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Abstract

The present study aimed to assess the profitability of the cultivation of spelt wheat cv. Rokosz in

different variants of fungicide protection and nitrogen fertilization. It was conducted in 2019-2021 with

four fungicide protection variants and four nitrogen fertilization levels as experimental factors. Study

results demonstrated significant grain yield and production profitability differences between cultivation

variants and individual study years. In 2019, the most profitable turned out to be the spelt cultivation

variant without the fungicide treatment and with nitrogen fertilization at 100 kg-ha'; in 2020, it was

the variant without chemical treatment against fungal diseases and with nitrogen fertilization at 70

kg-ha'; in 2021, it was the variant with the fungicide treatment and with nitrogen fertilization at 70

kg-ha!. Despite lower grain yields achieved on the plots with extensive spelt production technology,

these cultivation variants ensured higher incomes due to lower production costs. In addition, these

technologies reduced the workload and had a lesser adverse impact on the natural environment than

intensive plant cultivation, which is desirable in the context of sustainable development assumptions.
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Introduction

Food producers increasingly often reach for
forgotten crop species, which is driven by, among other
things, the growing fashion for low-processed, organic,
and ecological products [1]. One such crop is spelt wheat
(Triticum spelta L.), characterized by higher contents

*e-mail: malgorzata.haliniarz@up.lublin.pl

of protein, fats (including unsaturated fatty acids), and
dictary fiber, and also a lower energy value compared
to common wheat [2-3]. Most modern spelt cultivars are
crosses between specific cultivars of common wheat and
spelt [4-5]. Despite its strong relationship with common
wheat, spelt strongly stands out in terms of morphology
as well as soil and agrotechnical demands [6]. The grain
of spelt wheat, of ancient cultivars in particular, is non-
threshable, which is considered a drawback in further
processing. However, spelt outperforms wheat in certain
agronomical aspects because it is more resistant to
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selected biotic factors (e.g., diseases) and abiotic stress
(e.g., cold). In addition, it has fewer demands regarding
seed dressing, chemical crop protection, and nitrogen
fertilization, which makes it a viable candidate for
organic or low-input agricultural practices, especially
in regions with poorer conditions for common wheat
cultivation [5]. On the other hand, a low yielding
potential of spelt wheat presents a bottleneck that
impedes its cultivation [7]. There is a paucity of data
in the available literature on the impact of intensifying
cultivation technology on grain yield and cultivation
profitability; hence, investigations addressing these
problems are still relevant.

Actions undertaken by agricultural producers aim at
maximizing incomes [8] since economic effectiveness
is one of the major aspects of cereal production, next
to grain yields and quality [9]. However, most research
has focused only on producing high grain yields while
neglecting the importance of economic outcomes [10].
Meanwhile, Jat et al. [11] emphasized that harnessing
various cultivation technologies may affect cultivation
profitability due to differences in yields and production
costs. The cultivation of cereals is facilitated by
relatively easy production technology, relatively low
labor intensity, and convenience of storage and transport
[12]. Nevertheless, decisions made by farmers are
always associated with the risk of production outcomes
[13] and the possibilities and prices of sales. Today,
the choice of a crop species for production is mainly
driven by the income expected per 1 h of crops [14].
Making production decisions in agriculture in the
current conditions becomes even more difficult because
agricultural producers are obliged to comply with the
requirements of the common agricultural policy from
a new financial perspective and because of the unstable
situation in the grain market [15].

Therefore, choosing the cultivation method of
cereals, including spelt wheat, depends not only on
natural determinants or expected quality outcomes but
also on economic factors [16]. Both the inputs related
to the cultivation system and the effects achieved are
important elements determining cultivation profitability
[17]. Direct production costs (seed material, fertilizers,
plant protection agents, and plantation insurance)
play a crucial role in this case. In light of sustainable
development assumptions and the implementation of the
European Green Deal, environmental conditions are also
increasingly often considered as drivers of production
decisions on farms [18]. The EU strategy assumes, i.c.,
a substantial reduction in the use of plant production
agents and mineral fertilizers by 2030 [19]. Taking care
of the quality of the natural environment and natural
resources is not only a requirement of civilization but
also a prerequisite for effective agricultural production
[20]. Therefore, when making decisions on the choice
of production technology, it is worth taking into
account not only the economic results but also the level
of production intensity, which determines the extent
of agriculture’s impact on the natural environment.

The most frequently used indicators of agricultural
production intensity, understood as the intensity of
production, include the level of inputs incurred per unit
of agricultural land area [21].

Due to changing market conditions and increasing
environmental requirements, there is a need to monitor
agricultural production technologies so that production
decisions are based on economic and environmental
premises. Taking this into account, this study aimed
to assess the production and economic results of spelt
wheat cultivation under different fertilization and
fungicide protection conditions.

Materials and Methods

The study was conducted at the Experimental
Station in Czestawice, the University of Life Sciences in
Lublin (Poland). In three replications, a field experiment
was established on loess-derived soil, classified as an 11
soil quality class, in the split-block system. The single
plot area was 15.0 m?, and the winter form of spelt wheat
cv. Rokosz was tested. This cultivar was listed in the
COBORU register in 2012 and is characterized by a
high-yielding potential and a low chaff contribution to
the crop yield. The seed rate was 130 kg-ha'. Common
wheat was used as the previous crop.

The experiment aimed to examine the response
of spelt wheat to various strategies of crop protection
against fungal diseases and various levels of nitrogen
fertilization. Fungicide protection variants were as
follows:

A — no fungicide protection — control plot,

B — double fungicide treatment — Yamato 303 SE
(methyl thiophanate + tetraconazole) at the BBCH-
30-31 stage (dose: 1.5 L-ha'), and Optan 183 SE
(pyraclostrobin + epoxiconazole) at the BBCH-30-59
stage (dose: 1.5 L-ha™),

C — three-fold fungicide treatment — Yamato 303 SE
(methyl thiophanate + tetraconazole) at the BBCH-30-
31 stage (dose: 1.5 L-ha'), Optan 183 SE (pyraclostrobin
+ epoxiconazole) at the BBCH-30-59 stage (dose: 1.5
L-ha'), Wirtuoz 520 EC (prochloraz + tebuconazole +
proquinazide) at the BBCH-20-59 stage (dose: 1.0 L-ha
1
)s

D — four-fold fungicide treatment — Yamato 303 SE
(methyl thiophanate + tetraconazole) at the BBCH-30-
31 stage (dose: 1.5 L-ha'), Optan 183 SE (pyraclostrobin
+ epoxiconazole) at the BBCH-30-59 stage (dose: 1.5
L-ha'), Wirtuoz 520 EC (prochloraz + tebuconazole +
proquinazide) at the BBCH-20-59 stage (dose: 1.0 L-ha
", and Tilt Turbo 575 EC (propiconazole + fenpropidin)
at the BBCH-30-59 stage (dose: 0.9 L-ha™).

The second experimental factor was nitrogen
fertilization doses, i.e.:

N, — no nitrogen fertilization (control plot)

0
N, - 70 kg-ha
N, - 100 kg-ha'
N, - 130 kg-ha'!
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Table 1. Acronyms of technological variants of spelt wheat cultivation.

Nitrogen fertilization
Crop protection
N() Nl NZ N3
A AN, AN, AN, AN,
B BN, BN, BN, BN,
C CN, CN, CN, CN,
D DN, DN, DN, DN,

Nitrogen was applied in the form of 34% ammonium
nitrate in three divided doses: 60% of the dose in the
springtime, immediately after the onset of vegetation
(BBCH-14-16); 20% of the dose at the stem shoot stage
(BBCH-21-23); and 20% of the dose prior to the ear
formation stage (BBCH-37-39).

Before spelt wheat sowing, phosphorus and
potassium fertilization were applied as follows: P —
26.2 kg-ha'! (triple superphosphate) and K — 58.1 kg-ha!
(potassium salt), and typical plow cultivation was
performed. In each study year, wheat was sown with a
plot seeder in the third decade of September.

The same protection against weeds and pests
was carried out on all experimental plots. Herbicide
treatment was carried out at the BBCH-21-29 stage
of spelt wheat with the Chisel 75 WG preparation
(thifensulfuron-methyl + chlorsulfuron) at 60 g-ha' with
the Trend 90 EC adjuvant (ethoxylated isodecyl alcohol)
at a concentration of 0.1%. In turn, Decis Mega 50 EW
(deltamethrin) was applied at 0.2 L-ha against pests.

The study’s time frame was 2019-2021, which
enabled the analysis of economic results of spelt wheat
cultivation under various market and atmospheric
conditions. In order to accomplish the study goal,
selected economic categories were used in accordance
with the EU income statement and the AGROKOSZTY
system, including the gross margin and operating
income. The first of these values is the annual value
of production obtained from 1 ha of crops reduced by
direct costs incurred for this production [22]. Direct
costs include cost components that can, undoubtedly,
be ascribed to a given activity. Their amount is
proportional to the production scale and directly affects
the size (volume and value) of production [22]. In turn,
the income from activity (operating income) represents
the surplus generated after deducting direct and indirect
costs from the production value, which is increased by
subsidies. The method of calculating these economic
categories is presented below [23]:

Gross margin = production value — direct costs (1)
Income from activity = production value —
total costs (direct and indirect in total)
@

Income from activities with subsidies =
income from activities + subsidies

&)

The incomes of agricultural producers in the EU
are supported by subsidies received under the Common
Agricultural Policy (CAP). The operating income was,
therefore, increased by the rates of subsidies received on
the production of cereals. The calculation of the gross
margin and operating income was extended by the
analysis of the profitability index and selected economic
efficiency indicators:

1) The unit cost of production of 1 dt of grain
[EUR-dt"],

2) The total production value per EUR 1 of direct
costs [EUR],

3) The gross margin per 1 dt of the main product
[EUR-dt"].

The profitability index was computed as the ratio
of the production value per 1 ha to the total production
costs and is expressed in percent:

PI Ex 100%

Q)

Where:

PI — Profitability Index

P — production value

C — total cost

Individual variants of spelt wheat cultivation were
referred to in the subsequent sections of this manuscript,
as denoted in Table 1.

Results and Discussion
Grain Yield and Production Values

Grain yield differed between particular variants of
spelt wheat cultivation, which affected the production
value per 1 ha (Table 2). The lowest grain yield was
recorded in plots without nitrogen fertilization in each
study year. Also, introducing the fungicide treatment
to the crop protection strategy was beneficial to spelt
wheat yielding in all vegetation seasons tested; however,
its intensification from three to four treatments had no
significant effect on grain yield increase.
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Table 2. Grain yield [dt-ha'] and value of production [EUR-ha"'] of spelt wheat in 2019-2021.

Cultivation 2019 2020 2021
variant Grain yield Production value Grain yield Production value Grain yield Production value
(dt-ha') (EUR'ha) (dt-ha') (EUR'ha) (dt-ha') (EUR'ha)
AN, 29.4 805.0 44.7 1506.5 414 1357.8
AN, 48.8 1336.1 58.3 1964.8 59.2 1941.8
AN, 55.4 1516.8 66.5 22412 62.4 2046.8
AN 58.9 1612.7 65.2 2197.3 63.1 2069.7
BN, 259 709.1 47.4 1597.5 48.2 1581.0
BN, 44.6 1221.1 62.3 2099.6 60.2 1974.6
BN, 58.7 1607.2 69.1 2328.8 69.1 2266.5
BN, 58.1 1590.8 68.5 2308.6 69.2 2269.8
CN, 26.8 733.8 48.5 1634.5 442 1449.8
CN, 47.6 1303.3 62.2 2096.2 60.6 1987.7
CN, 54.8 1500.4 54.9 1850.2 69.1 2266.5
CN, 59.2 1620.9 67.2 2264.7 69.7 2286.2
DN, 27.5 752.9 48.0 1617.7 424 1390.7
DN, 48.5 1327.9 61.1 2059.2 62.1 2036.9
DN, 57.3 1568.9 70.5 2376.0 67.8 22239
DN, 59.4 1626.4 70.2 2365.8 65.2 2138.6

The value of agricultural production (Table 2) in the
individual study years and variants was determined by
the grain yield and purchase price. In 2019, the price of
spelt wheat was EUR 273.8; in 2020, it increased to EUR
337; in 2021, it dropped to EUR 328. The production
value differed significantly between the fertilization and
crop protection variants in the individual study years
and was the highest (EUR 2,376) in 2020 in the DN,
variant, which also allowed the production of the highest
grain yield (70.5 dt). The lowest production value was
determined in variant BN in 2019 (EUR 709.1). In
addition, spelt wheat cultivation in this variant ensured
the lowest grain yield (25.9 dt) in this year among all
study years. In turn, 2020 brought a significant increase
in grain yields in all variants of fertilization and crop
protection, whereas these differences had no significant
effect on the production value increase in the subsequent
year of the experiment. In 2019, the highest yield and
production value were determined in variant DN, (59.4
dt), whereas in 2021, they were determined in variant
CN, (69.7 dt).

Production Costs

The costs of spelt wheat production varied between
2019 and 2020 (Tables 3-5) and were observed to
increase during this time. In 2021, they increased only
in the N, variants (without nitrogen fertilization). They
decreased in the remaining variants due to a drop in the

prices of fertilizers, which significantly affected the cost
structure in variants N -N,. The cost of seed material did
not differ between the variants but changed in individual
study years. In 2019, it reached EUR 60.5-ha' and
increased by EUR 21.4-ha™ in 2020 to EUR 81.9-ha’,
whereas in 2021 it decreased minimally to EUR 80.8-ha
I. The cost of plant protection agents remained similar
across the study years. The greatest differences were
noted in the costs of mineral fertilization and fuel. The
highest fuel price was recorded in 2019, whereas the
lowest was in 2020. In the years analyzed in the study,
the main production costs were related to fertilizers
and plant protection agents. The lowest costs were
incurred in variant AN in 2019 (EUR 296.7-ha"), and
this production technology was observed to generate
the lowest costs in each study year. In contrast, the
highest costs were recorded in variant DN, (EUR 602.8)
in 2020, which appeared to be the most cost-intensive
among the compared cultivation variants. The highest
increase in production costs was noted in the variants
with the highest number of fungicide treatments. The
most intensive fungicide protection (D) increased crop
protection crops by EUR 160.9-ha! in 2019, compared
to variant A without the fungicide protection. In turn,
fertilization with the highest nitrogen dose tested (N,)
increased production costs by EUR 100 compared to
the variants without fertilization (N ). These differences
were comparable in the subsequent years of the study.
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Table 3. Production costs of spelt wheat per 1 ha in 2019.

Production costs in 2019 (EUR. ha™)
CultiYation Direct costs Indirect costs
v Seed material pro(i:c)gon Fertilization TOti:):ti;eCt Fuel Tax fotat costs
AN, 60.5 22.1 90.5 173.2 97.5 26.1 296.7
AN 60.5 22.1 144.7 2273 106.0 26.1 3594
AN, 60.5 22.1 168.1 250.7 106.0 26.1 382.8
AN, 60.5 22.1 191.2 273.8 106.0 26.1 405.9
BN, 60.5 118.2 90.5 269.2 103.6 26.1 398.8
BN, 60.5 118.2 144.7 323.1 112.1 26.1 461.5
BN, 60.5 118.2 168.1 346.7 112.1 26.1 484.9
BN, 60.5 118.2 191.2 369.9 112.1 26.1 508.1
CN, 60.5 161.8 90.5 312.8 109.7 26.1 448.6
CN, 60.5 161.8 144.7 366.9 118.2 26.1 511.2
CN, 60.5 161.8 168.1 390.3 118.2 26.1 534.6
CN, 60.5 161.8 191.2 413.5 118.2 26.1 557.8
DN, 60.5 183.0 90.5 334.0 115.8 26.1 4759
DN, 60.5 183.0 144.7 388.2 1243 26.1 538.5
DN, 60.5 183.0 168.1 411.6 1243 26.1 561.9
DN, 60.5 183.0 191.2 434.7 1243 26.1 585.1

The production costs recorded in 2019 ranged
from EUR 296.7-ha to EUR 585.1'ha" (Table 3), with
the observed increase affected mainly by fungicide
protection and fertilization variants. Greater cultivation
intensity resulted in increased fuel consumption, which
generated a EUR 26.8 increase between variants A and
D. In 2020 (Table 4), the costs of production increased
as well, mainly due to a ca. 35% increase in the cost
of seed material and a ca. 11% increase in the cost of
fertilization. The costs incurred on fuel decreased by
EUR 18.7-ha” in the AN, variant and by EUR 24.8-ha"
in the DN, variant.

In the last year of the study, the costs of spelt wheat
production decreased compared to the previous year but
were still higher than in 2019 (Table 5). This decrease
was due to lower costs related to fertilizers and crop
protection agents, which, in variant A, equaled the
respective costs generated in 2019. In variant B, the
costs of plant protection agents were EUR 2.7 lower
than in 2019. A similar tendency was observed in the
remaining variants. The cost of fertilizers returned to a
similar value as in 2019. Compared to 2020, fuel costs
increased by ca. 17% but were still lower than in 2019.

Gross Margin and Income

The income from growing spelt wheat was
very diverse and dependent on plant protection and

fertilization variants (Table 6). It varied over the years
and was influenced by market conditions, including
the sales price and grain yield. Cultivation variants
producing the highest yields and requiring the highest
financial outlays did not generate the highest income.
On the other hand, the variants generate the lowest costs
and a significant decrease in yield, which reduces the
profitability of cultivation. In 2019, the highest income
per 1 ha of crops was achieved in variant AN, (EUR
1453.5), whereas it was variant AN, (EUR 2080.7) in
2020. In the last experimental year, the most profitable
turned out to be the BN, variant, generating an income
of EUR 2009.1 per 1 ha. Across the study years, the
lowest income was achieved in variant DN in 2019, i.e.,
EUR 525.6. This variant generated the lowest income in
all three years of the experiment. In 2019, the most labor-
intensive and cost-intensive variant (DN,) generated an
income lower by EUR 162.1 than the most profitable
variant. In 2020, the respective difference reached EUR
60.4, whereas in 2021, it was EUR 224.9.

Indices of Profitability and Economic Efficiency

The analysis of profitability was extended with
selected indices of economic efficiency (Tables 7 and
8), the values of which point to significant differences in
the profitability of spelt wheat production between the
experimental year 2019 and the other years examined.
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Table 4. Production costs of spelt wheat per 1 ha in 2020.

Production costs in 2020 (EURha™")
CUItiYaﬁOH Direct costs Indirect costs
v Seed material proct;zfion Fertilization Tot:i);itisrect Fuel Tax fotal costs
AN, 81.9 225 99.8 204.1 78.8 25.2 308.2
AN, 81.9 2255 160.9 265.3 85.7 252 376.2
AN, 81.9 22.5 187.4 291.8 85.7 25.2 402.7
AN, 81.9 22.5 213.5 317.9 85.7 25.2 428.8
BN, 81.9 117.9 99.8 299.6 83.8 25.2 408.5
BN, 81.9 117.9 160.9 360.8 90.7 252 476.6
BN, 81.9 117.9 187.4 387.2 90.7 25.2 503.0
BN, 81.9 117.9 2135 4133 90.7 25.2 529.2
CN, 81.9 160.9 99.8 3425 88.7 252 456.4
CN, 81.9 160.9 160.9 403.7 95.6 25.2 524.5
CN, 81.9 160.9 187.4 430.2 95.6 25.2 550.9
CN, 81.9 160.9 213.5 456.3 95.6 25.2 577.1
DN, 81.9 181.7 99.8 363.3 93.6 252 482.1
DN, 81.9 181.7 160.9 4245 100.5 25.2 550.2
DN, 81.9 181.7 187.4 450.9 100.5 25.2 576.6
DN, 81.9 181.7 2135 477.0 100.5 25.2 602.8

In 2019, analyses demonstrated a higher unit cost and
a lower production value per 1 EUR of direct costs.
The main product’s gross margin per 1 dt was also
substantially lower. A lower production profitability
index also confirms the lower profitability recorded
in 2019. To the greatest extent, this economic result
was affected by a decrease in grain yield compared to
the subsequent years and by the lowest grain purchase
price among the study years. Differences recorded in
profitability and value of the remaining indices between
2020 and 2021 were negligible. The highest profitability
index was recorded in 2020 in variant AN, (556.6%),
and the lowest in 2019 in variant DN (158.2%). Still,
spelt wheat production was profitable for each tested
variant. In addition, variant DN, which was applied
in 2019, generated the highest unit cost, the lowest
production value per 1 EUR of direct costs, and the
lowest gross margin per 1 dt of the main product. In
the study timeframe of 2019-2021, the least profitable
variants turned out to be those limiting the use of plant
protection agents.

Discussion
High consumer demand for food products

eliciting health-promoting benefits, awareness of
agricultural producers about the need to protect the

natural environment, and programs promoting pro-
environmental activities mean that agricultural
producers are inclined to choose crop species that
tolerate minimized mineral fertilization and limited
plant protection and have a unique chemical composition
[24-27]. Spelt wheat perfectly fits the needs of today’s
food market and trends in agricultural production [28].
Many studies addressing spelt wheat have focused on
its productivity and nutritional value, but no studies
merge production and economic aspects. In this
study, the profitability of spelt wheat cultivation was
assessed based on grain yields, which depended on the
intensification of nitrogen fertilization and fungicide
protection.

Nitrogen fertilization is a key element of agricultural
technology that affects crop yields [29-30], whereas, as
Suchowilska et al. [31] claimed, spelt responds poorly
to high nitrogen doses compared to common wheat.
The study demonstrated that spelt wheat grain yield
increased with increasing fertilization doses, but in
some protection variants, only up to a nitrogen dose of
100 kg-ha'l. Similar results were obtained by Hury et
al. [30], who showed that nitrogen fertilization caused
a significant linear increase in grain yield up to a
certain threshold, which resulted in a decline in grain
yield. In addition, they emphasized that the response
of spelt wheat to the intensity of nitrogen fertilization
also depended on genetic traits — old spelt cultivars may
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Table 5. Production costs of spelt wheat per 1 ha in 2021.

Production costs in 2021 (EURha")
CultiYation Direct costs Indirect costs
v Seed material pro(i;(c)ﬁ on Fertilization TOti:):ti;eCt Fuel Tax fotal costs
AN, 80.8 22.1 92.6 195.5 92.8 24.5 312.8
AN, 80.8 22.1 145.8 248.7 101.0 24.5 374.2
AN, 80.8 22.1 168.8 271.7 101.0 24.5 397.2
AN, 80.8 22.1 191.5 294.4 101.0 24.5 419.9
BN, 80.8 115.5 92.6 288.9 98.6 24.5 412.1
BN, 80.8 115.5 145.8 342.1 106.8 24.5 473.4
BN, 80.8 115.5 168.8 365.1 106.8 24.5 496.4
BN, 80.8 115.5 191.5 387.9 106.8 24.5 519.2
CN, 80.8 158.2 92.6 331.6 104.4 24.5 460.6
CN, 80.8 158.2 145.8 384.8 112.6 24.5 521.9
CN, 80.8 158.2 168.8 407.8 112.6 24.5 544.9
CN, 80.8 158.2 191.5 430.6 112.6 24.5 567.7
DN, 80.8 179.6 92.6 353.0 110.2 24.5 487.7
DN, 80.8 179.6 145.8 406.2 118.4 24.5 549.1
DN, 80.8 179.6 168.8 429.2 118.4 24.5 572.1
DN, 80.8 179.6 191.5 451.9 118.4 24.5 594.8
be less responsive to a fertilizer dose increase, while outcomes, environmental concerns, and economic

the new ones respond more intensively to fertilization.
This is because spelt wheat is genetically diverse, and
its old cultivars differ from their new breeding lines in
terms of agrotechnical, environmental, and productivity
requirements [32]. Various responses of spelt wheat to
mineral fertilization were also demonstrated by Stepien
et al. [33], Andruszczak et al. [24], and Andruszczak
[34]. Many studies have also pinpointed that spelt stands
do not require intensive chemical protection [35-36]. In
the present study, the grain yield of spelt wheat varied
in the individual experimental years under the influence
of intensified crop protection. In each growing season
and all variants of nitrogen fertilization, introducing a
fungicide treatment for protection increased the grain
yield of spelt wheat, while increasing the number of
fungicide treatments from 3 to 4 usually caused no
increase in the grain yield. An experiment conducted by
Pospisil et al. [37] showed that the fungicide treatment
had a significant effect on the grain yield only in one of
the two years studied due to severe attacks of powdery
mildew (Blumeria gramini) and leaf rust (Puccinia
recondita). Other studies have also confirmed the high
tolerance of spelt wheat to minimize crop protection
and its suitability for organic cultivation [24, 36, 38-
39], while, as shown in a previous study by Haliniarz
et al. [28], the response of this species to extensive
crop protection was cultivar-dependent. Production

effects should be considered when choosing a spelt
production technology. Dolijanovi¢ et al. [40] have
emphasized that intensive agriculture makes the soil
barren and contributes to excessive water consumption
and greenhouse gas emissions without ensuring the
necessary sustainability of food production. Modern
agriculture is based on the so-called sustainable
intensification of agricultural production, which
involves increasing agricultural production with no
adverse effects on the natural environment and no need
to convert more non-agricultural land [41]. Within
this concept, a key role is played by integrated plant
protection, which places great emphasis on reducing
the use of chemical plant protection agents [42], and
integrated nutrient management, which involves the
careful use of chemical fertilizers [43]. The choice of
production systems requiring lesser inputs is a key
driving force for the transformation of the agricultural
sector towards a sustainable production system since
sustainable agriculture is associated with food security,
which requires the availability of food with a high
nutritional value as well as the security and economic
stability of the human population [44].

The changing situation in the agricultural market
requires continuous monitoring of farmers’ costs and
income. This is also confirmed by the research by
Skarzynska and Pietrych [12], who pointed to the need
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Table 6. Gross margin and income from spelt wheat cultivation in 2019-2021 (EUR-ha™).

2019 2020 2021
CultiYation Gross margin Income with Gross margin Income with Gross margin Income with
variant (EUR~ha%) subsidies (EUR~ha'g‘) subsidies (EUR'ha'%) subsidies
(EURha') (EUR-ha') (EUR-ha')
AN, 631.8 753.2 1302.3 1438.9 1162.5 1281.5
AN, 1108.8 1223.3 1699.5 1830.8 1693.1 1805.5
AN, 1266.1 1380.7 1949.4 2080.7 1775.1 1887.5
AN, 1338.8 1453.3 1879.5 2010.8 1775.3 1887.7
BN, 440.0 556.4 1297.9 1430.7 1292.1 1406.4
BN, 897.8 1007.4 1738.9 1866.3 1632.5 1740.1
BN, 1260.5 1370.0 1941.6 2069.1 1901.4 2009.1
BN, 1220.9 1330.5 1895.2 2022.7 1881.9 1989.6
CN, 421.0 532.5 1292.0 1421.0 1118.2 1227.7
CN, 936.3 1041.0 1692.5 1816.2 1602.9 1705.9
CN, 1110.1 1214.7 1420.1 1543.8 1858.7 1961.7
CN, 1207.4 1312.1 1808.5 1932.1 1855.6 1958.6
DN, 418.9 525.6 1254.4 1379.6 1037.8 1142.6
DN, 939.8 1039.5 1634.7 1754.6 1630.7 1729.0
DN, 1157.3 1257.0 1925.0 2044.9 1794.7 1893.0
DN, 1191.7 1291.4 1888.8 2008.7 1686.7 1784.9

to minimize production costs in order to maximize
income. Furthermore, Boczar and Blazejczyk-Majka
[45] have explained that economic efficiency is
influenced not only by the incurred expenditures but
also by production costs and production value, which
is, in turn, a result of grain yield and grain sales price.
Research on the profitability of cereal cultivation has
proven its variability, but recent years have brought
greater than usual instability to the cereal market. There
is a clear research gap regarding the profitability of spelt
production, especially in various conditions related
to production technology. Therefore, it is difficult to
directly relate the present research results to the findings
reported by other authors. However, such comparative
analyses can be found in relation to organic spelt wheat
production. For example, based on research conducted
in Serbia, Puricin et al. [1] showed that organic spelt
production was economically profitable, primarily due
to its significantly higher market price than conventional
production. Similar conclusions were reached by Rapc¢an
et al. [46], who conducted a two-year experiment with
spelt cultivation in Croatia, and by Dolijanovi¢ et al.
[40], who formulated a recommendation that the spelt
production management strategy should harmonize with
the soil and agroecological features of the region and
aim at cost reduction. Winnicki and Zuk-Gotaszewska
[25] have also emphasized that knowledge of production
costs is an important element in improving the
competitiveness of spelt cultivation. Their research on

comparing production and economic results of organic
cultivation of common wheat and spelt wheat showed
that the total costs associated with spelt production
cultivars significantly exceeded those of common wheat
production. This difference was attributed to direct
costs, particularly seed prices. Spelt generated slightly
higher incomes, which was the effect of higher market
prices for spelt grain. Furthermore, research by Sugar et
al. [47] has demonstrated that spelt is a viable alternative
to common wheat in low-N production on both low-
quality and fertile soils despite the increasing risk of
lodging with increasing nitrogen fertilization levels.

Conclusions

A specific trait of plant production is its dependence
on weather conditions. However, as studies have shown,
this is not the only factor affecting grain yields and
profitability of production. Because farmers are price-
takers, their incomes depend to a large extent on market
conditions. Therefore, decisions regarding the choice
of production technology should be based on economic
aspects on the one hand and environmental concerns
on the other. The need to alleviate the adverse impact
of agricultural production on the natural environment
results from the assumptions of the sustainable
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Table 7. Unit cost [EUR-dt'] and total production value per 1 EUR of direct costs [EUR] of spelt wheat production in 2019-2021.

Unit cost (EUR-dt") Total production value per 1 EUR of direct costs
Specification (EUR)

2019 2020 2021 2019 2020 2021
AN, 10.1 6.9 7.6 1.1 1.7 1.5
AN, 7.4 6.5 6.3 1.4 1.7 1.7
AN, 6.9 6.1 6.4 1.4 1.7 1.6
AN, 6.9 6.6 6.7 1.4 1.6 1.5
BN, 15.4 8.6 8.5 0.6 1.2 1.2
BN, 10.3 7.6 7.9 0.9 1.3 1.3
BN, 8.3 7.3 7.2 1.1 1.4 1.4
BN, 8.7 7.7 7.5 1.0 1.3 1.3
CN, 16.7 9.4 10.4 0.5 1.1 1.0
CN, 10.7 8.4 8.6 0.8 1.2 1.1
CN, 9.8 10.0 7.9 0.9 1.0 1.2
CN, 9.4 8.6 8.1 0.9 1.1 1.2
DN, 17.3 10.0 11.5 0.5 1.0 0.9
DN, 11.1 9.0 8.8 0.8 1.1 1.1
DN, 9.8 8.2 8.4 0.9 1.2 1.1
DN, 9.8 8.6 9.1 0.9 1.1 1.0

Table 8. Gross margin per 1 dt of the main product [EUR-dt"] and profitability index [%] of spelt wheat production in 2019-2021.

Gross margin per 1 dt of the main product (EUR-dt™)

Profitability index (production value/total costs (%)

Specification

2019 2020 2021 2019 2020 2021
AN, 21.5 29.1 28.1 271.3 488.8 434.0
AN, 22.7 29.2 28.6 371.8 522.2 519.0
AN, 229 29.3 28.4 396.3 556.6 5153
AN, 22.7 28.8 28.1 397.3 512.4 492.9
BN, 17.0 27.4 26.8 177.8 391.0 383.7
BN, 20.1 279 27.1 264.6 440.5 417.1
BN, 21.5 28.1 27.5 3314 462.9 456.6
BN, 21.0 27.7 272 313.1 436.3 437.2
CN, 15.7 26.6 253 163.6 358.1 314.8
CN, 19.7 27.2 26.5 254.9 399.7 380.8
CN, 20.3 259 26.9 280.6 335.8 415.9
CN, 20.4 26.9 26.6 290.6 3925 402.7
DN, 15.2 26.1 24.5 158.2 335.5 285.1
DN, 19.4 26.8 26.3 246.6 374.3 371.0
DN, 20.2 273 26.5 279.2 412.1 388.7
DN, 20.1 26.9 259 278.0 392.5 359.5
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development concept and the CAP strategies adopted in
the EU.

The present study attempted to fill the research
gap in the economic aspects of spelt cultivation. Its
scope covered the profitability of spelt production in
three years, differing in terms of market conditions.
In addition to production technology, it determined
the profitability of cultivation in individual variants of
nitrogen fertilization and fungicide protection.

The study results showed that the profitability of spelt
wheat production was determined by multiple factors,
i.e., market conditions (such as purchase prices and
costs) and weather conditions, as shown by grain yield
differences in the individual study years. However, the
greatest income differences were due to fertilization and
fungicide protection variants. Production intensification
increased spelt wheat yields but also generated higher
costs. The most intensive cultivation variant allowed for
the highest yield to be achieved, which did not increase
proportionally to the costs incurred. On the other hand,
the highest income was obtained from plots with pro-
ecological variants of fungicide protection and nitrogen
fertilization, i.e., variant AN, in 2019, variant AN,
in 2020, and variant BN, in 2021. In these conditions,
the spelt wheat grain yield was lower than the highest
yield obtained in a given year by only 1% in 2019 and
2021 and 6% in 2020. This justifies the advisability
of growing spelt wheat using a technology based on
moderate mineral fertilization and limited chemical
protection.

The study’s results also show how important it is to
rationalize farm costs and calculate crop cultivation’s
profitability. This allows for a more effective selection
of production technology and crop rotation on the
farm. Despite lower grain yields, a higher income
was obtained, and the workload and the use of plant
protection products and fertilizers were also reduced,
which should be assessed positively in the context of
the environmental goals of sustainable development.
In addition, these findings indicate that production
decisions in agriculture require a multi-faceted approach,
including both technological aspects and related yields,
as well as the market (economic) perspective and
environmental concerns.
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