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Abstract. The purpose of the study was to substantiate the technology and 
parameters of the “paraplau” type soil dredger for a two-tier plow. The basic 
principles and methods of classical mechanics, mathematical analysis and 
statistics were used in this study. Sub-tillage loosening of the most compacted 
layers of the soil of the fields from under the cotton must be carried out in a 
strip way along the line of the middle of the irrigation furrows between the 
rows. It is established that for the implementation of strip loosening of the sub-
arable soil layers of fields from under cotton, the width of the two-tier plow 
should be a multiple of the width of the row spacing. At the same time, for 
loosening the compacted subsurface layers of the middle of the row spacing of 
cotton with one working body, the soil dredgers are installed behind each even 
lower body in the plane of the field edges of the odd bodies. In the case of sub-
tillage loosening of the middle of the row spacing by two soil dredgers with an 
inclined stand, one soil dredger is installed behind each lower body. An 
analytical relationship is obtained to justify the relative position of the plow 
bodies and the soil dredgers, as well as their parameters. Experimental studies 
have established that the resistivity of a two-tier plow decreases (in comparison 
with continuous loosening) when the most compacted layers of the middle of 
the row are loosened with a pointed paw by 17.56%, two soil dredgers with 
inclined posts by 24.04%, and one soil dredger with an inclined post by 23.24%. 
 

1 Introduction  

Loosening of the subsurface layers of the soil is the most energy-intensive process. To 
reduce energy costs, a strip method of loosening fields from under cotton and a soil dredger 
of the "Paraplow" type to a two-tier plow are proposed. The results of experimental studies 
of plows with different soil dredgers are presented [1-4].  
In the cotton-growing zone, with the current system of annual basic tillage at the same 
(mainly 30 cm) depth, carrying out spare, washing and vegetation watering (up to 6-10 
times a year), multiple (up to 30 times a year) passes through the field of tractors and other 
agricultural equipment, a strong compaction of the subsurface horizons occurs, reaching 
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1.4-1.6 g/cm3 in the main root-feeding zones, which is much higher than the optimal values 
for cotton, alfalfa, corn and other crops (1.2-1.3 g/cm3). Studies have established the 
negative effect of compacted subsurface layers on plant growth and crop yield. These dense 
layers create extremely unfavorable conditions for the growth and development of roots and 
the entire plant as a whole. In the compacted layers of the soil, the penetration of irrigation 
water and the root system is difficult [5-12].  
It is known that subsurface loosening is one of the most effective ways to eliminate the 
harmful effects of compaction. The treatment of the sub-arable horizon creates a more 
powerful root layer of the soil. This contributes to an increase in the yield of cultivated 
crops. At the same time, the specific value of the yield growth value varies depending on 
the conditions and technology of deepening the subsurface horizon [13-20].  
Sub-tillage loosening can be carried out separately or simultaneously with plowing. 
Currently, loosening during plowing with a plow with a soil dredger is widely used [21-28].  
Research has established that sub-tillage loosening is the most energy-intensive process. 
For example, with a plowing depth of 30 cm and simultaneous loosening of the subsurface 
layer by 10-12 cm, the total traction resistance of the two-tier plow PD-3-35 increases by 
almost 1.6-1.8 times. Reducing energy costs can be achieved by improving the method of 
sub-tillage loosening of the soil and working bodies for its implementation. Currently, there 
are mainly two types of sub-tillage loosening: solid and strip. Continuous testing should be 
carried out in exceptional cases, as it is the most energy-intensive and uneconomical. In 
addition, with continuous loosening, due to a decrease in the load-bearing capacity, the 
subsurface layer is rapidly compacted due to the mass of the overlying soil layers and the 
compacting effect of tractors in agricultural machines [29-34]. 
The purpose of the study is to substantiate the technology and parameters of the “paraplau” 
type soil dredger for a two-tier plow. 

2 Methods and Results  

The basic principles and methods of classical mechanics, mathematical analysis and 
statistics were used in this study. Strip processing of the sub-arable compacted layers of 
cotton fields can be carried out with a combined two-tier plow, the width of which is a 
multiple of the width of the row spacing. In this case, as a loosening working body, one can 
use a pointed paw or a soil dredger with an inclined stand. 
Let us consider the process of loosening the subsurface layers in the middle of the row 
spacing of cotton with a combined two-tier plow, the width of which is a multiple of the 
width of the row spacing, i.e., the width of the plow bodies bk=BM/2. Also, the condition 
satisfies plows PYA-4-30 and PD-2-45. To carry out strip processing for each even case, in 
the plane of the field edges of odd cases, one pointed paw is installed (Fig. 1) or a soil-
dredging paw with an inclined stand (Fig.2). If the loosening width is insufficient, two soil-
dredging lamps with inclined posts can be used to decompress the middle of each row of 
cotton (Fig. 3). In this case, one soil-dredging paw is installed behind each body. 
The main design parameters of the loosening working bodies and their relative position 
relative to the plow bodies are determined depending on the required width of the loosened 
strip bp and the width of the row spacing BM. From Fig. 1 we have 

bl≤bp-2(H-h)ctgψ2                      (1) 
where bl – is the width of the grip of the pointed paw; h is the height of the wings of the 
paw from the plane passing through the toe.  
The width of the bit bg of the soil-dredging paw with an inclined stand when loosening the 
subsurface layer of the row spacing with one working body 

  bl≤bp-2Hctgψ2              (2) 
two working bodies (Fig. 1) 
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Fig. 1. Scheme for the justification of the mutual arrangement of the plow bodies and the pointed soil 
dredger: 1 – the relief of the cotton field; 2 – the upper body; 3 – the lower body; 4 – the soil dredger 
 

 
Fig. 2. Scheme for determining the relative position of the plow bodies and the soil dredgers when the 
middle of the row spacing is loosened by two soil dredgers with an inclined rack: 1 – the upper body; 
2 – the lower body; 3 – the soil dredger 

 
The value of the row spacing M when loosening the subsurface layer of the row spacing by 
two working bodies is equal to  
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 М=bg+2hrctgψ2           (4) 
The distance l between the loosened strips is determined by the following dependencies: 
when loosening with a pointed paw 

 l=BM-bl-2(H-h)ctgψ2            (5) 
when loosening with one soil-dredging paw with an inclined stand 

 l=BM-bg-2Hctgψ2           (6) 
when loosening with two soil-dredging paws 

 l=BM-2bg-2(H+hr)ctgψ2                   (7) 
When loosening the subsurface layer of the row spacing with one working body, the 
minimum longitudinal distance from the ploughshare toe to the soil dredger is determined 
(Fig.2) according to the formula: 

 Lmin=bkctgγl+Hctgψ1                                (8) 
For the implementation of subsurface loosening with two loosening working bodies, the 
soil-dredging paw is installed behind the odd bodies at a distance (Fig. 3) 
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 l1=bg/2+h2ctgψ2                                                  (10) 
and behind the black buildings in the distance 
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  l2=bk-bg/2+hrctgψ2               (12) 
 

To compare the energy indicators of plows with continuous and strip loosening of the 
subsurface soil layers, experimental studies were conducted in the following variants: 1 - 
plow PYA-4-30 without soil dredgers; 2-plow PYA-4-30 with two pointed soil dredgers 
installed behind each even plow; 3-plow PYA-4-30 with four pointed soil dredgers; 4-plow 
PYA-4-30 with two soil dredgers with an inclined stand; 5-plow PYA-4-30 with four soil 
dredgers with an inclined stand. 
 

 
Fig. 3. Sub-arable loosening of the middle of the row spacing by two soil dredgers: 1 – the relief of 
the cotton field; 2 – the loosened sub-arable layer 

  
On a two-tier plow, a pointed paw with a width of bl-0.22 m, a crumbling angle of α=300 
and a solution angle of γ=750 was installed. The parameters of the soil dredger with an 
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On a two-tier plow, a pointed paw with a width of bl-0.22 m, a crumbling angle of α=300 
and a solution angle of γ=750 was installed. The parameters of the soil dredger with an 

inclined stand were as follows: the bit width bg=0.05 m, the crumbling angle ag=150, the 
angle of inclination of the stand in the transverse-vertical plane βПОП=450, in the 
longitudinal-vertical plane βPR=45º, in the longitudinal-vertical plane βPR=200. The field for 
the experiments had a density of the subsurface horizon (0.30-0.50 m) in the middle of the 
irrigation furrow between the rows ρ=1.61 g / cm3 and in the middle of the ridge ρ=1.53 
g/cm3. The installation depth of loosening of the soil dredgers was 10 cm. 
The background is a cotton field with a row spacing of 60 cm, previously cleared of cotton 
stalks. Humidity in the arable layer is 14.3-15.8%, in the sub-arable layer-16.7-18.1%. The 
soil is medium-loamy serozem.  
As the results of experimental studies, Table.1 shows the specific traction resistance of the 
plow PYA-4-30 when installing pointed soil dredgers behind each body (continuous 
loosening) that increased by 33.94, when the most compacted subsurface layers were 
loosened in the middle of the row with two sterlet legs – by 16.38, two soil dredgers with 
an inclined stand by 9.9, and with one – 5.7%.  

 
Table 1. Change in the traction resistance of plows depending on the type and number of soil 
dredgers 

Variants 
Plowing 
depth, 

cm 

Plow grip 
width, cm 

Traction 
resistance of 
the plow, kN 

Plough 
resistivity, kPa 

Increase in 
energy 

consumption, % 
1 29.8 120.1 27.1 75.27 - 
2 30.1 120.6 31.8 87.6 16.38 
3 30.3 120.2 36.7 100.82 33.94 
4 30.1 120.5 28.7 79.06 5.7 
5 30.3 120.7 30.3 82.79 9.9 

 
Thus, strip loosening of the most compacted soil layers is the least energy-intensive and 
most economical. 

 
3 Conclusions 
 

1. Sub-tillage loosening of the most compacted layers of the soil of the fields from under 
the cotton must be carried out in a strip way along the line of the middle of the irrigation 
furrows between the rows. 
2. Continuous loosening should be carried out when plowing fields to a small depth, as well 
as when processing fields with closely lying pebbles, sand, gypsum and other layers that 
have unfavorable physical and mechanical properties. 
3. It is established that for the implementation of strip loosening of the sub-arable soil 
layers of fields from under cotton, the width of the two-tier plow should be a multiple of the 
width of the row spacing. At the same time, for loosening the compacted subsurface layers 
of the middle of the row spacing of cotton with one working body, the soil dredgers are 
installed behind each even lower body in the plane of the field edges of the odd bodies. In 
the case of sub-tillage loosening of the middle of the row spacing by two soil dredgers with 
an inclined stand, one soil dredger is installed behind each lower body. An analytical 
relationship is obtained to justify the relative position of the plow bodies and the soil 
dredgers.  
4. It is established that the resistivity of a two-tier plow decreases (in comparison with 
continuous loosening) when the most compacted layers of the middle of the row are 
loosened with a pointed paw by 17.56%, two soil dredgers with inclined posts by 24.04%, 
and one soil dredger with an inclined post by 23.24%. 
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