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Goal was to determine the dependencies of the duration of phenological developmental
stages and the formation of morphometric and quantitative parameters on the irrigation method
and cultivar characteristics of Monarda fistulosa L. during the first year of growth in the Central
Forest-Steppe of Ukraine.

Methods. M. fistulosa L. cultivars ‘Premiera’and ‘Fortuna’were studied. Field, laboratory,
and measurement-weight research methods were employed. Statistical analysis of the results was
performed using Agrostat software.

Results. Under natural moisture conditions, the flowering period lasted 29 days for ‘Premiera’
and 30 days for ‘Fortuna’, whereas under irrigation, it extended to 38 days for ‘Premiera’ and
46 days for ‘Fortuna’. Depending on the irrigation method, plant height ranged from 68 cm to
80.5 c¢m for ‘Premiera’ and from 74.7 cm to 85 c¢cm for ‘Fortuna’. Plant diameter varied from
56.20 cm to 70.20 cm for ‘Premiera’and from 61.30 cm to 76.80 cm for ‘Fortuna’. The irrigation
method also influenced the number and length of primary and secondary shoots, as well as the
number of inflorescences. It was established that ‘Premiera’ developed 5.0-7.5 primary shoots
(58-69 c¢m long) and 34.8-53.8 secondary shoots (23.4-27.6 cm long). Plants of this cultivar
produced 37.0-59.5 inflorescences. ‘Fortuna’plants developed 8.7-9.3 primary shoots (62-73 cm
long) and 46-62.5 secondary shoots (23-31.7 cm long), which enabled the formation of 42.7-74.3
inflorescences.

Conclusions. The irrigation method had a profound impact on the duration of the flowering
stage in M. fistulosa. Under natural moisture, the flowering period lasted 29-30 days, while
under irrigation, it reached 38-46 days (depending on the cultivar). Irrigation positively
affected the morphometric and quantitative parameters of the plants. The highest values were
observed in wild bergamot plants receiving drip irrigation. The use of irrigation resulted in
a height increase of 15.53% for ‘Premiera’ and 12.12% for ‘Fortuna’. Simultaneously, plant
diameter increased by 19.94% for ‘Premiera’and 20.18% for ‘Fortuna’. Irrigation led not only
to an increase in the number of shoots but also to their elongation: primary shoots increased
by 15.94% and secondary shoots by 15.22% for ‘Premiera’, and by 15.07% and 19.35%,
respectively, for ‘Fortuna’. The number of inflorescences increased by 37.82% for ‘Premiera’
and 42.53% for ‘Fortuna’.

Key words: essential oil plants, Monarda fistulosa, development phases, vegetative and
generative organs, irrigation, variety.
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Ceuoenko C.B., Banenmiox H.O. 3anexycnicmo 6ionociunux, mopgomempuunux ma
Kinbkichux nokxasnukie Monarda fistulosa L. 6i0 cnocoby 360110)cenns ma copmogux
ocoonueocmeil pociun

Mema. Busnauumu 3anesqicHocmi mpueaiocmi peHonoeiunux ¢pas po3eumxy ma opmysanms
MopghomempuuHux ma KilbKIiCHUX NOKA3HUKIE 6I0 cnocoby 360]10JICEHHS Mda COPMOBUX 0COONU-
socmetl pociun Monarda fistulosa L. nepuioeo poky pozeumky 6 ymoeax Llenmpanvrozo Jlico-
cmeny.

Memoou. [locnioxncysanu pocaunu M. fistulosa L. copmis [Ipem’epa ma @opmyna. Buxo-
PUCOBY8ANU NONbOBI, 1ADOPAMOPHI MA BUMIPIOBAILHO-8A2081 Memoou 00CaidxnceHs. Mamema-
MUYy 0OpoOKY pe3yibmamis npogoounlU 3a NPOSPAMHUM 3abe3nedeHnsm Agrostat.

Pesynomamu. 3a npupoonozo 360102cenns nepiod ysiminus mpusag 29 0i6 'y copmy
Ilpem’epa i 30 0i6 y copmy @opmyHa, a 3a spowenHs — 38 0i6 y copmy Ilpem’epa i 46 0i6
y copmy @opmyHa. 3aneaicHo 8i0 cnocoby 36010ICCHHS UCOMA POCIUH KOUBANACA 810 68 cM 00
80,5 cm y copmy Ilpem’epa ma 6i0 74,7cm 0o 85¢m y copmy @opmyna. [iamemp pociun sapiro-
6a6 610 56,20 cm 00 70,20 cm y copmy [Ipem epa ma 6io 61,30 cm do 76,80 cm y copmy @opmyna.
Cnocib 3601021CeHHsI NO3HAYUBCA T HA POpMYBAHHI KilbKkocmi ma 0osdicuri nazowie I ma Il nopso-
Kie ma Kinbkocmi cyygimos. Bemanosneno, wo y copmy Ilpem’epa nanivyeanocs 5,0-7,5 wmyk
naeonis I nopaoxy 58-69 cm szasdoeacku ma 34,8-53,8 wmyx nazonie Il nopsaoky 23,4-27,6 cm
3a60062cKkU. Pociunu danoeo copmy manu 37,0-59,5 wmyk cyysimo. ¥ pocaun copmy @opmyHa
Haniuyeanocs 8,7-9,3 wmyk nacowis I nopsaoky 62-73 cm 3a60080icku ma 46-62,5 wimyk nazonie I1
nopaoky 23-31,7 cm 3a80082icKu, w0 0aio moxcaugicms cghopmyeamu 42,7-74,3 wmyku cyygime.

Bucnosxu. Benuxuii éniue na mpusanicmv gpasu ysiminus y pocaun M. fistulosa mag cnocio
360/100iCeHH 5. 3a nPupoOH020 360102CeHHs Nepiod yeiminus mpusas 29-30 0i6, a 3a 3powlenHs —
38-46 0ib (8 3anexcrnocmi 6i0 copmy). 3pouienHs no3UMUBHO BNAUHYIO HA MOPHOMEMPUYHI ma
KLIbKICHI NOKA3HUKU poCauH. Haulbinbwi ix 3Hauenus 0y10 cpopmosano y pociun MOHapou mpyo-
yacmoi, AKi OmpuMyeanu KpaneibHe spouleHHsi. 3acmocyeanns 3powenns 003601UN0 30inbUUMU
sucomy y pocaun copmy Ilpem’epa na 15,53%, a y copmy @opmyna na 12,12 %. Ilpu yvomy
Oiamemp pocaun 36invuuecs na 19,94% y copmy Ilpem’epa ma na 20,18% y copmy @opmyna
3acmocysanns 3pouienns npuzeeno He minbkKu 00 30iMbuieHHs KilbKocmi naz2omnie, aie i 0o ix
nooosoicenns: I nopaoxy na 15,94% ma Il nopsoky na 15,22% y copmy Ilpem’epa ma na 15,07
i 19,35% sionosiono y copmy @opmyna. Kinekicms cyysimo 30invwunacs na 37,82% y copmy
IIpem’epa ma na 42,53% y copmy @opmyna.

Knrwuosi cnosa: edipoonitini pociunu, Monarda fistulosa, ¢hazu pozsumxky, éecemamueri ma
2eHepamueHi Op2amil, 3pOULeHHsl, COpm.

Statement of the problem. The rapid development of various sectors of the national
economy (light, processing, and food industries) requires a significant supply of raw
materials and oils from essential oil crops. Currently, this demand is primarily met
through imports [1]. One of the factors prompting researchers and agricultural produc-
ers to seek promising crops is global climate change characterized by gradual warming,
accompanied by a series of negative effects, such as reduced precipitation, decreased air
humidity, and rising temperatures, among others [2].

Along with such common aromatic crops as lavender, dill, parsley, celery, fennel,
anise, there are many non-traditional crops that contain oil, but are used less often, and
research on their introduction, biochemical composition, and economic value has not
been conducted [3]. Such are plants of the genus Monarda, which are a source of a val-
uable component of essential oil (thymol) [4].

Analysis of recent studies and publications. The genus Monarda (Lamiaceae)
comprises 15-20 species, which are most widely distributed across North America [5,
6, 7]. Numerous species occupy a vast geographical range, from the Canadian prairies
in the north to Michigan in the south, and across the entire width of the North American
continent. They are also found in diverse habitats, ranging from Mount Durango (at an
altitude of 2000 m) to sea level along the Atlantic coast in the southern United States.
Taxa can be found from the jungles of Veracruz to the Chihuahuan deserts, as well as
from geologically ancient regions like the Appalachians to the shifting sand dunes of the
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most recent Quaternary continental deposits near Corpus Christi, Texas, where in some
localities these plants survive even in salt spray [8]. Such a wide range of natural adap-
tation and ecological plasticity of the genus Monarda provides a high potential for its
successful introduction and cultivation in Ukraine, particularly in the face of increasing
climate fluctuations.

The species Monarda fistulosa is considered by scientists in many countries to be
promising for both research and practical application [9]. Extracts and essential oil
of M. fistulosa possess high bactericidal, antiviral, antifungal, antimycoplasmal, and
anthelmintic activities, as well as antioxidant, radioprotective, antisclerotic, desensitiz-
ing, anticancer, anti-inflammatory, and analgesic properties [10]. Monarda has found
widespread use in the food industry. The dried herb of Monarda has a pleasant flo-
ral-spicy aroma with a thymol note and is used for making teas, while extracts from the
aerial biomass are utilized in vermouth production and for flavoring non-alcoholic bev-
erages [11]. In dried spice blends, due to its pungent flavor, Monarda is recommended
as a substitute for imported black pepper [6].

In the food industry, the practical application of M. fistulosa is multifaceted. Essen-
tial oils and oleoresins are extracted from the flowering aerial parts through steam distil-
lation or CO, extraction to be used as high-grade natural flavorings. The high concentra-
tion of thymol and carvacrol allows the use of these extracts as natural preservatives to
extend the shelf life of meat and dairy products. Furthermore, the alcoholic and aqueous
extracts are employed in the formulation of bitters, liqueurs, and functional beverages,
while the finely ground dried leaves serve as a botanical ingredient in the production of
specialized spice mixtures and seasoned salts [9-11].

Considerable work on the introduction of Monarda was carried out in the 1980s by
scientists from Ukraine, Moldova, Uzbekistan, Azerbaijan, etc. There are many works
on the study of the biological characteristics of Monarda tubular in different climatic
zones [6, 10, 12].

According to literature data, the biological characteristics of Monarda fistu-
losa classify it as a relatively cold-hardy plant that easily adapts to new environ-
ments and is undemanding regarding cultivation conditions, capable of growing in
both shaded and sunny locations. However, it achieves optimal development and
high ornamental value in well-lit ecotopes with fertile soils and adequate moisture. In
terms of its water regime, Monarda is a mesophyte. The aerial part of the plant is char-
acterized by a highwater content in the leaves during the growing season and a low
water deficit, which increases only during the summer months. The plants are capable
of producing high green biomass and seed yields, while exhibiting resistance to dis-
eases and pests [13, 14]. In this context, the application of artificial irrigation becomes
a crucial agrotechnical measure to mitigate the summer water deficit, ensuring stable
physiological processes and maximizing the productive potential of M. fistulosa in
arid regions.

A comprehensive study of the patterns of growth, development and yield formation
of plants is possible only on the basis of a quantitative and qualitative assessment of the
influence of meteorological conditions, the correct selection of high-yielding varieties
and agrotechnical cultivation methods [15].

The study of changes in the main biometric indicators of essential oil plants depend-
ing on agrotechnical measures is of great importance for analyzing the influence of the
studied factors on the production processes of the crop [16].

Goal was to determine the dependence of the duration of phenological phases of
development and the formation of morphometric and quantitative indicators on the
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method of moistening and varietal characteristics of Monarda fistulosa L. plants of the
first year of development in the conditions of the Central Forest-Steppe.

Methods. The research was conducted in 2025 under the conditions of the Central
Forest-Steppe of Ukraine, specifically in the Lysianka district of the Cherkasy region.
The region is located on the Dnieper Upland of the East European Plain, within the Hny-
lyi Tikych river basin [17]. The climate of the Central Forest-Steppe is temperate conti-
nental, characterized by relatively mild winters with little snow and warm, moderately
humid summers. The average annual air temperature in the Cherkasy region is approx-
imately 7.6°C, with significant deviations in certain years. The average temperature in
January ranges from -5 to -6°C, while in July it is +19 to +20°C. Extreme temperatures
reach a minimum of -34 to -37°C and a maximum of +38 to +41°C. The average annual
precipitation is 508 mm.

In the studied region during 2025, the amount of precipitation per year was 545.2 mm.
The average air temperature per year was +10.5°C. In the summer months, it ranged
from +8.6 to +35.6°C, with an average of 20.7°C.

The soil of the experimental plot is a typical chernozem. According to its texture, the
soil is classified as heavy-loamy. The humus content in the arable layer is 4.58%.

A two-factor experiment was established using a randomized split-plot design. Fac-
tor A involved the moisture supply method, comprising two variants: natural moisture
and drip irrigation. Factor B included two cultivars of M. fistulosa: ‘Premiera’ and ‘For-
tuna’. The area of each elementary plot was 30 m?, with a harvest (record) area of 25 m?.
The experiment was conducted in four replicates. Each plot contained 50 individual
plants.

Irrigation regime control was carried out using a tensiometer [18,19]. In the variants
with irrigation, soil moisture was maintained at 80% of the relative humidity.

Field, laboratory and measuring-weighting research methods were used.

During the growing season, phenological observations were carried out on the stud-
ied plants according to generally accepted methods. The following phases were noted:
spring regrowth, budding (beginning, mass), flowering (beginning, mass, end), fruiting
(beginning, mass, end). The beginning of the phase was noted when 15% of the plants
entered this phase, and the full phase was noted when 75% of the plants were in this
phase [20].

Biometric measurements were conducted during the full flowering stage. Parameters
measured included plant height and diameter, as well as the length of primary and sec-
ondary shoots. The number of inflorescences per plant was also recorded. Each set of
measurements was performed on 10 plants [20, 21].

Statistical analysis of the research results was carried out using Agrostat software.

Results. Phenology. In the first year of development, the agricultural technology
of growing M. fistulosa: in the conditions of the Central Forest-Steppe was aimed at
obtaining full-fledged healthy plants with well-developed vegetative organs.

In the conditions of the Central Forest-Steppe, spring vegetation of wild bergamot
cultivars typically begins in the second decade of March, depending on the annual
weather patterns. However, in 2025, due to low temperatures in the second decade
of March and the first decade of April (when nighttime air temperatures dropped to
-3.2°C... -3.7°C) the spring regrowth of vegetatively propagated first-year plants was
delayed.

The increase in air temperature in the second decade of April contributed to the
beginning of the vegetation of M. fistulosa plants in all variants of the experiment. The
beginning of spring regrowth was recorded on 16.04 (Table 1).
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Table 1
Effect of moisture supply and cultivar specificity on the phenology
of Monarda fistulosa L. in the first year of ontogeny

Factor B, Budding Flowering Fruiting

Factor A, . .
Irrigation Cultivars | Spring
method | OfM- |regrowth | Start | Full | Start | Full | Start | Full | Start | Full

fistulosa
Natural | Premiera | 16.04 | 14.06 | 20.06 | 1.07 | 11.07 | 29.07 | 25.07 | 14.08 | 24.08
moisture | Fortuna 16.04 | 19.06 | 27.06 | 10.07 | 17.07 | 9.08 | 3.08 | 20.08 | 10.09
Premiera | 16.04 | 14.06 | 20.06 | 1.07 | 11.07 | 7.08 | 2.08 | 19.08 | 4.09
Fortuna 16.04 | 19.06 | 27.06 | 10.07 | 17.07 | 15.08 | 9.08 | 24.08 | 16.09

Irrigation

The beginning of the budding phase was noted in the ‘Premiera’ variety at the begin-
ning of the first decade of June in both variants of moisture supply method (which was
facilitated by a sufficient amount of precipitation (60 mm) in May).

For the ‘Fortuna’ variety this phase of development began 5 days later, at the end of
the first decade of June also in both variants of moisture supply method.

The duration from the onset of budding to the beginning of flowering in the ‘Pre-
miera’ cultivar was 16 days under both moisture regimes. For the ‘Fortuna’ cultivar, the
budding-to-flowering interphase period lasted longer, reaching 21 days in both variants.

The onset of full flowering under natural moisture conditions was observed in ‘Pre-
miera’ (Figure 1 a) at the end of the first and the beginning of the second decade of July,
while in ‘Fortuna’ (Figure 1 b), it occurred at the end of the second decade of July. Sim-
ilar timing for this phase was recorded for both cultivars under drip irrigation

Fig. 1. Plants of M. fistulosa in flowering phase: a — ‘Premiera’, b — ‘Fortuna’
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Differences in the timing and duration of phenological stages depending on the irri-
gation method became noticeable at the end of the flowering period. Specifically, in
‘Premiera’ plants under natural moisture, the end of flowering was recorded in the third
decade of July, whereas in the irrigated variant, it occurred in the first decade of August.
The total flowering duration for ‘Premiera’ under natural moisture was 29 days, while
under irrigation, it extended to 38 days. Thus, the difference in flowering duration for
the ‘Premiera’ cultivar depending on the irrigation method amounted to 9 days.

In the ‘Fortuna’ cultivar, the end of flowering occurred in the first decade of August
under natural moisture conditions and in the second decade of August in the irrigated
variant. The duration of the flowering stage for ‘Fortuna’ plants under natural moisture
was 30 days, while for those under drip irrigation, it reached 46 days. The difference in
flowering duration for this cultivar, depending on the irrigation method, amounted to
16 days.

Since the flowering stage is the primary period for harvesting wild bergamot, it is
essential to determine its timing in relation to all influencing factors. Overall, the flow-
ering stage across the experiment lasted from 29 to 46 days, depending on both the
availability of irrigation and the biological characteristics of the cultivar. Under natural
moisture, the flowering period of the cultivars varied within a narrow range with a
difference of only one day (29-30 days). However, under irrigation, the difference in
flowering duration between the cultivars increased to 8 days (38-46 days).

The onset of the fruiting stage was observed in the late third decade of June for
‘Premiera’ plants under natural moisture conditions, while in the irrigated variant of the
same cultivar, it occurred 7 days later. For the ‘Fortuna’ cultivar, the onset of fruiting
was recorded in the first decade of August. This stage began 6 days earlier in plants
under natural moisture compared to those under drip irrigation.

The period from the beginning of spring vegetation to the end of fruiting in first-year
plants lasted 130 days for ‘Premiera’ and 146 days for ‘Fortuna’ under natural moisture,
whereas in the irrigated variants, it extended to 140 days for ‘Premiera’ and 162 days
for ‘Fortuna’.

The vegetation of M. fistulosa plants ends with the onset of low temperatures.

Our research established that after the budding stage, which occurred in early June,
the number of inflorescences per plant remained unchanged throughout the growing
season. Although plants regrow after the aerial biomass is harvested for essential oil or
raw material production, a second flowering stage does not occur.

Morphological and quantitative characteristics. The main morphological charac-
teristics that affect the yield of M. fistulosa are the plants height, the number of shoots,
the intensity of their branching, the number and size of leaves and flowers, which are the
most valuable organs of the plant in the accumulation of essential oil.

To study the dependence of Monarda fistulosa growth and development on the
irrigation method, measurements of the bush habit and plant organs, along with their
quantitative counts, were conducted during the full flowering stage for wild bergamot
cultivars in their first year of development (Table 2).

According to the analysis of variance (ANOVA), Factor A (irrigation method) exerted
the most significant influence on the morphometric and quantitative traits of M. fistu-
losa, accounting for 75.54-87.26% of the total variance. The most pronounced effect of
this factor was observed in the development of primary shoot length. The contribution
of Factor B (cultivar), determined by the biological characteristics of the studied varie-
ties, ranged from 11.54% to 23.74%.
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Table 2
Effect of irrigation on morphological and quantitative characteristics
of vegetative and generative organs in first-year Monarda fistulosa L.

Biometric traits

£ ) i) < g &
Factor A, Eacltf)r B, > < 5 g 5>8|% g 5 2 5 8
. . ultivars = E [ - c =& ﬁ @ o =
Irrigation =) CE |G | S < 5 S 3 »
of M. ) S E |o 3| a £l 5 E|lg5LEeEl 2998
method ﬁstulo:va = = ° = E Sl E § § g s ° g%‘ | € § 2
=
E| 2 |2E (285 4E |45 |22
=~ CQ %) .-
= = @
Natural Premiera | 68.00 | 56.20 5.00 34.80 58.00 23.40 37.00

moisture Fortuna | 74.70 | 61.30 6.70 46.00 62.00 25.00 42.70
Premiera | 80.50 | 70.20 8.10 53.80 69.00 27.60 59.50

Irrigation
Fortuna | 85.00 | 76.80 9.00 62.50 73.00 31.00 74.30
Assessment of the materiality of partial differences
LSD, A= 2779 | 1.230 1.757 | 0.527 3.337 1.932 0.176
B= 3.619 | 0.807 1.026 | 0.409 1.491 1.139 2.496
Assessment of the materiality of average (main) effects
LSD, A= 1.965 | 0.869 1.242 | 0373 2.360 1.366 0.124
B= 2.559 | 0.571 0.726 | 0.289 1.054 0.805 1.765
A 77.30 | 8538 75.88 75.54 87.26 76.93 85.17
ngzr‘;f B | 1899 | 1343 | 1759 | 2374 | 1154 | 1849 | 1223
influence, % AB 0.72 0.24 1.67 0.37 0.00 2.40 2.41
Residual | 2.99 0.95 4.86 0.35 1.20 2.19 0.19

The application of irrigation positively impacted the growth and development of
both cultivars, enhancing all studied parameters. Specifically, for the ‘Premiera’ culti-
var, irrigation resulted in a 15.53% increase in height, a 19.94% increase in bush diam-
eter, and a rise in the number of primary and secondary shoots by 38.27% and 35.32%,
respectively. The length of primary shoots increased by 15.94%, secondary shoots by
15.22%, and the number of inflorescences by 37.22%.

For the ‘Fortuna’ cultivar, irrigation led to a 12.12% increase in height and a 20.18%
increase in bush diameter. The number of primary and secondary shoots rose by 25.56%
and 26.40%, respectively. Shoot length increased by 15.07% for primary and 19.35%
for secondary shoots, while the number of inflorescences showed the highest gain of
42.53%.

Discussion. Monarda fistulosa is a perennial herbaceous plant with annual senescing
aerial shoots. Its height depends on the cultivar, plant age, and soil-climatic conditions
of cultivation. The stem is rounded-quadrangular and glabrous at the base, becom-
ing pubescent only from the middle of the shoot with very short, appressed, down-
ward-pointing hairs, distributed uniformly on all four sides. In the upper part, the stem
is quadrangular and densely pubescent across the entire surface [6,10]. The leaves are
simple, oblong-ovate in shape, serrated, and up to 8.0-8.5 cm long. The leaf blade is gla-
brous or covered with short hairs (up to 0.1 cm) on the abaxial side, while on the adaxial
side, pubescence is noticeable along the veins. The lilac-colored flowers are small and
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arranged in axillary false whorls, which in turn form compact spherical heads located at
the ends of the primary and lateral shoots.

The first year in the ontogeny of perennials is crucial for their productivity. During
this period, the formation and development of a robust root system and rhizome occur,
accumulating the nutrient reserves necessary for successful overwintering and the sub-
sequent production of aerial biomass in the following growing seasons [22].

Researchers working with the Monarda culture emphasize its great polymorphism
when propagated by seeds [6], therefore, they planted the plot with vegetatively propa-
gated seedlings.

The results of our study indicate that the phenological development of Monarda fis-
tulosa in the Central Forest-Steppe is highly dependent on both genetic characteristics
and environmental factors, particularly moisture availability. The stability of the initial
growth stages (spring regrowth and budding) in 2025 across all variants suggests that
during the early vegetation period, temperature and internal biological rhythms are the
primary drivers of ontogeny. This aligns with the findings of Luchian et al. [23], who
emphasized that the early stages of Monarda development are largely governed by spe-
cies-specific adaptation mechanisms to local thermal conditions.

However, the transition to reproductive stages revealed a significant response to irri-
gation. The extension of the flowering period by 9-16 days under drip irrigation is a
crucial finding. This prolonged flowering not only increases the decorative value of the
cultivars but also significantly expands the “technological window” for raw material
harvesting. Similar patterns were observed by Moghaddam et al. [24], who noted that
optimal moisture supply prevents premature senescence and maintains the physiologi-
cal activity of the floral apparatus in Lamiaceae species.

The differences between ‘Premiera’ and ‘Fortuna’ in their response to irrigation (an
8-day difference in flowering duration under irrigation versus only 1 day under natural
moisture) highlight the varying adaptive potential of these cultivars. The delayed onset
of fruiting in the irrigated variants further confirms that adequate moisture supply slows
down the aging processes of the tissues, redirecting energy from rapid seed maturation
back into vegetative and floral maintenance. As stated by Omidbaigi et al. [25], such
phenological shifts in essential oil crops are often correlated with a more prolonged
accumulation of secondary metabolites, which justifies the use of irrigation not only
for biomass increase but also for extending the period of maximum essential oil yield.

The significant increase in all morphometric parameters under drip irrigation demon-
strates the high responsiveness of Monarda fistulosa to moisture availability during its
first year of ontogeny. Our findings regarding the dominant influence of the irrigation
factor (75.54-87.26%) on plant height and bush diameter are consistent with the general
biological patterns observed in the Lamiaceae family. As noted by Moghaddam et al.
[24], optimal moisture supply directly correlates with enhanced cell turgor and inten-
sified photosynthetic activity, which ultimately leads to a substantial increase in both
linear growth and total aboveground biomass.

Specifically, the 12.12-15.53% increase in plant height and over 20% increase in
bush diameter observed in our study suggest that irrigation effectively mitigates the
typical mid-summer water deficit of the Central Forest-Steppe. The most pronounced
response was recorded for the number of primary and secondary shoots, which rose by
25-38%. This intensification of branching is a key adaptive trait; it not only increases
the photosynthetic surface area but also multiplies the potential sites for inflorescence
formation. Similar results were reported by Omidbaigi et al. [25], who emphasized
that balanced environmental factors (nutrition and moisture) shift the plant’s energy
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allocation toward lateral shoot development, thereby increasing the overall raw mate-
rial yield.

Conclusions. Monarda fistulosa L., introduced into the conditions of the Central
Forest-Steppe, successfully undergoes all developmental stages and produces via-
ble seeds. The timing of the onset and the duration of these phenological stages are
significantly influenced by both the irrigation method and cultivar characteristics. In
2025, the duration of the initial developmental stages depended solely on the cultivar,
which is attributed to sufficient precipitation during this period. Specifically, for the
‘Premiera’ cultivar, the budding stage occurred 5 days earlier, and the flowering stage
began 10 days earlier compared to the ‘Fortuna’ cultivar under both moisture regimes.
The irrigation method had a profound impact on the flowering duration. Under natural
moisture, the flowering period lasted 29-30 days, whereas under irrigation, it extended
to 38-46 days, depending on the cultivar.

The highest values for morphometric and quantitative traits were recorded in wild
bergamot plants receiving drip irrigation. The application of irrigation resulted in a
height increase of 15.53% for the ‘Premiera’ cultivar and 12.12% for the ‘Fortuna’ culti-
var. Simultaneously, plant diameter increased by 19.94% for ‘Premiera’ and 20.18% for
‘Fortuna’. Irrigation also led to a rise in the number of primary and secondary shoots by
38.27% and 35.32%, respectively, for ‘Premiera’, and by 25.56% and 26.40%, respec-
tively, for ‘Fortuna’. Along with the increased shoot count, irrigation promoted greater
shoot length, which in turn enabled the plants to form a larger number of inflorescences
(an increase of 37.22% for ‘Premiera’ and 42.53% for ‘Fortuna’) compared to plants
grown under natural moisture conditions.
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