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Abstract

The article presents calculations of the economic and energy efficiency of herbicide and fungicide application in
soybean crops in the Ukrainian Forest Steppe. In the first experiment the soybean varieties Aurelina, EC
Commander and EC Navigator and five variants of herbicide protection were studied. In the second experiment, the
soybean varieties Amadea and Aurelina and ten fungicide protection variants were tested. It was found that the
highest indicators of conditional net income, profitability and coefficient energy efficiency in the soybean varieties
Aurelina, EC Commander and EC Navigator were obtained by using post-emergence herbicides with the active
ingredient Bentazon, Imazamox (2 I/ha) + Chisalofop-P-Ethyl (2 I/ha) — 525.1, 437.6 and 558.9 EUR/ha; 87.1, 73.6
and 92.0 %; 1.83, 1.70 and 1.90. The maximum conditional net profit, profitability level and coefficient energy
efficiency of the soybean varieties Amadea and Aurelina were in the variant with pre-sowing seed treatment with
fungicide with the active ingredient Fipronil, Thiophanate-methyl, Pyraclostrobin (2 I/t) and the use of the active
ingredient Pyraclostrobin, Epoxiconazole during the growing season — 509.0 and 421.3 EUR/ha; 76.4 and 63.1%;
2.14 and 2.02.
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coefficient energy efficiency
INTRODUCTION in demand under production conditions, as
they will be able to ensure a sustainable high

Analysis of global experience shows that high  level of profit [7, 18].

economic efficiency of soybean cultivation
technology is achieved through a rational
combination of production and placement
factors, specialization, concentration,
intensification and high marketability [6, 26].
The feasibility of a technology for growing
crops, in particular soybeans, is determined by
the possibility of effectively reducing the unit
cost of production. Production costs are
formed on the basis of all material and labour
resources required to organize the production
process and perform all operational elements
of the technology [16]. Determining economic
efficiency is an indicator that will allow a full
assessment of whether the recommended
measures to minimize soybean stress will be

The most promising are the technological
components of the cultivation of any crop,
where the economic and energy costs of
production are low and the payback of costs,
profitability and energy evaluation
coefficients are high [28].

Among the factors that determine the level of
economic efficiency of soybean cultivation,
an important role is played not only by new,
highly productive varieties, but also by
specific technological methods that allow
their genetic potential to be fully exploited
[3].

The integrated use of optimal technology
elements should not only ensure high soybean
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productivity, but also reduce the cost of
cultivation. Often, the use of unjustified
technological operations leads to expensive
products and, as a result, significant losses [2,
13]. The systematic application of climate-
smart measures, such as the selection of new
varieties, crop protection products, complex
chemical and biological products, and the
evaluation of fertilizer and soil management
systems, ensures a high economic and energy
return from soybean production [8, 17, 19].
The use of herbicides to protect soybean crops
from the economic point of view ensures the
level of costs of cultivation technology of
19.5-20.9 thousand UAH/ha and keeps the
cost of soybean seeds at 6.4-7.3 thousand
UAH/ha. Thus, when using a separate method
of herbicide protection of crops with an
additional need for application, the main
differences in costs were formed [15].

The results of the economic analysis showed
that against the background of the use of the
biological fertilizer phosphate gel and the
introduction of a chemical plant protection
system, the total cost of gross production of
the soya bean variety Oleshshya was the
highest (59.4 thousand UAH/ha). The lowest
indicators (25.0 thousand UAH/ha) were
found in the variant of the variety Ideal
without plant protection and without the use
of fertilizers, which caused significant yield
losses of the studied crop.Profitability reached
its maximum value in the variety Oleshshya,
ranging from 249 to 254%, against the
background of biological and chemical plant
protection, as well as seed treatment with the
biological product phosphate gel. The highest
rates of profitability of soybean seed
production were obtained in the variant with
the introduction of the biological fertilizer
phosphate gel, which exceeded the control by
21.2-59.5% [29].

The most cost-effective way to grow soybeans
is to bacterize the seeds with Phosphonitragin
and apply NzoPsoKeo + Nis in the budding
phase. At the same time, the cost of
production increased by 6,687 UAH/ha, but
the net profit increased by 10,462 UAH/ha
and the cost price decreased by 661 UAHI/t,
and the level of profitability was 124% [30].

In the conditions of Western Polissya of
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Ukraine, the most economically profitable is
the cultivation of soybean varieties Cassidy
and ES Mentor, with a conditional net profit
of 36,743 and 35,993 UAH/ha, respectively.
This was made possible by inoculating the
seeds with Legum Fix and applying the
chelated microfertilizer Wuksal Oilseed (2.0
1/ha) twice (BBCH 60-66) [24].

In the Ukrainian Forest Steppe, the highest
soybean production costs were achieved with
a seeding rate of 900 thousand/ha and
chemical crop care. The same technology was
used to produce products with the highest
costs and the Romantika variety with a
seeding rate of 800 thousand/ha and
mechanical crop management had the lowest
cost per tons of soybean grain [25].

The lowest cost of grain was provided by the
soybean variety Svyatogor under the
biological plant protection system (8.99
thousand UAH/t), while the variety Danaya
under the chemical one — 9.04 thousand
UAH/t. The best energy and economic
indicators were also obtained in these
variants: conditional net profit, profitability
and energy coefficient — 25.86 and 27.39
thousand UAH/ha; 90 and 89%; 1.31 and
1.34, respectively [31].

Energy analysis is the determination of the
ratio between the amount of energy
accumulated in the crop vyield during
photosynthesis and the energy used in
production. Its purpose is to measure all
technological operations in terms of
individual energy units. This helps us to take a
balanced approach to the selection of
varieties, the choice of an optimized crop
management system and the use of a range of
agronomic practices in the technological
process. The scientific substantiation of the
technological process of crop cultivation will
help to optimize the energy flow through
agrotechnical measures for the purpose of
targeted formation of highly productive
agrocenoses [11, 12, 28].

Conducting an energy assessment of
technological measures for growing crops
helps to compare their effectiveness and
determine the feasibility of using [21]. The
relevance of this approach is driven by
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modern production and the need to save
energy per unit of crop production [24].
Determining energy input and output allows
quantification of the energy efficiency of crop
production [10]. Energy analysis can help to
compare different technologies for growing a
particular crop. One of the ways to improve
the efficiency of energy use in crop
production is to optimize technological
methods and increase the output per unit area.
Energy analysis, which is a concentrated
expression of the law of energy conservation
and transformation, allows us to compare
energy consumption and energy content
(supply) in the harvest [4, 5].

The aim was to determine the economic and
energy efficiency of herbicides and fungicides in
soybean.

MATERIALS AND METHODS

The research was carried out in 2021-2023 at
Limited Liability Company
«Savarske»Obukhiv district of Kyiv region,
which is located in the soil and climatic zone
of the Forest-Steppe of Ukraine. Experiment 1
‘Efficiency of herbicide application in
soybean crops’ was conducted according to
the following scheme: Factor A. Soybean
varieties. 1. Aurelina 2. EC Commander 3. EC
Navigator Factor B. Herbicides (active
ingredient). 1. Control (water treatment) 2. S-
metholachlor and Terbutylazine (4.5 I/ha),
before  emergence of the crop 3.
Dimethanamide-P (1.2 I/ha) + Pendimethalin
(5 I/ha), before emergence of the crop 4.
Bentazone (3 I/ha) + Fluazifop-P-butyl (1
I/ha) in the phase of 4-5 leaves of the crop 5.
Bentazone and Imazamox (2 I/ha) +
Chisalofop-P-Ethyl (2 I/ha), in the phase of 2-
4 leaves of the crop.In experiment 2
‘Efficiency of fungicide protection of soybean
crops’ the following variants were studied:
Factor A. Varieties. 1. Amadea 2. Aurelina.
Factor B. Fungicides (active ingredient). 1.
Control (water treatment of seeds and
plants)2. Thiabendazole, Metalaxyl-M,
Fludioxonil (1.25 I/t) (seed treatment before

sowing) 3. Fludioxonil, Metalaxyl-M,
Sedaxane (1 1/t) (seed treatment before
sowing) 4. Fludioxonil, Difenoconazole,

Thiamethoxam (1 litre/t) (pre-sowing seed
treatment) 5. Fipronil, Thiophanate-methyl,
Pyraclostrobin (2 litres/t) (seed treatment
before sowing)6. Pyraclostrobin,
Epoxiconazole (2 I/ha) (during the growing
season) 7. Thiabendazole, Metalaxyl-M,
Fludioxonil (1.25 1/t) + Pyraclostrobin,
Epoxiconazole (2 I/ha) (during the growing
season) 8.  Fludioxonil,  Metalaxyl-M,
Sedaxane (1 |I/t) (seed treatment before
sowing) + Pyraclostrobin, Epoxiconazole (2
I/lha) (during the growing season) O.
Fludioxonil, Difenoconazole, Thiamethoxam
(1 1/t) (seed treatment before sowing) +
Pyraclostrobin, Epoxiconazole (2 I/ha) (during

the  growing season) 10.  Fipronil,
Thiophanate-methyl, Pyraclostrobin (2 1/t)
(seed  treatment  before  sowing) +

Pyraclostrobin, Epoxiconazole (2 I/ha) (during
the growing season).

Soybean crops were treated before emergence
and during the growing season (2-5 leaves)
with a working solution of herbicides (250
I/ha) in the experimental plots. Seed treatment
with fungicides was carried out before sowing
and during the growing season (before
emergence) with a working solution (250 I/ha)
in the experimental plots. In the control
treatments, seed and crop were treated with
water at a rate of 250 I/ha.

The area of the sowing plot in both
experiments is 144 m2, the accounting plot is
120 m? and there are three replications. The
treatments were systematically arranged. The
soil of the experimental plots is a typical
medium loamy chernozem.

The economic assessment of soybean
cultivation technology was carried out at
prices as of the end of 2023 according to the
following guidelines [20]. The calculation of
the energy efficiency of soybean cultivation
was carried out according to the method of O.
K. Medvedovsky and P. I. lvanenko [21].

RESULTS AND DISCUSSIONS

Economic indicators of soybean production
efficiency include grain yield, cost of
production, gross production value, price per
ton of grain, notional net profit per hectare
sown and profitability [9].
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= Fuel

= Technical equipment

Seeds = Crop protection products
Fertilisers Remuneration of labour
= Others

Fig. 1. Structure of economic costs in soybean
cultivation
Source: Authors' own results.

In the structure of economic costs of soybean
cultivation, the largest share belongs to fuel
(20.0%), plant protection products (22.4%),

labour (18.9%) and fertilizers (15.4%) (Fig.
1).

The share of technical inputs and seed
material is 10.7% and 10.6% respectively.
When using herbicides, a balanced assessment
should be made of the economic thresholds
for their use, the risk of competition between
weeds and crops, and the appropriateness of
using protective products.

After all, a small number of weeds and the use
of expensive products may not be recouped by
the increase in yield [6, 23, 27].

It was found that the cultivation technology
costs of the soybean varieties Aurelina, EC
Commander and EC Navigator were minimal
in the variants without herbicide use — 503.0,
494.8 and 507.7 EUR/ha, while the level of
profitability was also the lowest - 4.8, 2.6 and
11.7% (Table 1).

Table 1. Economic efficiency of herbicide application on soybean crops (average for 2021-2023)

\ﬁirla_nt.s of A Production value, | Costs of growing | Production cost, | Conditional net | Profitability level,
erbicide Grainyield, t/ha .
s EUR/ha soybeans, EUR/ha EUR/t income, EUR/ha %
application
Aurelina
1 151 527.3 503.0 3339 243 4.8
2 2.69 942.7 583.4 216.6 359.3 61.6
3 2.84 992.8 600.9 211.8 392.0 65.2
4 3.12 1092.0 589.5 188.9 502.5 85.2
5 3.22 1,128.2 603.0 187.1 525.1 87.1
EC Commander
1 1.45 507.5 494.8 341.3 12.7 2.6
2 245 856.3 575.2 235.1 281.1 48.9
3 2.69 941.5 592.7 220.3 348.8 58.9
4 2.86 999.8 581.3 203.5 4185 72.0
5 2.95 1,032.5 594.9 201.7 437.6 73.6
EC Navigator

1 1.62 567.0 507.7 3134 59.3 11.7
2 2.76 967.2 588.1 212.8 379.1 64.5
3 2.93 1,024.3 605.6 206.9 418.8 69.2
4 3.19 1,117.7 594.2 186.1 523.5 88.1
5 3.33 1,166.7 607.8 182.3 558.9 92.0

Source: Authors' own results.

In the second variant of herbicide protection
(S-metolachlor and Terbutylazine (4.5 1/ha))
the costs of soybean cultivation technology
were 583.4, 575.2 and 588.1 EUR/ha and the
level of profitability was 61.6, 48.9 and
64.5%.

In the third variant of herbicide application
(Dimethenamide-P (1.2 I/ha) + Pendimethalin
(5 I/ha)) production costs increased by 5.6-
9.8% compared to the control, but the
conditional net profit and profitability of the
studied varieties were in the range of 348.8-
418.8 EUR/ha; 58.9-69.2%.
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The post-emergence application of the fourth
variant (Bentazon (3 I/ha) + Fluazifop-P-butyl
(1 I/na)) increased the conditional net profit
and profitability to 418.5-523.5 EUR/ha;
72.0-88.1%. In the fifth herbicide application
variant (Bentazon and Imazamox (2 I/ha) +
Chisalofop-P-Ethyl (2 1/ha)) the highest
conditional net profit and profitability
indicators were obtained in the investigation —
437.6-558.9 EUR/ha; 73.6-92.0%.

Due to lower grain yields variety EC
Commander had the lowest conditional net
profit and profitability, ranging from 12.7 to
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437.6 EUR/ha and from 2.6 to 73.6%. The
highest values for these indicators were
recorded for variety EC Navigator — 59.3-
558.9 EUR/ha and 11.7-92.0%.

According to Y. R. Kandel et al. [14] and C.
A. Bradley [1] fungicides can be used
preventively to increase soybean vyields, but
their use was profitable in about 14% of cases
based on the average market price of soybeans
in 2008-2014. According to J. M. Orlowski et
al. [22] fungicide use is profitable even in the
absence of disease.

For the cultivation of the studied soybean
varieties on the control without the use of
fungicides the cost of production in the

variety Amadea was 557.8 EUR/ha and
Aurelina — 559.2 euro/ha the cost of one ton
of seed was 2258 and 239.8 EURH,
respectively (Table 2). The level of
profitability was the lowest in the experiment
—55.0 and 45.9%.

It should be noted that even at the lowest level
of soybean vyield, the control plots in the
experiment showed high net income and
profitability. This was made possible by the
high price of soybeans, which was 350 Euro
per tonne at the end of 2023. Due to lower
grain yields, the Aurelina variety soybean was
inferior to Amadea in terms of economic
efficiency.

Table 2. Economic efficiency of fungicide application on soybean crops (average for 2021-2023)

\?arla_nts of A Production value, | Costs of growing | Production cost, | Conditional net | Profitability level,

ungicide Grain yield, tha EUR/ha soybeans, EUR/h EUR/t i EUR/h %
: : yobeans, a Income, a (]

application
Amadea
1 2.47 864.5 557.8 225.8 306.7 55.0
2 2.90 1,015.0 612.2 211.1 402.8 65.8
3 2.92 1,023.2 609.6 208.5 4135 67.8
4 3.11 1,087.9 633.1 203.7 454.9 71.9
5 3.17 1,110.1 644.5 203.2 465.6 72.2
6 2.83 990.5 579.7 204.9 4108 70.9
7 3.07 1,074.5 634.1 206.6 440.4 69.4
8 3.09 1,082.7 631.5 204.2 451.1 71.4
9 3.30 1,154.4 655.0 198.6 499.4 76.3
10 3.36 1,175.4 666.4 198.4 509.0 76.4
Aurelina

1 2.33 816.1 559.2 239.8 256.9 45.9
2 2.70 945.6 613.6 227.1 332.0 54.1
3 2.73 954.9 611.0 224.0 343.9 56.3
4 2.91 1,018.5 634.5 218.0 384.0 60.5
5 2.94 1,029.0 645.9 219.7 383.1 59.3
6 2.66 929.8 581.1 218.7 348.7 60.0
7 2.88 1,006.3 635.5 221.1 370.7 58.3
8 2.90 1,015.0 633.0 218.3 382.0 60.4
9 3.05 1,065.8 656.4 215.6 409.4 62.4
10 3.11 1,089.1 667.8 214.6 4213 63.1

Source: Authors' own results.

With fungicide protection, grain vyield and 8.2-13.4%. The level of profitability of

increased by 0.43-0.89 and 0.37-0.78 t/ha in
the varieties Amadea and Aurelina, compared
with the control. When fungicides were used
both as a pre-sowing treatment of soybean
seed and during the growing season there was
a change in the direction of growth in the
indicators that determine economic efficiency.
For example, in the variety Amadea, the
conditional net income and profitability
increased by 96.1-158.9 EUR/ha and 10.8-
17.3% compared to the control in the second
to fifth variants of pre-sowing soybean seed
treatment with fungicides. For the variety
Aurelina this increase was 75.1-126.2 EUR/ha

the studied varieties in the seventh to tenth
fungicide application variants increased by
12.4-21.4%, compared to the control.

The highest conditional net profit and level of
profitability in the second experiment was
obtained in soybean varieties Amadea and
Aurelina in the variant with pre-sowing seed
treatment  with  fungicides Fipronil,
Thiophanate-methyl, Pyraclostrobin (2 I/t) and
the use a fungicide with the active ingredient
Pyraclostrobin, Epoxiconazole during the
growing season — 509.0 and 421.3 EUR/ha;
76.4 and 63.1%, respectively.

An analysis of the energy costs of soybean
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cultivation shows that the largest share in its
structure is accounted for by fuel (30.2%),
followed by fertilisers (25.7%) and technical
inputs (23.1%) (Fig. 2). Plant protection
products accounted for 10.3%, labour for
5.5% and seeds for 3.4%.

On average, in 2021-2023, the lowest total
energy yield with harvest was in the control
variants (without herbicides) in the variety
Aurelina — 15.37 GJ/ha in the ECvariety
Commander — 14.79 GJ/ha and in the EC
variety Navigator — 16.52 GJ/ha (Table 3).

= Fuel

= Technical equipment
Seeds = Crop protection products
Fertilisers Remuneration of labour

= Others

Fig. 2. Structure of energy costs in soybean cultivation
Source: Authors' own results.

Table 3. Energy efficiency of herbicide application on soybean crops (average for 2021-2023)

Variety Variants (_)f hferbicide Total energy yield with T?J?Lg;g;% i%?;%r;?;hon Coeffic_ie_nt energy
application harvest, GJ/ha GJ/ha efficiency
Aurelina 1 15.37 17.64 0.87
2 30.97 19.68 1.57
3 32.34 19.92 1.62
4 35.57 20.15 1.77
5 37.07 20.21 1.83
EC Commander 1 14.79 17.23 0.86
2 27.89 19.34 144
3 30.67 19.87 154
4 32.57 20.01 1.63
5 34.22 20.08 1.70
EC Navigator 1 16.52 17.89 0.92
2 31.78 19.90 1.60
3 33.95 20.31 1.67
4 37.04 20.42 1.81
5 39.00 2047 1.91

Source: Authors' own results.

At the same time the total energy
consumption for soybean cultivation of these
varieties ranged from 17.23 to 17.89 GJ/ha
and the coefficient energy efficiency had
minimum values of 0.87, 0.86 and 0.92,
respectively. In the second and third herbicide
application variants (S-metolachlor,
Terbutylazine (4.5 I/ha) and Dimethanamide-
P (1.2 I/ha) + Pendimethalin (5 I/ha)) the total
energy yield with harvest increased by 13.10-
22.48 GJ/ha, compared to the control. Taking
into account the slight increase of 2.01-2.85
GJ/ha in total energy consumption for
soybean cultivation compared to the control
varieties, the coefficients energy efficiency of
Aurelina, EC Commander and EC Navigator
increased to 1.57 and 1.62, 1.44 and 1.54 and
1.60 and 1.67, respectively.

When the  post-emergence  herbicides
Bentazon (3 I/ha) + Fluazifop-P-butyl (1 1/ha)
were included in the soybean cultivation
technology the coefficient energy efficiency
increased and amounted to 1.77 GJ/ha for
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Aurelina, 1.63 GJ/ha for EC Commander and
1.81 GJ/ha for EC Navigator.

The maximum increase in the energy
efficiency of soybean varieties cultivation was
noted in the variants where post-emergence
herbicides Bentazon and Imazamox (2 I/ha) +
Chisalofop-P-ethyl (2 1/ha) were used. In the
varieties Aurelina, EC Commander and EC
Navigator the total energy yield with harvest
was 37.07, 34.22 and 39.00 GJ/ha and the
coefficient energy efficiency was 1.83, 1.70
and 1.91.

The use of fungicides also affected the energy
efficiency of the soybean cultivation
technology. The soybean varieties Amadea
and Aurelina had the lowest total energy
yields with with harvest and coefficient
energy efficiency in the control —-25.69 and
24.02 GJ/ha; 1.33 and 1.29 (Table 4).

The use of fungicides for pre-sowing seed
treatment (third to fifth variants) helped to
increase the coefficient energy efficiency to
1.87-2.04 for the variety Amadea and 1.79-
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1.98 for the variety Aurelina. The use of a
preparation containing the active ingredient
Pyraclostrobin, Epoxiconazole (2 I/ha) on
vegetative soybean plants ensured that this
indicator was 1.79 and 1.73. In the seventh to

tenth fungicide application variants the
coefficient energy efficiency of the varieties
Amadea and Aurelina was in the range of
1.95-2.14 and 1.87-2.02, respectively.

Table 4. Energy efficiency of fungicide application on soybean crops (average for 2021-2023)

Variety Variants gf fl_Jngicide Total energy yield with Tfoot ?lsg;gggﬁ i%?,;%:l?;hon Coeffic_ie_nt energy
application harvest, GJ/ha GJ/ha efficiency
Amadea 1 25.69 19.34 1.33
2 36.83 19.74 1.87
3 37.42 19.86 1.88
4 39.48 19.89 1.98
5 40.28 19.78 2.04
6 35.66 19.96 1.79
7 39.30 20.15 1.95
8 39.90 20.11 1.98
9 42.55 20.22 2.10
10 43.32 20.25 2.14
Aurelina 1 24.02 18.68 1.29
2 34.04 19.07 1.79
3 34.92 19.11 1.83
4 36.96 19.10 1.93
5 37.93 19.14 1.98
6 33.47 19.38 1.73
7 36.51 19.57 1.87
8 36.83 19.60 1.88
9 39.28 19.65 2.00
10 39.83 19.67 2.02

Source: Authors' own results.

The highest values of total energy yield with
harvest and energy coefficient efficiency were
obtained during pre-sowing seed treatment
with fungicides Fludioxonil, Difenoconazole,
Thiamethoxam (1 I/t) and during vegetation
with Pyraclostrobin, Epoxiconazole (2 I/ha) —
43.32 and 39.83 GJ/ha; 2.14 and 2.02.

CONCLUSIONS
The highest indicators of conditional net profit

and profitability for soybean varieties
Aurelina, EC Commander and EC Navigator

were  obtained using  post-emergence
herbicides with the active ingredients
Bentazon and Imazamox (2 I/ha) +

Chisalofop-P-ethyl (2 I/ha) — 525.1, 437.6,
558.9 EURs/ha; 87.1, 73.6, 92.0%.

The maximum conditional net profit and
profitability were obtained in soybean
varieties Amadea and Aurelina in the variant
with pre-sowing treatment with the fungicide
Fipronil, Thiophanate-methyl, Pyraclostrobin
(2 I/t) and the wuse of the fungicide
Pyraclostrobin, Epoxiconazole during the

growing season — 509.0 and 421.3 EUR/ha;
76.4 and 63.1%.

Based on the analysis of the energy efficiency
of soybean cultivation, it was determined that
the most appropriate technology option is the
use of post-emergence herbicides Bentazon
and Imazamox (2 I/ha) + Chisalofop-P-Ethyl
(2 1/ha), which ensures ancoefficient energy
efficiency of 1.70-1.91.

The use of fungicides contributes to a better
energy use and increases the energy intensity
of the crop and the coefficient energy
efficiency by 39.3-68.5 and 38.5-58.4%,
respectively compared to the controls. The
highest values of total energy yield with
harvest and coefficient energy efficiency were
obtained when the seeds were treated with
Fipronil, Thiophanate-methyl, Pyraclostrobin
(2 I/t) before sowing and with Pyraclostrobin,
Epoxiconazole (2 I/ha) during the growing
season — 43.32 and 39.83 GJ/ha; 2.14 and
2.02, respectively.
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