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The article is devoted to the impact of mineral fertilization on the economic and energy
performance of sweet pepper cultivation under drip irrigation in southern Ukraine. The study
examined the effect of three nutrient levels calculated based on the planned yield of sweet pepper:
Rate 1 — for a yield of 35 t/ha (application rate N118P62), Rate 2 — for 45 t/ha (application
rate N145P75), and Rate 3 — for 55 t/ha (application rate N163P84). The control variant (St)
represented the natural soil fertility background without fertilizer application. A clear relationship
was found between the level of mineral nutrition and the productivity of sweet pepper: yield
increased from 35.3 t/ha in the control variant to 42.8 t/ha under the highest mineral background
(Rate 3).

In addition to higher yields, the costs of cultivation also increased — from 154.47 thousand
UAH/ha in the unfertilized variant to 219.14 thousand UAH/ha under Rate 3. This affected
the cost price of production, which increased from 4376 UAH/t (control) to 5120 UAH/t. The
highest profit was obtained in the control variant — 198,529 UAH/ha, which is attributed to
the low level of expenses, although this variant did not provide the highest yield. The highest
profitability level was also observed in the control — 128.5%, indicating the efficiency of
resource-saving technologies. At the same time, as the nutrient level increased, the profitability
gradually decreased — from 108.2% (Rate 1) to 95.3% (Rate 3), due to a faster growth of costs
compared to profit.

Energy consumption per hectare increased from 14,663 MJ/ha in the control to 23,164 MJ/ha
under Rate 3. At the same time, the amount of energy accumulated in the harvested crop also
increased — from 38,401 MJ/ha (control) to 46,560 MJ/ha (Rate 3), indicating a higher overall
energy potential of the crop under more intensive nutrition. However, the bioenergetic efficiency
coefficient (Ke) showed a downward trend: the highest value (2.62) was recorded in the control,
while under the maximum mineral background (Rate 3) it decreased to 2.01. The energy intensity
of the product increased from 415.4 MJ/t (control) to 541.2 MJ/t (Rate 3), also indicating higher
specific energy costs with more intensive fertilization.

Key words: sweet pepper, mineral fertilizers, drip irrigation, economic efficiency, energy
assessment.

ILllenens A.B. Bniue minepanvhozo yoodpenns Ha eKOHOMIUHI ma eHepzemuyHi ROKAZHUKU
GUPOWYBANHA NEPUIO CO00K020 npu Kpanaunnomy 3powienni na Ilieoni Yxpainu

Cmammsi npucesdena niugy MiHepaIbHO20 YOOOPEeHHS HA eKOHOMIYHI ma eHepeemuiHi
NOKA3HUKY BUPOWYBAHHI NePYIo CON0OKO20 NPU KPANAUHHOMY 3pOUWleHHi Ha nieoni Ykpainu.
Y pobomi oocnidoiceno ennue mpbox nopm drcuenenHs, AKi 6y po3paxoeani Ha 3anIaHOEaHY
6POdNCATIHICMb Nepylo CoN00Ko20: Hopma 1 — na 35 m/ea (nopma eénecenns N118P62), nopma 2 —
Ha 45 m/ea (Hopma eénecenns N145P75) i nopma 3 — Ha 55 m/za (Hopma enecenns N163P84).
B axocmi konmponvnozo sapianmy (St) ucmynag npupoonuii pon podrouocmi ipynmy. Busenena
YIMKa 3aNeNCHICIb MIdIC PIGHEM MIHEPANIbHO20 HCUBTEHHS MA NPOOYKMUBHICIIO NEPYIO0 CONO0-
K020: ypocatinicms 3pocmac 6i0 35,3 m/ea na KOHMpoabHOMY éapianmi b6e3 eHeceHHs. 006pUs
0o 42,8 m/2a 3a ymosu maxcumanbroeo minepanvro2o ¢gouny (Hopma 3). Kpim yvoeo, 3pocmae
He MiNbKU 8PONCAUHICMb KYIbMypU, a i eumpamu Ha ii eupowyyeanus: 6i0 154,47 muc. epH./ea
y eapianmi 6e3 006pus 0o 219,14 muc. epn./ea 3a Hopmu 3. Lle énnunyno na cobieapmicmo
npooykyii, sika 30invuunace iz 4376 epu./m (konmponw) 0o 5120 epu./m. Haiisuwuii npubymox
6ys ompumanuii na eapianmi Oe3 0oopus — 198529 epn./2a, wo nos’a3ano 3 HU3LKUM pieHeM
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sumpam, xoua yeti eapianm He 3a6e3neuysas MakcuManLHo2o epodcar. Haiisuwuil pieens pen-
mabenvHocmi maxkoxc cnocmepieasgcs y Konmponvhomy eapianmi — 128,5%, wo cgiouums npo
egexmuenicmyv pecypcozbepicarouux mexuonoziu. Ilpu yoomy, 3i 3pocmanuam Gomy sHcuneHHs
pisensb penmabenbHocmi nocnynogo suuxcyemucsa: 6io 108,2% (Hopma 1) oo 95,3% (Hopma 3),
WO 3YMOGIEHO CIMPIMKIUUUM POCIMOM GUMPAM NOPIGHSHO 3 NPUOYINKOM.

Bumpamu enepeii na eexmap spocmanu 6i0 14663 M]xc/ea na koumponi 0o 23164 M/xc/ea
npu Hopmi 3. Boonouac kinvbkicms akymynvoeanoi @ 3ibparomy 8podicai enepeii, maxoic 30i1b-
wysascs — 6i0 38401 M/xc/ea (koumpons) 0o 46560 MJxc/ea (Hopma 3), wo ceiouums npo
RIOGUWCHHSA 302ANIbHO20 EeHePemUuyHO20 NOMEHYIANy KyIbmypu Npu iHMeHCUBHIUOMY dICU6-
nenni. OOHax koeghiyienm bioenepeemuunoi egpexmuernocmi (Ke) demoncmpye 360pomuy oura-
MIKY: Hatiguwuti nokazuuk (2,62) 3aikcosano Ha KoHMponi, mooi K 3a yM08 MAKCUMATbHO20
Mminepanvrozo gony (Hopma 3) 6in 3nuszuscs oo 2,01. Enepeoemuicmos npodykyii 36ineuunace
3 415,4 MI]oc/m (kommpons) 0o 541,2 MJonc/m (Hopma 3), wo makooic ciouums npo niogu-
W eHHsL RUMOMUX eHeP2eMUYHUX GUMPam npu 6o IHMEHCUBHOMY YOOOPEHHI.

Kntouoei cnosa: nepeysv conooxuil, MinepanvHi 006pusa, KpaniuHHe 3pouieHHs, eKOHOMIYHA
eghexmugHicmy, enepeemuina oyinKa.

Problem Statement. In the context of global climate change and the growing scar-
city of water and energy resources-characteristic of the southern regions of Ukraine —
the issue of increasing the efficiency of agricultural production becomes particularly
relevant. In Ukraine, especially in its southern areas, there is a persistent water deficit
that complicates traditional irrigation methods, along with the necessity to conserve
energy resources due to the high costs associated with irrigation and the application
of fertilizers. In this context, drip irrigation combined with the rational use of mineral
fertilizers appears to be one of the most effective agrotechnologies, capable of ensuring
high crop yields while optimizing water and energy expenditures. A comparison with
foreign studies reveals a number of significant differences in approaches to the use of
drip irrigation and mineral fertilizers, which can be explained by differences in natural
conditions, levels of technological development in the agricultural sector, and economic
realities. For instance, in countries with temperate climates, such as Germany or the
United States, the use of drip irrigation and fertilizers is part of a high-tech production
system where access to water and energy resources is stable, and the cost of energy
and fertilizers is considerably lower [1]. Sweet pepper (Capsicum annuum L.) is one
of the most common vegetable crops grown in Ukraine, particularly in the southern
regions. This crop is highly sensitive to the levels of mineral nutrition and water supply,
which necessitates a precise approach to the use of agrochemicals and water resource
management. According to FAOSTAT data, in 2023 the average global yield of pep-
per (Capsicum spp., including sweet pepper) was approximately 17.3 tons per hectare.
However, these figures vary depending on the country and growing conditions: China —
~22 t/ha, Spain — ~30 t/ha, USA — ~25 t/ha, Ukraine — ~12—14 t/ha. These data indicate
that Ukraine has the potential to increase sweet pepper yields to the level of leading
countries, provided that modern agricultural technologies are implemented and growing
conditions are optimized [2].

Analysis of Recent Studies and Publications. A study conducted in southern
Ukraine evaluated the energy efficiency of sweet corn cultivation under drip irrigation
with varying plowing depths, fertilizer rates, and plant densities. The highest energy
efficiency (energy efficiency coefficient, EEC 2.44) was achieved with plowing at
20-22 cm, an NP rate of 120 kg/ha, and a plant density of 65,000 plants/ha [3, p. 885].
Another Ukrainian study showed that drip irrigation combined with mineral fertiliza-
tion increased corn yield by 40% and improved the water use coefficient under optimal
agronomic conditions [4]. The highest pepper yield (62.2 t/ha) was obtained with the
application of 400 kg/ha of nitrogen and 360 kg/ha of potassium under drip fertigation
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irrigation [5, p. 54]. In another study, nutrient distribution in the soil during fertigation
was assessed. The highest yield was also recorded with similar fertilizer doses, with
high concentrations of NH4" and K* near the emitters [6, p. 54].

In California farms, drip irrigation reduced energy consumption per unit of yield,
while fertilizer application accounted for over 30% of total energy costs, indicating
potential for further energy savings [7]. In India, drip irrigation reduced water consump-
tion by 34% and increased water efficiency by 94% compared to traditional irrigation
practices [8]. In China, fertigation regimes of 75% of ETc (reference evapotranspira-
tion) and 150 kg/ha of nitrogen were found to be optimal for both yield and quality [9].
When calculating the rate of mineral fertilizers, it is necessary to plan weed control
measures, as during 80 days of joint vegetation, weeds can absorb from the soil as many
available forms of macronutrients (N, P.0Os, K20) as would be sufficient to produce a
sugar beet root yield of 45-55 tons per hectare [10, p. 178].

Drip irrigation combined with mineral fertilization significantly increases crop
yields, reduces water and energy consumption, and improves the economic viability of
sweet pepper cultivation, especially under the conditions of southern Ukraine. Moreo-
ver, studying the efficiency of different doses of mineral fertilizers and their impact on
yield and energy efficiency under drip irrigation in Ukraine can help address several
important challenges: technology adaptation — it is necessary to adapt foreign technol-
ogies to the specific conditions of Ukraine, taking into account soil types, climatic con-
ditions, and water availability; economic efficiency — comparing the costs of fertilizer
application and irrigation in Ukraine and abroad will help identify optimal options in
terms of profitability and energy efficiency. Thus, conducting scientific research on the
energy and economic evaluation of mineral fertilizer application in sweet pepper culti-
vation in Ukraine is an important step toward developing agronomic practices adapted
to local conditions, ensuring production efficiency.

Research Objective. The aim of this study is to conduct an economic and energy
assessment of the efficiency of mineral fertilizer application in sweet pepper cultivation
under drip irrigation in the conditions of the southern Steppe of Ukraine. To achieve this
goal, the following tasks must be accomplished:

1. To study the effect of different doses of mineral fertilizers on the productivity of
sweet pepper under drip irrigation conditions.

2. To carry out an economic analysis of costs and profits depending on the fertiliza-
tion regime.

3. To assess the energy inputs required for crop cultivation under different fertilizer
doses and to determine the energy efficiency coefficient (EEC).

4. To formulate recommendations for optimizing mineral nutrition to achieve maxi-
mum economic and energy efficiency.

Presentation of the Main Research Material. Pepper was introduced to the territory
of Ukraine at the end of the 16th century, originating from Iran and Turkey. However,
the widespread cultivation of this crop in Ukraine only took place in the 18th century.
Industrial cultivation of pepper gained significance in Ukraine by the mid-19th century.
In the 1940s, pepper began to be grown in the Odesa region, where it was brought by
Bulgarian settlers. A major boost to its popularity came with the development of the
canning industry, where pepper fruits became widely used for canned product manu-
facturing. Today, sweet pepper is cultivated in all countries where climatic conditions
meet its biological requirements. The largest producers of this crop are China, Mexico,
Turkey, Spain, the United States, the Netherlands, and Israel. Sweet pepper is notable
for its high vitamin content, surpassing all other vegetable crops in terms of vitamin C
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content — even exceeding that of lemons. Vitamin C was actually discovered thanks to
pepper: in the 1930s, American biochemist Albert Szent-Gyorgyi isolated crystalline
ascorbic acid from pepper, for which he was awarded the Nobel Prize.

Pepper is an important raw material for the canning industry, where it is used to
enrich canned products with vitamins. In many countries, dried pepper fruits are used
to produce a powder that serves as a concentrated vitamin-rich supplement with a char-
acteristic aroma. Sweet pepper is recommended as an effective remedy for combating
scurvy and atherosclerosis, strengthening blood vessel walls, removing cholesterol from
the body, improving digestion, stimulating appetite, and treating anemia. Sweet pepper
juice helps normalize the permeability and elasticity of blood vessels. In recent decades,
Ukraine has seen a steady increase in pepper consumption. To meet consumer demand,
Ukrainian farmers are expanding the cultivation area of pepper both in open fields and
in greenhouses. According to official statistics, the area under pepper cultivation ranges
from approximately 15,000 to 45,000 hectares. At the same time, new high-yielding
hybrids of foreign breeding are gradually being added to the traditional conical varie-
ties, becoming increasingly popular and replacing outdated cultivars.

Pepper crops require specific nutrients for proper growth and high yield. The main
macronutrients essential for the development of this plant include nitrogen, phosphorus,
potassium, calcium, and magnesium. Nitrogen supports the formation of leaves and
stems, while phosphorus is crucial for root development, as well as the formation of
flowers and fruits. Potassium helps maintain the overall health of the plant and enhances
its resistance to diseases and pests. Calcium and magnesium play key roles in strength-
ening cell walls and supporting photosynthesis processes.

Determining the pepper plant’s needs for these elements is critically important for the
timely and proper application of fertilizers, which contributes to achieving maximum
yield. A nutrient deficiency in peppers can lead to serious disruptions in plant devel-
opment. For example, nitrogen deficiency causes leaf yellowing and stunted growth;
phosphorus deficiency results in delayed growth and lack of fruiting; and calcium or
magnesium deficiency can lead to blossom end rot, where the tips of the fruits turn
black and rot. Such conditions negatively impact both yield and plant health. Therefore,
regular monitoring of plant conditions and timely fertilization are essential for ensuring
healthy development. The average yield of modern F1 sweet pepper hybrids in open
field conditions ranges from 35 to 40 tons per hectare. When optimal agronomic prac-
tices are followed, the crop is capable of reaching very high yield levels. Specifically,
in open fields, yields can exceed 100 t/ha (or 10 kg/m?); in plastic-covered greenhouses,
yields can surpass 240 t/ha (24 kg/m?); and in modern automated greenhouses, yields
can reach as high as 350450 t/ha (3545 kg/m?).

For non-hybrid pepper varieties, the average yield typically ranges from 25 to 30 t/ha,
but with proper care, this figure can increase to 40—45 t/ha. The average yield of hot
pepper is 20-25 t/ha; however, with high-quality care and the use of modern F1 hybrids
in greenhouse conditions, yields can reach 100-200 t/ha. For sweet pepper, achieving
high productivity largely depends on effective business planning, which includes the
implementation of modern global technologies, proper selection and calculation of the
fertilizer system, the use of plant protection products, and continuous monitoring of
crop conditions. Only with a comprehensive approach to these factors can consistently
high results be achieved and the maximum economic benefit from pepper cultivation
ensured.

Proper fertilizer application is a key factor in achieving high yields. Chemical fer-
tilizers can be applied at various stages of plant growth to maintain an optimal nutrient
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level in the soil. It is important to follow the recommended rates and application sched-
ule, taking into account the developmental stages of the plants and their specific needs.
Overuse of fertilizers can disrupt the nutrient balance in the soil, lead to environmental
pollution, and reduce product quality, while insufficient fertilization results in low yields
and weakened plants. In addition, regular weeding, irrigation, and soil care are essential
components of integrated plant management. [11]. The main goal of modern agricul-
tural production is to obtain a high and economically justified yield [12, p. 10].

According to the set objective, three fertilization rates were studied, which were cal-
culated based on the planned crop yield: Rate 1 — for 35 t/ha (calculated rate N118P62),
Rate 2 — for 45 t/ha (calculated rate N145P75), and Rate 3 — for 55 t/ha (calculated rate
N163P84). The control variant (St) represented the natural soil fertility background. The
results of the economic efficiency of sweet pepper cultivation depending on the fertili-
zation levels are presented in Table 1.

Table 1
Economic efficiency results of sweet pepper cultivation depending on the rate
of mineral fertilizer application (Year 2023)

Experimental Yield, cogtlsllttll‘llslt:;):n d Cost of grown | Profit, | Profitability
. bl . [
variants t/ha. UAH/ha. yield, UAH/t. | UAH/ha. level, %.
é‘tW‘tho‘” fertilizers —| 35 4 154471 4376 198529 128.5
2.Rate 1 37.0 177679 4802 192321 108.2
3. Rate 2 40.1 195406 4873 205594 105.2
4. Rate 3 42.8 219143 5120 208857 95.3
LSD o.5, tons per
0.5 - - - -

hectare

Source: compiled by the author

According to the results of the study (Table 1), there is a clear relationship between
the level of mineral nutrition and the productivity of sweet pepper. Yield increased from
35.3 t/ha in the control variant without fertilizer application to 42.8 t/ha under the high-
est mineral background (Rate 3). The least significant difference (LSD o.5) was 0.5 t/ha,
indicating statistically significant differences between the variants. However, with the
increase in fertilizer rates, cultivation costs also rose — from 154.47 thousand UAH/ha
in the unfertilized variant to 219.14 thousand UAH/ha under Rate 3. This affected the
cost price of the product, which increased from 4376 UAH/t (control) to 5120 UAH/.
The highest profit was obtained in the control variant — 198,529 UAH/ha, due to the
low-cost level, although this variant did not ensure the highest yield. The highest prof-
itability level was also observed in the control — 128.5%, indicating the efficiency of
resource-saving technologies. At the same time, with an increase in the fertilization
background, the profitability level gradually decreased: from 108.2% (Rate 1) to 95.3%
(Rate 3), which is due to the faster growth of costs compared to profit.

The results of the energy efficiency of sweet pepper cultivation depending on the
fertilization levels are presented in Table 2.

As a result of the conducted research, the impact of mineral fertilization rates on the
energy efficiency indicators of sweet pepper cultivation was established (Table 2). Energy
consumption per hectare increased from 14,663 MJ/ha in the control to 23,164 MJ/ha
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under Rate 3. This increase is attributed both to the energy-intensive nature of fertilizer
synthesis and transportation, as well as to higher energy requirements for technological
operations [13, p. 563]. At the same time, the energy output, i.e., the amount of energy
accumulated in the harvested yield, also increased — from 38,401 MJ/ha (control) to
46,560 MJ/ha (Rate 3), indicating an increase in the overall energy potential of the crop
under more intensive nutrition [14, p. 436].

Table 2
Energy efficiency results of sweet pepper cultivation depending on the rate
of mineral fertilizer application (Year 2023)

Experimental Yield, Energ)f Fj‘nergy Bloenf:rgetlc Energy intensity
variants t/ha. consumption, | input, efficiency of the product,

MJ/ha. MJ/ha. | coefficient, Ke MJ/t.

1. Without

fertilizers — St 353 14663 38401 2.62 415.4

2. Rate 1 37.0 17889 40250 2.25 483.5

3. Rate 2 40.1 20972 43622 2.08 523.0

4. Rate 3 42.8 23164 46560 2.01 541.2

LSD o.5, tons per 05 ) ) ) )

hectare

Source: compiled by the author

However, the bioenergetic efficiency coefficient (Ke) showed an opposite trend: the
highest value (2.62) was recorded in the control variant, whereas under the maximum
mineral background (Rate 3), it decreased to 2.01. This indicates a decrease in the effi-
ciency of converting the consumed energy into yield energy with the increasing inten-
sity of the technology [15, p. 288]. The energy intensity of the product, which reflects
the amount of energy spent per unit of yield, increased from 415.4 MJ/t (control) to
541.2 MJ/t (Rate 3), also indicating higher specific energy costs under more intensive
fertilization.

Conclusions and Recommendations. The application of mineral fertilizers ensures
an increase in crop yield but is accompanied by higher production costs and a decrease
in profitability. The most economically feasible option was the variant without fertilizer
application, although the highest yield was recorded under Rate 3. The optimization of
mineral nutrition should consider not only productivity but also economic efficiency,
requiring a balance between yield and expenditures.

The use of higher rates of mineral fertilizers results in increased sweet pepper yields;
however, it is also associated with a significant rise in energy consumption. The highest
bioenergetic efficiency coefficient (2.62) was achieved without the use of fertilizers,
indicating the advantage of an extensive approach from the standpoint of energy conser-
vation. An optimal balance between yield and energy consumption was observed under
moderate fertilization rates (Rate 1), where a relatively high Ke (2.25) was maintained
along with an increased yield. To improve the efficiency of sweet pepper cultivation in
southern Ukraine, it is advisable to apply calculated mineral fertilization rates, taking
into account not only profitability but also the energy parameters of the agricultural
technology.
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