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Abstract

Garlic from the Alliaceae family is a vegetatively propagated bulbous crop
with great morphological diversity. It is used worldwide as an important spice in
cooking and in traditional medicine. Garlic accessions managed in the Slovenian
Plant Gene Bank at the Agricultural Institute of Slovenia were studied on the
basis of various morphometric and colour characteristics of the bulbs and cloves.
A total of 49 garlic accessions were grown and evaluated in the experimental
fields of Infrastructure Centre Jablje in 2023. Numerical descriptors included the
bulb weight, height and diameter, the height/diameter ratio, the number of cloves,
and clove size. Qualitative descriptors included ten UPOV descriptors related to
the pseudostem (flowering stem), the bulb (size, ground colour of dry external
scales, anthocyanin stripes on dry external scales, number of cloves), and the
clove (size, colour of scales, intensity of colour of scales, anthocyanin stripes on
scales, colour of flesh). Results have shown significant differences between the
accessions in terms of the bulb size and colour parameters. The bulb weight
ranged from 8.6-54.1 g, the bulb height from 26.5-45.8 mm, and the bulb
diameter from 31.4-58.9 mm. The average number of cloves was 10 + 3 and the
weight of the cloves was 3.0 + 1.2 g. The predominant bulb ground colours of
dry external scales were white and yellowish white, 31 and 18 accessions,
respectively. The clove colours of the scales were predominantly pink/purple,
pink/purple/brown, brown, cream/pink, or cream, with anthocyanin stripes on the
scales present in nearly 75% of the accessions. The highest coefficients of
variation were observed for the bulb size (49.6%) and the clove size (39.6%) and
the lowest for the height/diameter ratio (6.2%). The data obtained and the
variability of the traits studied indicate that garlic accessions require further in-
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depth agromorphological, nutritional, and genetic analyses to identify the best
candidates for future breeding proposals.

Key words: Accession, Allium sativum, Garlic, Morphometric descriptor,
Colour parameter.

Introduction

Garlic belongs to the Alliaceae family and the Allium genus and is one of
the most important edible bulbous crops, highly valued for its flavour-enhancing
and medicinal properties (Kirag et al., 2022; Kaushik et al., 2016). It is mainly
cultivated for its bulbs, which consist of a varying number of cloves and are
consumed fresh or cooked (LeiSova-Svobodova et al., 2024). Classification of
the different garlic genotypes based on the development of the ‘scape’ or ‘flower
stalk’ usually includes two subspecies, Allium sativum var. sativum, known as
softneck (or non-bolting) garlic, and Allium sativum var. ophioscorodon, known
as hardneck (or bolting) garlic (Vavilov, 1951; Kazakova, 1971; Kamenetsky,
2007). Typically, hardneck garlic varieties have 4-12 cloves surrounding the
flower stalk, while the softneck garlic generally contains between 1040 cloves
arranged in multiple layers. The latter usually has a longer shelf life than
hardneck garlic and can be stored for 6-8 months, without deteriorating
significantly (Block, 2010).

Garlic cultivation has a long tradition in Slovenia, both in small family
gardens and for market production. Annual production in 2022 reached 736
tonnes of garlic on 163 ha, of which 52% was intended for the market (Republic
of Slovenia Statistical Office [SI-STAT], 2023). The average garlic yield
depends mainly on weather conditions and cultivation technology and ranges
between 4.5 and 6 tonnes/ha. The quantities of garlic produced are far from
meeting market demand, as over 1,000 tonnes of garlic are imported annually,
mainly from Italy, Egypt, Austria, and China (SI-STAT, 2023).

Plant genetic resources can be defined as any type of reproductive or
vegetative propagating material of a plant species. Their diversity in gene banks
around the world forms the basis for plant breeding (Salgotra and Chauhan,
2023). The main challenges of gene banks are tracing the identity of accessions,
avoiding unnecessary duplication within and between gene banks, and
maintaining the genetic integrity of accessions (Mascher et al., 2019). Methods
and guidelines for the characterization of plant genetic resources are defined by
several organisations, including The International Union for the Protection of
New Varieties of Plants (UPOV)-. The purpose of these guidelines is
coordinated observation and evaluation of morphophenological parameters
according to the plant descriptors used for the DUS testing (distinctness,
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uniformity, and stability). By evaluating morphometric descriptors such as the
length, width, height, shape, or colour, it is possible to distinguish within or
between plant species and such descriptors serve as basic databases for breeders
and researchers. Each descriptor used for Allium sativum has a prescribed method
of description represented by a sketch, number, or description (UPOV, 2022). In
Slovenia, native populations, ecotypes, and local varieties of important
agricultural crops, including garlic, have been collected for a long time. At the
Agricultural Institute of Slovenia, genetic resources of garlic are collected as part
of the Slovenian Plant Gene Bank (SRGB), which have not yet been evaluated
using the morphometric descriptors prescribed for Allium sativum.

The aim of the present study is to describe the garlic accessions using
selected descriptors related to morphometric traits and colour parameters of bulbs
and cloves.

Material and Methods

The 49 garlic accessions (Allium sativum L.) were acquired from the SRGB
at the Agricultural Institute of Slovenia and vegetative propagation was carried
out in the experimental fields of the Infrastructure Centre Jablje (304 m a.s.l;
46.151° N 14.562° E) during the 2022/2023 growing season. An unheated tunnel
field trial was established with twelve plants of each garlic accession in three-
row strips with a spacing of 30 cm % 10 cm and a drip irrigation system was
installed. The cloves were planted in early November 2022 and the mature bulbs
were harvested in late June 2023. The garlic plants were fertilized once during
growth in the early spring of 2023 with 96 kg/ha N, 64 kg/ha P,05, 128 kg/ha
K20, 24 kg/ha MgO, and 80 kg/ha SO3 and irrigated when needed. The garlic
bulbs were harvested at the stage of technological maturity and dried in a dark
place for several weeks. Morphometric characteristics and colour parameters
were examined in October 2023 on six cleaned, fully developed representative
bulbs of each garlic accession.

A set of ten qualitative descriptors prescribed by the UPOV (2022) for
garlic bulbs and cloves was used to describe the garlic accessions (Table 1).
Numerical descriptors were determined on six individual bulbs and/or cloves of
each garlic accession and included the following parameters: bulb weight (g),
bulb height (mm), bulb diameter (mm), height/diameter ratio, number of cloves
per bulb, and clove weight (g). The 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 (PB1502, Mettler Toledo) with an accuracy of 0.01 g. All
numerical descriptors were also evaluated according to the corresponding
classes, which were labelled with a number, as in Table 1.
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Tab. 1 Qualitative UPQV descriptors for Allium sativum with associated classes, evaluated
on 49 garlic accessions

UPov Plant tissue Descriptor Class
code
10. Pseudostem | Flowering stem 1 absent, 9 present
. . 3 small (< 20 g), 5 medium (20 - 40 g),
14. (g) Size (weight) . Iga)rge a0 (20-400)
Ground colour of
21. dry external 1 white, 2 yellowish white, 3 reddish white
Bulb scales .
Anthocyanin

22. stripes on dry 1 absent, 9 present

external scales
25 Number of 3 few (< 8), 5 medium (8 -12),

' cloves 7 many (> 12)
. . 3 small (<2 g), 5 medium (2 - 4 g),

28.(9) Size (weight) 7 large (> 4 g)
29. Colour of scale | 1 white, 2 cream, 3 pink, 4 purple, 5 brown
30. Clove Intensity of 3 weak, 5 medium, 7 strong

colour of scale
31. A_nthocyanln 1 absent, 9 present

stripes on scale
32. Colour of flesh 1 white, 2 yellowish

Results and Discussion

The use of numerical and qualitative plant descriptors for the evaluation of
garlic accessions has been the subject of many studies worldwide (Thapa et al.,
2021; Kirag et al., 2022; Popa et al., 2023; Khokhar, 2023; Leisova-Svobodova
et al., 2024). Garlic breeders focus primarily on the bulb yield and quality, as
well as variations such as the bulb size, morphology and colour, the number of
cloves, and the number of days from sowing to harvest (Parrefio-Montoro et al.,
2023). Table 2 summarizes the results of statistical evaluation of the numerical
parameters for 49 garlic accessions studied. The average weight of the garlic
bulbs was 26.91 g, while the height and diameter of the bulbs were 34.42 mm
and 44.12 mm, respectively. The average height-to-diameter ratio was 0.79 with
ten cloves per bulb and the clove weight of 2.97 g. The range between the
minimum and the maximum weight of the garlic bulbs varied considerably from
8.60 to 54.09 g, the bulb height from 26.52 to 45.78 mm, and the bulb diameter
from 31.35 to 58.9 mm. The highest coefficients of variation were found for the
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bulb (49.55%) and clove weight (39.62%), and the lowest for the height-to-
diameter ratio (6.18%). Siddappa et al. (2020) reported lower bulb and clove size
parameters and a higher number of cloves per bulb for 52 garlic genotypes from
India. Similarly, Polyzos et al. (2019) reported a slightly higher number of cloves
per bulb (11-15) and similar weight of cloves (< 4 g) for 34 Greek garlic
genotypes grown at two locations. Characterization of 39 garlic cloves collected
around Turkey revealed higher dry weight of bulbs (28.1-84.4 g) and similar
bulb height and diameter compared to our data (Kirag et al., 2022). Frequency
distribution graphs of 49 garlic accessions for numerical parameters, i.e., the bulb
weight, diameter and height, and the clove weight are shown in Figurel.

Tab. 2 Numerical parameters for 49 analyzed garlic accessions

Parameter Unit Min — Max Mean + SD CV (%)
Bulb weight g 8.60 — 54.09 26.91 £ 13.33 49.55
Bulb height mm 26.52 — 45.78 3442 +5.06 14.70
Bulb diameter mm 31.35-58.90 44,12 +7.84 17.77
Height-to-diameter ratio 0.69 -0.88 0.79 £0.05 6.18
Number of cloves g 5.50 — 15.67 9.74 £ 2.69 27.64
Clove weight g 1.13-6.07 2.97+1.18 39.62

Data are means (n=49); SD, standard deviation; CV, coefficient of variation.

a) 12

Bulb w Bulb height (mm)

 alloloa allg .

Bulb dia Clove weight (g)

Fig. 1. Frequency distribution (n=49) of garlic accessions based on the numerical
parameters: a) bulb weight, b) bulb height, ¢) bulb diameter, and d) clove weight
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Figure 1 shows the distribution of garlic accessions based on four
descriptive characteristics, namely the presence of a flowering stem, the bulb
weight, the number of cloves per bulb, and the clove weight. The presence of
flowering stems was found in 31 accessions, indicating that they belong to the
hardneck garlic type, while 18 accessions belong to the softneck garlic type
(Figure 1a). Based on the bulb size as a qualitative descriptor, the garlic
accessions were divided into three groups (Figure 1b). The first group comprised
accessions with small bulbs weighing <20 g (35% of the collection), the second
group comprised garlic accessions with medium bulbs weighing 20 g to 40 g
(35% of the collection), and the third group comprised garlic accessions with
large bulbs weighing >40 g (20% of the collection). Similarly, three groups were
formed for the qualitative descriptor referring to the number of cloves per bulb
(Figure 1c). In addition, many (>12) cloves were developed in 12 accessions,
medium (8-12) cloves in 20 accessions, and few (<8) cloves in 17 accessions.
Based on the clove size, the garlic accessions can also be divided into three
groups (Figure 1d). The first group included 10 accessions with large cloves >4
g, the second group included 29 accessions with cloves weighing from 2 g to 4
g, and the third group included 10 accessions with small cloves <2 g.

a) Pseudostem: flowering stem b) Bulb: size

10

1 31

t 18
: 2 22 |

©) Bulb: number of cloves d) Clove: size

Fig. 2 Frequency distribution (n=49) of garlic accessions based on the qualitative
descriptors a) presence of a flowering stem, b) bulb size, c) number of cloves per bulb, and
d) clove size

Figure 2 shows the distribution of garlic accessions according to the bulb

and clove colour parameters. The garlic accessions studied had bulbs with white
(63% of the accessions) and yellowish white (37% of the accessions) ground
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colour of the dry external scales (Figure 2a). As can be seen in Figure 2b, the
cloves had different numbers of scale colours: 18 garlic accessions had one
colour (cream or brown), 20 accessions had two colours (cream/pink or
pink/purple), and 11 accessions had three colours (pink/purple/brown). The
intensity of the colour of the scales on the cloves was strong in 19 garlic
accessions, medium in 16 accessions, and weak in 14 accessions (Figure 2c¢). The
anthocyanin stripes on the scale of the cloves were present in 71% of the
accessions. The colour of the clove flesh was yellowish in all 49 garlic accessions
examined (data not shown).

Bulb: ground colour of dry external scales b) Clove: colour of scale

a)

. ||
18

l 1o |

( f Clove: anthocya 1 stripes on scale
5 O ve: anthocyanin stripes on sca

35

Fig. 3 Frequency distribution (n=49) of garlic accessions based on the colour parameters of
bulbs (a) and cloves (b, c, d)

Conclusion

Based on the results obtained, the following conclusions can be drawn: (i)
the garlic accessions from the SRGB at the Agricultural Institute of Slovenia
have shown relatively high morphological diversity, based on the UPOV
descriptors examined; (ii) the majority of the garlic accessions had a white
ground colour of the dry external scales; (iii) 45% of the accessions developed
small (<20 g), 35% medium (2040 g), and 20% large garlic bulbs (>40 g); and
(iv) the predominant colours of the clove scales were cream, pink, purple, and/or
brown. These genetic resources represent diverse heritage that can play a key role
in breeding new varieties and preventing genetic erosion in the future. Therefore,
further agromorphological, molecular, and nutritional analyses are proposed to
obtain an in-depth characterization of these garlic accessions.
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MopdomeTpujcke KapakTepuCTUKE U 00ja IPUHOBA OHjesIoT JIyKa
(Allium sativum L.) y ITosbonipuBpeinom uHCTUTYTY ClIOBEHU]E

JloBpo CunkoBuy, Mojua Illkod, Bnagumup Mernuu, bap6apa [unan?
UTomonpuspeonu uncmumym Crnosenuje, Jbybwana, Cnosenuja

Caxerak

bujenu nyxk je Bpcra u3 noponune Alliaceae koja ce pa3MHOKaBa BEreTaTUBHO M HUCIIOJbaBa
BEJINKY MOP(OJIOIIKY PA3HOIUKOCT. Y CBHjETY C€ KOPHCTH Kao Ba)KaH 3a4MH Y KyJIHHAPCTBY
U TPaIUIIMOHAIHO] MeaUIIMHU. Ha OCHOBY pa3inuyuTuX MOP(POMETPH)CKUX KapaKTEPUCTHKA,
0oje MyKOBHIA M YECHOBA MpOydYaBaHEe Cy MPUHOBE Oujenor nayka u3 CroBeHaulike OaHKe
OwpHuX TeHa Ha [lospompuBpenHoMm uHCTUTYTY CrnoBenuje. Ha oriegHum mnospuma
HudpactpykrypHOT 1IeHTpa Jabsbe MPOU3BEACHO je M OIHMCAHO YKYITHO 49 mprHOBa Oujenor
nyka y Toky 2023. rogure. Ox MopdoMeTpujckux ocoOuHa pal)eHe cy TeXHHa, BUCHHA U
NPEYHHUK JIYKOBHIE, OJHOC BHCHMHE M TpPEYHHKA, OpOj YCHOBA M BEIMYMHY YCHOBA.
KBamuTaTuBHU IECKPUNITOPH YKJBYUIHBAIH Cy neceT ocobuHe mpema YIIOB neckpunropy
KOjH Cce OJTHOCE Ha IPUCYCTBO IBjETHOT cTabia, TyKOBUIY (BEIMINHA, OCHOBHA 00ja CyBHX
OBOjHHMX JINCTOBA, IIPHCYCTBO aHTOLMjaHa HA CYBHM CIIOJbAIll(bUM JIMCTOBHMA, OpPOj U€HOBA)
1 yeHOBe (BesnuMHa, 00ja CyBHX JINCTOBA YeHA, MHTCH3UTET 00je CYBOT JIMCTA, IPUCYCTBO
aHToOIMjaHa, 0oja deHa). PesynraTv Cy MOKas3ajiu 3HadajHe pas3iuke u3Mely npuHOBa y
MOTJIEY BEJIMYUHE JIYKOBHUIIE U apameTapa 0oje. TexuHa TykoBuile kperania ce oxa 8,6—54,1
T, BUCHHA JIyKOBHIIE 07 26,5-45,8 MM u npeuHuk jaykosuiie ox 31,4-58,9 mm. [Ipocjeuan
6poj uenona 6uo je 10 + 3, a Texxuna ueHosa 3,0 + 1,2 r. [Ipeosnal)yjyhe ocHoBHe 60je cyBuX
OBOjHHUX JIFICTOBA JIyKOBHIlE Omie cy Omjena u xxyhkacto 6mjena, 31 u 18 mpunoBa. Boje
CYBHX JIICTOBA 4YeHa OWIIa je MPEeTeXHO po3e/JpyOmuacrte, pose/Jbyomdacte/cmelje, cmehe,
KpeM/pyKuyacTe WiIM KpeM 0oje, ca NMPUCYCTBOM aHTOIMjaHa y ckopo 75% mnpuHOBa.
Hajsehu koepuunjentn Bapujanmje npumjehenu cy 3a BenuduHy JiykoBune (49,6%) n
BeNM4YMHY 4eHoBa (39,6%), a HajMamU 3a OJHOC BHUCHHE W TpedHuka (6,2%). JJoOujeHn
MOJAIM ¥ BapHjaOMITHOCT NMpOyYaBaHMX OCOOMHA yKa3yjy Ha TO Jla IPUHOBE OMjelor JyKa
3aXTHjeBajy Jlajbe NeTalbHUje arpoMopQOJIOIKe, HYyTPUTUBHE U T€HETHYKE aHAIHM3e KaKko Ou
ce uIeHTU(UKOBaIN Haj00Jhe MPUHOBE 3a Oyayhe omemMemuBame.

Kwyune pujeyu: npurosa, Allium sativum, Gujemu myk, MOpOMETPHjCKH JECKPHUIITOD,
napametap 0oje
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