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STORAGE DURATION AND SEED GERMINATION OF SMALL-FLOWERED OREGANO
(ORIGANUM TYTTANTHUM) IN THE KARSHI REGION

Background. The development of Uzbekistan's pharmaceutical industry based on local natural raw materials, reduction
of import dependence, and enhancement of export potential require the scientifically justified introduction of promising essential
oil-bearing species into cultivation. The small-flowered oregano (Origanum tyttanthum Gontsch., Lamiaceae), endemic to Central
Asia, is a valuable essential oil plant. Its essential oil is characterized by high contents of carvacrol, thymol, and other terpene
components, which determine its antiseptic and technologically important properties. At the same time, natural populations of
the species are subject to significant anthropogenic pressure, while the effective establishment of industrial plantations requires
the development of a reliable seed production base. Key indicators of seed quality include storage duration and germination
dynamics, which may vary substantially under the arid continental climate conditions of the Karshi region. This study aimed to
determine the optimal age of O. tyttanthum seeds for sowing under the conditions of the Karshi region, to assess the effects of
different storage regimes on laboratory and field germination, and to characterize the early growth dynamics of embryonic
organs after spring sowing.

Methods. Seeds of small-flowered oregano (O. tyttanthum), collected in 2020-2024 in the mountainous areas of the
Kashkadarya region, were stored at room temperature (+18+22 °C) and under refrigerated conditions (+4 °C). Germination was
determined under laboratory conditions (in Petri dishes) and in field experiments by counting seedlings emerging from the
experimental plot. The growth dynamics of the embryo, cotyledons, and the hypocotyl-root complex were recorded over 30 days
in sowings established on 25 March 2024. The obtained data were processed using descriptive statistical methods and presented
as ranges of values.

Results. When stored at room temperature, the laboratory germination of freshly harvested seeds of small-flowered
oregano was 7-9%, increased to 32-38% by the third month, and reached a maximum of 78-82% by the twelfth month; field
germination during this period was 74-80%. After 18 months of storage, a gradual decline in germination was observed
(laboratory: 70-78%; field: 62-70%), while after 36 months, a sharp decrease in seed viability occurred (30-40% and 22-34%,
respectively). Under refrigerated storage (+4 °C), seeds retained high viability even after 36 months of storage (86-89%). The most
intensive growth of embryonic organs was observed between 22 and 30 days and showed a clear correlation with an increase in
temperature to 24-28 °C and with higher soil moisture following irrigation.

Conclusions. The optimal seed age of small-flowered oregano (O. tyttanthum) for sowing under the conditions of the
Karshi region is 6-15 months after harvest. For long-term storage of seed material, a cold storage regime (+4°C) is recommended,
as it significantly slows down aging processes. The obtained results are of practical importance for the development of a seed
production base and the introduction of small-flowered oregano into cultivation.

Keywords: small-flowered oregano (Origanum tyttanthum), seeds, germination, storage, Karshi region, arid climate,
early growth.

Background Nadarajan et al. (2023) provide a comprehensive

Scientific literature emphasizes that essential oil plants
of the family Lamiaceae possess considerable potential for
use in medicine and the food industry; however, their
reproductive  biology, particularly aspects of seed
reproduction, remains insufficiently studied (Baskin, &
Baskin, 2014). Studies on endemic Lamiaceae species of
Central Asia indicate a combination of high adaptability to
extreme environmental conditions and, at the same time,
increased sensitivity of reproductive structures to
temperature stress (Skoula et al., 2022). Recent studies on
germination optimization in Lamiaceae species, including
Origanum onites, Lavandula stoechas, and Ocimum
basilicum, have demonstrated that seed priming and pre-
sowing treatments can significantly enhance germination
uniformity in this family (Ekren et al., 2024). The effects of
seed moisture content and storage duration on germination
have also been studied in the Lallemantia species
(Lamiaceae), confirming that increased moisture during
storage markedly reduces viability (Paravar et al., 2024).

conceptual framework for seed longevity, underscoring that
lower temperatures and reduced moisture content are the
primary factors extending seed viability across a wide
range of species.

Studies on the chemical composition of O. tyttanthum
indicate the dominance of phenolic components in the
essential oil, primarily carvacrol and thymol, which
determines the sustained demand for raw materials of this
species (Baser et al., 1997; Sharopov et al.,, 2011). The
biological activity of O. tyttanthum essential oil, including its
strong antioxidant and antimicrobial properties, has been
further confirmed by Sharopov et al. (2015), reinforcing its
pharmaceutical and industrial importance. At the same time,
instability of natural population regeneration is recognized as
one of the main limiting factors for the widespread use of the
species, highlighting the relevance of research on seed
material (Khodzhimatov et al., 2021). The response of seeds
to abiotic stresses wunder arid conditions has been
demonstrated in closely related xerophytic taxa, where
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temperature and salinity are key determinants of germination
success (Chen et al, 2022), and understanding these
germination ecology patterns is crucial for the effective
cultivation of medicinal and aromatic plants in water-scarce
environments (Tiwari et al., 2022).

At the present stage of development of the
pharmaceutical industry of the Republic of Uzbekistan,
ensuring the supply of local plant raw materials, reducing
import dependence, and increasing export potential are
among the priority strategic objectives. Among promising
resources, essential oil-bearing plants occupy a special
place, as they are rich in biologically active compounds with
antiseptic, antispasmodic, and sedative properties. One such
species is Origanum tyttanthum Gontsch. (Lamiaceae),
endemic to Central Asia, a valuable essential oil plant
characterized by a high content of carvacrol, thymol, and
other terpene components in its essential oil, which
determines its wide application in medicine, perfumery, and
the food industry (Arabova, & Makhmarazhabov, 2025;
Baser et al., 1997; Sharopov et al., 2011).

O. tyttanthum is naturally distributed in the southern
and southwestern regions of Uzbekistan, particularly in the
mountainous and foothill zones of the Kashkadarya region.
In recent years, natural populations of the species have
been declining due to excessive harvesting, expansion of
grazing areas, and increasing anthropogenic pressure,
which necessitate its introduction into cultivation and the
development of seed production systems (Arabova, 2024).
The Karshi region (the vicinity of the city of Karshi) features
a sharply continental climate with hot, dry summers,
relatively cold winters, and carbonate-calcareous soils that
are favorable to this xerophytic species. At the same time,
climate change, as evidenced by rising mean annual
temperatures and decreasing precipitation, negatively
impacts natural populations and seed productivity. Under
arid climatic conditions, high temperatures and low air
humidity can accelerate the loss of seed viability. In this
context, the study of seed storage duration and
germination of O. tyttanthum is a relevant scientific and
practical task, as these parameters largely determine the
success of establishing cultivated plantations.

Aim of the Study. This study aimed to determine the
optimal seed age of Origanum tyttanthum Gontsch. for
sowing under the conditions of the Karshi region, to assess
the effects of different storage regimes on laboratory and
field germination, and to characterize the early dynamics of
embryonic organ growth after spring sowing. For this
purpose, the study determined the dynamics of laboratory
and field germination of O. tyttanthum seeds depending on
the storage duration and regime, and described the early
growth dynamics of embryonic organs in field conditions
after spring sowing.

Methods

The studies were conducted in the Kashkadarya region
(Republic of Uzbekistan) during 2020-2024. Seeds of
O. tyttanthum were collected from natural populations in
mountainous and foothill areas of the region. After
collection, the samples were stored under two temperature
regimes: room temperature (+18+22 °C) and refrigerated
conditions (+4 °C).

Laboratory germination was determined in Petri dishes in
accordance with standard methods, while field germination
was assessed by counting seedling emergence on
experimental plots. The early growth dynamics of the
embryo, cotyledons, and the hypocotyl-root complex were
studied during the first 30 days after spring sowing. The
obtained results were processed using descriptive statistical
methods, analysis of relative indicators (percentages), and
graphical visualization of data.

Results

1. Germination Dynamics Depending on Storage
Duration (Room Temperature Regime). The obtained
data demonstrate a pronounced nonlinear pattern of
germination dynamics, characterized by low initial values in
freshly harvested seeds, an increase during the first 6-
12 months of storage, and a subsequent decline during
prolonged storage at room temperature. This pattern is
consistent with the concept of physiological dormancy and
post-harvest seed maturation, during which a portion of the
germination inhibitors is gradually inactivated.

Table 1

Germination of O. tyttanthum seeds under room temperature storage (+18+22 °C; seed moisture content 6-8 %)

Sto(ﬁgit%esr)lod Laborator;zoij))ermlnauon Field g%:/r;r)nnanon Brief explanation of dominant factors

0 7.9 ) Probable physiological dormancy, presence of germination
inhibitors

1 18-20 - Partial post-harvest maturation; possible drying effects

3 32.38 42-48 Adaptation to germination; in the field, more favorable
microbiota/substrate

6 75-80 72-78 Optimization of the physiological state of seeds

12 78-82 74-80 Maximum viability under room temperature storage

18 70-78 62-70 Onset of ageing processes; effect of summer heat

36 30-40 22-34 Accelerated ageing, loss of viability

Importantly, during the 6—12-month interval, seeds stored
at room temperature exhibited the highest germination rates
both under laboratory and field conditions. From a practical
perspective, this indicates that when planning sowing for
plantation establishment or nursery production, it is
advisable to use not freshly harvested seeds but seeds that
have undergone a certain storage period sufficient to
complete post-harvest maturation.

2. Germination under Cold Storage (+4 °C). The
comparative analysis showed that cold storage
significantly stabilizes seed viability: even after 36 months
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of storage, germination remained high (86-89%). This
result is consistent with widely accepted concepts that
lower temperatures slow oxidative and hydrolytic
processes, reduce membrane damage, and preserve the
enzymatic potential of seeds. From a practical standpoint,
room-temperature storage is acceptable only for relatively
short-term storage (12-15 months) followed by sowing in
the planned season, whereas cold storage is optimal for
forming a reserve seed stock and for use in seed
production systems.
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Table 2

Dynamics of embryonic organ growth (sowing date: 25 March 2024; Karshi)

Day | Embryo (cm) | Cotyledons (cm) | Hypocotyl-root (cm) Conditions / influence

10 0.4-0.5 0.5-0.6 0.6-0.7 Cold wind, 8-12 °C, growth retardation

15 1.2-1.4 0.6-0.7 0.8-0.9 Temperature still low, gradual growth

18 2.0-2.2 0.8-0.9 1.1-1.3 16-19 °C, activation of root growth

22 2.2-24 2.0-2.2 1.6-1.8 Dry wind, possible dehydration stress

25 3.2-3.5 2.6-2.8 2.3-2.5 Irrigation, humidity 48-52 %-growth acceleration
30 3.9-4.1 2.7-3.0 3.0-3.1 24-28 °C-optimization of growth processes

3. Early Growth of Embryonic Organs after Spring
Sowing. The growth dynamics of seedlings over 30 days
clearly reflect the dependence of early ontogenesis on
temperature conditions, wind regime, and water availability,
which is typical for xerophytic species during the initial
stages of development.

During the first 10-15 days, an adaptation phase"
predominated, during which organ growth was relatively slow.
After day 18, with an increase in temperature to 16-19 °C, a
pronounced acceleration in root development was observed,
which is biologically consistent, as the formation of the root
system enhances the plant's ability to supply itself with water
and mineral nutrients under xerophytic conditions. The most
intensive growth occurred between days 22 and 30, especially
after irrigation, when soil moisture increased to 48-52 %, and
conditions approached optimal levels for growth.

Discussion and Conclusions

1. Interpretation of Germination Dynamics. The low
germination rate observed in freshly harvested seeds (7-9 %)
is indicative of physiological dormancy. Many species and
populations possess internal regulatory mechanisms that
prevent premature germination under unfavorable conditions.
Ecological studies of seeds emphasize the role of
hormonal balance, particularly abscisic acid, and the
process of post-harvest seed maturation (Bewley et al.,
2013). The gradual increase in germination, reaching a
maximum at 6-12 months, aligns with the post-harvest
maturation model: germination inhibitors are gradually
inactivated, seed coat permeability improves, and the
activity of enzymatic systems stabilizes. The sharp decline
in germination after 18-36 months at room temperature
conditions is attributable to seed aging. In hot and arid
climates, thermo-oxidative damage to membrane lipids and
protein degradation can accelerate. Studies on medicinal
plants in various regions confirm that storage duration and
temperature are critical factors, and that optimal conditions,
particularly cold storage, can significantly extend seed
viability (Nadarajan et al., 2023). A practical implication of
these findings is that room-temperature storage is suitable
only as a short-term strategy when sowing is planned
within the next one to two seasons. For the accumulation of
seed reserves, necessary for plantation scaling, breeding
programs, or emergency stock-controlled cold storage.

2. Why Field Germination Sometimes Exceeds
Laboratory Germination. As shown in Table 1, the field
germination of 3-month-old seeds (42-48 %) even exceeded
laboratory germination (32—38 %). Several factors may
explain this phenomenon: the soil microclimate, including
improved gas exchange and more stable moisture in the
seed microsite; natural "soft stratification" during spring
temperature fluctuations; and the influence of soil
microorganisms and physical conditions that facilitate seed
coat rupture. These hypotheses require further verification
(e.g., comparing substrates, sterile vs. non-sterile conditions,
and controlled moisture levels), yet they are consistent with
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general ecological observations regarding differences
between laboratory and field germination.

3. Early Seedling Growth in Relation to Climatic Risks.
The growth dynamics reported in Table 2 highlight the critical
role of temperature and moisture during the first month after
sowing. Under cold wind and temperatures of 8-12°C
(day 10), seedling growth was markedly slowed. With
increasing temperatures up to 24-28 °C (day 30), conditions
approached the physiological optimum for xerophytic species,
and organ growth became most intensive.

From an applied perspective, these findings indicate
that for plantation establishment in the Karshi region:

e Sowing dates should be selected to avoid the most
sensitive stage (first 2—3 weeks) coinciding with periods of
sharp cold spells or dry winds;

e |rrigation or maintenance of minimal soil moisture
during peak growth activation (days 22—30) can significantly
accelerate seedling development;

e Agronomic practices should minimize topsoil desiccation
(e.g., light mulching, fine soil structure, appropriate sowing
depth).

4. Scientific and Practical Significance. The essential
oil of O.tyttanthum is rich in carvacrol and thymol
compounds, widely used in food, perfumery, and
pharmaceutical industries. Ensuring stable seed production
is therefore not merely an agronomic task but a foundational
step in creating a value chain: from seeds — plantations —
processing — final product. Given current climate trends that
indicate increasing heat and drought stress, controlled seed
storage assumes a strategic significance for the sustainable
cultivation and utilization of this species.

Authors' contribution: Nodira Arabova — conceptualization,
formulation of the research problem, methodology, organization of
field experiments, interpretation of results, drafting of the initial
manuscript, reviewing and editing; Doston Maxmarajabov —
collection of field materials, species identification, statistical data
analysis, preparation of tables and figures, data visualization.
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TPUBANICTb 3BEPIFAHHA TA MPOPOCTAHHA HACIHHA OPIBHOKBITKOBOIO OPEFAHO
(ORIGANUM TYTTANTHUM) Y KAPLULUHCbKOMY PEIIOHI

BcTyn. Po3zsumok ¢papmayeemuyHoi npomucsioeocmi Y3bekucmaHy Ha ocHOgi Micyeeoi npupoOHOi cupo8UHU, 3MEeHWeHHs1 iMNopmHoi
3anexHocmi ma nideuwjeHHs1 eKCrnopmHo20 rnomeHyiany nompebye HayKkoeo ob6rpyHmoeaHo20 8npoeadXeHHs y Kynbmypy nepcrieKmusHux
eghipooniiiHux eudie pocnuH. [pi6Hokeimkoea opezaHo ("moz'palixoH", Origanum tyttanthum Gontsch., Lamiaceae), endemik LjeHmpasbHoOi
A3ii, € yiHHum eghipoonilinum eudom pocnuru. Ii echipHa onisi xapakmepusyembscsi UCOKUM 8MiCMOM KapeakpoJly, mumoJsly ma iHwux mepre-
HOeUX KOMIMOHeHmi8, uj0 eu3Ha4yae€ aHmMucenmMuy4Hi i MexHoJs102i4HO eaxuei enacmueocmi. BodHoyac npupodHi nonynsayii eudy niddarombcs
3HaYyHOMY aHMPONO2eHHOMY HagaHMaXXeHHIo, a e¢heKmueHe CIMeOPEeHHsI MPOMUCIIO8UX MaaHmMayil nompebye po3sumky HadiliHOi HaciHHeeoi
6a3u. Knroyoeumu nokasHukamu sikocmi HaciHHSI € mpueanicmb 36epicaHHsI ma OuHaMika cxoxocmi, siki MOXXymb icmomHo 3MiHlo8amucs 3a
ymoe apudHo20 KOHMUHeHmMasnbHo20 knimamy KapwuHcbko2o pezioHy. Memoto yboz20 docnidxeHHs1 6y/10 eusHaYumu onmumasnbHuUl 8iK Ha-
ciHHs O. tyttanthum Ons nociey e ymoeax KapwuHcbK020 pe2ioHy, oyiHumu ennue pi3HuUx pexumie 36epicaHHs Ha 1abopamopHy ma nosbo 8y
ecxoxicmb, a MakKo)X oxapakmepu3yeamu paHHIO OUHaMiKy pocmy 3apoOKo8uXx op2aHie nicsisi 8eCHsIHO20 nociey.

MeToAawu. HaciHHsa O. tyttanthum, 3i6paHe npomsizcom 2020-2024 pp. y 2ipcbkux patioHax Kawkadap'iHcbkoi o6nacmi, 36epizanu 3a Kim-
HamHoi memnepamypu (+18...+22 °C) i 8 ymoeax oxon00xeHHs (+4 °C). Bcxoxicmb eu3Ha4yasu e sjabopamopHux ymoeax (Yawku lMempi) i e
nonboeux docnidax wsixomM obiky cxodie Ha ekcnepumMeHmanbHil OinsHyi. [JuHamiky pocmy 3apodka, ciM'00/b i 2iMOKOMUISIb-KOPEHSI KOH-
mpousroeanu npomsizom 30 di6 y nocieax, 3aknadeHux 25 6epe3Hss 2024 poky. OmpumaHi aHi 06pobsisiiu MemodamMu onucoeoi cmamucmuku
ma 306paxyeanu y euansdi diana3oHie 3Ha4YeHb.

PesynbTaTtu. 3a ymoe kiMHamHozo 36epicaHHsi TabopamopHa ecxoxicmb ceixo3ibpaHo20 HaciHHs1 cmaHoeuna 7-9 %, 3pocmana do
32-38 % Ha mpembomy micsiui i docsizna makcumymy 78-82 % Ha 0eaHadysimomy Micsiyi; nosboea ecxoxicme y uyel nepiod Konueanacs 8 Mexax
74-80 %. IMicns 18 micsiyie 36epicaHHA cnocmepizanocsi mocmynoee 3HUXeHHs1 ecxoxocmi (nabopamopHa: 70-78 %; nonwosa: 62-70 %), a nicnsi
36 micsayie eidbynocs piske nadiHHsi xumme3sdamuocmi (30-40 % ma 22-34 %, eidnoeidHo). 3a yMoe oxos100)keHo20 36epizaHHs (+4 °C) HaciHHsA
36epizano eucoKy xl 30amHicms # b nicnsi 36 micsiyie (86—-89 %). HaliiumeHcueHiwul picm 3apodkosux op2aHie cnocmepizaecsi 8 iHmep-
eani 22-30 dHie i yimko kopentoeae i3 nideuwieHHsIM memnepamypu 0o 24-28 °C i 36inbweHHsIM eosr020cmi nicnsi nonuey.

BucHoBKU. OnmumansbHul 8ik HaciHHs1 O. tyttanthum dnsi nociey e ymoeax KapwuHcbko20 pe2ioHy cmaHoeumb 6-15 micsiyie nicns
36upaHHA. Jnss mpueanozo 36epizaHHA HaciHHEB020 Mamepiany pekoMeHAyembcsi xosodosull pexum (+4 °C), sskuli cymmeeo crnoeinbHIe
npoyecu cmapiHHs. OmpumaHi pe3ynbmamu Maromb NpakKmMuyHe 3Ha4yeHHs1 Ons1 hopmMyeaHHs1 HaciHHeaol 6a3u ma eeedeHHs O. tyttanthum
Y Kynbmypy.

Knio4yoBi cnoBa: dpi6Hokeimkoea opezaHo, Origanum tyttanthum, HaciHHs1, ecxoxicmb, 36epicaHHsl, KapwuHcbKuli pe2ioH, apudHuli
knimam, paHHil picm.

ABTOpM 3asBNSIOTb NPO BiACYTHICTb KOHMIKTY iHTEepeciB. CrnoHcopy He Gpanu y4acTi B po3pobneHHi AoCnimKeHHs; y 360pi, aHanisi un
iHTepnpeTauii AaHvX; y HanucaHHi pykonucy; B pilleHHi Npo nybnikauiio pesynbTaris.
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