analysis of the experimental data has shown that the interaction with 

the opposite direction of movement of the seed flow reduces the effectiveness of the destruction of codes, so the 

bunker should be divided into three compartments. The results of the research are made up by regression 

equations establishing the dependence of the performance of the coils on the frequency of their rotation, the 

thickness of the seed layer in the hopper and the hopper tilt angle. 
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Introduction 

In recent decades, the process of degradation (desertification) in arid regions on the planet is 

expanding at a rate of about 25 thousand square kilometers per year. To some extent, 130 million 

hectares of farmland are already affected where 30 million people live [1]. In pasture livestock areas, 

58 % of the total area of natural forage land (about 60 million hectares) is subject to weak digression, 

25 % to medium and 17 % to strong. In this regard, the provision of livestock for grazing feed does not 

exceed 20-40 %. The current negative situation must be addressed by complex measures, which 

include the development of technologies for the recovery of forage land by sowing and planting in 

wide seeds of plants such as Kochia prostrata, сrested wheat grass and others. A feature of these crops 

is poor flowability, which prevents high-quality sowing. So far, samples of seeding equipment 

ensuring uniformity and stability of sowing seeds of perennial pasture crops have not been developed. 

Of all the designs of the sowing machines, roller seeding mechanisms are the most widely used 

throughout the world, but they provide a uniform and stable sowing only when the seed boxes are 

filled with gravity sown material, which is impossible in the case of seeding non-friable seeds. Herbal 

seeders are equipped with agitators for regular seed supply to the sowing roller, for example, the 

multifunctional seeder Sunflower model 9312-10, intended for updating pastures [2], includes an 

agitator-charger. However, when sowing seedless fodder plants, the use of these additional devices in 

seeders does not allow achieving a stable and uniform seeding, despite the fact that the dosing process 

proceeds continuously during the formation and collapse of vaults with an increased coefficient of 

internal friction of non-friable materials. Spiral-helix working organs ensure seeding only in two rows, 

in wide-coverage aggregates it is required to install several apparatuses, which leads to an increase in 

steel intensity [3]. 

From the analysis of sowing device designs it is revealed that the proposed devices do not provide 

high-quality performance of the technological process for two reasons. The first reason is that when 

seeding non-friable seeds there is no continuous filling of the seed boxes, since there is no regular 

supply of material to the chargers, and as a result to the roller. The second reason is related to the fact 

that spirals are more suitable for transporting loose and non-friable materials than for their dosing. In 

connection with the foregoing, it is proposed that, when the seeding method is sown, the non-friable 
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seed material is fed to the sowing roller by forced movement under pressure, which allows the flow of 

unsown seeds along the bunker to destroy the vaults, thereby improving the quality of the sowing 

system performance. That part of seeds that has not been seeded will accumulate over the sowing 

rollers and then it will start moving in the directions opposite to the directions of their displacement to 

the chargers. As a result, these flows will continuously interfere with the process of forming arches. 

The aim of the research is to improve the quality of sowing seeds of the Kochia prostrata by 

improving the method of sowing and developing the design of the sowing part of a grass seeder. 

Materials and methods 

Research studies on the sowing of non-friable seed of the Kochia prostrata showed that the 

delivery of material to the charger starts from the distal end of the spiral, therefore, after a certain time, 

the arches begin to form in the bunker above the joints of the two spirals that transport the seeds in 

different directions. And if the capacity of the sowing roller Wk is greater than or equal to the 

productivity of the spiral Wcп, that is, Wk ≥ Wcп, then the arches also appear above the roller. 

The velocities of material movement by spirals according to Fig.1 are distributed along the X axis 

with increasing from υx = 0 to υx = Ψ0, where Ψ0 is the value associated with the kinematic parameters 

of the spiral. 

When examining the process of moving the sown material by transporting spirals in bunkers of 

grass seeders, taking into account the physico-mechanical features of non-friable seeds, it is revealed 

that the flow of the material being transported is affected by the angle of internal friction that deflects 

moving flows from the normal. 

With a large value of the friction angle of the moving materials, no spiral occurs in the closed 

slide casing and therefore the active layer of seeds in the upper part of the spirals is not observed. 

However, due to the large angle of friction (the angle of the natural slope), the components of the 

absolute speed of displacement of the Kochia prostrata pass much higher than those of the grain 

crops. 

 

Fig. 1. Scheme of directions of movement of the sown material with spirals in the bunker 

It follows that the horizontal component of the flow velocity prevails for the movement of the 

grain crop seeds, and for the non-friable – this component is not sufficient and therefore it is necessary 

to introduce an additional displacement factor – forced with a drive, which increases the horizontal 

component of non-friable materials. 

At the same time, the vertical component of the movement velocity of non-friable materials, with 

sufficient accumulation over the roller, can facilitate the movement of materials into the upper part 

opposite to the direction of seeding of the material by the rollers. 

Then the process of forced displacement of non-friable seeds in the seeder bunker for wide-row 

crops can be represented by the following scheme (Fig. 2). The components of vertical flows of non-

friable seeds in zones of excessive pressure destroy the base of the arches and prevent their formation.  

On the basis of an analytical study of the peculiarities of the movement of non-friable materials 

under the influence of spirals inside the hopper, we proposed a method of sowing, which consists in 
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forced delivery of seeds with spirals of the left-hand and right-hand direction of coiling to the central 

charger, feeding the seed material with forced charging and forcing them into the drill tubes. 

 

Fig. 2. Scheme of directions of movement of the sown material by spirals  

in the bunker of a seeder with three rollers 

Seeds are fed with additional spirals of the right-hand and left-hand direction of coiling to the end 

charge and the sowing rollers under a great pressure, with the possibility of forming out of the 

unseeded seeds streams in directions opposite to their directions of delivery. Such a feed ensures the 

destruction of the arches in the initial phase of the process and prevents them from appearing in the 

future. 

From the scheme of the non-free running material in the bunker when using spirals without a 

drive shaft with a linear velocity distribution (Fig. 3) it is clear that the minimum speed of movement 

is in the seeds located around the longitudinal axis, and the maximum-seeds that are directly in contact 

with the turns. 

 

Fig. 3. Scheme of movement of the sown material in the groove when  

using a spiral without a drive shaft 

A spiral with an outer radius r2 and an inner radius r1 rotates with an angular velocity ω in a 

trough with the inner radius is r. 

According to the velocity distribution on the section r1-r2 v0 = const, and on the section 0-r1 the 

equation of the straight-line CD with the coordinates C (v0; r1), D (kv0; 0) is determined from the 

equation of the straight line passing through two points. Since x = v and y = r, then: 
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where  v – speed of movement of the sown material; 

k – coefficient that takes into account the decrease in the velocity of the material in the 

cross section of the spiral; 

 v0 – axial velocity of the helical surface of the spiral (v0 = tn/60). 
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The presented scheme of velocity distribution allows to calculate the performance of a spiral, if its 

elementary productivity is expressed in terms of an infinitesimal area ds: dW = υds. 

Here, the elementary square ds is considered as a ring of the radius r and thickness dr, which 

makes it possible to obtain productivity after integration over the entire cross-sectional area along the 

two sections of the spiral. 
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After transformations of formula (3) we obtain 
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When the spiral drive is carried out without a shaft and the seeds have flowability worse than in 

the previous case, the velocity along the longitudinal axis x can be equal to zero (Fig. 4). 

In this case, the productivity of the spiral is determined by integrating over the entire cross-

sectional area in the sections from r = 0 to r = r2: 
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Fig. 4. Scheme of seed movement in the groove for the case when υ0  

on the X-axis is zero and there is no drive shaft 

When both ends of the spiral are fixed on the charger shaft, the displacement scheme of the non-

free running sowing material in the groove can be represented as in Fig. 5. 

 

Fig. 5. Diagram of movement of non-free running seed material  

in a trough with a spiral with a drive shaft 

Here r2 – r1 = r3 – r2. On the section r1 – r2, the equation of the straight-line DC with the 

coordinates D (0; r1), C (υ0; r2) also determines the equation of the straight line passing through two 

points: 
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The productivity, as in the first two cases, will be determined by integrating over the entire cross-

sectional area of the spiral from r1 to r = r3. After the transformations, we get: 
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Thus, on the basis of the consideration of the schemes for the movement of seeds with various 

physical and mechanical properties by spirals formulas were obtained for determining their 

productivity as a function of the rotational frequency and the parameters of the spirals. In this case, the 

proportion of seeds moved by the active movement was taken into account by the features of velocity 

distribution only within the spirals. 

For non-free running seed materials with different values of the diameter of the wire from which 

the spirals were made, the following performances were obtained: W0.4=10.88υ0 сm
3
·s

-1
; 

W0.3 = 8.38υ0 сm
3
·s

-1
; W0.2=5,74υ0 сm

3
·s

-1
, where 10.88; 8.38; 5.74 are obtained by multiplying t (step) 

by r
2
 (square of the radius), cm

2
. 

In connection with the foregoing, a sowing device has been developed for sowing non-free 

running seeds of forage plants in a wide-row method. A distinctive feature of the proposed device, in 

comparison with the previously known [4], is that in each bunker there should be three sowing 

machines, two of which are located on the edges of the hopper, and the distance to the average sowing 

apparatus is 70-74 cm. 

In addition, the value of the minimum productivity of each of the outermost spirals should be 

much larger than that of the sowing roller, which is possible even when the thickness of the seed layer 

at the bottom of the hopper h is much smaller than the radius r of the spiral, that is, h <r. Experimental 

studies were carried out on a stationary installation consisting of: the bunker, sowing rollers, the shaft 

of a drive of rollers, seed charges, spirals, the shaft of chargers, the drive of a shaft of rollers, motor-

reducer, current frequency converter, electric board, interface converter, monitor, system unit, 

automatic switching-off devices, the counter of impulses, inductive contactless sensor. 

Results and discussion 

As a result of analytical and exploratory experimental studies the parameters and operating modes 

of the proposed sowing system are substantiated, which ensure the rates of seeding non-free running 

seeds in a wide range and affect the quality of seeding. 

The diameter of the spirals Dsp = 64 mm was determined from the distance between the bottom of 

the bunker and the shaft of the chargers on which they were mounted. Preliminary studies showed that 

when feeding the seed material to the chargers, spirals wound from a wire less than d <4 mm in 

diameter did not have the required transverse stiffness, therefore, during operation, the sagging was 

started to touch the bottom of the bunker under the weight of the sown material. Steady flows from the 

unsowing seeds along the bunker arose when the spirals transporting the sown material to the middle 

coil had a pitch of 10 mm, and to the outer coils of 18 mm. It is established that the spirals transporting 

seeds to the superchargers should have the following parameters: Dsp = 64 mm – diameter of the 

spirals; dpr = 4 mm – diameter of the wire; kr

spt – step of the outer spirals; sr

spt  – step of medium spirals. 

Stable and uniform seeding is provided under the following operating conditions: rotation 

frequency rollers, s
-1

: n = 0.133; 0.200; 0.266; 0.333; Wсп/Wк = 2.2-2.8 – the ratio of productivity of 

spirals and sowing coils [5]. 

In conducting the research in seeding K prostrata stretched forth seeded material was collected 

simultaneously from all three vehicles in the six-fold repetition. The thickness of the seed layer in the 

bunker was 0.14 and 0.28 m, the hopper heel angle was varied in the range: 0; 4; 8 degrees. The 

coefficient of internal friction of the seed of the prostrate was 1.8, and the coefficient of friction of the 

barley against steel was 0.61-0.74, therefore, when the material is moved by spirals, the active layer 

can not appear. 

Analysis of the data in Table 1 shows that the coefficients of variation in the sowing by three 

apparatuses have insignificant differences. Even if for loose grass seeds the unevenness of seeding 

between individual units is allowed, v = 8 %, then in 15 cases out of 24 the variation coefficients fit 

into these limits, and in 8 cases they correspond to the agrotechnical requirements for sowing non-free 

running seeds, that is on the average 25 %. However, with the rotation frequency of the sowing coils  

n = 0.133 s
-1

 and the thickness of the seed layer in the bunker h = 0.28 m, a sharp decrease in the 

amount of the sown material per unit time was observed. Therefore, the difference between the 

coefficients of variation at h = 0.14 m and 0.28 m was significant. 
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Concerning the instability of general sowing, it should also be noted that there are significant 

differences in the coefficients of variation with a change in the thickness of the seed layer in the 

bunker. On average, the seeding coefficient at h = 0.14 m does not exceed 15 %, which corresponds to 

the agrotechnical requirements, and the average value of the same indicator for a series of experiments 

at h = 0.28 m is 28.66 %. In addition, in some experiments it ranged between 35-59 %. Despite the 

marked differences in the sowing process during the experiments never stopped unlike sowing K. 

prostrata with serial herb planters. 

Table 1 

Indicators of uneven seeding between individual devices 

Coefficient of variation V, % 

left-hand apparatus central apparatus right-hand apparatus 

thickness of seed layer in bunker, m 

Rotation 

frequency 

of roller,  

s
-1

 

The angle 

of tilt of the 

bunker, 

deg. 
0.14 0.28 0.14 0.28 0.14 0.28 

0 10.53 55.24 10.27 51.22 11.21 47.72 

4 3.72 43.29 2.40 43.42 2.64 22.26 0.133 

8 17.07 40.25 15.79 22.25 9.97 39.80 

0 16.04 35.51 15.65 31.97 10.36 34.24 

4 6.18 17.30 7.43 16.45 5.60 12.25 0.200 

8 19.75 19.51 18.30 23.62 14.56 23.97 

0 6.05 29.52 7.25 19.85 7.82 24.93 

4 6.68 13.26 4.01 12.97 4.00 5.57 0.266 

8 16.38 17.67 5.62 5.74 13.86 25.92 

0 7.56 18.44 9.37 16.56 7.68 47.68 

4 3.35 16.60 4.32 19.33 5.08 12.43 0.333 

8 25.86 57.20 19.37 59.16 25.77 47.15 

Conclusions 

Analysis of the results of the experiments showed that a change in the value of h in the range 

0.14-0.28-0.42 m does not significantly affect the overall instability of seeding as evidenced by the 

variation range of the variation coefficients (v = 1.65-6.98 %). 

Based on the results of the research, the parameters and operating conditions of the seeder are 

determined: the diameter of the spirals is 64 mm, the diameter of the wire is 4 mm, the pitch of the 

outer spirals is 18 mm, the pitch of the middle spirals is 10 mm, at a coil rotation frequency of  

0.333 s
-1

 and the recommended seeding machine speed At 10 km·h
-1

 36 seeds are sown per meter; At 

0.266 s
-1

 – 26 pcs.; At 0.200 s
-1

 – 16 pcs.; At 0.133 s
-1

 – 6 pieces, which meets the agrotechnical 

requirements. 

Analysis of the experimental data showed that the interaction of seed streams having opposite 

directions of motion leads to a decrease in the effectiveness of the vault collapse, so the bunker should 

be divided into three compartments. Based on the results of the studies, regression equations are 

compiled that determine the dependence of the performance of the rollers on the frequency of their 

rotation, the thickness of the seed layer in the bunker and the angle of tilt of the bunker. The variation 

coefficients of seeding for all three devices have slight differences, i.e. they do not exceed the 

agrotechnical requirements for this indicator, equal to 25 %, and the instability of total seeding with a 

change in the thickness of the seed layer in the bunker in individual experiments was 35-59 %. The 

greatest influence on seeding is exerted by the thickness of the seed layer in the bunker, the share of 

which is more than 30 %. This circumstance indicates the direction of further improvement of the 

proposed sowing device. 
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