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SUMMARY

The sustainable cultivation of agricultural crops has become increasingly
important, with innovations focused on increasing yields without harming the
environment. In Ukraine, the use of biofertilizers and biopesticides is gaining
popularity, though results vary due to specific application conditions. Organic
fertilizers have shown clear benefits for many crops, but manure is not
recommended for buckwheat. However, fertilizers containing effective
microorganisms are promising, though they can be affected by adverse abiotic
factors. This study aims to evaluate the impact of mineral fertilizers on
buckwheat yield and to assess the economic viability of their use. Field
experiments were conducted from 2021 to 2023 at Sumy National Agrarian
University educational and research center, involving two buckwheat varieties,
Slobozhanka and Yaroslavna, under different fertilization regimes. The study
analyzed crop yield and economic efficiency under varying doses of NPK
fertilizers (N22P22K22, N45P45K45, N3oPasKas + N15, N50P30K7o), as well as control
(without fertilization). Results indicate that fertilizer use significantly improved
yield compared to control, with the Slobozhanka variety showing higher
responsiveness. The best economic outcomes were associated with moderate
fertilizer use, balancing yield increase and input costs. Economic analysis shows
that, while higher fertilization increased yields, it did not always result in higher
profitability due to increased input costs, particularly for NasPssKas. Excessive
fertilizer use can also lead to long—term soil degradation, making balanced
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application crucial for sustainable production. Therefore, a strategic approach to
fertilizer use is needed to optimize both yield and soil health, ensuring long—term
agricultural sustainability.

Keywords: sustainability, yield, economic evaluation, soil health,
fertilization strategies, profit.

INTRODUCTION

The issue of growing agricultural crops in a sustainable way is extremely
relevant today (Datsko et al., 2024; Mishchenko et al., 2024; Trotsenko et al.,
2023). Under the term of sustainability, scientists mostly understand the ability to
meet present needs without compromising the ability of future generations to
meet their own needs. Increasingly, innovative approaches in agriculture are
focused on boosting crop yields through means that do not harm the environment
(Kovalenko et al., 2024a; Kolisnyk et al., 2024; Voitovyk et al., 2024a). So, this
could be called sustainable way of crop production. In Ukraine, the use of
biofertilizers and biopesticides for pest and disease control is becoming more
common (Radchenko et al., 2024). However, the use of such products does not
always lead to the desired effect due to specific conditions that must be met
during their application. When it comes to organic fertilizers, the effect is usually
clear and effective (Bhunia et al., 2021; Tykhonova et al., 2021). However,
manure application for buckwheat is not recommended (Tao et al., 2023;
Radchenko et al., 2023). At the same time, the use of fertilizers containing
effective microorganisms is appropriate and effective. Yet, this type of
fertilization does not always yield the desired results due to unfavorable abiotic
factors that negatively affect microorganisms (Witkowicz et al., 2020; Voitovyk
et al., 2024b). That is why a lot of agricultural producers are still using mineral
fertilizers.

The economic evaluation of a technology or its individual components is a
crucial criterion that helps farmers determine the impact of a particular practice
on the crops they grow (Farooq et al., 2016; Silver et al., 2021; Kovalzhy et al.,
2024). The rising costs of fuel and agricultural production inputs have a
significant impact on the industry’s economy (Dhakal et al., 2015; Kovalenko et
al., 2024b). It is also important to understand the feasibility of their use and to
consider the effect of a particular practice on economic efficiency and the
environment. With limited budgets and significant environmental impacts,
farmers must efficiently grow crops, especially buckwheat.

Government officials strive to support agricultural producers (Hryhoriv et
al., 2021; Vykliuk et al., 2022; Williams et al., 2022), but given the rising costs
of fertilizers and fuel, farmers need to be particularly cautious when choosing
optimal growing technologies. They should carefully assess the economic
efficiency of each method to find the best balance between cultivation
profitability, high yield, and environmental impact. Agricultural producers are
encouraged to actively seek and implement innovative cultivation methods to
reduce their dependence on fertilizer costs due to changes in the economic
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environment (Masoero et al., 2021; Hryhoriv et al., 2024). Moreover, when
choosing fertilization and soil management methods, it is crucial to consider the
ecological factor.

Therefore, the aim of this study was to examine the impact of mineral
fertilization on buckwheat yield as well as to conduct an economic and
environmental assessment of fertilizer use feasibility.

MATERIAL AND METHODS

Field studies were conducted at the Sumy National Agrarian University
educational and research center from 2021 to 2023. A two—factor experiment was
established, which included the following factors: varieties (Slobozhanka,
Yaroslavna) and fertilization levels. The buckwheat (Fagopyrum esculentum
Moench) cultivation technology involved several key stages, including plowing
to a depth of 25-27 cm, harrowing to level the soil surface, and pre—sowing
cultivation.

The sum of active
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Figure 1. The sum of active temperatures (>10 °C) and the amount of
precipitation during buckwheat growing season (May—August) compared to the
average long—-term values (meteorological station in the village of Sad Sumy
region, Sumy district. GPS coordinates: 50.88095 Northern latitude, 34.71525
East longitude, 2021-2023). Conditions: A — warmer and drier; B — warmer and
more humid; C — cool and dry; D — cool and wet.

Fertilization was carried out according to several schemes, including a
control option without fertilizers and various fertilizer doses: N2P2Kao,
N4sP4sKas, N3gPasKas + Nis and NsoP30K7o. Harvesting was performed after most
of the seeds had fully matured to prevent losses due to shattering. After
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harvesting, yield, grain quality, and the economic efficiency of the technology
were evaluated.

The weather conditions during the vegetation periods of buckwheat plants
(May—August) in the 2021-2023 research years showed significant differences
compared to both the long-term average values and between each other (Figure
1).

To determine the economic efficiency of intensive cultivation of two
buckwheat varieties, both value and natural indicators were used. Descriptive
statistics were made at Microsoft Excel. The least significant difference (LSD)
for buckwheat yield between varieties and fertilization treatments was calculated
using the standard statistical approach based on the ANOVA model. LSD was
determined at the 0.05 probability level to evaluate significant differences in yield
across experimental treatments.

RESULTS AND DISCUSSION

Research results from 2021-2023 showed that buckwheat vyield
significantly depends on the level of fertilization and variety (Table 1). The
Yaroslavna variety demonstrated an average yield of 1.47 t ha® without
fertilizers, while increasing doses of mineral fertilizers led to higher yields.
Specifically, with the recommended dose of NusPasKas, the yield reached 1.78 t
ha™, and with additional nitrogen feeding, the yield increased to 1.96 t ha™.
However, at the calculated dose of NsoP30K7o, the yield slightly decreased to 1.83
tha™.

Table 1. Yield of different buckwheat morphotypes depending on fertilization
level, 2021-2023

- S Grain yield, t ha!
Varieties Fertilization 2021 2022 2023 Average
Control 2.17 1.30 0.95 1.47
N22P22K 22 2.64 1.40 0.97 1.67
NasPsKas —
Yaroslavna rec“of’mﬁ] e;‘fde q 2.87 148 | 098 1.78
N3oP4sKas + Nis 291 1.88 1.09 1.96
N5oP30K7o calculated 2.93 1.54 1.02 1.83
Control 2.68 1.25 0.86 1.60
N2oP2o Koo 2.68 1.41 0.88 1.66
Slobozhanka NasPasKas — 321 | 146 | 089 1.85
recommended
N30P4sKas + Nis 3.29 1.62 0.92 1.94
N50P30K70 calculated 3.52 1.91 0.90 2.11
LSDgs for varieties, t hat 0.33 0.36 0.05 0.24
LSDgs for fertilizes, t hat 0.19 0.20 0.03 0.14

Compared to Yaroslavna, the Slobozhanka variety showed a higher
average yield. Without fertilizers, this variety produced a yield of 1.60 t ha, and
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with the use of both recommended and calculated doses of fertilizers, the figures
significantly increased. The maximum yield was achieved with the calculated
dose of NsoP30K7o, reaching 2.11 t ha™, indicating a more effective response of
this variety to fertilization.

The statistical analysis demonstrates the effectiveness of different
fertilization treatments and buckwheat varieties on grain yield over three years
(2021-2023). The inclusion of LSD values at the 0.05 probability level provides a
reliable means to discern statistically significant differences between treatments
and varieties. Specifically, the LSD for varieties (0.33 t ha™) and fertilization
treatments (0.19-0.22 t ha™') highlights the sensitivity of the analysis in
identifying meaningful yield variations, ensuring the robustness and validity of
the experimental conclusions.

The total costs for cultivating the varieties using row planting without
fertilizers amounted to € 258.62 ha™ for the Yaroslavna variety and € 170.22 ha™
for the Slobozhanka variety. These figures also included additional costs
associated with the use of fertilizers. As a result, the cost differences between the
options became even more pronounced.

Table 2 provides important data on the costs and revenues from cultivating
the Yaroslavna variety depending on different fertilization options. Total costs
increase with the use of various fertilizer regimes. The highest costs are observed
in the options with the N2:P22K2, and NasPasKas fertilizer regimes, due to the high
cost of the fertilizers.

Yield depends on the quantity and type of fertilizers applied, which affect
both the quality and quantity of the harvest. Based on this, revenue from grain
sales was calculated.

Table 2. Costs for cultivating the Yaroslavna variety using row planting
depending on the fertilization regime

Indicator mel;SL:ﬁSer?w];nt Control| N22P22Koo| NasPasKas N3gPasKas +N1s|NsoP3gK7o
Cumulative costs € hat 252.3 457.0 669.0 547.9 588.7
Nitroamofoska € hat 204.6 416.7
Ammonium € ha'l 30.6
nitrate
Urea € hat 34.3 56.6
Superphosphate € hat 88.5 59.3
Potassium sulfate € hat 142.1 220.5
Price of grain at € hatt 292 7
sale
Income € hat 430.2 488.8 521.0 573.7 535.6
Profit € hat 177.9 31.8 -148.0 25.8 53.1
Profitability % 41.4 6.5 -28.4 4.5 9.9

The table on the costs of cultivating the Yaroslavna variety using row
planting under different fertilization regimes indicates various profit levels per
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hectare for each option. Profit is calculated as the difference between income (the
value of the harvested grain multiplied by yield) and the total cultivation costs.
The highest profit is € 177.9 € ha®, achieved in the control fertilization option.
This suggests that fertilizer costs were the lowest in this variant, leading to higher
profits, even considering lower yields or other factors. Excluding the control
option, the highest yield was obtained in the NsoP30K7o option.

The lowest profit was recorded with the NusPisKas fertilization regime,
where profit amounted to — € 148 € ha™. This indicates that the total costs of
fertilizers and other production expenses exceeded the income from grain sales,
resulting in a loss.

Analyzing the data from the table on the costs of cultivating the
Slobozhanka variety (Table 3) using row planting under different fertilization
regimes, the highest total costs were observed in the NasPssKas and NzgPasKas +
N1s regimes, indicating high fertilizer costs in these combinations.

Table 3. Costs for cultivating the Slobozhanka variety using row planting
depending on the fertilization regime

. its of N3oP4sK
Indicator metfjsntﬁser%ent Control N22P2,Kod NasPasKas 33'N4i5 4 NsoP30K70
Cumulative costs € hat 166.1 | 370.7 582.8 461.6 502.5
Nitroamofoska € hat 204.6 416.7
Ammonium € ha'l 30.6
nitrate
Urea € hat 34.3 56.6
Superphosphate € ha' 88.5 59.3
Potassium sulfate € hat 142.1 220.5
Price (S)afllgraln at € hat 292.7
Income € hat 468.3 | 485.9 541.5 567.8 617.6
Profit € hat 302.2 115.1 -41.3 106.2 115.1
Profitability % 64.5 23.7 —7.6 18.7 18.6

The highest income is achieved in the option with NsoP3oK7o fertilization
background (€ 617.5 € ha), which is related to the higher yield obtained using
this fertilizer rate. The highest profitability level for fertilization backgrounds,
excluding the control option, is also observed in the N22P22K2; variant, confirming
its financial effectiveness.

Regarding fertilizer costs, it is worth noting that certain types of fertilizers,
such as superphosphate and potassium sulfate, have a significant impact on total
costs and may vary depending on their prices and the quantities applied.

A comprehensive analysis of the costs of growing buckwheat varieties
(Yaroslava and Slobozhanka) using row sowing methods, depending on different
fertilization backgrounds, shows that the efficiency of cultivation significantly
depends on the proper selection and application of fertilizers. The most profitable
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options are characterized by an optimal balance between total costs and revenue
from the harvest.

However, it should be noted that the natural fertility of the soil plays an
important role in achieving high profitability. Soils with a high level of natural
fertility can provide the highest yields and. Accordingly, the greatest income
without significant fertilizer costs. However, with intensive soil use without
replenishing nutrients, depletion is possible.

Therefore although natural fertility is an important factor in buckwheat
cultivation, the use of minimal fertilizers is still necessary to preserve soil fertility
in the long term. Proper fertilizer use helps conserve soil resources, improve crop
resilience to stress, and ensure consistently high yields year after year.

An ecological-economic assessment of buckwheat cultivation from 2021
to 2023 showed the importance of optimal use of mineral fertilizers to increase
yields. The Yaroslava variety, without fertilizers, provided an average yield of
1.47 t ha*, while with the recommended dose of NasP4sKas, the yield increased to
1.78 t ha. Similar results were observed for the Slobozhanka variety, where
yields increased from 1.60 t ha® without fertilizers to 2.11 t ha® with the
calculated dose of NsoP30K7o.

The economic evaluation indicates that the most profitable options were
those with minimal or control levels of fertilization, where costs were lower. For
the Yaroslava variety, the maximum profit (177.9 € ha®) was achieved in the
control option, while other options with higher doses of fertilizers (e.g.,
N4sP4sKas) showed a decline in profitability due to high costs. For the
Slobozhanka variety, the highest income was achieved with NsoP3oKzo
fertilization (617.5 € ha™), demonstrating the greater efficiency of this variety
under intensive fertilization.

Findings of this paper are supported by the work of Bonilla-Cedrez et al.
(2021), who highlight that addressing the ‘ecological yield gap’ in agriculture,
particularly in sub-Saharan Africa, requires not only technological advancements
but also economic considerations. Their study emphasizes that while the
ecological yield gap represents significant untapped potential, the economic yield
gap—the difference between current yields and profit-maximizing yields—
remains a critical limiting factor. They further suggest that complementary
strategies, such as improving soil fertility, reducing fertilizer costs, and spatially
optimizing fertilization practices, are necessary to enhance both productivity and
profitability in agricultural systems. The findings of this study align with the
review by Folina et al. (2021), which emphasizes the critical role of nitrogen
management in promoting sustainability within diversified farming systems.
Nitrogen over-application often leads to low nitrogen use efficiency (NUE),
despite high crop yields. Folina et al. (2021) highlight the potential of nitrification
and urease inhibitors in improving nitrogen uptake, storage, and Yyield
components while reducing nitrogen losses in the form of NOs™ leaching and NHs
emissions. Their work underscores the importance of integrating such inhibitors
into fertilization schedules to enhance nitrogen-related indices, such as NUE,
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Nitrogen Agronomic Efficiency (NAE), and Nitrogen Harvest Index (NHI). This
approach not only supports sustainable nitrogen management but also contributes
to the profitability of farming systems through improved nitrogen supply and crop
performance. Meanwhile, findings of Khan et al. (2022), demonstrated that the
combined application of synthetic phosphorus fertilizers and organic amendments
can significantly improve crop productivity and profitability. Their research
highlighted the superior performance of single super phosphate (SSP) combined
with farmyard manure (FYM), which enhanced key yield parameters such as
grains per spike, thousand-grain weight, biological yield, and grain yield. Under
full irrigation, SSP + FYM provided the highest benefit—cost ratio (BCR),
indicating its economic viability. Furthermore, the integration of organic
supplements with inorganic phosphorus sources not only improved wheat yield
under optimal irrigation but also provided a sustainable strategy for soil fertility
management and resource use efficiency.

From an environmental perspective, excessive fertilizer use can lead to soil
depletion and reduced fertility in the long term. Therefore, it is important to
maintain a balance between yield and ecological sustainability by applying
fertilizers moderately to preserve soil fertility and avoid its depletion. Efficient
fertilizer use helps conserve natural resources, stabilize yields, and enhance crop
resilience.

CONCLUSIONS

The findings of this study highlight the critical balance between
fertilization levels. Yield, and economic efficiency in buckwheat cultivation.
Both the Yaroslavna and Slobozhanka varieties responded positively to mineral
fertilizers, with increased yields under optimal fertilization conditions. However,
the study also revealed that the most economically viable cultivation methods did
not necessarily involve the highest fertilizer doses. For the Yaroslavna variety,
the most profitable option was the control (unfertilized) approach, where lower
costs led to higher profits, despite slightly lower yields. In contrast, the
Slobozhanka variety showed the highest income with intensive fertilization using
the NsoP30K7o scheme, though profitability varied across different regimes. This
study underscores the importance of optimizing fertilization to enhance both
productivity and cost-effectiveness. Excessive fertilizer use, while boosting
yields, may reduce profitability due to high input costs and can pose
environmental risks by contributing to soil degradation over time. Therefore, an
integrated approach that balances fertilizer use with environmental sustainability
is essential.

Such practices will help maintain long—term soil fertility, ensure consistent
yields, and promote sustainable buckwheat cultivation. Ultimately, the study
demonstrates that effective fertilization strategies must consider both the
economic and environmental impacts, guiding farmers toward practices that
maximize both yield and profitability while preserving the natural resource base
for future cultivation.



Sustainable buckwheat growing: agrotechnical and economic assessment ... 57

REFERENCES

Bhunia, S., Bhowmik, A., Mallick, R. & Mukherjee, J. (2021). Agronomic Efficiency of
Animal-Derived Organic Fertilizers and Their Effects on Biology and Fertility of
Soil: A Review. Agronomy, 11(5): 823.
https://doi.org/10.3390/agronomy11050823

Bonilla-Cedrez, C., Chamberlin, J. & Hijmans, R.J. (2021). Fertilizer and grain prices
constrain  food production in sub-Saharan Africa. Nat Food, 2, 766-772.
https://doi.org/10.1038/s43016-021-00370-1

Datsko, O., Zakharchenko, E., Butenko, Y., Rozhko, V., Karpenko, O., Kravchenko, N.,
Sakhoshko, M., Davydenko, G., Hnitetskyi, M. & Khtystenko, A. (2024).
Environmental Aspects of Sustainable Corn Production and its Impact on Grain
Quality. Ecological Engineering & Environmental Technology, 25(11): 163-167.
https://doi.org/10.12912/27197050/192537

Dhakal, S. C., Regmi, P. P., Thapa, R. B., Sah, S. K. & Khatri-Chhetri, D. B. (2015).
Profitability and resource use efficiency of buckwheat (Fagopyrum esculentum
Moench) production in Chitwan District. Nepal. Journal of Agriculture and
Environment, 16: 120-131. https://doi.org/10.3126/aej.v16i0.19845

Farooq, S., Rehman, R. U., Pirzadah, T. B., Malik, B., Dar, F.A. & Tahir, 1. (2016).
Cultivation. Agronomic Practices. and Growth Performance of Buckwheat.
Molecular Breeding and Nutritional Aspects of Buckwheat. Elsevier, 299-319.
https://doi.org/10.1016/B978-0-12-803692-1.00023-7

Folina, A., Tataridas, A., Mavroeidis, A., Kousta, A., Katsenios, N., Efthimiadou, A.,
Travlos, I. S., Roussis, I., Darawsheh, M. K., Papastylianou, P., & Kakabouki, I.
(2021). Evaluation of Various Nitrogen Indices in N-Fertilizers with Inhibitors in
Field Crops: A Review. Agronomy, 11(3), 418.
https://doi.org/10.3390/agronomy11030418

Hryhoriv, Y., Butenko, A., Solovei, H., Filon, V., Skydan, M., Kravchenko, N., Masyk,
I., Zakharchenko, E., Tykhonova, O. & Polyvanyi, A. (2024). Study of the Impact
of Changes in the Acid-Base Buffering Capacity of Surface Sod-Podzolic Soils.
Journal of Ecological Engineering, 25(6): 73-79.
https://doi.org/10.12911/22998993/186928

Hryhoriv, Y., Butenko, A., Nechyporenko, V., Lyshenko, M., Ustik, T., Zubko, V.,
Makarenko, N. & Mushtai, V. (2021). Economic efficiency of Camelina sativa
growing with nutrition optimization under conditions of Precarpathians of
Ukraine. Agraarteadus, 32(2): 232—238. https://doi.org/10.15159/jas.21.33

Khan, 1., Amanullah, Jamal, A., Mihoub, A., Faroog, O., Farhan Saeed, M., Roberto, M.,
Radicetti, E., Zia, A., & Azam, M. (2022). Partial Substitution of Chemical
Fertilizers with Organic Supplements Increased Wheat Productivity and
Profitability under Limited and Assured Irrigation Regimes. Agriculture, 12(11),
1754. https://doi.org/10.3390/agriculture12111754

Kolisnyk, O., Yakovets, L., Amons, S., Butenko, A., Onychko, V., Tykhonova, O.,
Hotvianska, A., Kravchenko, N., Vereshchahin, I. & Yatsenko, V. (2024).
Simulation of High-Product Soy Crops Based on the Application of Foliar
Fertilization in the Conditions of the Right Bank of the Forest Steppe of Ukraine.
Ecological Engineering & Environmental Technology, 25(7): 234-243.
https://doi.org/10.12912/27197050/188638



58 Butenko et al.

Kovalenko, V., Kovalenko, N., Gamayunova, V., Butenko, A., Kabanets, V., Salatenko,
I., Kandyba, N. & Vandyk, M. (2024a). Ecological and Technological Evaluation
of the Nutrition of Perennial Legumes and their Effectiveness for Animals.
Journal of Ecological Engineering, 25(4): 294-304.
doi.org/10.12911/22998993/185219

Kovalenko, V., Tonkha, O., Fedorchuk, M., Butenko, A., Toryanik, V. ,Davydenko, G.,
Bordun, R., Kharchenko, S. & Polyvanyi, A. (2024b). The Influence of Elements
of Technology and Soil-Dimatic Factors on the Agrobiological Properties of
Onobrychis viciifolia. Ecological Engineering & Environmental Technology,
25(5): 179-190. doi.org/10.12912/27197050/185709

Kovalzhy, N., Rieznik, S., Butenko, A., Havva, D., Degtyarjov, V., Hotvianska, A.,
Bondarenko, O. & Nozdrina, N. (2024). Activity of cellulose—degrading
microorganisms in typical chernozem under different fertilization systems of
strawberries  (Fragaria). Agriculture and Forestry, 70(3): 105-113.
https://doi.org/10.17707/AgricultForest.70.3.07

Masoero, G., Ariotti, R., Giovannetti, G., Ercole, E., Cugnetto, A. & Nuti, M. (2021).
Connecting the use of Biofertilizers on Maize silage or Meadows with Progress in
Milk Quality and Economy. Journal of Agronomy Research, 3(3): 26-45.
https://doi.org/10.14302/issn.2639-3166.jar—21-3782

Mishchenko, Y., Butenko, A., Bahorka, M., Yurchenko, N., Skydan, M., Onoprienko, 1.,
Hotvianska, A., Tokman, V. & Ryzhenko, A. (2024). Justification of organic
agriculture parameters in potato growing with economic and marketing evaluation.
AgroLife Scientific Journal, 13(1): 139-146.
https://doi.org/10.17930/AGL2024115

Radchenko, M., Trotsenko, V., Butenko, A., Hotvianska, A., Gulenko, O., Nozdrina, N.,
Karpenko, O. & Rozhko, V. (2024). Influence of seeding rate on the productivity
and quality of soft spring wheat grain. Agriculture and Forestry, 70(1): 91-103
doi.org/10.17707/AgricultForest. 70.1.06

Radchenko, M., Trotsenko, V., Butenko, A., Masyk, 1., Bakumenko, O., Butenko, S.,
Dubovyk, O., & Mikulina, M. (2023). Peculiarities of forming productivity and
quality of soft spring wheat varieties. Agriculture and Forestry, 69(4): 19-30.
doi:10.17707/AgricultForest.69.4.02

Silver, W.L., Perez, T., Mayer, A. &Jones, A. R. (2021). The role of soil in the
contribution of food and feed. Phil. Trans. R. Soc. B., 376, 20200181.
https://doi.org/10.1098/rsth.2020.0181

Tao, J., Wan, C., Leng, J., Dai, S., Wu, Y., Lei, X., Wang, J., Yang, Q., Wang, P. & Gao,
J. (2023). Effects of biochar coupled with chemical and organic fertilizer
application on physicochemical properties and in vitro digestibility of common
buckwheat (Fagopyrum esculentum Moench) starch. International Journal of
Biological Macromolecules, 246: 125591.
https://doi.org/10.1016/j.ijbiomac.2023.125591

Tykhonova, Olena, Skliar, Viktoriia, Sherstiuk, Maryna, Butenko, Andrii, Kyrylchuk,
Kateryna & Bashtovyi, Mykola. (2021). Analysis of Setaria glauca (L.) p. beauv.
population’s vital parameters in grain agrophytocenoses. Environmental Research,
Engineering and Management, 77(1): 36-46.
https://doi.org/10.5755/j01.erem.77.1.25489



Sustainable buckwheat growing: agrotechnical and economic assessment ... 59

Voitovyk, M., Butenko, Y., Tkachenko, M., Mishchenko, Y., Tsyuk, O., Obrazhyy, S.,
Panchenko, O., Martyniuk, 1., Kondratiuk, I. & Kopylova, T. (2024b). Assessment
of the Effect of Sunflower Agrocenosis on the Characteristics of the Structural and
Aggregate Composition of Typical Black Soil. Journal of Ecological Engineering,
25(1): 153-160. https://doi.org/10.12911/22998993/174778

Voytovyk, M., Butenko, A., Prymak, I., Tkachenko, M., Mishchenko, Y., Tsyuk, O.,
Panchenko, O., Kondratiuk, 1., Havryliuk, O., Sleptsov, Y. & Polyvanyi, A.
(2024a). Mobile Phosphorus Presence of Typical Chernozems on Fertiliser
System. Rural Sustainability Research, 51(346): 58—
65. https://doi.org/10.2478/plua—2024-0006

Vykliuk, M., Kundytskyj, O. & Garasym, P. (2022). Tools for supporting reproductive
processes in ukrainian agriculture in war conditions. Eastern Europe: economy,
business and management, 2(35). https://doi.org/10.32782/easterneurope.35-8

Williams, O. H. & Rintoul Hynes, N. L. J. (2022). Legacy of war: Pedogenesis
divergence and heavy metal contamination on the WWI front line a century after
battle. European  Journal of  Soail Science, 73(4): e13297.
https://doi.org/10.1111/ejss.13297

Witkowicz, R., Biel W., Skrzypek E., Chtopicka J., Glen—Karolczyk K., Krupa M.,
Prochownik E. & Galanty A. (2020). Microorganisms and Biostimulants Impact
on the Antioxidant Activity of Buckwheat (Fagopyrum esculentum Moench)
Sprouts. Antioxidants, 9(7): 584. https://doi.org/10.3390/antiox9070584



