Hronomuxa u ynpasnenue na ceackomo cmonancmeo, 2026, 71 (2)
Bulgarian Journal of Agricultural Economics and Management, 2026, 71 (2)

https://doi.org/10.61308/QY Y2540

Economic evaluation of alfalfa (Medicago sativa L.) forage production
following the application of nano-fertilizers and bio-insecticides

Katerina Churkova'’, Natalia Georgieva*
'Institute of Mountain Stockbreeding and Agriculture — Troyan, Agricultural Academy — Sofia, Bulgaria
’Institute of Forage Crops — Pleven, Bulgaria, Agricultural Academy — Sofia, Bulgaria

Uhttps://orcid.org/0000-0002-4280-8660
2 https://orcid.org/0000-0002-6364-1310

*E-mail: katerina.churkova@abv.bg

Citation: Churkova, K., Georgieva, N. (2026). Economic evaluation of alfalfa (Medicago sativa L.) forage
production following the application of nano-fertilizers and bio-insecticides. Bulgarian Journal of Agricultural
Economics and Management, 71(2), 20-26.

Abstract: The object of the economic evaluation in the present study is the influence of the organic nano-
fertilizers Lithovit and Nagro, applied independently and in combination with the bio-insecticides Madex and
Agricoll, in the cultivation of alfalfa for forage at the Institute of Forage Crops (Pleven). It was established that
the bioproduct Nagro (50 ml/da) and the bio-insecticide Agricoll (100 ml/da) are characterized by high realized
gross profit compared to the other variants (17.98 EUR/da and 16.52 EUR/da) and the highest profitability rates
(366.94% and 339.22%). Their combination recorded high gross revenues (24.06 EUR/da), the highest gross
profit (18.62 EUR/da), and the highest profitability rate (342.28%). This identifies the combination of the nano-
fertilizer Nagro and the bio-insecticide Agricoll as the most economically effective, due to the low production

costs and the high economic efficiency rate, which exceeds the control variant — 100.99%.
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INTRODUCTION

Alfalfa is a main forage crop that meets the
needs of the livestock sector in both conventional
(Nankov et al., 2019) and organic farming (Kaly-
an and Ameta, 2017; Li et al., 2019; Zhen et al.,
2022). It is included as a protein crop in the Com-
mon Agricultural Policy (CAP) and receives Eu-
ropean support, with a cultivation subsidy rate of
20.30 BGN per decare in 2019 and 259.22 BGN
per hectare in 2020 (Machuganov, 2021). Its culti-
vation under specific soil and climatic conditions
depends on the adaptation of species and variet-
ies (Kumar et al., 2018). As a leguminous forage
crop, it fixes atmospheric nitrogen (Zielewicz et
al., 2023), which makes it highly profitable due
to the potential for reducing production costs and
increasing the energy nutritional value of the for-
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age (Naydenova and Pachev, 2008; Georgieva,
2015; Holubek, 2018).

The main economic indicators for alfalfa depend
on yield, forage quality, and the resistance of variet-
ies to stress factors (Salceanu et al., 2023). Alfalfa
cultivation is significantly more profitable than that
of other crops due to its biological and adaptive ca-
pacities (Georgieva and Nikolova, 2015).

Alfalfa varieties adapted to suitable conditions
are evidenced by their growth and development
rates and high productivity, which determine the
stability of gross profit in forage production. Con-
versely, properly selected production practices
lead to increased productivity and forage quality,
which determine the level of profitability. Select-
ing varieties tailored to recent climate changes is
also a decisive factor for the profitability of al-
falfa forage.
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A suitable technological measure influenc-
ing economic indicators is the application of nu-
trients. Nutrient access to all parts of the plant
is vital for alfalfa production and essential for
maintaining high and profitable yields (Markovié¢
et al., 2020). Fertilization of alfalfa with min-
eral fertilizers N,P K  and NP K (Nankov
and Glogova, 2012) increases total production by
217.8 BGN/da and 296.3 BGN/da, while material
costs increase by 104.5 BGN/da and 163.0 BGN/
da. Net income increases by 113.3 BGN/da and
133.3 BGN/da, and the cost price by 3.9 BGN/t
and 9.5 BGN/t. The profitability rate is lower by
9.5% and 22.4%, and the total production per 1
BGN of investment decreases by 0.1 BGN and
0.3 BGN.

Nikolova et al. (2016) studied the residual ef-
fect of the biological products Neem Azal T/S and
Pyrethrum FS EC (biological insecticides) on the
chemical composition, in vitro digestibility, and
nutritional value of alfalfa forage. They estab-
lished that digestibility reached 65.05%, while the
highest energy nutritional value was obtained af-
ter using Pyrethrum (UFL — 0.732, UFV — 0.625,
PBD — 146.8, PDIN — 119.9, and PDIE — 96.0).

In this context, the analysis of the economic
results of agrotechnical practices, such as fertil-
ization and treatment with bio-insecticides with-
in a scientific research experiment with alfalfa, is
extremely relevant.

The aim of the study was to perform an eco-
nomic evaluation of alfalfa (Medicago sativa L.)
forage production following the application of

Table 1. Characteristics of the used organic products

nano-fertilizers and bio-insecticides, applied in-
dependently and in combination.

MATERIALS AND METHODS

The experimental activity was carried out
at the Institute of Forage Crops (Pleven) over a
three-year period, concluding in 2017. A random-
ized block design was used, with three replica-
tions per variant and an experimental plot size of
5 m?. The object of the study was alfalfa (Medi-
cago sativa L.), cultivar Obnova. The effects of
the foliar organic nano-fertilizers Lithovit and
Nagro were studied, applied independently and
in combination with the bio-insecticides Madex
and Agricoll. Insecticide treatment is a manda-
tory element of the crop technology due to the
high population density of pests (Sitona sp., Phy-
todecta fornicata, Phytonomus variabilis, Phy-
tonomus punctatus, Subcoccinella vigintiquat-
uorpunctata, etc.) during alfalfa cultivation in
the region (Kirilov and Petkova, 2018). A brief
description, including the product compositions,
is presented in Table 1. The foliar fertilizers con-
tain a rich complex of nutrients and biologically
active substances, while the bio-insecticides are
based on granulovirus (Madex) and polysaccha-
rides (Agricoll).

The experimental variants were as follows:

1. Untreated control;

2. Lithovit 200 g/da;

3. Nagro 50 ml/da;

Products Composition Producer
Lithovit 79.19% CaCO,, 4.62% MgCO,, 1.31% Fe, 0.33% N, 0.01% P, 0.005% Zn, ZeoVITA,
0.014% Mn, 0.002% Cu, 11.41% SiO, Germany
Humic acids — 5.6 g/l; Fulvic acids — 2.07 g/I; N — 0.28 g/1; BioPlant
Nagro P-0.226 g/I; K — 3.073 g/l; Trace elements (Mg, Co, Mn, Zn, Fe, Cu, Mo, B, RussianF’e deration
Ca, Se) — 1900 mg/l, Phytohormones, Antioxidants, Adaptogens
2% granular virus with a titer of 6x10 granules + microparticles from the larvae Apdermatt-
Madex . Biocontrol,
of the apple fruitworm and water .
Switzerland
. . . Biopol Natural,
Agricoll Polysaccharide of plant origin Netherlands
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4. Madex 60 ml/da;

5. Agricoll 100 ml/da;

6. Lithovit 200 g/da + Madex 60 ml/da;

7. Lithovit 200 g/da + Agricoll 100 ml/da;

8. Nagro 50 ml/da + Madex 60 ml/da;

9. Nagro 50 ml/da + Agricoll 100 ml/da.

Treatment was performed twice, during the
budding stage and the beginning of flowering of
the second regrowth. The biomass was harvested
at the full bloom stage.

The economic indicators were calculated
based on the average dry matter yield over the
three-year period (kg/da). For this purpose, tech-
nological maps (Nikolov, 2017) were developed
annually for each individual variant, and the pro-
duction costs (EUR/da) and cost price (EUR/
kg) were determined. Gross revenues (EUR/da)
were established based on the yield and average
market prices for alfalfa hay during the study pe-
riod. This serves as a prerequisite for analyzing
gross profit (EUR/da) and profitability (%). The
economic efficiency coefficient was determined
based on the ratio of gross revenues to produc-
tion costs.

RESULTS AND DISCUSSION

The results presented in Table 2 indicate that
the bio-insecticide Madex, both when applied
independently and in combination with other
fertilizers, accounts for the highest production
costs. This is attributed to its higher market price
compared to all other applied organic products.
Furthermore, the application rate also has an im-
portant meaning in cost calculation. The highest
production costs were recorded for the combina-
tion of Madex 60 ml/da + Lithovit 200 g/da (45.44
EUR/da), followed by the combination of Madex
60 ml/da + Nagro 50 ml/da (39.75 EUR/da). The
sole application of Madex (Variant 4) showed
production costs of 39.18 EUR/da, which is close
to the values observed for the Nagro 50 ml/da +
Madex 60 ml/da combination.

Among the independently applied products,
the lowest production costs — values closest to the
control — were observed for Agricoll (100 ml/da)
and Nagro (50 ml/da), indicating their minimal
additional input burden. Among the combined
treatments, Variant 9 (Nagro 50 ml/da + Agricoll

Table 2. Economic evaluation of alfalfa (Medicago sativa L.) forage production following fertilization

average for the study period

Biomass yield Production

Gross

2015 -2017 of the 2™ Cost price Gross profit  Profitability
costs revenues

regrowth
Variants kg/da DM EUR/da EUR/kg EUR/da EUR/da %
1. Control 240.54 4.32 0.018 18.92 14.6 337.96
2. Lithovit 200 g/da 300.53 10.6 0.035 23.64 13.04 123.02
3. Nagro 50 ml/da 291.01 4.9 0.017 22.88 17.98 366.94
4. Madex 60 ml/da 283.54 39.18 0.138 22.3 -16.88 -43.08
5. Agricoll 100 ml/da 272.01 4.87 0.018 21.39 16.52 339.22
6. Lithovit 200 g/da +
Madex 60 ml/da 325.62 45.44 0.140 25.61 -19.83 -43.64
7. Lithovit 200 g/da +
Agricoll 100 ml/da 312.55 11.15 0.036 24.57 13.42 120.36
8. Nagro 50 ml/da +
Madex 60 ml/da 315.95 39.75 0.126 24.85 -14.9 -37.48
9. Nagro 50 ml/da + 305.98 5.44 0.018 24.06 18.62 34228

Agricoll 100 ml/da

Source: Own calculations.
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100 ml/da) stands out as the most cost-efficient
option, maintaining only a slight increase over
the control. This variant demonstrates a strong
balance between production costs and yield,
which can be attributed to the relatively low input
expenses combined with the high biomass pro-
ductivity achieved under this treatment.

Previous research by Nankov et al. (2019) re-
ported no consistent relationship between the in-
crease in fertilizer dose and the associated mate-
rial costs. This finding is in agreement with the
results obtained in the present study regarding
production and material expenditures. Specifical-
ly, fertilizer combinations involving higher appli-
cation rates didn’t lead to a proportional increase
in the analyzed costs. This suggests that material
expenses are not determined solely by the applied
quantity (dose) but are also strongly influenced
by the selling price of the respective product.

In the present study, treatments that included
Madex, either alone or in combination with other
products, generated the highest production costs
because of the product’s relatively high market
price. In contrast, variants with higher applica-
tion rates did not show substantial differences in
the analyzed cost indicators. These results indi-
cate that product price has a stronger effect on to-
tal material expenditures than application dose.

Unlike Holubek et al. (2024), who allocate the
establishment costs of the alfalfa crop (plough-
ing, seedbed preparation, fertilizers and their ap-
plication, and seed costs) equally across the three
study years, we recorded these costs only in the
first reporting year, corresponding to the actual
crop establishment. This methodological ap-
proach reflects the real annual expenditures for
labor, materials, and fuel more accurately. The
equal distribution of establishment costs, as ap-
plied by Holuibek et al. (2024), predetermines the
profitability indicator to show losses under both
fertilization treatments. In contrast, our approach
captures the actual cost structure for each indi-
vidual year and provides a more realistic basis for
economic evaluation.

Regarding the use of the other fertilizer types,
it can be noted that the sole application of Lithovit
200 g/da and its combination with Agricoll 100

ml/da recorded similar production cost values,
specifically 10.60 EUR/da (Variant 2) and 11.15
EUR/da (Variant 7). The control variant exhibit-
ed the lowest costs, which is fully justified by the
absence of fertilization. The funds invested in the
control were strictly limited to the establishment
of the grassland and its harvesting. No addition-
al investments, such as maintenance associated
with mechanical or manual labor, were required.

It was established that the cost price is deter-
mined by both yield and production expenses,
with the highest cost price observed in all vari-
ants involving the product Madex. This is reflect-
ed in all its variations. In its independent form,
the cost price reached 0.138 EUR/kg; when com-
bined with Lithovit 200 g/da, it was 0.140 EUR/
kg; and in combination with Nagro 50 ml/da, it
was 0.126 EUR/kg. The application of Nagro (50
ml/da), Agricoll (100 ml/da), and their combina-
tion resulted in very similar cost price values,
ranging from 94% to 100% relative to the con-
trol, indicating comparable economic efficiency
among these treatments. This is due to the sim-
ilar results achieved in terms of both yield and
production costs, which in turn are driven by
the comparable prices of these specific treatment
products. Similarly, Lithovit applied alone and in
combination with Agricoll resulted in moderate
cost price levels (194% and 200%, respectively),
with only slight differences observed between the
two treatments.

Regarding gross revenues, the values did not
fluctuate within particularly wide margins. The
lowest revenues were recorded for the control
variant (18.92 EUR/da), followed by Agricoll 100
ml/da (21.39 EUR/da), while the highest values
were observed for the combination of Lithovit 200
g/da + Madex 60 ml/da (25.61 EUR/da). Gross
revenues were determined based on the average
market price for alfalfa hay over the specified
three-year study period. During this timeframe,
the average price of alfalfa hay did not undergo
any significant decreases or increases, which ex-
plains why the realized revenues maintained rel-
atively consistent values across the three years.
The combinations including Madex (with Litho-
vit or Nagro) generated the highest gross reve-
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nues, while the lowest revenues corresponded to
treatments with lower yields, particularly Agri-
coll and Madex applied individually.

Gross profit was realized in only 6 out of the 9
analyzed variants. Negative values were recorded
for all three variations involving the application
of Madex 60 ml/da. Logically, this leads to the
conclusion that, from an economic perspective,
this product is economically unjustified under the
conditions of this study. Its high market price fur-
ther renders it unprofitable, and the high yields
achieved are insufficient to justify its practical
implementation. In contrast, fertilization with the
organic fertilizer Nagro, both in its sole applica-
tion and in combination with Agricoll, stood out
with high gross profit margins. The realized gross
profit for Variant 3 was 17.98 EUR/da, while Vari-
ant 9 reached 18.62 EUR/da. These results are di-
rectly attributable to the low production costs es-
tablished for these specific treatments.

Following the results obtained for gross profit,
the analysis of the profitability indicator shows
consistent trends. The application of the combina-
tion Nagro 50 ml/da + Agricoll 100 ml/da record-
ed the highest profitability rate among all studied
fertilization variants at 342.28%. This is directly
linked to the peak gross profit achieved by the
same variant — 18.62 EUR/da. Similar profitabil-
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ity rates were observed for the sole application of
Lithovit 200 g/da (123.02%) and its combination
with Agricoll 100 ml/da (120.36%). These values
correlate strongly with the established profits of
Lithovit 200 g/da — 13.04 EUR/da, and Lithovit
200 g/da + Agricoll 100 ml/da — 13.42 EUR/da,
respectively. It is also important to highlight two
other high profitability values: 339.22% (Agricoll
100 ml/da) and 366.94% (Nagro 50 ml/da). Due
to these high results, both variants can be recom-
mended for practical implementation.

It is noteworthy that most combined fertilizer
applications result in either a low or a negative
profitability rate. This is logically explained by
the higher initial investments required for pur-
chasing multiple products and the subsequent in-
crease in the cost of the final production, which is
reflected in production expenses and cost price.

The variation in the economic efficiency coef-
ficient for alfalfa production ranges from 0.56% to
4.67%, excluding the control variant, which is set
at 100%. The fertilization treatments that achieved
the highest economic efficiency, even surpassing
the control, were Nagro 50 ml/da (106.62%), fol-
lowed by Agricoll 100 ml/da (100.29%) and their
combination (Nagro 50 ml/da + Agricoll 100 ml/
da—100.99%). For the variants treated with Litho-
vit 200 g/da and Lithovit + Agricoll, the results
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Fig. 1. Economic efficiency in alfalfa forage production
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were positive and nearly identical, at 50.92% and
50.31%, respectively. The lowest recorded per-
centages of economic efficiency were observed in
all variants involving the bio-insecticide Madex:
14.27% (Nagro 50 ml/da + Madex 60 ml/da), 13%
(Madex 60 ml/da), and 12.87% (Lithovit 200 g/da
+ Madex 60 ml/da).

CONCLUSIONS

The obtained results demonstrate the decisive
impact of product pricing on overall production
costs and the resulting cost price of the output.

Among the eight studied variants of sole and
combined application of organic nano-fertilizers
(Lithovit and Nagro) and bio-insecticides (Ma-
dex and Agricoll) in alfalfa forage production,
the combination of Nagro 50 ml/da + Agricoll
100 ml/da proved to be the most economically
efficient. This variant exhibited strong perfor-
mance in terms of yield (305.98 kg/da), low pro-
duction costs despite the dual-product input (5.44
EUR/da), and high gross revenues (24.06 EUR/
da), while achieving the highest gross profit
(18.62 EUR/da) and the peak profitability rate
(342.28%).

Despite the yields achieved, the application of
the bioproduct Madex (either independently or in
combination) is not recommended for practical
use due to its high market price, which adversely
affects production costs and cost price. This was
the only product associated with negative results
regarding both gross profit and profitability.

The combined application of Nagro and Ag-
ricoll reduces production costs and achieves the
most favorable ratio between the resources in-
vested and the profit realized. Under the specific
climatic conditions of the region, this technology
is established as the most economically effective
solution.
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