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Abstract. The article presents the results of the study to substantiate the 
angle of the vertical installation of the fertilizer spreader, which localizes 
the fertilizer between the rows of cotton. Based on the results obtained, a 
working body is developed for mixing organic and mineral fertilizers 
during intercropping. The movement of the fertilizer pieces along the X 
and Y axes was studied. The coordinates of the fertilizer pieces’ landing 
point on the working surface of the fertilizer spreader, their velocities, and 
motion equations of the fertilizer pieces in the next jump were created. As 
a result, the cotton grows equally and yields a good harvest. The movement 
of the fertilizer pieces and the movement and distribution of the fertilizer 
spreader along the working surface are studied. It was found that the 
vertical mounting angle of the fertilizer could be ɛ = 18˚. 
Keywords: fertilizer spreader, cotton, cultivator, organic fertilizer, 
organic fertilizer, cotton-row, feeder, furrow. 

1 Introduction  

During growing, when mineral fertilizers are completely decomposed and then mixed with 
dried manure, the yield increases by 2–3 centners per hectare. It is recommended to use 2–
2.5 t of rotten manure per ton of ammonium nitrate [1,2]. Such fertilizers are applied 
between rows of cotton 2–3 times with cultivator-feeders, considering the biological 
characteristics of cotton growth and growth phases [3,4]. However, the existing cultivators 
cannot supply that the fertilizers are applied in accordance with the agro-technical 
requirements. The fertilizers are only applied to depths of 8–10 cm, as a result, it is difficult 
for fertilizers to reach the plant roots. Besides, the use of existing colters in fertilizing of 
organic and mineral fertilizers leads to the disruption of the technological process due to 
their clogging [5,6,7]. 

Based on the above, a working body is developed to mix organic-mineral fertilizers in 
the inter-row cultivation of cotton [7,8]. It consists of column 1, ripper 2, fertilizer feeding 
tube 3, and fertilizer spreader 4 (Figure 1). Its technological process is as follows: the 
fertilizers coming from through the feeding tube 3, go to the fertilizer spreader 4 and then 
fall to the bottom of the furrow where the ripper of the working body is opened [9,10,11]. 
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Fig. 1. The working organ spreads organic-mineral fertilizers between rows of cotton. 

2 Materials and methods 

Cultivators between cotton rows are widely used in practice [12,13]. The cultivator-
fertilizer is designed to remove weeds, loosen the soil, open irrigation furrows, and fertilize 
a mixture of organic and mineral fertilizers between rows with widths of 60 and 90 cm 
[14,15,16]. Depending on the type of work to be performed, these cultivators are equipped 
with rotating sprockets, flat cutting blades, ripper and axial flat cutting claws, and other 
working bodies. A flat-cutting knife is used to cut the roots of weeds and loosen the soil to 
a depth of 6-8 cm [17,18,19]. Different devices have been used at different times to 
improve soil reclamation and fertilize plants [20,21,22,23]. 

Fertilizers coming from fertilizer feeding tube 3 to the fertilizer spreader 4 may move by 
jumping or slipping on its surface relating to their physic-mechanical properties, as well as 
the vertical position of the fertilizer spreader depending on the mounting angle. The former 
case is observed when the installation angle of the fertilizer spreader relative to the vertical 
and the recovery coefficient of fertilizers are large, and the latter case is observed when 
they are small. 

As the fertilizer jumps along the fertilizer spreader, the piece of fertilizer that falls on it 
with velocity Vb turns back at αt angle from it and moves freely at velocity V0 (Figure 2). 

According to the theory of impact [3] 
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where αfall – the angle at which the piece of fertilizer enters the fertilizer spreader, degrees; 
KT – the recovery rate of the fertilizer. 
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Fig. 2. Study scheme of the fertilizer piece movement with a jump in the fertilizer spreader. 

3 Results and discussion 

In the present section, a novel formulation is derived, which enables the estimation of the 
angle of the vertical installation of the fertilizer spreader.  

The weight G = mg (m – a mass of fertilizer piece, kg; g – acceleration of free fall, 
m/s2) and air resistance R forces influence the piece of the fertilizer moving freely in the 
air, returning with V0 velocity from fertilizer spreader. We will study the movement of the 
fertilizer piece under influence of these forces. To do this, we construct differential 
equations of its movement along the X and U axes.  
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where Vx, Vu – projections of the fertilizer pieces’ velocity returning from the fertilizer 
spreader on the  

X and Y coordinate axes, m/s; 
t – the time, s; 
Rx, Ru – the components of the air resistance R along the X and Y coordinate axes, N. 

 
Assume that the air resistance is proportional to the first level of velocity [3], ie R = 

mkV0 (where k – the coefficient of proportionality; V0 – the velocity of the fertilizer pieces 
in free movement, m/s). Given that this and also G = mg, equations (3) and (4) have the 
following form: 
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Integrating these equations at t = 0, considering the conditions Vx = V0 cosα0 and Vu = 
V0 sinα0 (where α0 – the angle between the V0 and the OX axis of the return velocity of the 

fertilizer piece), we obtain the following equations.  
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From these expressions we obtain the following: 
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Integrate equations (9) and (10) according to the conditions X = 0 and Y = 0 at t = 0, 

and we get equations that represent the movement of the fertilizer piece after its return from 
the fertilizer spreader. 
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Based on the scheme shown in Figure 2 and expression (1)  
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Given expressions (2), (13) and (14), equations (11) and (12) can be written as 
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To solve these equations together, we get the following 
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(17) is the equation for trajectory of the first jump of fertilizer pieces after returning 

from spreader. Assuming KT = 0.3, the trajectories of the first jump of the fertilizer pieces 
at different values of velocity Vb and angle ɛ are plotted in Figure 3. In Figure 3 the lines 
1,2,3,4, respectively at Vb = 1.5; 2.0; 2.5 and 3.0 m/s; a, b, c – when ε = 45º, 60º, 75º 
respectively. It can be seen that with the increase in velocity Vb the angle of the fertilizer 
piece return from the fertilizer spreader, the height and length of the jump along it 
increases, and with the increase in angle ɛ the fertilizer pieces rotation angle and the height 
of the jump increased, while the length of the jump decreased. 

To study subsequent jumps of the fertilizer pieces, it is necessary to determine the 
coordinates of the point where they meet again with spreader after first jump. We achieve 
this by solving equations Y=Xctgε and (17) together. It first determines coordinates of 
landing point of the fertilizer pieces on the working surface of the fertilizer spreader, and 
then their velocity. Then, in the above order, the equations of motion for the next jump of 
fertilizer pieces are constructed and solved. 

It should be noted that when the fertilizer pieces jump on the working surface of the 
fertilizer spreader, they move erratically and intermittently, and as a result, they are not 
evenly distributed on the bottom of the furrow formed by the working body [4,5,7,8]. And 
this causes cotton to grow and harvest unequally. 

As the fertilizer slides along the fertilizer spreader, the pieces of fertilizer that fall on it 
begin to slide along its working surface at an initial rate of Vb cosε. 

Draw an X1 axis along the working surface of the fertilizer spreader (Figure 2) and 
construct a differential equation for the fertilizer piece movement along this axis. It will 
look like this: 
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where f – friction coefficient of the fertilizer on the working surface of the fertilizer 
spreader. 

 

When t1= 0, we have equation (18) and integrate it by conditions
cos
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It is clear from these expressions that fertilisers have to slide on the surface of fertiliser 

spreader in order to supply that fertilisers are spread equally to the bottom of the field 
formed by working body in the direction of the movement. 
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Fig. 3. Jump trajectories of fertilizer pieces at different values of velocity Vb and angle ε. 

4 Conclusions 

The main outcome of this study is the derivation of the equations (19) and (20). From the 
analysis of equations (19) and (20), it can be seen that when the fertilizer pieces slide on 
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working surface of the fertilizer spreader, their movement is orderly and continuous, and 
after it falls, the working body is evenly distributed on the bottom of furrow [4,5,7]. 

According to the research [4,5], the working parts of the fertilizer pieces move with a 
slide along the working surface of the fertilizer spreader, and its even distribution, i.e. 
mounting angle of the fertilizer spreader relative to the vertical can be no more than 18º. 

Based on the research, the parameters that ensure the required quality of work of the 
working body that fertilizes cotton between the rows and the agro-technical indicators of 
the working bodies that fertilize were determined. 
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