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Abstract. The applied methods of fertilizing cotton in Uzbekistan have a number of significant 

disadvantages. They do not provide available nutrients to the plant's root system. With the 

distribution of fertilizers in the zone of root development in layers in the required ratio, the 

coefficient of their use and the yield of cotton increases. (Purpose of the study) To substantiate 

the design parameters of a subsoiler's distribution pipeline for three-tier fertilization. (Materials 

and methods) The design of a developed pipeline distributor for three-tiered fertilization is 

presented. The subsoiler is equipped with a fertilizer distribution pipe, which consists of a 

cylindrical and inclined funnel-shaped part, a high-flow channel and a lower fertilizer 

distributor. In the conductive channel, two branch pipes with reflective plates are installed, 

which cut the moving fertilizers and direct them to the appropriate soil horizon. (Results and 

discussion) We investigated the movement of mineral fertilizer granules along the fertilizer 

channel, on the basis of which the length of the pipes of the upper and middle tiers was 

determined.  

Experiments were carried out to study the influence of the length of the protruding part of the 

baffle plates of the branch pipe and the angle of inclination of the pipeline-distributor funnel on 

the distribution of fertilizers and on the unevenness of the flow of fertilizers into the upper, 

middle and lower tiers. The parameters of the loading funnel of the vertical pipeline, branch 

pipes and movable plates of the upper and middle tiers, in addition to the fertilizer diffuser of 

the lower tier, were substantiated.  

We theoretically and experimentallysubstantiated the parameters of the nozzles of the upper 

and lower tiers. With optimal lengths of the branch pipe and baffle plates, a given fertilizer 

placement depth is provided in three tiers with the required amount of fertilizer. The influence 

of the parameters of the distribution pipeline on the uniformity of fertilizer distribution in the 

upper, middle and lower tiers was established. The rational parameters of the lower fertilizer 

spreader were substantiated, which ensures uniform distribution of fertilizers over the working 

width of the working body. 

1. Introduction  
Increasing importance is attached to the use of mineral and organic fertilizers in agriculture as the 

main factor in increasing the productivity of agricultural crops. Science and practice have indisputably 

proven that fertilizers can more than double the yield [1]. In ensuring high and sustainable crop yields, 

an important role belongs to mineral fertilizers, the effective and high-quality use of which is the most 

important factor in obtaining a high yield [1-3]. Currently, in a market economy, it is necessary to 

ensure the maximum return on each kilogram of fertilizers. However, the currently applied 
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fertilization system has a number of significant disadvantages. It does not meet the basic principle of 

agrochemistry of feeding the plants, not the weeds and soil. Due to the shortcomings of the existing 

equipment and technology of fertilization and the low propagation of agricultural advantages, the 

coefficient of nitrogen use is only 0.60-0.65, and that of phosphorus is only 0.15-0.20 [1]. 

One of the reasons for the low efficiency of applied mineral fertilizers, in addition to the other 

reasons mentioned above, is the shortcomings of the existing technology and technical means for 

preparing the soil for sowing and local fertilization [1]. 

With traditional technologies of soil preparation for sowing, the labour productivity decreases, the 

labour and fund consumption increases, soil compaction occurs, the soil preparation time is delayed, 

and the soil is intensively dried, which entails a decrease in crop yields. It has been established that 

more promising technologies are those that prepare the soil for sowing and apply fertilizers in one unit 

pass [4-11]. 

The authors previously proposed a new method of cotton cultivation that ensures the maximum use 

of applied fertilizers [12]. The essence of the proposed method is as follows. In the fall, after 

harvesting cotton stalks, deep loosening is performed in the locations of sowing rows with 

simultaneous three-layer fertilization and ridge formation. The existing subsoiler fertilizer is supplied 

with fertilizer coulters for layer-by-layer fertilization under the formed ridges with a row spacing of 60 

or 90 cm. Fertilizer is applied to the top layer to a depth of 16-18 cm with a tape 2.5-3.0 cm wide, the 

middle layer to a depth of 28-30 cm with a tape 2.5-3.0 cm wide, and the bottom layer to a depth of 

40-45 cm with a tape 20-25 cm wide. 

2. Method 
For three-tier fertilization, we developed a subsoiler pipeline distributor. During operation of the 

subsoiler, from the dosing device through cylindrical part 1 of the pipeline, mineral fertilizers are 

transported to inclined funnel-shaped part 2 and proceed down it into conductive channel 3 of the 

pipeline distributor. When moving along the conductive channel, a certain part of the fertilizer, 

reflected by plates 6 and 7 along pipes 4 and 5, is directed to the corresponding soil horizons. The rest 

of the fertilizer with the help of scatterer 8  is evenly distributed over the width of the loosening 

working body [12, 14]. 

The tubing of the subsoiler fertilizer must meet the following basic requirements: provide a 

convenient layout behind the loosening working body of the subsoiler, and ensure a high-quality 

distribution of mineral fertilizers at specified depths and a minimum pulling resistance. Based on these 

requirements, the main parameters are substantiated by loading the funnel of the vertical pipeline, the 

branch pipes and movable plates of the upper and middle tiers, and the fertilizer diffuser of the lower 

tier of the distribution pipeline. 

Theoretical research was carried out using the basic provisions of theoretical mechanics, 

mathematical analysis and mathematical statistics, and experimental research, using a specially 

designed stand on a soil canal and using high-speed filming in the field in accordance with regulatory 

documents for testing agricultural equipment. 

The aim of the study is to substantiate the design parameters of the subsoiler's distribution pipeline 

for three-tiered fertilization. The effect of the pre-sowing methods of superphosphate application on 

the yield of raw cotton was studied by Ya. I. Chumanov in field experiments. The best embedding of 

fertilizers was determined to be a two-layer deep placement of phosphorus at depths of 15-16 and 26-

27 cm. With this configuration, compared with embedding with a conventional plow, the yield of raw 

cotton increases by 3.9 centners/ha. 

F. I. Reshetnikov studied various methods of adding phosphorus by the method of labelled atoms, 

in which a radioisotope in the form of P32 was used. Using this method, it was found that with sowing 

and early fertilization, the required positional availability of phosphorus in fertilizers for young cotton 

plants was not achieved. The best results were obtained in laboratory experiments when a small 

amount of phosphorus was applied to horizontal screens to a depth of 10-15 cm from the soil surface. 
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Under these conditions, the period from germination to the beginning of consumption of the applied 

phosphorus is 10-15 days, and the proportion of plants consuming phosphorus fertilizers is 78-90%. 

According to I.A. Baranov and V.A. Pisemsky, under local methods of applying superphosphate, 

phosphoric acid is rapidly released from the fertilizer lumps and concentrates around them, forming a 

saturated region or focus with readily soluble and readily available compounds for plants. Such foci 

persist for a very long time. In addition, no significant movement of phosphoric acid in the soil was 

observed. However, with the local method, the concentrated application of fat in one layer can lead to 

undesirable consequences, as a result of which the finest root hairs of the root system, which are most 

sensitive to salting, may suffer. 

An analysis of the previous research work indicates that in order to increase the availability of 

nutrients for the root system, it is necessary to distribute them in the sphere of action of the roots in 

layers. With layer-by-layer application, fertilizers can be distributed in layers in the desired ratio. This 

is a very important circumstance. It allows one to take into account the peculiarities of the 

development of the root system of plants, the dynamics of soil moisture and the processes of 

absorption of nutrients in the soil. 

The length of the branch pipes to ensure a tiered arrangement of fertilizers in the soil should be 

such that the fertilizers of the lower tier have time to be covered with soil to the level of the upper tier. 

Based on this, we determine the length of the pipes of the upper L1 and middle L2 tiers 

;
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where a is the depth of the loosened soil layer, m; 

       b - furrow width, m; 

       h - embedding depth of fertilizers of the lower tier, m; 

       h1- embedding depth of middle layer fertilizers, m; 

       h2 - embedding depth of fertilizers of the upper tier, m; 

       ξ1 - angle of the natural soil slope, deg; 

       g - acceleration of gravity, m/s2; 

       φ1 - angle of internal soil friction, deg. 

  

An analysis of equations (2) and (3) shows that with an increase in the speed of the unit Vп and 

an increase in the coefficient of internal friction of the soil, the length of the branch pipe should be 

increased. With Vп=0,75…1,75 m/s, b=0,04 m, φ1=28-40°, h1=0,28-0,30 m, and h2=0,16-0,18 m, the 

length of the branch pipes are L1=0,24-0,54 m and L2=0,18-0,43 m. 

 

3. Results and Discussions  

The results of experiments to study the effect of the length of the protruding part l2 of the reflective 

plate of the middle tier branch pipe (at l1=25 mm) on the fertilizer distribution are shown in Fig. 1a. 

Analysis of the research results shows that at all angles of inclination of the nozzle and constant l1=25 

cm with a change in the length l2 of the reflective plate of the middle tier from 25 to 45 mm, the 

amount of fertilizers entering the middle tier increases, while in the upper tier, it remains 

approximately constant (approximately 33%). For example, when ξ = 75°, the amount of fertilizers in 

the middle tier increases from 11.1% to 33.5%, and in the lower tier, it decreases from 55.3% to 32%. 

A similar regularity in the distribution of fertilizers over the layers, depending on the length l2 of the 

reflecting plate of the middle tier and the angle ξ of the slope of the branch pipe, is also observed at 

l1=30 mm (Fig. 1c). 
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From Fig. 1а and b, it also follows that (at constant values of l2 and ξ) with an increase in the 

length l1 of the reflecting plate of the upper tier increases, the amount of fertilizers distributed in the 

upper and middle tiers decreases, and in the lower tiers, it remains constant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Distribution of fertilizers over the tiers (1 - upper; 2 - middle and 3 - lower) depending on 

the length l2 of the protruding part of the middle tier plate: a - at ξ=75° and l1=25 mm; b - ξ=65° and 

l1=30 mm 

 

The distribution of fertilizers in the tier (1 - upper, 2 - medium and 3 - lower), depending on the length 

l2, the protruding part of the plate of the middle tier: a - for ξ = 75° and l1 = 25 mm; b - ξ = 65° and    l1 

= 30 mm 

It was found that at constant values of the length of the reflective plates, with a decrease in the 

angle of inclination of the branch pipe, the amount of fertilizers entering the upper tier decreases, and 

in the lower tier, it increases. This is because with a decrease in the angle of inclination of the nozzle, 

the area in the conductive channel, covered by the reflective plates, decreases [16,17,25,28]. 

To study the mutual influence of these factors, as well as to determine their rational values, 

multifactorial experiments were carried out. The levels of factors varied within the following limits: 

the angle of inclination of the branch pipe to the vertical ξ varied from 55° to 75° with an interval of 

10°, the length l1 of the reflective plate of the upper tier branch pipe varied from 25 to 35 mm with an 

interval of 5 mm, and the length of the reflective plate of the middle layer branch pipe l2 varied from 

30 to 40 mm at 5 mm intervals. 

To obtain a mathematical model of the distribution of mineral fertilizers in three tiers under the 

influence of the above factors, the Hartley plan was used (Ha3). The number of fertilizers (in %) 

falling into the upper, middle and lower tiers was taken as the response function. 

After processing the results of the experiment on a computer, regression equations were obtained 

that adequately describe the amount of fertilizers in the upper, middle and lower tiers. When solving 

the obtained regression equations, taking into account the necessary distribution of fertilizers, the 

following rational parameters were obtained: l1=26…30 mm, l2=33…37 mm and ξ=60°. 

The influence of the angle of inclination of the funnel on the distribution of fertilizers over the tiers 

was studied with the optimal parameters of the reflecting plates, i.e., with l1=28 mm, l2=35 mm and 

ξ=60°. 

It can be seen from the results (Fig. 3а and b) of the study that the distribution of fertilizers and 

their uniformity over the tiers, which meet the agrotechnical requirements, are provided at an angle of 

inclination of the funnel of 55°. 
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Figure 2. Influence of the angle of inclination of the distributor-distributor funnel on the distribution 

of fertilizers (a) and on the unevenness of the intake of fertilizers (b) in the upper (1), middle (2) and 

lower (3) tiers 

  

The lower diffuser (Fig. 3) serves to evenly distribute fertilizers across the width of the working body. 

For the normal course of the process, the height h2 of the rear wall of the groove of the middle part and 

at the edges of h1 are interconnected by the equality h2=5h1. Therefore, when choosing the controlled 

factors affecting the uniformity of the distribution of fertilizers along the width, in addition to α2 and 

β2, instead of two heights of the rear wall h1 and h2, one height, h1, was adopted. 

 
Figure 3. Scheme of the lower distributor of fertilizers: 1-dividing plate, 2, 3-grooved diffuser 

 

Optimization of the parameters of the lower fertilizer spreader was carried out using the method of 

mathematical planning of the experiment. Here, the levels of factors varied within the following limits: 

the angle of slope of the grooves in the transverse-vertical plane 2 varied from 15 to 25° with an 

interval of 5°, the angle of inclination of the grooves in the longitudinal-vertical plane 2 varied from 

24 to 38° with an interval of 7°, and the height of the rear wall of the groove Н2 varied from 0.5 to 1.5 

mm with an interval of 0.5 mm. 

Experimental studies were carried out according to the plan of Hartley (Наз). After processing the 

results on the ECM, a regression equation was obtained that adequately describes the uneven 

distribution of fertilizers along the width of the strip of the lower tier. Analysis of the resulting 

equation shows that the uniformity of fertilizer distribution over the width of the strip of the lower tier 
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is most influenced by the height of the rear wall of the groove, an increase in which leads to a more 

uneven distribution. 

Upon solving the obtained equation on a computer by the method of penalty functions SUMT 

under the condition Y4(X)min min, the optimal values of the factors were obtained: the angle of 

inclination of the grooves in the transverse-vertical plane α2=17°; the angle of inclination of the 

grooves in the longitudinal-vertical plane β2=29° 9'; and the height of the rear wall of the groove at the 

end of the diffuser h1=0,5 mm. Then, the height of the rear wall of the groove along the axis of 

symmetry is h2=2,5 mm. 

The results of experimental studies of the influence of the length of the nozzles L1 and the middle 

L2 of the tiers on the depth of fertilizer placement show that with an increase in the speed of 

movement, the depth of fertilization in all the layers increases. This is because at higher speed, the soil 

does not have time to fill up the gap formed behind the rack of the subsoiler working body. In this 

case, the fertilizer falls to the bottom of the furrow. As a result of the analysis of experimental data, it 

was found that the optimal length of the upper branch pipe should be 260 mm and that the average 

length should be 240 mm. 

 

4. Conclusions  

The qualitative distribution of mineral fertilizers at the given depths of the fertilizers of the upper and 

middle tiers constrained the length of their branch pipes to be 260 mm and 240 mm, respectively. The 

necessary division of fertilizers into three tiers is ensured when the length of the protruding part of the 

reflective plates of the conductive channel for the upper tier is 26-30 mm and for the middle tier is 33-

37 mm. Under these conditions, 40-45% of the fertilizers were distributed to the lower third tier. The 

rational parameters of the lower fertilizer spreader, which ensures uniform distribution of fertilizers 

across the working width of the working body, are as follows: the angle of the groove in the 

longitudinal-vertical plane is 17-19°, the angle of the groove in the transverse-vertical plane is 29°, the 

height of the rear edge of the groove in the middle part is 2.5 mm, and the end is 0.5 mm. 
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