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Abstract

Garlic is a widely consumed bulbous crop primarily used as a culinary spice and
in pharmaceutical applications. Slovenia has a long tradition of garlic cultivation, as
evidenced by traditional varieties originating from the north-eastern region. Over the
past four decades, seven garlic varieties have been developed and registered on the
Slovenian National List of Varieties: Ptujski jesenski, Ptujski spomladanski, Jesenski
Anka, Strigon, Halogki, Primorski, and Markovski. These varieties were characterised
and evaluated using prescribed Allium sativum descriptors, morphometric, and
photographic documentation. Field trials were conducted using vegetative propagation
in an unheated tunnel at the Agricultural Institute of Slovenia during the 2023/2024
growing season. Plant and leaf traits were assessed at defined developmental stages.
Garlic was harvested at technological bulb maturity, dried, and morphologically
characterised after three months of storage using six bulbs or ten representative cloves
per variety. Eight quantitative and 27 qualitative traits were evaluated for each variety,
covering plant, leaf, bulb, and clove characteristics. Significant varietal differences were
observed for both quantitative and qualitative traits. Leaf length ranged from 36 to 64
cm and leaf width from 21 to 31 mm. The number of cloves per bulb ranged from 6 to
18, bulb weight from 23 to 57 g, and clove weight from 2.3 to 4.6 g. The varieties differed
in foliage density and attitude, leaf colour, waxiness, and cross-sectional shape. Ptujski
jesenski and Ptujski spomladanski did not develop a flowering stem and were classified
as softneck types. Bulb ground colour of dry outer scales and clove scale colour were
variety-dependent. The data provide a comprehensive morpho-numeric characterisation
and detailed description of Slovenian garlic varieties developed over the last four
decades.
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Introduction

Garlic (Allium sativum L.) is an important vegetable crop cultivated
worldwide, valued both as a culinary spice and for pharmaceutical and functional
food applications (Yan et al., 2023; Chaudhari et al., 2022). Because garlic is
predominantly vegetatively propagated, varieties are maintained as clonal
lineages, which supports the preservation of stable morphological phenotypes
and locally adapted types. In this context, morphological characterisation
remains a cornerstone for variety identification, documentation, and the
management of plant genetic resources (Kirag et al., 2022).

Garlic genotypes are commonly classified according to the development
of the flowering stem (scape) into two botanical varieties. Allium sativum var.
sativum, known as softneck (or non-bolting) garlic, does not develop a flowering
stem, whereas Allium sativum var. ophioscorodon, known as hardneck (or
bolting) garlic, produces a scape (Alsup-Egbers et al., 2020; Sultan and Raina,
2020). Typically, hardneck garlic varieties have 4-12 cloves arranged around the
flowering stem, while softneck garlic often contains 10-40 cloves arranged in
multiple layers. Softneck garlic usually has a longer shelf life than hardneck
garlic and can be stored for 6-8 months without significant deterioration (Selen
et al., 2022).

Slovenia has a long tradition of garlic cultivation, particularly in north-
eastern regions, where older cultivation practices have contributed to the
persistence of local material. In 2024, annual garlic production reached 783
tonnes on 147 ha, of which approximately 55% was intended for the market (Si-
Stat, 2026). Average garlic yield depends primarily on weather conditions and
cultivation technology and is approximately 5 t ha™. Domestic production does
not meet market demand; consequently, about 2.557 tonnes of garlic are
imported annually, mainly from China, the Netherlands, Italy, Egypt, and Spain
(Si-Stat, 2026).

Over the last four decades, seven garlic varieties have been bred and
entered into the Slovenian National List of Varieties: Ptujski jesenski (1989),
Ptujski spomladanski (1989), Jesenski Anka (2011), Strigon (2014), Halogki
(2018), Primorski (2018) and Markovski (2023) (National List of Varieties [...],
2025). Comprehensive and standardised descriptions of these varieties are
essential for variety identification and differentiation, conservation and
documentation of genetic resources, targeted use by growers and processors, and
as a foundation for future breeding and quality-related research.

Standardised descriptor systems, such as the UPOV Test Guidelines for
garlic, provide harmonised characteristics and scoring scales for describing
foliage, leaf, pseudostem, bulb and clove traits and enable comparison across
studies and environments. Such standardised descriptions are particularly
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important for the long-term conservation and rational use of national plant
genetic resources. Therefore, the aim of the present study was to generate a
morpho-numeric characterisation of the seven Slovenian registered garlic
varieties under uniform cultivation and storage conditions using UPOV
TG/162/4 Rev. (2022) descriptors in combination with quantitative
morphometric measurements of plants, bulbs, and cloves.

Material and Methods

Seven garlic (Allium sativum L.) varieties registered in the Slovenian
National List of Varieties (2025), i.e., Ptujski jesenski, Ptujski spomladanski,
Jesenski Anka, gtrigon, Halogki, Primorski, and Markovski, were evaluated
during the 2023/2024 growing season (Fig. 1). The experiment was conducted in
an unheated tunnel at the Agricultural Institute of Slovenia in Jablje (304 ma.s.l.;
46.151° N, 14.562° E). Garlic was grown from cloves under uniform agronomic
conditions following standard production practices.

The field trial included twelve plants per variety, arranged in three-row
strips at a spacing of 30 cm x 10 cm. A drip irrigation system was installed.
Cloves were planted in early November 2023, and mature bulbs were harvested
in late June 2024. Garlic was fertilised once during growth in early spring 2024
with 96 kg ha* N, 64 kg ha™* P,0s, 128 kg ha™ K;0, 24 kg ha* MgO, and 80 kg
ha! SOs, and irrigated as required. Plant and leaf traits were recorded at defined
developmental stages during the growing period. Bulbs were harvested at
technological maturity, dried, and stored under uniform conditions (room
temperature and constat relative humidity) for three months prior to postharvest
evaluation.

Morphological characterisation was carried out using the UPOV Test
Guidelines for garlic (UPOV TG/162/4 Rev., 2022). The assessment included 27
qualitative characteristics covering foliage, leaf, pseudostem, bulb and clove traits,
and eight quantitative measurements. The quantitative traits leaf length (cm) and
width (mm) were measured using a sewing meter with an accuracy of 0.1 mm.
Qualitative traits were scored using the prescribed UPOV 1-9 scale, while
quantitative traits included leaf length and width, bulb weight, bulb height and
diameter, bulb height/diameter ratio, number of cloves per bulb, and clove weight.
Where more than one state of expression occurred within a variety, combined UPOV
notes (e.g., 5/7) were recorded.

For postharvest evaluation, six fully developed bulbs per variety were
assessed for bulb traits, and ten representative cloves per variety were used for
clove traits. The quantitative traits bulb height and diameter (mm) were measured
using a digital calliper (Mitutoyo 500-181-30) with an accuracy of 0.1 mm, while
the dry weight of the bulbs and cloves (g) was measured using a laboratory scale
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(PB1502, Mettler Toledo) with an accuracy of 0.01 g. Quantitative data are
presented as mean * standard deviation. Results are presented descriptively,
supported by numerical ranges and UPOV descriptor states, to enable morpho-
numeric comparison among varieties.

Results and Discussion

The evaluated Slovenian garlic varieties exhibited clear morphological
differentiation in both quantitative and qualitative traits. \Vegetative traits varied
considerably among varieties, with mean leaf length ranging from 35.5 cm
(Jesenski Anka) to 63.7 cm (Primorski), and mean leaf width from 20.7 mm
(Jesenski Anka) to 30.8 mm (Markovski) (Tab. 1), corresponding to the UPOV
classes from short to long and from medium to broad. Foliage density ranged
from loose to dense, while foliage attitude varied from erect to semi-erect (Tab.
2). Leaf green colour was mainly medium to dark, and waxiness ranged from
medium to very strong, indicating marked canopy differences useful for varietal
distinction and potentially relevant for agronomic performance.

Tab. 1 - Mean values (+ SD) of quantitative morphological traits of seven Slovenian
garlic(Allium sativum L.) varieties

Leaf lenath Leaf Bulb Bulb Bulb Ratio Number | Clove
Variety (cm)g width weight height | diameter | height/ | of cloves | weight
(mm) (9) (mm) (mm) diameter | per bulb (9)
j:;‘e‘ﬁslf('i 53.044.0 | 26.3+1.8 | 47.243.7 | 43.1=1.1 | 56.7+2.7 | 0.76+0.02 | 9.8+1.6 |4.6£1.5
Plujski 55.843.5 | 21.843.2 | 27.143.5 | 35.8+1.0 | 46.9+3.2 | 0.77+0.04 | 13.8+1.3 | 2.50.7
spomladanski
Jesenski
Anka 35.5¢1.3 20.7+2.4 | 27.6£4.5 | 37.2+1.6 | 42.6+2.9 | 0.88+0.04 | 5.8+t1.2 | 4.3%1.1
gtrigon 57.8+5.1 23.5+2.4 | 26.2+2.9 | 35.2+1.1 | 43.5+2.6 | 0.81+0.06 | 12.2+0.9 | 2.3+0.8
Haloski 38.8£3.0 25.0+£2.8 | 28.7+£6.1 | 38.6+3.1 | 44.1+£3.7 | 0.88+0.05 | 6.8+0.7 | 3.8+1.4
Primorski 63.7+4.6 27.8+4.5 | 56.5£7.5 | 45.3£2.2 | 57.0+£2.6 | 0.79+0.02 | 17.5+1.5 | 3.4£1.3
Markovski 42.5+2.8 30.8+1.7 | 23.0+£9.5 | 38.8+4.1 | 45.0+8.3 | 0.88+0.08 | 7.2+1.3 | 3.1+1.0

Values represent mean = SD (n=6 bulbs, n=10 cloves per variety).

The UPOV pseudostem characteristic flowering stem clearly separated the
varieties into softneck and hardneck types. Ptujski jesenski and Ptujski
spomladanski did not develop a flowering stem and were therefore classified as
softneck types, while all other varieties were classified as hardneck. This
distinction is of practical importance as it affects crop management, bulb
structure, and market use, and is recommended as a grouping characteristic in the
UPQV guidelines.
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Tab. 2 - Selected qualitative characteristics of Slovenian garlic varieties scored according to UPOV TG/162/4 Rev. (2022)

Variety / UPOV descriptor Ptujski jesenski Ptujski spomladanski Jesenski Anka Strigon Halogki Primorski Markovski
Foliage 1. Der)sity 5 3 5 5 7 5 5/7
2. Attitude 2 2 12 1 1 12 1
3. Green colour 5 517 7 7 5 7 5/7
Leaf 4. Waxiness 5 7 9 7 5 7 5
7. Shape in cross section 2 12 2 2/3 2 12 3
Pseudostem 10. Flowering stem 1 1 9 9 9 9 9
15. Shape in longitudinal section 2 2 2 2 213 2/3 2
16. Shape in cross section 2 1 2 1/2 2 2 2
17. Position of cloves at tip of bulb 2 3 2 2 2 2 2
18. Position of root disc 2 2 2 2 2 2 2
19. Shape of base 2 2 2/3 2/3 2 2 2
Bulb 20. Compactness of cloves 5/7 7 7 3/5 7 5/7 5
21. Ground colour of dry external scales 2 1 1 3 2 1 2
22. Anthocyanin stripes on dry external scales 1 1 1 9 9 1 9
23. Skin adherence of dry external scales 5 5 7 5 7 5 5
24. Thickness of dry external scales 5 5 7 5 5 5 5
26. Distribution of cloves 2 2 1 1 1 1 1
27. External cloves 9 9 1 1 1 1 1
29. Colour of scale 2 213 5 3/4 5 3/4/5 5
Clove 30. Intensity of colour of scale 5 3 7 7 7 7 7
31. Anthocyanin stripes on scale 9 9 9 9 9 9 1

32. Colour of flesh 2 2 2 2 2 2 2
UPOQV notes: 1. (3 loose, 5 medium, 7 dense); 2. (1 erect, 2 erect to semi-erect); 3. (5 medium, 7 dark); 4. (5 medium, 7 strong, 9 very strong); 7. (1 strongly concave, 2
slightly concave, 3 flat); 10. (1 absent, 9 present); 15. (2 transverse broad elliptic, 3 circular); 16. (1 elliptic, 2 circular); 17. (2 at same level, 3 exerted); 18. (2 flat); 19.
(2 flat, 3 rounded); 20. (3 loose, 5 medium, 7 compact); 21. (1 white, 2 yellowish white, 3 reddish white); 22. (1 absent, 9 present); 23. (5 medium, 7 strong); 24. (5 medium,
7 thick); 26. (1 radial, 2 non-radial); 27. (1 absent, 9 present); 29. (2 cream, 3 pink, 4 purple, 5 brown); 30. (3 weak, 5 medium, 7 strong); 31. (1 absent, 9 present); 32.
(2 yellowish).
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Pronounced variability was also observed in bulb traits. Mean bulb weight
ranged from 23.0 g (Markovski) to 56.5 g (Primorski), spanning medium to large
UPQV size classes (Tab. 1). Bulb height and diameter varied accordingly, and
bulb shape in longitudinal and cross section was predominantly transverse
elliptic to circular. Structural bulb descriptors, including compactness of cloves,
position of root disc, and shape of the bulb base, further contributed to varietal
differentiation (Tab. 2).

The number of cloves per bulb ranged from 5.8 (Jesenski Anka) to 17.5
(Primorski), while mean clove weight ranged from 2.3 g (Strigon) to 4.6 g
(Ptujski jesenski). A general trade-off between clove number and clove size was
observed, which is relevant for both propagation and commercial use. UPOV
class-based scoring of these traits enabled consistent comparison among varieties

despite differences in absolute values.
SHA

w Ptujski spomladanskl

TR

Fig. 1 - Bulb and clove size, shape and colour, and bulb cross-sections of seven Slovenian
garlic (Allium sativum L.) varieties

Colour-related characteristics of bulbs and cloves proved highly
discriminative (Fig. 1). The ground colour of dry, external bulb scales ranged
from white to reddish white among varieties, and anthocyanin stripes on dry
external scales were present in some varieties but absent in others. Clove scale
colour ranged from white and cream to pink, purple, and brown, with generally
medium to strong colour intensity. Anthocyanin stripes on clove scales were
common, although absent in Markovski. Clove flesh colour was consistently
yellowish across all varieties. These qualitative traits are especially useful for
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variety identification at the postharvest stage and as UPOV grouping
characteristics.

Overall, the combined use of quantitative measurements and UPOV
qualitative descriptors enabled robust morpho-numeric characterisation of the
studied varieties. The results demonstrate that Slovenian garlic varieties
developed over the last four decades encompass substantial morphological
diversity. Although the evaluation was conducted in a single environment, many
qualitative traits are considered stable and suitable for variety description.
Nevertheless, multi-year and multi-location testing would be beneficial for
assessing the environmental stability of quantitative traits related to bulb size and
yield components.

Conclusion

Seven Slovenian-registered garlic varieties were characterised using the
UPOV TG/162/4 Rev. (2022) descriptor system combined with quantitative
morphometric measurements under uniform cultivation and storage conditions.
Clear varietal differentiation was observed at both vegetative and postharvest
stages. Leaf length ranged from 35.5 to 63.7 cm and leaf width from 20.7 to 30.8
mm, while bulb weight ranged from 23.0 to 56.5 g. The number of cloves per
bulb varied from 5.8 to 17.5, and clove weight from 2.3 to 4.6 g. Ptujski jesenski
and Ptujski spomladanski were classified as softneck types due to the absence of
a flowering stem, while the remaining varieties were classified as hardneck types.

Further varietal differentiation was based on foliage habit and waxiness,
bulb structure, and bulb and clove scale colour traits, including the presence or
absence of anthocyanin striping. The resulting morpho-numeric dataset provides
a harmonised and detailed description of Slovenian garlic varieties developed
over the past three decades and represents a valuable baseline for variety
identification, genetic resource documentation, and future studies linking
morphological variation with yield and quality traits. These data may also
support future breeding programmes and quality-oriented evaluation of garlic
varieties.
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MopdosoImKo-HyMeprIKa KapaKTepHu3aliija CIIOBEHAaYKUX COPTH
oujesor ayka (Allium sativum L.)

JloBpo Cuakosmd , Mojma lllkod, bapbapa [Tuman
Homwonpuspeonu uncmumym Cnogenuje, Jbyowana, Crosenuja
Caxerak

bujenu nyk je mupoxo kopuirheHa JykoBHYacTa KyITypa Koja ce IIPBEHCTBEHO
ynorpebshaBa Kao 3a4rH Y KYJIHMHAPCTBY U y (hapMarieyTckuM npenapatiMa. CIIoBeHHja
uMa Ayry TpaAuIHjy rajema OHjesior JyKa, 0 4eMy CBjeAode TpaJulMOHAIHE COpTe
MOPHUjEKJIOM M3 CjeBEPOMCTOYHOr Jejla 3eMibe. TOKOM IOCIhE/be YeTUPHU JIelleHH]je
Pa3BHjEHO je H PETUCTPOBAHO celaM copTH Oujeror Jiyka Ha CopTHOj et PerryOivke
Crnosenuje: IItyjcku jeceHcku, [ITyjcku cnomnagancku, JeceHcku Anka, LlITpuros,
Xanomku, [Ipumopcku 1 MapkoBcku. OBe coOpTe Cy OKapakTepUCaHE U OLMjeHCHE
IPUMjEHOM TIPOMMCaHuX aeckpumropa 3a Allium sativum, mopdhomeTpujckux Mjeperba
u ¢dotorpadcke nokymeHranuje. IloJbCkH Orjiend Cy CHpPOBEINCHH BETeTaTHBHHM
pa3sMHOXKaBamkbEM y HErpHjaHOM IutacTeHHKy Ha Kwmerwjckom unctutyTy CliOBeHHjE
TOKOM BereTanuone ce3oHe 2023/2024. Ocobune Ousbaka v JIUCTOBA MPOI]jeHHBAHE CY
y neduHucanuM ¢aszama pasBoja. bujenu nyk je yOpaH y TEXHOJOIIKO] 3PEIOCTH
JIYKOBHIIE, OCYIIEH 1 MOP(OJIOLIKH OKapaKTepUCaH HAKOH TPU Mecella CKIaAUIITeHha,
KopucTehr mecT JTyKOBHIA WIH JIECET PENPEe3CHTAaTHBHUX YSHOBA MO COPTH. 3a CBaKy
COPTY OIMjEHEHO je 0CcaM KBAaHTHTATUBHUX W 27 KBaJIMTATHBHUX OCOOWHA Koje
o0yxBaTtajy KapakTepUCTUKe OMJBbKE, JIMCTA, JTYKOBHUIIE M YeHA. YTBpheHe Cy 3HauajHe
COPTHC pPA3JIMKEC KAKO Y KBAHTUTATUBHHUM, TAaKO W Y KBaJIUTAaTUBHUM OCO6I/IHaMa.
JyxuHa mucTa kpetana ce oj 36 mpo 64 1M, a mmpuHa gucta ox 21 mo 31 M. bpoj
YeHOBa 110 JTYKOBHIIM Bapupao je o1 6 mo 18, maca mykosuiie o 23 1o 57 1, a Maca yeHa
on 2,3 no 4,6 r. Copte cy ce pa3nuKoBalie 1o TYCTHHU U T0J0Xka]jy auinha, 60ju nucra,
BOIIITaHO] MPEBJANY U OOJIUKY MONpedHor mpecjeka nucra. Copre [Tyjcku jeceHCKH u
IITyjckn coMiIagaHCKU HUCY pa3BHIE IIBjeTHY CTaOJFHKY M KIaCH(PHKOBAHE Cy Kao
THIMOBH ca MekuM BparoM (Softneck). OcHoBHa 60ja CyBHX CHOJBAILIEBUX JbYCKH
JTyKOBHIIE U 00ja JbyCKe YeHa OUIle Cy yCiIoBJbeHe copToM. JJoOujeHr oaamy npyxajy
CBEOOYyXBaTHY MOP(QOJIOIIKO-HYMEPHUYKY KapaKTepu3alljy W JeTajbaH  OIHC
CJIOBEHCKHUX COPTH OHjelIor JIyKa pa3BHjeHUX TOKOM TOCIIEH¢ YSTHPH JICTICHH]C.

Kwyune pujeuu: copte Oujeror nyka, OWJbHU FTeHTHYKH PECYpPCH, MOPGHOHYMEpHYIKa
cBojctBa, UPOV.
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