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ABSTRACT

The research introduces the creation and assessment of a technological strip-tillage and volumetric (3-D) spraying system 
(TIV) aimed at boosting resource efficiency and environmental sustainability in crop production. This TIV system 
combines several soil and plant management tasks into one pass, performing 3–4 mechanical tillage operations while 
ensuring precise agrochemical application. With adjustable cultivation widths, it can adapt to different crop needs, 
improving soil aeration, moisture retention, and nutrient availability leading to yield increases of up to 20%. Compared to 
conventional plow-based tillage, the TIV system reduces human-induced soil impact by 1.8 times, improving both economic 
and ecological outcomes. Its advanced 3-D volumetric spraying feature allows fertilizers and crop protection agents to be 
applied directly to cultivated plants, reducing drift and off-target contamination. The system ensures a more even droplet 
distribution across plant layers 30–19% coverage from upper to lower leaves and an extra 28% on stems and leaf 
undersides outperforming traditional continuous spraying approaches. Field experiments in the Volgograd region 
(Russia) revealed that strip application technologies could boost ecological efficiency by 20–39%, depending on crop row 
spacing. These findings demonstrate that the TIV system aligns with regenerative agriculture and green economy principles, 
supporting high productivity while cutting input costs, chemical use, and environmental pollution. Future developments aim 
to enhance the TIV’s adaptability for vegetable and melon crops and optimize strip width for various cultivation systems.
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INTRODUCTION

The impacts of climate change on agriculture are becoming 
more apparent world-wide [1]. Reducing crop losses is crucial 
to meet the escalating food demand in light of therapidly 
growing global population approaching eight billion [2,3]. For 
a long time, destructive land use methods have been used in 
crop production. The present stage of civilization's 
development and implementation of new techniques and 
methods of tillage and crops require the solution of 
technological, economic, and environmental problems 
simultaneously with the possibility of creating conditions for 
the regeneration of soil resources [4]. Implementing these 
approaches became possible due to the development of new 
technology for the cultivation of crops based on the exact 
selective impact on the object of processing [5].

The increased need of humankind for foods highlights the 
intensification of agricultural production [6]. It is necessary 
either to increase the size of the sown area or to look for new

approaches to improve agricultural land productivity [7].
Developing new areas for cultivation is possible due to the
intensification of soil cultivation. Nevertheless, this will
decrease the effectiveness of decarbonization programs since
this approach will inevitably increase greenhouse gas
emissions. Therefore, searching for new solutions to conserve
natural resources while obtaining stable predicted crop yields is
a vital scientific and technical task [8-9].

Regenerative agriculture is a forward-thinking way of farming
that aims to restore and strengthen the natural balance of
ecosystems while keeping farms productive. Unlike traditional
farming, which can wear down soil and water resources over
time, regenerative practices focus on rebuilding soil health,
supporting biodiversity, and capturing carbon from the
atmosphere [10]. Farmers use methods like rotating crops,
planting cover crops, reducing tillage, composting, and
incorporating livestock to enrich the soil and boost its fertility
[11]. These practices help the land hold more water, prevent
erosion, and make crops more resistant to the challenges of
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during the implementation of TIV can be carried out using 
various working bodies that make intra-soil ridges or limit the 
profile of the cultivated strip. To do this, we recommend using 
the developed and patented working bodies that allow this 
operation to be carried out with high-quality indicators and 
high efficiency while observing the principles of regenerative 
agriculture [21-22].

RESULTS AND DISCUSSION

a - chisel processing; b - continuous processing with a strip 
recess; c - slotting; d - Strip-till

Figure 1: The working bodies' profile of the treated seam for 
the technological strip process

A decrease in anthropogenic impact confirms the 
environmental friendliness of TIV during mechanical tillage. 
Compared to mechanical tillage in traditional farming systems 
with plow processing, the reduction in anthropogenic effect on 
the soil is 1.8 times lower. The economic efficiency of various 
chisel technologies implemented in the production of row 
crops in the Volgograd region (Russia) using the developed 
working bodies allows us to state that in the production of row 
crops (for example, sunflower), the strip technology occupies a 
leading position. The developed working bodies perform the 
technological process within the framework of the strip 
technology. The profile of the treated formation contributes to 
the active accumulation of moisture and its concentration in 
the growth zones of cultivated plants (Figure 1).

Figure 2: Scheme of mixing the working fluid flows during 
spraying according to the 3-D volumetric technological process 
as part of the implementation of the HZPR

Deep tillage contributes to the active development of a robust 
root system of cultivated plants within the treated strip and the 
use of soil moisture from deep layers [23]. This gives an 
excellent result in risky farming areas with low annual rainfall. 
The implementation of TIV in chemical protection and plant 
nutrition is carried out considering the developed innovative 
technological process of 3-D volumetric spraying [24]. This 
specialized process allows the application of the working 
solution of plant protection and/or nutrition products by the 
strip method strictly to the processing object. The effect of
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climate change. By reviving soil life and promoting natural 
cycles, regenerative agriculture not only enhances long-term 
yields and ecosystem health but also plays a key role in fighting 
climate change [12]. In essence, it’s about creating a sustainable, 
circular food system that benefits farmers, consumers, and all 
planet ecosystem.

Planning and organizing activities to protect the environment 
are a priority in the sustainable development of many countries 
[13]. The development of new approaches and development 
tools in the agro-industrial complex is an essential link in 
planning activities aimed at implementing the priority areas of 
global environmental culture [14]. When forming these 
measures, technologies in the field of agricultural production 
are brought to the fore, which will not require the destruction 
of natural resources for the sake of human life [15-16]. On the 
contrary, by introducing these technologies, natural resources 
are a logical structural element in a long chain of measures for 
their competent use, soil fertility restoration, and 
environmental pollution reduction. As a result, new 
production technologies will improve life quality [17-18].

The need to develop a new generation of agricultural 
technology is evident. It is crucial to preserve the accumulated 
experience of classical technologies for tillage and care of 
plantations, to reduce damaging the ecosystem, and to increase 
the productivity of arable land and the quality indicators of 
products [9]. At the same time, it is necessary to competently 
combine the principles of resource-saving, saving labor and 
money costs, based on the soil and climatic features of the 
territories, considering the financial capabilities of a modern 
farmer.

MATERIALS AND METHODS

The main direction of the development of regenerative 
agriculture is focused on the regeneration of the topsoil, which is 
the reason for increasing biodiversity, improving ecosystems, 
and increasing the resilience and vitality of agricultural soils. 
Implementing approaches to regenerative farming formed the 
basis of research on developing technology for selective impact 
on soil and plant or Selective Impact Technology [19].

Mechanical tillage, implemented in the TIV technology, is 
carried out according to the strip technology process within the 
framework of the Strip-till technology. Soil and Plant 
Protection and Plant Nutrition or Soil and Plant Protection 
and Nutrition operations are also performed in a strip process. 
These directions are based on a competent and reasonable 
combination of measures to improve the efficiency of 
agricultural production with a differentiated and safe use of 
natural resources and a reduction in the anthropogenic load on 
the environment. In developing and implementing TIV, the 
positive experience gained from using traditional farming 
systems and mechanical tillage techniques was combined with 
new, improved deep loosening techniques and procedures for 
applying fertilizers and plant protection products [20].

The effectiveness of this technology is confirmed in three 
directions in terms of manufacturability, environmental 
friendliness, and economy. Strip technology involves the impact 
on the soil in strips, where the necessary favorable conditions 
are created for growing cultivated plants. Mechanical tillage
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parameters and reducing the distance from the sprayers to the
top of the plants up to 2 times. That is, a new method of
applying the solution to the object of treatment reduces the
drop's flight time to reach the target object. Due to this, the
drift of the working solution outside the treated strip is
diminished, and the CPP technology's environmental
friendliness within the TIV framework is increased. At the
same time, the possibility of carrying out continuous spraying is
preserved.

Spraying method Tier Coverage, % Droplet size, µm

solid

Upper 49 520

Average 39 469

Lower 12 424

Stem 0 0

Turnover leaves 0 0

Interband space 36 497

strip

Upper 30 310

Average 23 280

Lower 19 282

Stem 13 303

Turnover leaves 15 225

Interband space 17 312

Table 1: Drop of the solution on the object of processing 
from the method of application by tiers

As a result of assessing the quality indicators by the indicator 
method (using the example of sunflower in the phase of 3-4 
pairs of leaves), the results were obtained, indicating the 
effectiveness of the new spraying method in terms of coverage 
and drop size (Table 1). The strip method processes the leaf's 
reverse part and the cultivated plant's stem with good quality 
indicators. In addition, the new spraying method format of 
droplets of a more regular size within the generated stream.

As seen in Table 1, the qualitative indicators have significant 
differences depending on the substance's application to the 
treatment object. The difference in coverage degree of the 
spraying solution depends on the leaves' tiers, the leaf's side, 
and the stem of the cultivated plant. With a continuous 
method of applying the drug to the object of treatment (for 
example, sunflower in the phase of 3-4 pairs of leaves), the 
distribution of the applied drug was as follows: 49% of settled 
drops were found on the upper tier, 39% on the middle tier, 
and 12% on the lower tier. At the same time, no drops of the 
solution were found on the reverse side of the leaves and the 
stem. The treatment localization is in the plant's upper part.

Furthermore, the leaves on the lower tier are processed in small 
quantities (Figure 3). When treating diseases and pests, it is 
crucial to apply the drug to the places of localization of the 
disease or pests. Quality indicators improve when analyzing 
data on the distribution of droplets on an object treated with 
an innovative method of strip chemical treatment with a 3-D 
spray effect. The distribution of the applied solution occurs 
more evenly over the tiers of the cultivated plant. 30% of all 

settled drops were found on the upper tier, 23% on the middle 
tier, and 19% on the lower tier. 15% of the drug was recorded 
on the reverse side of the leaves and 13% on the stem. The 
quality indicators for the strip spraying are higher in coverage 
than continuous.

Figure 3: The distribution of the applied solution in both 
systems (continuous and strip)

It can be concluded that the droplet size is significantly 
changed in the new method of strip application of the working 
solution based on the merging of two streams, due to which the 
size and number of droplets formed change. Smaller drops can 
stay on the treated surface for a longer time. Also, the smaller 
droplet size improves the new strip spraying method's 
environmental friendliness by improving the inter-strip space's 
ecological performance. Let's take a beneficial effect in 
operations for chemical protection against diseases and pests -
applying a drug to a crop, and consider the impact of pollution 
to be the ingress of drops of chemicals on the soil outside the 
treatment object, then due to the redistribution of the applied
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volumetric 3-D is expressed in the qualitative distribution of 
the working fluid over all surfaces of the cultivated plant 
(Figure 2).

This approach solves resource-saving problems by reducing the 
hectare application rate, and the competent redistribution of 
working solutions from the aisle to the processing object allows 
for achieving good economic and environmental indicators 
[25]. The new flow formed by the confluence of flows from two 
adjacent nozzles permits changing the new flow's geometric
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solutions from the aisle to the cultivated plant with an 
innovative method of chemical strip treatment. The effect of 
soil pollution can be significantly reduced.

This reduction depends on the ratio of row spacing and stripes 
with cultivated plants, which have a significant difference. For 
example, for row crops with a row spacing of 0.7 m, the 
ecological effect is +20%, and for crops with a row spacing of 
0.9 m. (For example, vegetable crops and cotton) +39%. Studies 
on the possibility of introducing strip spraying technology using 
the Volgograd region (Russia) model show that considering 
crops intended for cultivation using strip technology within the 
framework of the TIV, the number of modernized sprayers can 
be 2.5 thousand or more. If this experience is extended to the 
entire territory of Russia, then their number is already more 
than 40 thousand.

CONCLUSION

The proposed TIV allows the implementation of an integrated 
approach to growing crop products using a strip technology 
process. Further development of TIV is expected to improve 
technological and technical solutions for adapting the sprayer 
to vegetable and melon crops, with the possibility of 
operational regulation of the width of the treated strip. Further 
adaptation of TIV for crops with a broader row spacing opens 
up vast opportunities for improving the environmental 
friendliness of the technology up to two times due to a more 
significant reduction in the hectare load when applying soil 
and plant protection substances and plant nutrition in liquid 
forms without reducing the rate of application.
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