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Abstract

Onion is an important vegetable crop grown for its pungent bulbs and
aromatic leaves. Onion genetic resources collected in the Slovenian Plant Gene
Bank at the Agricultural Institute of Slovenia were evaluated for the first time
using various morphometric traits. Using the prescribed descriptors (UPOV,
CPVO) for Allium cepa spp., a collection of 61 onion accessions and varieties
grown in the experimental fields of the Infrastructure Centre Jablje in 2022 was
described. For each onion genetic resource, a total of thirteen quantitative
(numerical) and qualitative descriptors were evaluated on the bulbs: bulb size,
bulb height, bulb diameter, ratio height/diameter, position of maximum diameter,
width of the neck, shape in longitudinal section, shape of stem end, shape of root
end, base colour of dry skin, intensity of base colour of dry skin, coloration of
epidermis of fleshy scales, and dry matter content. The results showed significant
differences between onions in the collection in terms of bulb size (73.7 = 26.0 g),
bulb height (46.3 £ 14.2 mm), bulb diameter (36.7 = 6.8 mm), bulb shape
(predominant transverse medium elliptic), and colour of dry skin (brown, pink,
red, purple). The highest coefficients of variation were observed for bulb size
(35.3%) and height/ diameter ratio (32.6%) and the lowest for dry matter content
(8.6%). The data obtained and the variability of the traits studied indicate that
these onion accessions require further genetic analysis to identify the best
candidates for future breeding programmes.
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Introduction

Onions (Allium cepa L. var. cepa) are among the most important members
of the Allium genus and are widely cultivated and used throughout the world
(Manjunathagowda et al., 2021; Zhao et al., 2021). They are mainly cultivated
for the bulb, which consists of fleshy inner scales and dry outer scales. Depending
on the colour of the outer leaves, three main types of onions can be distinguished,
namely red, yellow/ brown, and white onions (Nagash et al., 2022). In Slovenia,
onion cultivation is widespread, both in small gardens and for market production.
Annual production reached 10,514 tons of onions on 441 ha in 2021, of which
74% was destined for the market (Republic of Slovenia Statistical Office [SI-
STAT], 2022). The average onion yield depends mainly on weather conditions
and cultivation technique and is 20 — 30 tons/ha. The quantities of onions
produced are encouraging compared to previous years, but they are far from
meeting the needs of the market. In 2021, as much as 14,196 tons of onions were
imported, mainly from Austria and the Netherlands, and domestic production met
only about 40% of market demand (SI-STAT, 2022). In the past, onion
production provided additional income to many small farms, as evidenced by
some old onion varieties from different Slovenian regions (Ptujsko polje, Bela
Krajina, Dolenjska). Currently, six onion varieties are registered in the Slovenian
Variety List, namely 'Holandska rumena', 'Racanka', 'Belokranjka', 'Ptujska
rdeca’, 'Tera' and 'lIvica rde¢a' (National List of Varieties, 2022).

The International Union for the Protection of New Varieties of Plants
(UPOV) (2008) and the Community Plant Variety Office (CPVO) (2009)
coordinate methods and establish guidelines for the description of onion
varieties/ genetic resources. The purpose of the guidelines is the coordinated
observation and evaluation of morphological-phenological parameters according
to the onion descriptors used for DUS testing (distinctness, uniformity, and
stability). By evaluating morphometric descriptors such as 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 has a prescribed method of description, which can be represented by a
sketch, a number, or a description (UPOV, 2008; CPVO, 2009).

The diversity of plant genetic resources in gene banks around the world is
the basis for plant breeding. The task of gene banks is their conservation, study,
collection, identification of genetic diversity, and prevention of genetic erosion
(Gomaa, 2012; Peres, 2016). In Slovenia, native populations, ecotypes, and local
varieties of important crops have been collected for a long time. At the
Agricultural Institute of Slovenia, genetic resources of various agricultural crops
are collected within the Slovenian Plant Gene Bank programme, including
genetic resources of onions. So far, these have not been evaluated using
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morphometric descriptors, so in the research work a description of the onion
collection was made using selected descriptors. A set of descriptors from UPOV
(2008) and CPVO (2009) defined in the guidelines for the evaluation of genetic
resources of Allium cepa spp. was used.

Material and Methods

The considered collection included a total of 61 onion genetic resources
(Allium cepa L. var. cepa), of which 58 accessions were acquired from the
Slovenian Plant Gene Bank (SRGB) of the Agricultural Institute of Slovenia and
three varieties ('Ptujska rdeca' and 'Hollandska rumena' — Semenarna Ljubljana,
‘Talon' — Agrocasol Plus) were purchased from seed suppliers. The production of
seedlings and the field trial took place on the experimental fields of the
Infrastructure Centre Jablje in 2022. Due to the limited amount of seed of the
accessions from the SRGB, a trial was established with ten plants from each
onion genetic resource. Seedlings were grown in polystyrene plates (160 cells)
in a heated greenhouse. Seeds were sown in late February (23 February 2022),
seedlings were planted in the field in mid-April (13 April 2022), and mature
bulbs were harvested in late July (26 July 2022). The seedlings were planted in
the field in four-row strips 30 cm x 10 cm apart and a drip irrigation system was
installed. When the soil was prepared, it was fertilized with 120 kg/ha of K20
according to the analysis, while 28 kg/ha of N was added before planting. The
onion plants were fertilized once during growth with 54 kg/ha N and irrigated
when necessary. The onions were harvested at the stage of technological maturity
and dried in a dry, dark place for several weeks. Morphological characterization
was performed on cleaned, fully developed bulbs of each onion genetic resource.

A set of thirteen descriptors prescribed by UPOV (2008) and CPVO (2009)
for onion bulbs was used to describe the onion genetic resources in the collection.
The following descriptors were determined on five individual bulbs of each
onion genetic resource: bulb size (g), bulb height (mm), bulb diameter (mm),
ratio height/ diameter, position of maximum diameter, width of the neck (mm),
shape in longitudinal section, shape of stem end, shape of root end, base colour
of dry skin, intensity of base colour of dry skin, coloration of epidermis of fleshy
scales, and dry matter content (°Brix). These descriptors, along with their
associated classes, are shown in Tab. 1. The numerical parameters bulb height
(mm), bulb diameter (mm), and width of the neck (mm) were measured with a
digital calliper (Mitutoyo 500-181-30) with an accuracy of 0.1 mm, while the dry
weight of the bulbs (g) was measured with a laboratory scale (PB1502, Mettler
Toledo) with an accuracy of 0.01 g. A portable digital refractometer (WZB-F35,
Sumer Instrument, Thermo Shaker) was used to determine dry matter content
(°Brix) by squeezing small pieces of the fleshy inner scales with a press and
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analysing the freshly squeezed onion juice in three replicates. All numerical
descriptors were also evaluated by the corresponding classes marked with a

number, as in Tab. 1.

Tab. 1. Set of thirteen qualitative-quantitative descriptors for bulbs with associated classes

evaluated on the onions in the collection

CPVO/.UPOV Bulb Class
descriptor
12.1 (9) Size 3 small, 5 medium, 7 large
13.1 (mm) Height 1 very short, 3 short, tSalrlnedlum, 7 tall, 9 very
14.1 (mm) Diameter 3 small, 5 medium, 7 large
151 Ratio height/diameter 1 very small, 3 small, 5 medium, 7 large, 9
very large
16 Position of maximum 1 towards stem end, 2 at middle, 3 towards
) diameter root end
17. (mm) Width of the neck 1 very narrow, 3 narrow, 5 medium, 7 broad,
9 very broad
1 elliptic, 2 medium ovate, 3 broad elliptic,
18 Shape in longitudinal section circular, 4 broad ovate, 5 broad obovate, 6
’ P 9 rhombic, 7 transverse medium elliptic, 8
transverse narrow elliptic
1 depressed, 2 flat, 3 slightly raised, 4
19. Shape of stem end rounded, 5 slightly sloping, 6 strongly
sloping
2. Shape of root end 1 depressed, 2 flat, 3 round, 4 weakly
tapered, 5 strongly tapered
. 1 white, 2 grey, 3 green, 4 yellow, 5 brown, 6
23 Base colour of dry skin pink, 7 red, 8 purple - additional
o Intensnygf bas_e colour of 3 light, 5 medium, 7 dark
ry skin
26. Coloration of epidermis of 1 absent, 2 greenish, 3 reddish
fleshy scales
28. (°Brix) Dry matter content 1 very low, 3 low, 5 medium, 7 high, 9 very

high

Results and Discussion

The use of quantitative (numerical) and qualitative descriptors for the
study and evaluation of onion genetic resources has been the subject of many
studies worldwide (Bagci et al., 2022; Petropoulos et al., 2015; Mallor et al.,
2011). Onion breeders mainly focus on onion bulb characteristics such as colour,
shape, soluble solids content, pungency and flavour, storability, and health-
promoting properties (Havey, 2018). Tab. 2 summarises the results of statistical
processing of numerical descriptor measurements for 61 onion genetic resources
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in the collection. The mean dry weight of onion bulbs in the collection was 74 g,
while bulb height and diameter were 46 mm and 56 mm, respectively. The
average ratio height/ diameter in the onion collection was 0.84 and the average
width of the neck was 14 mm. The range between the smallest (minimum) and
largest (maximum) dry weight of bulbs was from 22.87 g to 143.28 g, bulb height
from 33 mm to 100 mm, and bulb diameter from 37 mm to 69 mm. The dry
matter content of freshly pressed onion juice varied from 6.7 °Brix to 13.5 °Brix.
The highest coefficient of variation was found for bulb size (35.51%) and height/
diameter ratio (32.57%), and the lowest for dry matter content (8.58%).

Bagci et al. (2022) reported slightly higher dry weight of bulbs in red onion
genotypes, while the values for bulb height, bulb diameter, and width of the neck
were consistent with our data. Similarly, Petropoulos et al. (2015) reported
slightly higher dry weight of bulbs (>120 g) and bulb diameters (>60 mm) for
local onion genetic resources in Greece. Characterization of 86 onion genetic
resources in Spain revealed significantly higher dry weight of bulbs (245125 g)
and coefficient of variation (51%) compared to our data (Mallor et al., 2011).

Tab. 2. Numerical descriptors on bulbs in the collection of 61 onion genetic resources

Parameter Unit Min - Max Mean £+ SD CV (%)
Bulb size g 22,87 - 143,28 73,72 £ 26,03 35,31
Bulb height mm 32,77 - 99,60 46,28 + 14,22 30,72
Bulb diameter mm 36,67 — 69,40 56,04 + 6,81 12,15
Ratio height/diameter 0,62 -2,03 0,84 £0,27 32,57
Width of the neck mm 8,70 — 19,68 13,52 +£2.21 16,37
Dry matter content °Brix 6,74 — 13,53 11,94 £1,02 8,58

n=61; SD, standard deviation; CV, coefficient of variation.

Based on the descriptor bulb size (dry weight of bulb), the onion collection
was divided into three groups (Fig. 1a). The first group included genetic
resources with small bulbs weighing <60 g (34% of the collection), the second
group included onion genetic resources with medium bulbs weighing 60 g to 90
g (41% of the collection), and the third group included onion genetic resources
with large bulbs weighing >90 g (25% of the collection). According to the
descriptor bulb height (Fig. 1b), most onion genetic resources in the collection
belonged to the low (49% of the collection) or very low (33% of the collection)
class. Based on the bulb diameter, onion genetic resources in the collection can
also be divided into three groups (Fig. 1c). The first group included 21 genetic
resources with small bulb diameter <55 mm, the second group included 25 onion
genetic resources with bulb diameter from 55 mm to 65 mm, and the third group
included 15 onion genetic resources with a large bulb diameter >65 mm. The
width of the neck was narrow (11 — 13 mm) or medium (13 — 15 mm) in most of
the onion genetic resources in the collection (Fig. 1d).
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Figure 1. Frequency distribution (n=61) of the onions in the collection based on a) bulb
size, b) bulb height, c) bulb diameter and d) width of the neck

Fig. 2 shows the distribution of onion genetic resources in the collection
based on two descriptive traits, i.e. the base colour of dry skin (Fig. 2a) and the
intensity of base colour of dry skin (Fig. 2b). The studied onions in the collection
had different numbers of basic dry skin colours: 17 onion genetic resources had
one colour (brown or purple), 20 onion genetic resources had two colours (pink/
purple, red/ purple, or brown/ pink), and 24 onion genetic resources had three
colours (brown/ pink/ purple). In general, the dry skin of onion bulbs in the
collection was brown, pink, red, and/or purple. The intensity of the base colour
was medium or light for the majority of onion genetic resources in the collection

(Fig. 2b).
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Figure 2. Frequency distribution (n=61) of the onions in the collection based on a) base
colour and b) intensity of base colour of dry skin
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Figure 3. Frequency distribution (n=61) of the onions in the collection based on bulb shape

Fig. 3 shows the distribution of the onions in the collection by a bulb shape.
The most represented bulb shapes in the onion collection were rhombic/
transverse medium elliptical (19 genetic resources) and transverse medium
elliptical (16 genetic resources). 59% of the collection, or 36 onion genetic
resources, had two different bulb shapes, generally due to the lower uniformity
and homogeneity of accessions from gene banks compared to registered
varieties.

Very low (<10°Brix)
Low (10-11°Brix)
Medium (11-12°Brix)

High (12-13°Brix)

Very high (>13°Brix)

Figure 4. Frequency distribution (n=61) of the onions in the collection based on dry
mater content

Fig. 4 shows the distribution of the onions in the collection based on dry
matter content. For most of the onion genetic resources in the collection, 49 in
total, dry matter content was medium or high, ranging from 11 °Brix to 13 °Brix.
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Two onion genetic resources had very low dry matter content (<10 °Brix), while
in seven onion genetic resources it was very high (>13 °Brix). Golubkina et al.
(2022) reported much lower dry matter contents (6.6 — 8.2 °Brix) in 11 onion
varieties grown organically and conventionally in southern Italy. The onion
genetic resources from Spain also had lower dry matter content (average 8.8
°Brix) than our data (Mallor et al., 2011), while the Greek onion genotypes
ranged from 10.0 °Brix to 14.0 °Brix (Petropoulos et al. 2015).

Conclusion

Based on the results obtained, the following conclusions can be drawn: (i)
the onion accessions from the SRGB of the Agricultural Institute of Slovenia had
a relatively high morphological diversity based on the UPOV/CPVO descriptors
studied; (ii) a minority of the onion collection had outer dry scales coloured
brown or purple, while the majority had a colour mixture of brown, pink and/or
purple; (iii) 21 onion genetic resources developed small onion bulbs (<60 g), 25
medium (60 — 90 g) and 15 large onion bulbs (>90 g); (iv) the predominant shape
of onion bulbs in the collection was rhombic/ transverse medium elliptical; (v)
the onion collection represents a diverse heritage that can play a key role in the
breeding of new onion varieties in Slovenia and prevent genetic erosion in the
future.
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Mopddosomku TUBEp3UTET TEHETUYKUX PECypca LIPBEHOT JIyKa y
[TossonpuBpesHOM UHCTUTYTY CIIOBEHH]E

Jloepo Cunkosuy, Mojua IlIko¢, Bap6apa ITunan, Bnagmuaup Mermuu?

! Homonpuspeonu uncmumym Cnosenuje, Odjemerve 3a pamapcmeo, Jbybwana, Crosenuja
Caxerak

IlpBenu JIyk je BakHa MOBpPTapcKa BPCTa Koja ce y3raja 300T JIYKOBHIA H
JMCTOBA OLITPOT YKyca U apOMaTHYHOT MUpHca. [ eHeTHYKH pecypcH IPBEHOT JTyKa
npuKkybeHH y CiioBeHaukoj OaHnm OnbHUX rena Ha [1oJbonpuBpeITHOM HHCTUTYTY
CrnoBenuje caga Ccy TMpBH NyT TNpPOLUjCHEHH HAa OCHOBY Pa3IHYUTHX
MopdomeTpujckux cBojctaBa. I[lpumjeHom mnponmcanux aeckpunropa (UPOV,
CPVO) 3a Allium cepa spp. onmcana je koaeknuja o1 61 mpuHOBE U COPTE IPBEHOT
JIyKa Koje Cy IPOU3BEeJICHE Ha OrJie IHUM osbrMa MHDpacTpykTypHOT 1IeHTpa Jabibe
tokoMm 2022. roguHe. 3a TEHETHYKE pecypce LPBEHOT Jiyka ypal)eHo je YKYITHO
TPUHACCT KBAHTUTATUBHUX (HYMEPHYKHMX) M KBAJIMTATUBHUX OCOOMHA Ha
JyKOBHUIIaMa: BEJIMYHMHA JYKOBHIIE, BUCHHA JYKOBUIIE, IIPEYHHK JIYKOBHUIIE, OJHOC
BUCHHA/TIPEYHUK, TOJI0XKa] HajBeher MpeyHrKa, IUPUHA BpaTa JYKOBHIIE, OOJIHK y
Y3Iy’)KHOM TIPECjeKy JIyKOBHIIE, OOJHMK TOpmer aujena (Bpxa) JYKOBHIIE, OOJIHK
Jomer nujena (6as3e) TyKoBHUIle, OCHOBHA 00ja CYBUX OBOjHHUX JINCTOBA, HHTEH3UTET
OCHOBHE 00je¢ CYBHMX OBOjHHMX JINCTOBa, 000JEHOCT IOKOXHIIE COYHHX JINCTOBA U
cajzpkaj cyBe Marepuje. PesynraTu Cy nmokasaiu 3HauajHe pa3jiuke u3Mely mpruHoBa
L[PBEHOT JIyKa y KOJICKIHUjH y TIoriieny Benuuune sykosuie (73,7+26,0 r), Bucune
nykoBwuie (46,3+14,2 mm), mpeunnka ykosuile (36,7+6,8 Mm), 00IHMKa JTYKOBHIIE
(mpeTexHO MOMPEYHO Cpellihe eAUITHYaH) 1 00je CyBUX OBOjHHX JincToBa (cMeha,
py’XudacTa, pBeHa, Jbyoudacta). Hajehu koeduijeHTn Bapujaiuje 3a01/beKeHN
cy 3a BennuuHy Jykosuie (35,3%) u ogHoc BucuHa/mpeuynuk (32,6%), a HajmMamu
3a campxkaj cyBe warepuje (8,6%). JloOwjenm momanmd H BaphjabMIIHOCT
NpOyYaBaHUX CBOjCTaBa MOKAa3yjy Ja OBH Y30PIIH JIyKa 3aXTHjeBajy Aajby FCHETUUKY
aHamM3y Kako Oum ce wuueHTH(UKOBaNM HajOOJBM KaHmuaaTH 3a Oynyhe
oIJIeMeHhUBAYKE TIporpame.

Kwyune pujeuu: npunosa, Allium cepa, CPVO, neckpunropu, cyBa Marepuja,
UPOV

Corresponding author: Lovro Sinkovi¢ Received: March 06, 2023
E—mail: lovro.sinkovic@Kis.si Accepted: August 30, 2023

Agro-knowledge Journal, vol. 24, no. 4, 2023, 237-247 247


mailto:lovro.sinkovic@kis.si

