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Abstract

Regenerative agriculture represents a transformative approach to modern farming, emphasizing ecological
sustainability, soil health, and climate resilience. Unlike intensive agricultural practices, which often rely on excessive use of
chemical inputs and can degrade natural ecosystems, regenerative methods aim to restore and enhance the environment
while maintaining agricultural productivity. Core practices include zero tillage, strip tillage, crop rotation, and the use of cover
crops. These methods prioritize soil structure preservation, improved organic matter content, reduced erosion, and enhanced
biodiversity. Zero tillage minimizes soil disruption, promoting microbiota activity and moisture retention while reducing
erosion. Similarly, strip tillage allows partial soil preparation, balancing crop productivity and environmental preservation.
Crop rotation mitigates the risk of pathogens and pest infestations, improving long-term soil health. Cover crops play a crucial
role in preventing soil degradation, reducing weeds, and optimizing moisture levels. These practices collectively contribute to
increased carbon sequestration and improved water management, essential for mitigating climate change. Despite its
environmental benefits, regenerative agriculture faces challenges, including higher initial costs, the need for specialized
equipment, and potential short-term profit reductions. Nonetheless, its long-term ecological and economic advantages
underscore its potential as a cornerstone of sustainable agricultural development.
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Introduction

Agriculture is one of the leading industries of today. Its history dates back to the 6%-5% centuries BCE
(Prysyazhnyuk, 2013; Karpenko et al., 2020). Initially, ancient people engaged in hunting and gathering edible berries,
mushrooms, or other vegetation. With the development of tools that allowed for more effective hunting, a food crisis and
shortages began to emerge. This led to the development of plant cultivation practices during the Neolithic period to ensure
adequate nutrition (Primak & Primak, 2009; Karpenko et al., 2023).

Gradually, humanity transitioned from extensive farming, which involved increasing agricultural productivity by
expanding resources, typically arable land, to intensive farming. Intensive agriculture refers to the production of
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agricultural goods by improving specific characteristics, such as crop yields or grain quality, while simultaneously
reducing production costs (Kolisnyk et al., 2020a; Boppart et al., 2023).

This shift was made possible through agricultural practices that are often difficult to classify as sustainable. For
example, the use of large quantities of pesticides or excessively high fertilizer rates. While these methods yield the desired
results for farmers, they have a negative impact on the ecological balance, particularly on soil biota, soil health, and other
environmental factors.

To preserve the environment while maintaining productivity, the principles of regenerative agriculture have been
developed. This term encompasses a wide range of practices that can be applied to achieve sustainable farming. In the
article by Newton et al. (2020), various definitions of regenerative agriculture by numerous scholars are summarized.
Regenerative agriculture is described as a means to improve soil health, water resources, and mitigate climate change. The
latter is achieved by "capturing” carbon dioxide from the air and "storing” it in the soil, which increases soil organic matter
content (Rhodes, 2017; Karpenko et al., 2021).

To begin practicing regenerative agriculture, decisive steps must be taken. This includes supporting innovations
emerging in the field and continuously learning to explore new opportunities for implementation. At the same time, it is
important to understand that profits from regenerative agriculture may be lower compared to intensive farming.

So, what practices can be implemented to achieve the aforementioned positive environmental outcomes?

Literature Review
Maine body

The first practice that should be implemented in a farm practicing regenerative agriculture is zero tillage, or, if
necessary, strip tillage.

Zero tillage, also known as the no-till technology, involves preserving the undisturbed structure of the soil. Under
this approach, soil-tilling machinery is not used, leaving stubble and plant residues on the field. These residues serve as
mulch, reducing soil erosion and increasing microbiota activity (Horowitz et al., 2010; Kolisnyk et al., 2020). The main
features of this technology involve significant changes to traditional agricultural practices:

e Abandonment of any soil tillage (even shallow cultivation).

e Inability to use organic fertilizers, as they require plowing.

e Application of mineral fertilizers and plant protection products only during sowing.
e  Use of special seed drills designed for sowing into stubble.

e Suitability only for fields with a flat soil surface (Dang et al., 2020).

This technology has both advantages and disadvantages. One advantage is that plants residues help retain
moisture, thereby enhancing soil biota activity. However, these residues can also harbor diseases and pests, potentially
affecting the next crop. For this reason, maintaining a rational crop rotation is crucial when using zero tillage.

Another benefit of zero tillage is the preservation of the soil's natural structure, which depends on soil fauna. The
combined effects of plant residues, microorganisms, and soil fauna lead to an increase in organic matter.

An important aspect of using zero tillage technology is temperature regulation, which has both advantages and
disadvantages. For instance, the mulch left on the field in spring prevents the soil from warming up, often leading to
delayed sowing times. Conversely, in summer, the soil temperature under the mulch remains lower, which positively
affects crop growth, particularly for root and tuber crops (Kolisnyk et al., 2020c; Blanco-Canqui et al., 2022)?

A somewhat different approach from zero tillage is strip tillage, also known as strip-till. While it shares similarities
with zero tillage, strip tillage involves partial soil preparation, creating strips 15 cm-25 cm wide with row spacing for row
crops, typically around 70 cm.

The advantages of this method include faster warming of the cultivated strips, which allows sowing times to remain
unchanged. Additionally, it retains the anti-erosion effect and conserves moisture due to the mulch layer in the gaps
between the strips. However, there are also notable challenges. For instance, strip tillage requires fields with flat surfaces.
Other challenges include significant financial investments for machinery replacement and the implementation of GIS
support systems (Ferndndez et al., 2015; Adamchyk et al., 2023).
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Such practices have demonstrated their effectiveness, as described by numerous researchers (Parkhomenko, et al.,
2021; Datsko, et al., 2024a). For instance, Kan et al. (2022) showed that using no-till technology compared to traditional
methods significantly improves soil structure, reduces carbon mineralization processes, and enhances biota activity.
Similar results were observed on Phaeozem soils by Polish scientists (Hewelke et al., 2024; Davydenko et al., 2024), who
reported a substantial increase in total organic carbon content, improved soil structure, and enhanced water permeability.
Studies on the impact of no-till on plant root systems indicate that root length in the o cm-10 cm soil layer is significantly
greater compared to other tillage systems, while root length in the 10 cm-20 c¢m layer is lower. At the same time, root
biomass in the 0-20 cm layer increases substantially, but it decreases at a depth of 20 cm—30 cm. While these results do
not provide a definitive understanding of no-till effects, they highlight its significant influence (Ruis & Blanco-Canqui,
2024; Datsko, at al., 2024b; Dehtiar’ov, et al., 2021).

Similar positive characteristics have been noted in studies on strip-till. These include increases in earthworm
populations, microbiota, available phosphorus and potassium, and other soil properties (Jaskulska et al., 2020; Lys et al.,
2024). Polish researchers also confirmed that soil moisture under strip-till systems is significantly higher than under
traditional tillage; while soil temperature is notably lower (Gatezewski et al., 2022).

Crop rotation is equally important in regenerative agriculture. It not only ensures the rational use of soil resources
but also reduces pathogen pressure on fields, which is relatively high when using no-till and strip-till systems. Plant
residues left in the field often harbor fungal organisms and pests from the previous crop (Shah et al., 2021; Sobko et al.,
2024).

Another commonly applied practice is the use of cover crops. These are grown on agricultural fields to protect the
soil from erosion and improve its properties (Koudahe et al., 2022; Zakharchenko et al., 2024). Cover crops help reduce
weed growth, optimize soil moisture, and lower soil temperature, which ultimately increases the productivity of the
primary crop.

Conclusion

Regenerative agriculture is a crucial direction in the sustainable development of the agricultural sector, aimed at
improving soil health, conserving natural resources, and mitigating climate change. Key practices, such as no-till and
strip-till farming, crop rotation, and the use of cover crops, contribute to enhancing soil fertility, preserving moisture, and
promoting biodiversity. Despite requiring significant investments and facing implementation challenges, these
technologies demonstrate positive outcomes for both the environment and agriculture, laying the foundation for a
sustainable future.
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