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Major entomophilous agricultural crops play a key role in the functioning of agroecosystems, combining food production
with the formation of the forage base for honey bees (Apis mellifera L.) and wild insect pollinators. Under conditions of inten-
sive agriculture, reduction of natural and semi-natural habitats, climate change, and increasing anthropogenic pressure,
the spatio-temporal structure of entomophilous crop areas becomes particularly important for the conservation of pollinator
populations and the stability of the ecosystem service of pollination.

The aim of this study was to analyse the spatio-temporal dynamics of sown areas of major entomophilous agricultural
crops — sunflower (Helianthus annuus L.), winter and spring oilseed rape (Brassica napus L.; in EU countries also turnip rape
Brassica rapa L.), and buckwheat (Fagopyrum esculentum Moench) — in Ukraine and the countries of the European Union
from the perspective of forming the forage base of pollinators as sources of nectar and pollen.

The study was based on official statistical data from the State Statistics Service of Ukraine and Eurostat for the period
2016-2024. Statistical, comparative-geographical, and structural-share analyses were applied, combined with an ecological
interpretation of the results. The findings were considered in terms of pollinator forage-base formation and the alignment
of agricultural practices with the objectives of the European Green Deal and the EU Biodiversity Strategy.

The results showed that during 2016-2021 Ukraine experienced an increase in the sown areas of major entomophilous
crops, whereas after 2022 a substantial reduction and regional reorientation of crop areas were recorded, driven by a com-
bination of military, economic, and climatic factors. The Central region demonstrated the highest stability and concentration
of entomophilous crops, while the Southern and Eastern regions suffered the greatest losses. In EU countries, the areas
of entomophilous crops remained relatively stable, indicating higher resilience of agricultural systems and a stronger inte-
gration of ecological approaches into land use.

The results confirm that the sown areas of major entomophilous agricultural crops constitute an important spatial indica-
tor of the potential forage base of pollinators and the resilience of agrolandscapes. Analysis of their spatio-temporal dynam-
ics is therefore relevant for evidence-based decision-making in agricultural policy, spatial land-use planning, beekeeping
development, and the implementation of biodiversity conservation strategies in Ukraine and the EU.

Key words: honey bee, sunflower, oilseed rape, buckwheat, biodiversity, European Green Deal.
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Introduction. Entomophilous agricultural crops are
an essential component of agrolandscapes in Europe
and Ukraine not only because of their economic importance,
but also as key sources of forage resources — nectar and pol-
len —for honey bees (Apis mellifera L.) and other insect polli-
nators. The availability and spatial distribution of this forage
base determine the abundance, activity, and effectiveness
of pollinators in agricultural ecosystems and, consequently,
the stability of pollination processes of insect-dependent
crops.

As emphasized by Khalifa et al. (2022), entomophilous
agricultural crops play a crucial role in sustaining honey
bee populations by providing essential forage resources,
while pollination efficiency directly affects crop yields
and the economic value of agricultural production. At
the same time, current global trends of declining insect
populations, including key pollinator species, increasingly
limit the realization of the potential of this forage base
(Ghisbain et al., 2021). Intensive agriculture, loss of natural
habitats, pesticide use, and other anthropogenic pressures
contribute to insect population declines and negatively
affect the availability of nectar and pollen in agrolandscapes
(Wagner, 2020; Omelchun et al., 2025).

Insect pollination is one of the fundamental
ecosystem services determining both the productivity
and quality of agricultural output. According to the European
Environment Agency, approximately 84% of crops in
the European Union are partially or fully dependent on insect
pollinators, whose contribution to the quantity and quality
of agricultural production is indispensable in modern farming
systems (European Environment Agency, 2025). Thus,
the functioning of agricultural production is closely linked to
the status of pollinator populations and the spatial structure
of entomophilous crop cultivation.

Numerous studies convincingly demonstrate that effec-
tive pollination significantly increases the yields of major
entomophilous crops. For sunflower (Helianthus annuus), it
has been established that the intensity of bee visitation to
crops is positively correlated with yield formation, whereas
a deficit of pollinators leads to reduced yields and lower eco-
nomic efficiency of production (DeGrandi-Hoffman & Wat-
kins, 2000; Holland et al., 2020; Mota et al., 2024). Field
experiments confirm these patterns: isolation of sunflower
flowers from insects reduces seed number, seed weight,
and overall yield by 12-30%, while increased activity
of honey bees and wild pollinators substantially improves
all productivity indicators (Amarilla et al., 2025; Bertleff et
al., 2025).

At the same time, pollination efficiency is determined
not only by pollinator abundance, but also by their spatial
and temporal interactions with crops. Studies of sunflower
agrocenoses show that niche complementarity among dif-
ferent pollinator groups enhances pollination processes
and contributes to higher crop productivity (Zaragoza-Trello
et al., 2023).

Similar patterns are observed for oilseed rape (Bras-
sica napus). It has been demonstrated that insect pollina-
tion increases the number of seeds and pods and results in
significantly higher yields compared with conditions without

pollination (Stanley et al., 2013; Holland et al., 2020; Yang
et al., 2024). Fairhurst et al. (2022) showed that the combi-
nation of wind and insect pollination positively affects growth
and reproductive traits of oilseed rape, increasing yield
stability. Even in highly productive agroecosystems, both
the level and stability of yields largely depend on the activity
of honey bees and wild pollinators (Mota et al., 2024).

Buckwheat (Fagopyrum esculentum) occupies a special
place among entomophilous crops, as it is strictly dependent
on insect pollination. Research by Taki (2009) demonstrated
that without the activity of honey bees and other pollinators,
the formation of a full buckwheat yield is not possible.

Global syntheses confirm the large-scale nature of polli-
nation deficits. In the United States, it has been shown that
yields of most studied crops are limited by pollinator short-
ages, and declines in both wild and managed bee popula-
tions directly reduce agricultural productivity (Reilly et al.,
2020). A meta-analysis of more than 1,100 experiments
revealed that supplemental pollen addition increased yields
by an average of 27%, indicating widespread limitations
of natural pollination (Siopa et al., 2023).

In Europe, these processes have a pronounced spatial
dimension. Approximately 12% of EU arable land is occu-
pied by crops that require insect pollination and simulta-
neously serve as important sources of nectar and pollen
(Madras-Majewska & Majewski, 2016). For example, in Por-
tugal, more than half of cultivated crops depend on insect
pollination, and the economic value of this ecosystem ser-
vice exceeds €2 billion per year (Siopa et al., 2025).

In Ukraine, the provision of bee pollination is charac-
terized by pronounced spatial heterogeneity: on average,
13.5 bee colonies correspond to 1 ha of buckwheat crops,
whereas only 0.4 colonies are available per 1 ha of sun-
flower, indicating a clear imbalance between the area of for-
age resources and the actual presence of pollinators (Liso-
hurska et al., 2024).

Intensive agricultural practices, climate change,
and the loss of natural habitats, combined with geopolitical
factors, further increase the risks of pollinator biodiversity
decline and disruption of the pollination ecosystem service
(Richards, 2001; Raven & Wagner, 2021). Awareness of this
challenge is reflected in EU policies, particularly in the EU
Biodiversity Strategy for 2030, which emphasizes the need
to restore agricultural landscapes and support pollinator
populations as a foundation of sustainable agriculture (Euro-
pean Commission, 2020). Similar approaches are promoted
by FAO, highlighting the role of entomophilous crops as key
components of the forage base for pollinators (FAO, Crops,
Weeds and Pollinators).

Thus, major entomophilous agricultural crops form
the spatial basis for supplying nectar and pollen to honey
bees and wild insect pollinators and determine the effi-
ciency of the “agrocenosis—pollinators” system. Under these
conditions, analysis of the spatial and temporal dynam-
ics of entomophilous crop areas represents a key tool for
assessing changes in pollinator forage resources and for
providing a scientific basis for sustainable land-use planning
in Ukraine and the countries of the European Union.

The aim of the study was to analyze the spatial and tem-
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poral dynamics of the areas cultivated with major ento-
mophilous agricultural crops in Ukraine and the countries
of the European Union in order to assess their role in shap-
ing the forage base of honey bees and wild pollinators as
sources of nectar and pollen.

Materials and Methods. The study was based on official
statistical data on the cultivated areas of major entomoph-
ilous agricultural crops — sunflower (Helianthus annuus
L.), winter and spring rapeseed (Brassica napus L.; in EU
countries also turnip rape Brassica rapa L.), and buckwheat
(Fagopyrum esculentum Moench) —in Ukraine and the Euro-
pean Union over the period 2016—-2024. For Ukraine, data
from the State Statistics Service of Ukraine (State Statis-
tics Service of Ukraine, 2026) were used, including official
electronic databases on the structure of crop areas. For
the European Union, Eurostat data were applied (Eurostat,
2026), particularly tables providing information on the areas
of oilseed and cereal crops by EU-27 countries and years.
The analysis covered exclusively the countries that were
members of the European Union during the respective
study period. In addition, official reference data on the total
territorial area of EU countries and Ukraine, published by
the European Commission and national statistical author-
ities, were used to calculate spatially relative indicators.
A combination of statistical, comparative-geographical,
and structural-share analyses was applied, followed by
an ecological interpretation of the results. This approach
made it possible to assess the spatial and temporal dynam-
ics of entomophilous crop areas and to evaluate their sig-
nificance for the formation of pollinator forage resources,
as well as to examine the consistency of current agricul-
tural practices with the objectives of the European Green
Deal and the EU Biodiversity Strategy. Statistical analysis
included the aggregation of absolute area indicators for sun-
flower, buckwheat, winter and spring rapeseed, and turnip
rape by years and countries. Based on official statistics,
total areas of the main entomophilous crops were calcu-
lated and their spatial-temporal dynamics over the study
period were analyzed. Structural-share analysis was used
to determine the proportion of entomophilous crops in
the total area of each EU country and Ukraine, as well as to
assess the percentage contribution of individual EU coun-
tries to the total entomophilous crop area within the Union
and the contribution of regions and oblasts within Ukraine.
Comparative analysis enabled a comparison of the spatial
structure of entomophilous crop cultivation between the EU
and Ukraine, an assessment of differences between the pre-
war (2016-2021) and post-war (2022-2024) periods for
Ukraine, and an evaluation of the concentration of forage
resources for pollinators across EU countries and Ukrainian
regions. Ecological interpretation was based on analyzing
the obtained statistical indicators in terms of the formation
of forage resources for honey bees and wild insect pollina-
tors and their alignment with the strategic environmental
priorities of the European Green Deal and the EU Biodiver-
sity Strategy, particularly regarding pollinator conservation
and the enhancement of agro-landscape ecological resil-
ience. The study relies on aggregated official statistical data,
which do not capture intra-regional variability within individ-

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

ual countries or within oblasts of Ukraine. Nevertheless,
this approach is methodologically appropriate for identifying
macro-level patterns in the formation of pollinator forage
resources, ensures the validity of cross-country compari-
sons, and is suitable for providing analytical support for stra-
tegic spatial planning and agricultural policy development.

Results of the Study. According to official data from
the State Statistics Service of Ukraine, the total cultivated
area of the main entomophilous crops (sunflower, winter
and spring rapeseed, and buckwheat) in 2016-2024 exhib-
ited a clearly uneven temporal dynamics (Fig. 1).

In 2016, the total area under these crops amounted
to 6,689.7 thousand ha. During the subsequent years
(2017-2018), a gradual expansion of cultivated areas
was observed, reaching 7,031.7 and 7,319.1 thousand
ha, respectively. This trend reflected the increasing
importance of entomophilous crops in the land-use structure
and favorable conditions for the formation of a forage base
for beekeeping. In 2019, the cultivated area remained
almost unchanged (7,307.3 thousand ha), maintaining
the previously achieved level. The highest total areas were
recorded in 2020-2021, amounting to 7,677.5 and 7,761.5
thousand ha, respectively. This period can be characterized
as the most favorable for providing bee colonies with
pollen and nectar resources within Ukrainian agrocenoses,
creating prerequisites for stable and prolonged honey flows.

From 2022 onwards, a sharp negative shift in
the dynamics of cultivated areas occurred. In 2022, the total
area of entomophilous crops declined to 6,515.2 thousand
ha, which is more than 1,200 thousand ha lower than
the peak value recorded in 2021. This reduction is directly
associated with the consequences of the full-scale military
aggression against Ukraine, including the loss of control
over part of agricultural land, destruction of production
infrastructure, landmining of arable areas, and a decrease
in investment activity in the agricultural sector. In 2023,
a partial recovery of cultivated areas was observed (6,781.1
thousand ha), indicating a certain degree of adaptation
of agricultural producers to the new operating conditions.
However, in 2024 the downward trend persisted, and the total
area of entomophilous crops decreased to 6,378.6 thousand
ha. Such dynamics point to the instability of the forage
base for beekeeping under conditions of prolonged military
and socio-economic risks.

During 2016-2024, the areas under cultivation
of the main entomophilous crops in Ukraine generally
increased until 2021, after which sharp spatial and tem-
poral shifts occurred, most clearly manifested at the level
of individual regions and macroregions. Regional dynamics
revealed pronounced spatial differentiation in the formation
of pollinators’ forage resources: throughout the entire study
period, the largest and relatively stable cultivated areas
were concentrated in the central agricultural regions, pri-
marily in Dnipropetrovsk and Kirovohrad oblasts. In Dnipro-
petrovsk oblast, a steady expansion of cultivated areas was
observed, reaching a maximum in 2023, while Kirovohrad
oblast also maintained high values with a more moderate
dynamic pattern (Table 1). In the pre-war period, large cul-
tivated areas were characteristic of the southern regions
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Fig. 1. Dynamics of the cultivated areas of the main entomophilous crops in Ukraine

(Mykolaiv, Odesa, Zaporizhzhia); however, since 2022
the southern and eastern directions have suffered the great-
est losses. A sharp reduction in sown areas was recorded
in Zaporizhzhia, Donetsk, and Luhansk regions, reflecting
a profound disruption of agricultural production as a result
of hostilities; in Kharkiv region, after a sharp decline in 2022,
partial recovery occurred in 2023, without a return to pre-war
levels. By contrast, regions of the central and northern parts
of the country (Vinnytsia, Poltava, Cherkasy, Khmelnytskyi,
Kyiv, Sumy, Chernihiv) demonstrated steady growth during
2016-2021 and, in 2022-2023, largely maintained stability
or only moderate fluctuations, indicating higher resilience
of their agri-production systems. Western regions tradi-
tionally had the smallest areas due to natural and climatic
conditions and the mosaic nature of land use; nevertheless,
Ternopil and Lviv regions showed gradual growth until 2021
with moderate fluctuations in 2022-2023, while Zakarpat-
tia and Chernivtsi regions maintained minimal values. At
the macro-regional level, the Central region dominated: its
sown areas increased from 2,312.3 thousand ha in 2016
to 2,638.3 thousand ha in 2021 and reached a maximum
of 3,037.4 thousand ha in 2023 (2,939.5 thousand ha in
2024), confirming its leading role in preserving the produc-
tion potential of entomophilous crops.

The Southern region also had large areas up to 2021
(2,171.7 thousand ha in 2021), but in 2022 they decreased
almost by half (to 1,244.1 thousand ha), followed by partial
recovery in 2023-2024 without returning to previous levels.
The Eastern region increased up to 2021 (1,396.5 thousand
ha) but dropped to a minimum of 512.6 thousand ha in 2022
and remained unstable in 2023-2024. The Northern region
strengthened until 2022 (1,201.3 thousand ha), after which it
declined in 2023-2024 but remained above initial levels. The
Western region had the smallest absolute areas, reached
a peak in 2022 (551.6 thousand ha), and subsequently
showed a decline, overall exhibiting a smaller amplitude
of fluctuations than the Southern and Eastern regions.

Overall, the structure of entomophilous crop cultivation
is dominated by the Central region, while the Southern
and Eastern regions experienced the greatest losses
in 2022-2024; the Northern and Western regions play
a stabilizing role, supporting relative stability in national

dynamics. The identified patterns are important for
assessing the spatial availability of the pollinator forage
base and for developing regionally oriented approaches to
the development of agricultural production and beekeeping.

During 2016-2024, noticeable structural shifts occurred
in the distribution of sown areas of the main entomophilous
crops among the macro-regions of Ukraine. These
changes reflect not so much variations in the absolute
scale of production as a spatial reorientation of agricultural
land use under the influence of economic and military
factors. In 2016-2021, the cropping structure remained
relatively stable: the Central region dominated (34-35%),
the Southern region accounted for a substantial share
(28-31%), the Eastern region maintained a share of 17-18%,
the Northern region 11-13%, while the Western region had
the smallest proportion (5-7%).

From 2022 onward, the structure underwent sharp
changes: the share of the Central region increased to
45% in 2022-2023 and reached 47% in 2024, indicating
a concentration of production in the central part of the country
as the most resilient to crisis impacts. At the same time,
the role of the Southern region declined from 28% in 2021
to 19% in 2022-2023, with partial recovery to 21% in 2024.
The most critical changes were recorded in the Eastern
region: after pre-war stability (17-18%), its share dropped
to 8% in 2022 and recovered only to 11% in 2023-2024,
pointing to persistent structural disruptions in agricultural
production. Against this background, the Northern region
performed a compensatory function in 2022, increasing
its share from 13% (2021) to 19% (2022); subsequently, it
declined to 17% in 2023 and 15% in 2024, but remained
above pre-war levels. The Western region, while retaining
the smallest share, temporarily increased to 9% in 2022
(likely due to a redistribution of production toward relatively
safer territories) and returned to 8% and 6% in 2023-2024,
respectively.

The identified transformation of the spatial structure
of crop areas has direct implications for the formation
of the forage base for pollinators and beekeeping practices,
as it alters the geography and predictability of nectar
and pollen resources. The concentration of 45-47% of crop
areas in the Central region during 2022-2024 indicates
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Table 1

Dynamics of sown areas of major entomophilous crops by regions of Ukraine, thousand ha

Region/ Year 2016 2017 2018 2019 2020 2021 2022 2023
Vinnytsia 312.0 320.2 346.3 329.2 345.4 375.9 425.6 427.2
Volyn 26.9 48 68.8 84.7 89.5 90.8 92.4 82.6
Dnipropetrovsk 663.8 679.7 680.4 708.5 741.8 692.7 737.9 850.3
Donetsk 340.9 355.6 337.3 318.6 336.3 366.4 123.3 129.4
Zhytomyr 114.0 151.2 202.9 178.5 210.2 213.2 252.1 196.7
Zakarpattia 3.5 3.5 3.7 3.9 3.3 4.1 5.5 2.8
Zaporizhzhia 603.6 598.1 600.2 605.9 626.9 608.4 169.6 142.2
Ivano-Frankivsk 42.7 67.7 50.6 52.7 47.6 52.5 60.5 19.8
Kyiv 194.4 206.5 242.0 216.6 216.2 2471 268.1 288.4
Kirovohrad 605.3 593 632.7 634.5 657.2 637.8 675.2 719.5
Luhansk 341.7 362.7 361.5 378.4 415.0 442.3 72.9 62.0
Lviv 76.3 101.6 106.6 93.4 100.8 96.8 96.6 102.4
Mykolaiv 573.4 567.4 601.8 588.8 592.1 582.9 506.7 545.2
Odesa 507.1 566.5 564.7 556 4721 535.4 567.8 589.2
Poltava 322.5 326.6 346.1 325.5 389.0 400.8 470.7 4479
Rivne 27.0 45.9 517 64.9 76.1 74.1 84.6 99.6
Sumy 222.3 236.5 2447 255.7 289.2 273.5 345.5 323.8
Ternopil 108.8 143.4 153.5 138.7 157.7 158.8 192.3 203.3
Kharkiv 512.2 504.7 548.5 542.5 610.8 587.8 316.4 538.6
Kherson 408.7 409.3 405.4 441.2 425.5 445.0 - -
Khmelnytskyi 173.5 214.6 235.1 221.8 258.3 255.1 299.4 287.8
Cherkasy 235.2 237.4 242.5 250.6 2491 276.0 297.9 304.7
Chernivtsi 19.6 18.4 19.6 12.6 20.1 22.1 19.7 23.9
Chernihiv 229.6 239.7 255.9 247.8 271.6 283.4 335.6 317.4

that the most stable and predictable forage base is formed
primarily in Vinnytsia, Dnipropetrovsk, Kirovohrad, Poltava,
Cherkasy, and Khmelnytskyi regions, where conditions are
favorable for the development of intensive and migratory
beekeeping and for strengthening cooperation with
agricultural producers (in particular with regard to pollination
services and reducing risks associated with the use of plant
protection products).

The increase in the share of the Northern region to
15-19% in 2022-2024 highlights its role as a “buffer” or
insurance zone during periods of nationwide disruption:
the combination of entomophilous crops with natural
melliferous habitats in Kyiv, Zhytomyr, Sumy, and Chernihiv
regions supports more stable conditions for stationary or
semi-migratory beekeeping and biodiversity conservation
measures.

In contrast, the decline in the share of the Southern region
to 19-21% after 2021 reflects the loss of its position as one
of the key centers of entomophilous agriculture. For Odesa,
Mykolaiv, Kherson, and Zaporizhzhia regions, this implies
increased instability of the forage base and the need for more
cautious planning of migratory movements, diversification
of nectar sources, and a transition to more flexible apiary
management models focused not only on commercial honey
production but also on the preservation of bee colonies.

For the Eastern region, where the share dropped to
8% in 2022 and subsequently recovered only partially,
priority should be given to measures aimed at maintaining
apiary viability, relying on local melliferous plants and,

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

where possible, seasonal relocation to regions with more
favorable forage conditions. The Western region, despite
having the smallest share of entomophilous crops, is
characterized by relative stability and a reliance on natural
forage resources, which creates favorable conditions for
stationary and organic beekeeping focused on high value-
added honey production.

An additional dimension of spatial change is reflected
in the share of entomophilous crops within the total area
of the regions. In 2016-2021, the highest proportion
was characteristic of the Southern region (18.4-19.3%),
which ensured a high honey production potential but
was simultaneously associated with increased pesticide
pressure and the need for close coordination with agricultural
producers; after 2022, this indicator sharply declined to
10.9-11.7%, significantly narrowing the forage base. The
Central region demonstrated the most consistent positive
dynamics (15.1% in 2016 — 17.2% in 2021 — 18.9-19.8%
in 2022-2024), effectively forming a core zone of stable
forage supply for pollinators.

For the Eastern region, the transition from 14.1-16.5%
in 2016-2021 to 6.1% in 2022 (with only partial recovery
to 7.9-8.6% in 2023-2024) signifies a sharp deterioration
of forage conditions and increased dependence of apiaries
on supportive measures. The Northern region strengthened
its position from 6.7% in 2016 to 10.6% in 2022, while
the Western region consistently exhibited the lowest values
(2.8-5.0%), compensating for this through the significant
role of natural melliferous habitats.
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At the national level, the share of Ukraine’s territory
occupied by the main entomophilous crops increased from
12% to 13% during 2016-2021, reaching a maximum in
2021; however, since 2022 it has declined to around 11-12%
and in 2024 remained below the pre-war level. This reflects
profound spatial and production-related transformations
of the agricultural sector associated with the loss or restricted
use of part of agricultural land, disruption of logistics,
and changes in crop structure, and has direct implications for
the formation of the pollinator forage base and the stability
of beekeeping.

Overall, the results confirm that the share
of entomophilous crops in land-use structure is an informative
indicator of the spatial conditions shaping the forage base
for pollinators and the potential of beekeeping. After 2021,
a shift occurred from a relatively balanced spatial distribution
toward a pronounced concentration of crops in the Central
region, accompanied by a decline in the role of the Southern
and especially the Eastern regions. This creates an objective
needforregionallydifferentiatedapproaches:centralandpartly
northern regions become a core zone of relative stability,
whereas southern and eastern regions require adaptive
strategies and greater flexibility in planning beekeeping
activities. Accordingly, the integration of agricultural policy
with the needs of beekeeping and pollinator conservation
should be based on monitoring the spatial-temporal
dynamics of entomophilous crops, aligning land use with
ecological priorities, and developing national and regional
support programs aimed at ensuring trophic continuity
and the resilience of agricultural landscapes.

An analysis of the dynamics of sown areas
of the main entomophilous crops in the European Union
and Ukraine during 2016-2024 reveals both common
trends and fundamental differences that reflect distinct
agroeconomic, spatial, and political conditions of agricultural
development (Fig. 2).

In the EU countries, the total sown areas of sun-
flower and rapeseed (including turnip rape) remained rel-
atively stable over the study period, fluctuating within
9.46-10.88 million ha. In 2016-2018, a moderate expan-
sion was observed, reaching a local maximum in 2017

(10.50 million ha), followed by a noticeable decline in 2019
(9.46 million ha). Subsequently, in 2020-2021 the areas
remained relatively stable, while in 2022-2023 a sharp
increase was recorded, reaching the highest values for
the entire observation period (10.82-10.88 million ha). In
2024, a slight decrease was noted (10.49 million ha); how-
ever, the overall level of entomophilous crop areas in the EU
remained substantially higher than in the pre-crisis years.

In contrast to the EU, Ukraine exhibited much more
pronounced amplitude fluctuations and a clear phase
structure in the dynamics of sown areas of the main ento-
mophilous crops. During 2016-2021, a steady expansion
was observed — from 6.69 million ha in 2016 to a peak of
7.76 million ha in 2021. This period can be characterized
as a phase of intensive development of the entomophilous
segment of crop production, creating favorable conditions
for the formation of the forage base for beekeeping.

Starting from 2022, the dynamics in Ukraine changed
sharply: sown areas declined to 6.52 million ha, the low-
est value over the entire analyzed period. In 2023, partial
recovery was observed (6.78 million ha); however, in 2024
the negative trend persisted (6.38 million ha). This decline
is directly associated with the consequences of the full-
scale war, including the loss or restricted use of arable land,
destruction of agricultural infrastructure, and transformation
of cropping patterns.

Comparative analysis indicates that, despite some syn-
chronous fluctuations in certain years (notably the decline in
2019 and growth in 2022-2023 in the EU), EU agrosystems
demonstrate substantially higher stability of entomophilous
crop areas than Ukraine. In the EU, these crops constitute
a stable component of crop rotations and agroecological
strategies, whereas in Ukraine they are much more depen-
dent on external shocks and spatial constraints.

From a beekeeping perspective, these differences are
of fundamental importance. In the EU, stable and extensive
areas of entomophilous crops provide a relatively predictable
forage base for pollinators within agricultural landscapes.
In Ukraine, however, since 2021 an unstable forage base
has been forming, with increased risks of spatial and sea-
sonal deficits of nectar and pollen, necessitating adaptation
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Fig. 2. Dynamics of sown areas of the main entomophilous crops in the EU
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of beekeeping practices and more flexible planning of apiary
placement.

The largest contributions to the total sown areas
of the main entomophilous crops in the European Union
during 2016-2024 were consistently provided by France,
Germany, Romania, Spain, Poland, and Hungary. In dif-
ferent years, these six countries accounted for more than
65-70% of the total EU area under sunflower and rapeseed,
indicating a high territorial concentration of the pollinator for-
age base and the dominance of a limited number of agricul-
tural regions in shaping entomopbhilous farming at the Euro-
pean level (Table 2).

Romania stands out as one of the key countries in
terms of the scale of entomophilous crop areas: its share
of the EU total increased from about 15% in 2016 to nearly
17% in 2024, accompanied by an expansion of absolute
areas of sunflower and rapeseed from 1.50 million ha to
1.77 million ha. This highlights the growing role of Roma-
nia as a major center for the formation of the pollinator for-
age base in South-Eastern Europe. France and Germany,
whose shares ranged between 18-21% and 11-13%,
respectively, exhibited more wave-like dynamics: significant
reductions in 2019-2021 were followed by recovery after
2022. These fluctuations reflect the sensitivity of intensive
agriculture to changes in agricultural policy, environmental

regulations, and oilseed market conditions. Spain, Poland,
and Hungary together accounted for an additional 20-25%
of the EU entomophilous crop areas, playing an important
role in maintaining the spatial balance of the forage base,
particularly in Central and Southern Europe, where sun-
flower and rapeseed are key melliferous crops of industrial
importance.

At the same time, in a number of countries — Belgium,
Luxembourg, the Netherlands, Ireland, and Slovenia —
the share of entomophilous crops in the overall European
structure remained below 1%, due to agroclimatic condi-
tions, land-use patterns, and agricultural specialization.
A similar situation is characteristic of Northern European
countries (Finland and Sweden), where the limited distri-
bution of sunflower and rapeseed significantly constrains
the potential for industrial beekeeping and the formation
of a stable pollinator forage base.

The obtained results confirm that the forage base of bee-
keeping in the European Union exhibits a clearly pronounced
regional asymmetry. Central and South-Eastern Europe
form the main spatial framework of entomophilous agricul-
ture and provide the predominant share of nectar-producing
crops, whereas Northern and North-Western Europe play
a supporting role. Fluctuations in cultivated areas during
2019-2021 indicate the vulnerability of the pollinator forage

Table 2
Distribution of sown areas of the main entomophilous crops in EU countries, %

Country/ Year 2016 2017 2018 2019 2020 2021 2022 2023 2024
Austria 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.4
Belgium 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Bulgaria 9.8 10.1 9.4 8.6 7.4 7.3 6.4 5.6 5.6
Greece 0.9 0.9 0.8 0.8 0.8 1.0 1.3 1.1 1.0
Denmark 1.6 1.7 14 1.8 1.5 1.7 1.8 1.9 1.7
Estonia 0.7 0.7 0.7 0.8 0.7 0.8 0.8 0.7 0.6
Ireland 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2

Spain 8.0 7.8 7.4 7.9 7.7 8.1 8.2 8.0 7.8
Italy 1.2 1.2 1.1 14 14 14 1.2 14 1.3
Cyprus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Latvia 1.0 1.1 1.2 1.5 1.5 1.5 1.5 1.4 1.2
Lithuania 1.5 1.7 2.0 2.6 2.9 3.2 3.2 2.8 31
Luxembourg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Malta 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Netherlands 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Germany 13.3 12.6 12.1 11.2 11.8 12.1 11.5 12.2 1.7
Poland 8.2 8.7 8.2 9.3 10.2 10.4 10.2 10.4 9.8
Portugal 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0
Romania 14.8 15.2 15.9 17.3 15.5 16.2 14.4 15.8 16.8
Slovakia 2.1 2.3 22 21 2.1 22 2.0 1.9 2.0
Slovenia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hungary 8.8 9.5 9.2 9.1 9.5 94 8.2 7.9 8.1
Finland 0.6 0.5 0.5 0.3 0.3 0.4 0.4 0.3 0.4
France 20.7 19.0 21.0 18.5 17.9 17.0 17.7 19.0 19.6
Croatia 0.8 0.8 0.9 0.8 0.8 0.7 0.5 0.4 0.4
Czechia 4.1 4.0 4.2 4.2 4.0 3.9 3.5 3.9 3.7
Sweden 0.9 1.1 0.9 1.1 1.0 1.1 1.2 1.1 0.9
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base to changes in agricultural policy and climatic factors,
highlighting the need to integrate beekeeping support with
policies on sustainable land use, biodiversity conservation,
and the implementation of the European Green Deal.

On average across the European Union, the share
of land occupied by major entomophilous crops ranged
between 1.2 and 1.5% of the EU territory. The highest val-
ues were recorded in 2017-2018 and 2023 (1.5%), while
the lowest level was observed in 2019 (1.2%). This indicates
a relative stability of the proportion of entomophilous crops
at the pan-European level, despite short-term fluctuations
driven by changes in agricultural policy and market condi-
tions.

The most intensive use of land for entomophilous crops
is characteristic of the Czech Republic, Lithuania, Denmark,
Germany, Poland, Slovakia, and Hungary, where the share
of such crops consistently exceeded 3% of the national
territory and in some years reached 4-5%. The Czech
Republic showed the highest values among all EU countries
(4.3-5.2%), indicating a high concentration of sunflower
and rapeseed in land-use structure. Lithuania demonstrated
a steady increase in the share of entomophilous crops from
2.4% in 2016 to 5.0% in 2024, reflecting the growing impor-
tance of rapeseed as a key crop. Denmark and Poland
maintained shares at the level of 3.0-4.9%, forming a strong
forage base for pollinators in Central and Northern Europe.

Countries with a medium level of territorial saturation by
entomophilous crops (1.5-3.0%) include Romania, France,
Germany, Latvia, and Slovakia. Romania was characterized
by considerable interannual variability (1.5-2.7%), con-
sistent with fluctuations in sunflower and rapeseed areas.
France, despite having the largest absolute sown areas in
the EU, showed a relatively moderate share (1.8-2.9%),
which is explained by its large overall national territory.

In a substantial number of countries, the share of land
occupied by entomophilous crops remained below 1%. This
group includes Austria, Belgium, Spain, Ireland, Italy, Croa-
tia, Slovenia, Finland, and Sweden.

A separate subgroup consists of countries where ento-
mophilous crops are virtually absent from the land-use
structure (Cyprus, Malta, the Netherlands, Portugal), which
is obycnoeneHo both agro-climatic conditions and the spe-
cialization of agricultural production.

Overalll, the results confirm the presence of a pronounced
regional asymmetry in the formation of the pollinator forage
base within the EU. Central and North-Eastern Europe are
characterized by the highest intensity of entomophilous agri-
culture, whereas Southern and Northern Europe play a sup-
plementary role.

Fluctuations in the share of entomophilous crops during
2019-2021 demonstrate the vulnerability of the pollinator
forage base to changes in agricultural policy, climatic fac-
tors, and market conditions, underscoring the need to inte-
grate beekeeping development with sustainable land-use
policies and biodiversity conservation within the framework
of the European Green Deal.

Discussion. The obtained results on the spatio-tem-
poral dynamics of the sown areas of major entomophilous
crops in Ukraine and the European Union confirm their deci-

sive role in shaping the forage base of honey bees and wild
insect pollinators in modern agricultural landscapes. These
crops constitute the main spatial sources of nectar and pol-
len, and the analysis of their sown areas represents a meth-
odologically sound approach to assessing the potential
of the pollination ecosystem service.

In EU countries, during 2016-2024, the sown areas
of entomophilous crops were characterized by relative spatial
stability, indicating their systemic integration into land-use
structures and agroecological strategies. This is consistent
with the findings of Madras-Majewska and Majewski
(2016), who showed that over recent decades in the EU
the areas of entomophilous crops increased much faster
than the number of honey bee colonies, thereby increasing
the risks of spatial and seasonal shortages of forage
resources. Similar risks related to spatial mismatches
between crop distribution and pollinator populations were
also highlighted by Rahimi and Jung (2024), who reported
a moderate level of spatial overlap between honey bees
and pollination-dependent crops.

In Ukraine, an expansion of the sown areas of major
entomophilouscropswasobservedin2016-2021,contributing
to the strengthening of the pollinator forage base. However,
after 2022 a sharp reduction and spatial reorganization
of sown areas occurred, driven by a combination of military,
socio-economic, and climatic factors. This resulted in
increased instability in the availability of nectar and pollen
resources and in stronger regional contrasts in forage base
formation. These patterns are consistent with the results
of Lisohurska et al. (2024), who demonstrated pronounced
spatial heterogeneity in pollination provision for major
entomophilous crops in Ukraine and an imbalance between
cropping structures and the actual presence of pollinators.

The ecological dimension of the obtained results aligns
with the conclusions of Maggi et al. (2025) and Khalifa et
al. (2022), who emphasize that entomophilous agricultural
crops form the basic forage foundation not only for honey
bees but also for a wide range of wild pollinators. Changes
in the area and spatial arrangement of such crops, without
considering the seasonal availability of nectar and pollen,
may disrupt trophic continuity and reduce the stability
of pollinator populations.

These issues become particularly relevant under
conditions of intensive agriculture, loss of natural and semi-
natural habitats, and simplification of landscape structure.
As noted by Wagner (2020) and Raven and Wagner (2021),
agricultural landscapes increasingly perform a compensatory
function by providing forage resources for pollinators in
contexts where natural habitats are lost or fragmented.
At the same time, according to Hall and Martins (2020),
effective pollinator conservation requires the integration
of ecological, socio-economic, and spatial dimensions into
agricultural land-use policies.

The obtained results have important implications for
agricultural and environmental policy in the European Union.
They are consistentwith the objectives of the European Green
Deal and the EU Biodiversity Strategy for 2030 (European
Commission, 2019; 2020), which promote the integration
of agricultural production with the conservation of ecosystem
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services, particularly pollination. In this context, the area
and spatial distribution of entomophilous crops should be
considered not only as elements of agricultural economics,
but also as components of the ecological infrastructure
of agricultural landscapes.

Conclusions. The analysis of the spatio-temporal
dynamics of the sown areas of major entomophilous crops
in 2016-2024 has shown that they form a key spatial basis
of the forage resources for honey bees and wild pollina-
tors in agricultural landscapes of Ukraine and the EU. In
EU countries, entomophilous crops are characterized by
relative spatial stability, whereas in Ukraine, after 2022,
significant regional transformations were recorded due to
the combined effects of military, economic, and climatic
factors. Pronounced differences between the macro-re-
gions of Ukraine were identified, reflecting the uneven for-
mation of pollinator forage resources and potential risks
of nectar and pollen shortages. The scientific novelty
of the study lies in the use of the sown areas of entomoph-
ilous crops as an integrated spatial indicator of the polli-
nator forage base at national and supranational levels.
The obtained results can be applied to spatial land-use
planning, optimization of apiary placement, and the sub-
stantiation of pollinator support measures within agri-

cultural policy frameworks and biodiversity conservation
strategies.

Prospects for further research are associated with
integrating the analysis of sown areas of major entomophi-
lous crops with assessments of potential nectar and pollen
yields of the corresponding lands, which will allow a more
comprehensive characterization of the pollinator forage
base in agricultural landscapes.
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ma QuKuX KoMax-3anusosadie. B ymosax iHmeHcU8HO20 3emnepobemea, CKOPOYEHHS MPUPOOHUX i HanigrnpupoOHuUX yeiob,
KniMamu4HUX 3MiH | 3p0cmaHHsi aHmpPOoro2eHHo20 HagaHMaXeHHs1 NPOCMOPOBO-4acosa CMpykmypa rnocisie eHmomoirs-
Hux Kynbmyp Habyeae 0cobsugoi eacu 07151 36epexeHHs nomynsyil 3anuseadie ma cmabinbHOCMi eKoCcUCMeMHOI nocyau
3anuneHHs. Memotro 0ocnidxeHHs € aHasi3 MpoCcmopo8o-4acogoi QUHaMIKU MIouU r10Cieie OCHOBHUX CiflbCbK020CM00apChKUX
€HMOMOiNbHUX Kynbmyp — COHsIWHUKY (Helianthus annuus L.), pinaky o3umoeo i sipoeo (Brassica napus L.; y kpaiHax €C
makox cypinuyi Brassica rapa L.) ma epedku (Fagopyrum esculentum Moench) — e Ykpaini ma kpaiHax €gpornelicbko2o
Coro3y 3 no3uyiti hopmysaHHs1 KOpMO8oi ba3u 3arnusosadie sk Oxepen Hekmapy i nunky. Mamepianom docnidxeHHs ciy-
ayeanu ogiyitiHi cmamucmuyHi 0aHi [epxasHoi cryxbu cmamucmuku YkpaiHu ma Eurostat 3a 2016-2024 poku. 3acmo-
c08aHO Memodu CmMamucmu4yHO20, MOPIeHSATbHO-2e02paghiyHO20 ma CMpPYKMYypPHO-4acmKo8020 aHanisy 3 eKOI02i4YHO
iHmepnpemauieto pesynbmamie. Ompumani pe3ynbmamu po32/sHymo 3 no3uuyiti GpopMysaHHS KOPMOG0oi ba3u 3anusirseadie
i y3200)KeHOCMI azpapHUX Npakmuk i3 yinamu €epornelicbko2o 3e1eHo20 Kypcy ma Cmpameeii €C 3i 36epexeHHs biopis-
HomaHimms. Pesynbmamu 0ocniOxeHHs: nokasanu, wo y 2016-2021 pokax & YkpaiHi cnocmepieanocsi 3p0cmaHHs miow
rocigig 0CHOBHUX eHMoMOIrbHUX Kynbmyp, modi sik nicnis 2022 poKy 3aghikcosaHo cymmease CKOPOYEHHST ma pezioHasnbHy
nepeopieHmauito rnocieig, 3ymosrieHy noedHaHHsIM 80EHHUX, €KOHOMIYHUX i KNiMamu4yHUX YUHHUKIe. Halbinbwy cmabirnb-
Hicmb | KOHUeHmpaujito eHmomoginbHUX rocigie npodemoHcmpysas LieHmpanbHull pegioH, mooi sk [ligdeHHull i CxidHuUU
peeioHu 3asHanu Halbinbwux empam. Y kpaiHax €C naowj eHmomoinbHUX Kynbmyp 3anuwanucs 8i0HOCHO cmabirb-
HUMU, Wo ceifyumb Mpo suwly cmilkicmb agpapHUX cucmeM ma iHmezapauito eKoro2iyHux rmoxo0ie y 3eMIeKopucmyeaHHs.
Ompumati pesynbmamu nidmeepdxytoms, WO MIOWi Mocigie OCHOBHUX CilbCbK020CM00apChKUX eHMOMOINbHUX Kyflb-
myp € 8axnusum rpocmMoposuUM iHOUKamopoM rMomeHuiany KopmMogoi ba3u 3anusosadie i cmitikocmi agponaHowagmis.
AHari3 ix npocmopogo-4aco8oi duHaMiKu € O0UirbHUM 07151 HayKo8020 0bIpyHMYyB8aHHS pilleHs y cghepi azpapHoi nomimuku,
MPOCMOpPOB020 MyIaHy8aHHs 3eMIeKopucmysaHHs, po3sumky 60xinbHUymMea ma peanisayii cmpameeiti 36epexeHHs bio-
pisHoMaHImms e YkpaiHi ma kpaiHax €C.
Key words: 60xona medOHOCHa, COHSILWHUK, pinak, 2peyka, biopisHomarimms, €epomnelicbKull 3emeHuli Kypc.
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