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Agricultural production is one of the main economic sectors of the Republic of Moldova 
and Ukraine, therefore improving crop cultivation technologies is of utmost importance in the 
context of increasingly fierce competition. Along with this, vegetable growing is also one of the 
main branches of agriculture in these countries, however, in recent decades, due to the reduction 
of markets for the sale of products and a number of other reasons, vegetable growing has not 
been going through the best of times, which has ultimately led to a reduction in the area for 
growing the main vegetable crops of the region [1]. In Moldova, the area for growing 
vegetables has decreased threefold [2].  

One of the reasons that led to the reduction in vegetable production is climate problems, 
which made cultivation unprofitable, and the lack of water and modern irrigation systems  led to 
a sharp reduction in sown areas and an increase in import dependence [1, 2, 3].  However, this 
led to an increase in the area under other agricultural crops such as wheat, corn and sunflower, 
the products of which are well exported, since as a result of improvements in the production 
technology of these crops and technical means, their yields have increased significantly [4, 5, 
6]. 

Production problems are also aggravated by existing problems associated with the 
technology of growing vegetable crops, which do not allow for maximum mechanization of 
technological processes, such as sowing seeds and planting seedlings [1, 7, 8]. 

One of the most important and labor-intensive   technological operations in  vegetable 
growing is  planting seedlings and the shortage of workers involved in agricultural vegetable 
production is becoming increasingly noticeable. Therefore, in the current situation, 
mechanization of work during seedling planting plays an increasingly important role [1, 7].  

Transplanting machines do not fully meet the agronomic requirements for the seedling 
planting process. The working parts of imported transplanters do not always match the physical 
and mechanical properties of the soil in which vegetables are to be grown. The consequence of 
that is significant wear of the working bodies of seeders or breakdowns associated with machine 
failure in the field during work [9, 10, 11].  

Studying the fundamental problems of seedling planting technology is an important task 
in improving the design of seedling planting machines. The main problems with mechanization 
of the planting process are the low operating speed of seedling planting machines and the poor 
quality of seedling planting [13, 14]. The stability of planting depth is one of the most critical 
agronomic parameters, directly affecting the seedling survival rate, uniformity of development, 
and yield of agricultural crops grown from seedlings. 

Traditional transplanting machines using mechanical contour following systems 
demonstrate insufficient accuracy, especially when operating at high speeds and on 
heterogeneous soils [6, 13, 15]. Deviations from the specified optimal depth exceeding +/- 5-10 
mm can lead to significant yield losses and a decrease in the economic efficiency of production 
[16, 17].  

Uneven planting depth leads to a number of negative consequences, such as [15, 18]:  
- too shallow planting, which leaves the root system vulnerable to drying out and temperature 

fluctuations, which reduces the survival rate of seedlings; 
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- planting too deep, causing root collar rot (hypoxia) and weakening plants;  
- uneven plant development due to uneven start of development, leading to competition 

between plants and a decrease in overall field productivity [19]. 
The aim of the study is to provide a theoretical justification and analysis of the problem 

of the influence of uneven seedling planting depth on its survival rate. 
The work used methods of analyzing scientific literature, mathematical modeling of the 

dependence of survival on deviation in planting depth, and a comparative analysis of the 
accuracy characteristics of existing stabilization systems. 

The influence of the deviation of the actual planting depth (hreal) from the optimal (hopt) 
on the survival rate (P) can be approximated by a mathematical model based on a normal 
distribution, where the maximum survival rate is achieved at Δh = 0 [20].  

 

Δh = hreal - hopt = 0.                                                 (1) 

 
The model of plant survival depending on the deviation in seedling planting depth is as follows: 
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where: P(Δh) – survival rate in case of deviation Δh, %; 

     Pmax – maximum survival rate (e.g. 98%); 
     Pmin – minimal survival rate (for example, 2%); 
    Δh – deviation from optimal depth, mm; 
     σ – standard deviation characterizing the sensitivity of the culture to changes in 

depth. 
Table 1.  

The effect of planting depth deviation on seedling survival rate 

Deviation from 
optimal depth 

 Δh, mm 

Seedling survival rate  
P, % 

Decreased survival rate  
ΔP,  % 

±5 97.5 0.5 

±10 95.0 3.0 

±15 90.0 8.0 

±20 80.0 18.0 

±30 65.0 33.0 

 
Analysis of the data from Table 1 shows that with the typical accuracy of mechanical 

systems (+/- 10-15 mm), survival losses can reach 8%. Increasing the deviation to +/- 20 mm, 
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which often occurs on heterogeneous soils, leads to a drop in survival of 18% or more. This directly 
reduces potential yields and increases the costs of subsequent care. 

To maintain the set planting depth, transplanting machines use stabilization systems based 
on parallelogram suspension [21], including: 

1) Mechanical systems; 
2) Hydraulic systems. 

Disadvantages of mechanical systems include high inertia and passive control. Typical 
accuracy is +/- 10-15 mm, which is insufficient to minimize survival losses. 

Disadvantages of hydraulic systems [22]:  
a) Force is regulated, not precise vertical position; 
b) Positioning accuracy is limited by valve sensitivity and fluid compressibility; 
c) Typical accuracy in the range of +/- 5-10 mm, which still does not allow to completely 

eliminate the negative influence of depth unevenness. 
Table 2. 

Comparative analysis of the accuracy of landing depth stabilization Systems 

System type Mechanism regulation 
Typical accuracy of depth 

maintenance, mm 

Mechanical Passive copying +/- 10 - 15 

Hydraulic Active force control +/- 5 - 10 

The insufficient accuracy of existing stabilization systems (Table 2) results in a significant 
portion of seedlings being planted with deviations exceeding the critical 10 mm (Table 1). 
Increasing the accuracy of existing stabilization systems will improve survival. Reducing the 
standard deviation σ in formula 1 to 2-3 mm will virtually eliminate seedlings from falling into the 
critical deviation zone, which is predicted to increase survival rate by 10-20%. 

This creates an urgent need to develop and implement systems that can ensure the accuracy 
of maintaining the planting depth within +/- 1-2 mm. 

Conclusions 
1. Increasing the accuracy of existing stabilization systems will improve survival. Reducing 

the standard deviation σ in formula 1 to 2-3 mm will virtually eliminate seedlings from falling into 
the critical deviation zone, which is predicted to increase survival rate by 10-20%. 

2. Reducing uneven planting depth ensures that all plants begin to develop at the same time, 
which is the basis for obtaining a high and uniform yield. 

3. A key task of modern agricultural engineering is the transition from systems that regulate 
the pressing force from the pressing wheels of seedling planting machines to systems that provide 
high-precision positional regulation of planting depth. 
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