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Abstract Thirty-nine sea beet [Beta vulgaris L. ssp.
maritima (L.) Arcang.] accessions of the Adriatic
coast were screened genetically and for their adaptive
morpho-functional root traits in order to identify new
sources of abiotic resistances for sugar beet breeding
programs. Genetic diversity was evaluated with 21
microsatellites markers that identified 44 polymorphic
alleles. Sea beets grouped into two main clusters: the
West and the East Adriatic coast groups, with the latter
showing higher genetic diversity. Among sea beet
accessions with desirable root traits, four accessions
have proved to be interesting for sugar beet [B. vulgaris
(L.) ssp. vulgaris] breeding aimed to improve toler-
ance to nutritional stresses. Lastovo (ID 29) and Zut
(ID 34) accessions were characterized by the highest
values of RER, TRL, FRL and RSA still maintaining a
high value of RTD, while Grado (ID 21) an Portic (ID
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23) accessions were characterized by the highest RTD,
but with low values of RER, TRL, FRL and RSA
parameters.
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Abbreviation

RER Root elongation rate
TRL Total root length
FRL  Fine root length
RSA Root surface area
RTD Root tips density

Introduction

In the last decades, crop yields have been enhanced by
the increase of fertilizers and irrigation inputs, without
taking into account adaptive traits improving water
and soil nutrients use efficiencies (Cacco et al. 1983;
Tilman 1999; Wissuwa et al. 2009). Improvement of
these efficiencies in plants is strongly associated with
the structure and performance of the root system
(Lynch and St.Clair 2004, Lynch 2007). Selection for
high yields under high-input agricultural systems has
resulted in cultivars with a shallower root apparatus
which hampers the acquisition of deep soil resources
(Jackson 1995). Wild progenitors of crop plants tend
to have root systems that can exploit more efficiently

@ Springer



136

Euphytica (2013) 189:135-146

the soil environment than their cultivated relatives
(Seiler 1994; Gallardo et al. 1996). Similar results
were observed comparing wild and cultivated acces-
sions of Triticum ssp., Zea mays L. and Beta vulgaris
L. with the identification of specific adaptive morpho-
functional traits of the root system related to stress
avoidance under limited water and nutrient availabil-
ity (Vamerali et al. 2003; Reynolds et al. 2007; Waines
and Ehdaie 2007; Saccomani et al. 2009). In B. vulga-
ris L., close and positive relationships were found
among the root parameters root elongation rate (RER),
total root length (TRL), root surface area (RSA),
number of root tips (NT), root length density (RLD),
leaf water content (RWC) and sugar yield (Stevanato
et al. 2010). These root parameters are the most
important root system morpho-functional components
related to drought-resistance and nutrient use effi-
ciency (Marcum et al. 1995; Kell 2011). These traits
determine the overall potential of the root system to
quickly and thoroughly explore the soil for water and
nutrients uptake. Among the root traits influencing
adaptability to the environment, root tips play an
important role in perceiving exogenous stress signals
originating in the rhizosphere and converting those to
endogenous phytohormone signals (Baluska et al.
2004; Paula and Pausas 2011).

Sugar beet is one of the most important crops
supplying currently around 20 % of the world sugar
consumption (Biancardi et al. 2010). Unfortunately,
sugar beet varieties are characterized by a considerably
narrow gene pool (McGrath et al. 2007a). Recent
screening techniques based on molecular marker
analysis have confirmed that modern sugar beet
varieties only encompass a quarter to a third of the
genetic variability present in sea beet populations
(Saccomani et al. 2009). Reduced variability has
mainly resulted from the introduction of cytoplasmic
male sterility and monogermity for the production of
commercial seed (McGrath et al. 1999). Furthermore,
the introgression of genetic resistance to diseases (e.g.
rhizomania and cercospora leaf spot) seems responsi-
ble for reducing root development and sugar yield in
disease-free soils likely due to an increase of sugar beet
sensitivity to abiotic stresses (Stevanato et al. 2006).

The wild taxa of genus Beta are important genetic
resources for the breeding of cultivated beet (Ford-
Lloyd 2005, Frese 2010). Among these, the most
widely employed is the sea beet [B. vulgaris L. ssp.
maritima (L.) Arcang.]. Sea beet is quite common
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along the Mediterranean, North African and European
Atlantic coasts and it is considered the closest relative
of the beet crops (Biancardi et al. 2012). The sea beet
of Adriatic coasts in particular, has served as a very
useful source of resistance to severely damaging
diseases (cercospora leaf spot, rhizomania, curly top
etc.). Without such resistances, it would have been
impossible to continue to grow sugar beet in the main
part of the currently cultivated areas (Stevanato et al.
2001; Biancardi et al. 2002). Cultivated beet is adapted
to agricultural systems based on high water and
nutrients supply, while sea beet is characterized by
adaptive ability to limited water and nutrient stresses,
probably owing to great differences in root character-
istics (Saccomani et al. 2009). The susceptibility of
cultivated beet to abiotic stresses highlights the need to
introgress novel stress-tolerance genes (Panella and
Lewellen 2007). The knowledge of genetic diversity
and phylogenetic relationships between the various
beet forms is essential for an efficient utilization and
genetic improvement of beet germplasm (Frese 2010).
Molecular markers have been widely used for popu-
lation genetic studies in beets (Biancardi et al. 2010).
Among them, microsatellites (SSRs) may be useful for
studying gene diversity between and within beet
accessions and for breeding purposes (Smulders
et al. 2010). Recently, a large set of SSR markers,
distributed among the nine beet linkage groups, has
been published (McGrath et al. 2007b).

The purpose of this work was to extend the study of
Saccomani et al. (2009) to a larger collection of sea
beet accessions, in order to evaluate their genetic
diversity by means of SSR markers, and their adaptive
morpho-functional root traits. The final aim was to
identify new sources of abiotic resistances for sugar
beet breeding programs. To our knowledge, this is the
first genotypic and phenotypic extensive characteriza-
tion of the sea beet populations along the Adriatic
coast.

Materials and methods

Plant material

Sea beet populations were sampled along the Adriatic
Sea coastline of Italy, Croatia, Montenegro, Albania

and Greece (Table 1; Fig. 1). The sampling of 39
populations was performed according to Bartsch and



Euphytica (2013) 189:135-146 137
t’Il‘laeb::albe(efi)llectlon sites of ID Location State Latitude Longitude Adriatic coast
N) E)
1 Termoli Italy 42° 00/ 14° 59 West
2 Vasto Italy 42° 06/ 14° 43’ West
3 Ortona Ttaly 42° 20/ 14° 24/ West
4 Silvi Marina Italy 42° 31’ 14° 09 West
5 Numana Ttaly 43° 30/ 13° 37 West
6 Cervia Ttaly 44° 14/ 12° 19 West
7 Scardovari Ttaly 44° 51 12° 25 West
8 Scanarello Italy 45° 00/ 12° 23’ West
9 Bocassette Italy 45° 00’ 120 23 West
10 Albarella Italy 45° 02 12021 West
11 Porto Levante Ttaly 45° 02 12° 21 West
12 Chioggia Ttaly 45° 12 12° 16/ West
13 Sottomarina Ttaly 45° 13’ 12° 17 West
14 Pellestrina Ttaly 45° 15 12°17 West
15 Malamocco Italy 45° 20/ 12° 19 West
16 San Michele Italy 45° 26 12020/ West
17 Fusina Italy 45° 27 12° 14/ West
18 San Erasmo Ttaly 45° 27 12° 24/ West
19 Murano Ttaly 45° 28’ 12° 25 West
20 Torcello Ttaly 45° 29’ 12° 25 West
21 Grado Ttaly 45° 43’ 13° 22 West
22 Novigrad Croatia 45° 19 13° 33/ East
23 Portic Croatia 44° 48 13° 54 East
24 Rab Croatia 44° 45’ 14° 45 East
25 Osor Croatia 44° 41’ 14° 23’ East
26 Nerezine Croatia 44° 39/ 14° 24 East
27 Pag Croatia 44° 26/ 15° 03’ East
28 Veli Iz Croatia 44° 03/ 15° 07 East
29 Zut Croatia 43° 53’ 15° 18’ East
30 Komat Croatia 43° 49’ 15° 17 East
31 Split Croatia 43° 30/ 16° 25’ East
32 Hvar Croatia 43° 10 16° 29’ East
33 Korkula Croatia 42° 58 17° 07 East
34 Lastovo Croatia 42° 44/ 16° 50’ East
35 Dubrovnik Croatia 42° 40/ 18° 07 East
36 Kotor Montenegro 42° 31 18° 39 East
37 Orikum Albania 40° 19 19° 28 East
38 Vloré Albania 40° 28 19° 28 East
39 Kerkyra Greece 39° 3% 19° 53’ East

Ellstrand (1999). Briefly, populations were considered
as distinct if more than 15 km apart or separated by
physical barriers. For each population, seeds were
collected from randomly selected plants more than

0.5 m apart. Seeds were cleaned and stored at 7 °C and
30 % relative humidity before analysis. The total
number of plants and weight of seeds collected per
each population were recorded.
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Fig. 1 Collection sites of
the sea beet wild populations
along the Adriatic Sea
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Genotyping analysis

DNA was extracted from 100 mg young leaves tissue
of eight individuals per location using DNeasy Plant
Mini Kit (Qiagen, Hilden, Germany) following
manufacturer procedures. DNA quality control and
quantification was estimated by spectrophotometer
measurement (Biophotometer, Eppendorf, Hamburg,
Germany). A total of 21 SSRs markers that were
uniformly distributed across the B. vulgaris genome
(McGrath et al. 2007) and selected for their high
polymorphism and ease of scoring in high resolution
agarose gel were scored for the first time on sea beet
accessions (Table 2). This markers were previously
tested for reliability on numerous sugar beet breeding
lines and varieties (unpublished data). Amplification
of the microsatellite markers was performed in 15 pL
PCR reactions containing 100 ng genomic DNA, 1x
PCR buffer (EuroClone, Paignton, UK), 0.2 uM of
each SSR primers, 1.8 mM MgCl,, 150 pM dNTP and
0.8 U of Euro-Taqg DNA polymerase (EuroClone,
Paignton, UK). Thermal cycling (TC-512; Techne inc,
Burlington, NJ, US) profiles were as follows: 94 °C
for 30 s, followed by 35 cycles of 94 °C for 20 s,
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54 °C for 20 s, 72 °C for 50 s, followed by a final
extension at 72 °C for 5 min. PCR products were
separated on 2 % agarose gels (EuroClone, Paignton,
UK) at 4V cm~! for 2 h in 1x TBE buffer, stained
with ethidium bromide, visualized with UV transillu-
minator and scored.

Root morphology analysis

Root morphology trait were analyzed according to
Saccomani et al. (2009). Seed was surface-sterilized
by immersion for 10 min in 3 % (v/v) sodium
hypochlorite, rinsed several times with distilled water
and imbibed in aerated, deionized water at 22 °C for
12 h. Seeds were transferred to two layers of filter
paper moistened with distilled water in Petri dishes
placed in a germinator at 25 °C in the dark. Three-day-
old seedlings with 10 & 2 mm long seminal roots
were transferred into plastic tanks over an aerated
hydroponic solution containing 200 puM Ca(NO;),,
200 uM KNO;3, 200 uM MgCl,, 40 uM KH,POy,,
10 uM FeNaEDTA, 4.6 uM H3BO3, 910 nM MnCl,,
86 nM ZnCl,, 36 nM CuCl, and 11 nM NaMoOy4
(modified from Arnon and Hoagland 1940). The
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Table 2 SSR markers information

Locus Sequence Chr. * Map pos. (¢M)°  Number  Allele size Hg PIC

of alleles range (bp) Value

BQ583448 For. TATTGTTCTAAGGCACGCA 1 352 4 150-200 0.798 0.765
Rev. CGCTATCCTCTTCGTCAA

BI1096078 For. CAATTCCCCTTCCAAAAACA 1 40.9 3 400-700 0.673  0.675
Rev. GCTAAACCAAACCCATGTGC

BQ584037 For. TGAGGAGAGAGAAAGTGAAGA 2 21.5 2 180-200 0.456 0.878
Rev. ACCATCAAGCCAATCAGTAA

EG551781 For. ATAACTCTCGCCTACAAATGA 2 353 1 200 0.345 0.456
Rev. TCTACCTTGCCCGTAAACT

AW119350  For. ATCTTCTTGACTTGGCTCTC 2 44.6 1 300 0.446 0.435
Rev. ACTGTGAGCAATCATCTACC

BI543628 For. GAACTCCTTTGACAGCATCTT 3 46.7 1 475-600 0.667 0.789
Rev. CCTTCAGCATCTCTCTCTCTC

DX580514  For. CCTAATGCCTCTTGTGCTAA 4 273 2 475-600 0.546 0.456
Rev. ATAGACCTCCTTGTGGGAAAC

BQ591109 For. CTCTCTCATTCTCTCTCCCTC 4 36.0 3 250-325 0.807 0.785
Rev. ACACTCAAGCACTCACCACT

AW697758  For. AGACTGAAGATAGAGCAAGGG 4 76.0 3 100-250 0.534 0478
Rev. AGAAGTAGAAGGCAACTCCAC

EG552348 For. GGTGGTTATGCTCCTCCT 5 69.6 1 238-260 0.356 0.390
Rev. GGCTTTAGTCTTATTGCTGTG

BQ588947 For. AAATAGATGTTACGCCTTTC 5 98.9 2 400-500 0.453 0.564
Rev. TAAACCCATACCTCATACCAA

BU089565 For. GCTTGGGGCACTTGGCATTC 5 (4F03 in Hunger 2 100-250 0.830 0.860
Rev. CTATACGTTGTGACCACGTG et al. 2003)

BvFL1 For. GCGCTATCAAGATTCCACTGCAGCAGAC 6 8.6 2 300-400 0.453 0515
Rev. CAACTGATTTTACTAGCTCACCAC

DX580646  For. CTCCATTCCAAGGTCCCA 6 15.1 3 250-500 0.556 0.543
Rev. GGTGAGCAGAGTCGGTATT

BQ487642 For. ATCAAACTCCTCCTCTGTCTC 6 35.0 2 275-500 0.674 0.710
Rev. TTACAACAACAACAACAACAAA

BU089576 For. GGTTTGCACTTTTCTTAGATGG 7 (2G14 in Hunger 2 275-290 0.349 0.378
Rev. GAGCCAATCAATCTTCAGCC et al. 2003)

BI073246 For. ACGAGGAACAAATCCACACC 8 64.1 2 150-200 0.453 0434
Rev. CAACACCAGGTCGATGTTTG

DX579972  For. TGGCAAGTGTATGTGTTCTTT - Not mapped 2 75-325 0.567 0.534
Rev. AAGTTCAGTTCAGATTAGTTCAG

BQ587612 For. TAACTTCAACCTCAACCTCAA - Not mapped 2 700-1100  0.667 0.702
Rev. TTCCGATAACACCATAAACAC

BI1643126 For. GTGATGCCCTTCCTATTATC - Not mapped 2 250-300 0.754 0.867
Rev. TTGTAACTCTAAACCAATCGTG

BQ591966-2 For. ACATCAACAACAACAACAACA - Not mapped 2 300-1000 0.567 0.546
Rev. GAGAGAACAGAGTCCAAAGGT

% Chromosome based on Butterfass (1964)
® Updated map positions based on McGrath et al. (2007)
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nutrient solution was replaced daily. The tanks were
placed in a growth chamber with a 14/10 h light
(300 pmol m™? s~ ')/dark cycle at 25/18 °C and
70/90 % relative humidity. Four replicates of ten
seedlings per each accession were tested.

The root elongation rate (RER; mm d™" was
calculated from the difference of primary root lengths
of 11-day-old compared to three-day-old seedlings.
Root morphological traits were evaluated on 11-day-
old seedlings using a scanner-based image analysis
system (WINRHIZO Pro, Regent Instruments, QC,
Canada). Before measurements, root systems were
stained with 0.1 % (w/w) of toluidine blue (Sigma-
Aldrich, Montréal, QC) for 15 min to increase
contrast. The stained root systems were placed in
3 mm-deep water in a plexiglas tray and lateral roots
were spread to minimize root overlap. The tray was
scanned (STD-1600 EPSON) at 1,200 dpi resolution.
Images were utilized to determine total root length
(TRL; cm plant_l), fine root length of roots with
diameter <0.5 mm (FRL; cm plant_l), root surface
area (RSA; cm? plant™") and root tip density (RTD;
cmfl).

Data analysis

Root trait data was subjected to ANOVA using
Statistica 8.0 (StatSoft, Inc. Tulsa, OK, US). Least
significant difference (LSD) test at the 0.01 probability
level was used to compare data from different factors.
Genotypic and morphological data was used to carry
out similarity analyzes among accessions using
Numerical Taxonomy System software, Version 2.1
(NTSYSpc, Exeter Software, Setauket, New York,
USA) (Rohlf 2000). Genotypic data was also used for
estimates of heterozygosity and genetic differentiation
(Fst) among accessions by means of FSTAT software
version 2.9.3.2 (Goudet 1995). Similarity matrix for
SSR data was calculated using Jaccard coefficients
while matrix for phenotypic data was calculated using
Euclidean distances (Jaccard 1908). To visualize the
genotypic and phenotypic relationships between
accessions, the similarity matrixes based on the
Jaccard coefficient and the Euclidean distances were
used for the construction of dendrograms and principal
coordinate analysis (PCO) using Sequential Agglom-
erative Hierarichal Nested (SAHN) and Unweighted
Pair-Group Method Arithmetic (UPGMA) average
procedures.

@ Springer

Results
Genotyping analysis

Genetic diversity was determined in 39 sea beet
accessions by using 21 SSRs. SSR markers generated
a total of 44 alleles among the accessions considered.
The results showed that 81 % of SSRs were polymor-
phic. The number of alleles per SSR ranged from 1 to 4
with an average of 2.1. The average heterozygosity
and PIC of all SSRs were found to be high: 0.569 and
0.608 values, respectively (Table 2). Cluster and PCO
analysis revealed two distinct groups of accessions
that were located respectively in the West and East
Adriatic coast. The East Adriatic coast group (EA)
revealed a higher genetic diversity with respect to the
West Adriatic coast group (WA) (0.62 vs. 0.83 Jaccard
similarity) (Fig. 2a). PCO showed that the first two
main components were responsible for a total of 36 %
and 23 % of the genetic differences, respectively
(Fig. 2b). Genetic differentiation between these two
groups was confirmed by Fgr analysis (Fgt = 0.473;
P < 0.001).

Root morphological analysis

The morphological variation of root traits among the
39 accessions and between the two accessions groups,
EA vs. WA group, deduced from SSR analysis is
reported in Fig. 3. A high range of phenotypic
variability for all traits considered was observed with
the following percentage variations: RER (261 %),
TRL (275 %), FRL (561 %), RSA (470 %) and RTD
(164 %). The EA accessions showed the highest
percentage variations for all traits evaluated with the
exception of RTD (Table 3). Within the EA acces-
sions, Lastovo (ID 34), followed by Zut (ID 29), was
characterized by the highest values of RER, TRL, FRL
and RSA still maintaining a high value of RTD
(Fig. 3). Grado (ID 21) and Portic (ID 23) accessions
were characterized by exceptionally high values of
RTD (respectively, 7.3 and 6.7). Differently, the Vloré
accession (ID 38) showed the lowest values of all root
traits with respect to the other accessions.

Based on the considered root morphological traits,
the origin of the populations from either the West or
the East Adriatic coasts did not influence the clustering
of the wild accessions (Fig. 4). PCO revealed that the
first two main components accounted for a total of 85
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Fig. 2 Similarity dendrogram (a) and PCO analysis (b) of sea beet accessions based on Jaccard’s similarity derived from molecular

data

and 12 % of the observed phenotypic variance,
respectively (Fig. 4).

Discussion

The majority of crops have been developed by a
mixture of adaptive traits selected from their wild

relatives during domestication processes (Goodrich
and Wiener 2005; Ross-Ibarra et al. 2007). Analysis of
the extent of the genotypic and phenotypic variability
among breeding lines and their wild relatives is critical
for the exploitation of favourable allelic combinations
(Fernie et al. 2006; Panella and Lewellen 2007).

The genetic analysis highlighted the high levels of
genetic polymorphism among the sea beet accessions
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Fig. 3 Patterns of root trait
variation among sea beet
accessions. The dashed line
is the mean for each trait.
The vertical bars are the
standard error of the mean.
Each data point is the mean
of four replicates and ten
seedlings per replicate
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Table 3 Percentage variations of root adaptive traits between the West and East Adriatic sea coasts beet accessions

Accession RER (%) TRL %) FRL (%) RSA (%) RTD (%)
East coast 261 a 275 a 561 a 470 a 135 b
West coast 136 b 142 b 180 b 117 b 164 a

Values followed by different letter are significantly different (P < 0.01)

Fig. 4 Similarity 1 A
dendrogram (a) and PCO 18
analysis (b) of sea beet §§
accessions based on :g
Euclidean distance derived gf
from morphological data 2
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according to previous studies (Desplanque et al. 1999;
McGrath et al. 1999; Richard et al. 2004). Our results
identified two distinct groups within the Adriatic Sea
populations, one genetically more homogeneous along
the Italian West coast and another one more variable
along the East coast. Similarly, distinct groups of sea
beet based on their locations were revealed by Bartsch
etal. (1999). The genetic homogeneity of the sea beets
of the West coast could be explained considering the
vicinity of several collection sites to sugar beet crops.
This could have generated stable wild beet populations
after the hybridization between sugar beet and sea
beet, as reported by Driessen et al. (2001) and Fénart
et al. (2008). Pollen and seed mediated gene flow from
cultivated to sea beet populations has been demon-
strated in several areas including France (Arnaud et al.
2003, Cuguen et al. 2003; Viard et al. 2004) and north-
eastern Italy (Wehres 2007). Wehres (2007) found that
two of 28 examined populations along Italian Adriatic
coast showed some degree of Owen’s CMS plasma
presence in sea beet, indicating the occurrence of
casual crosses (Driessen 2003).

The differences in the root system observed among
wild accessions could depend on selective pressure
exerted by the coastline soils characterized by differ-
ent resources availability (Ahmad et al. 2010).
Significant adjustments of root morphology to vari-
ability and scarcity of nutrient resources were
observed in pasture species (Hill et al. 2006) and also
in wild and cultivated beet (Saccomani et al. 2009).
Wild accessions usually grow in more stressful soil
environments than the cultivated plants and, therefore,
they could be important source of phenotypic variation
for root traits (Fita et al. 2008). The most interesting
wild accession is Lastovo (ID 34) which is character-
ized by high RTD and showed the highest root
adaptive traits (RER, TRL, FRL and RSA) among the
evaluated sea beets. These key root traits are related to
a rapid adaptation to soil environments (Stevanato
etal. 2010). Therefore, it would be plausible to assume
that the Lastovo (ID 34) accession, for its morpho-
logical similarity with the cultivated beets (Saccomani
et al. 2009; Stevanato et al. 2010), could have been
derived by pollen and seed mediated gene flow.
However, the absence of sugar beet cultivation in the
vicinity of the Lastovo Island evidenced the true wild
origin of this population and further strengthened its
importance in breeding programs. Furthermore, this
accession should be particularly suitable to sugar beet
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breeders because the presence of rhizomania (Rzl)
resistance, revealed by molecular analysis (unpub-
lished results), did not lower root development as
frequently observed in the cultivated varieties (Stev-
anato et al. 2006). Among sea beet accessions with
desirable root traits, Zut (ID 29) also showed high
values of root adaptive traits which enable plants to
maintain relatively high water and nutrient acquisition
at low availability of these soil resources (Ryser and
Lambers 1995; Vamerali et al. 2003). Furthermore,
Grado (ID 21) and Portic (ID 23) are characterized by
the highest RTD. This character is one of the most
important adaptive traits to maximize resources
exploitation in low-inputs agronomic systems (Sac-
comani et al. 2009; Stevanato et al. 2010) since root
tips are important sites of hormones biosynthesis
involved in determining the behaviour and adaptabil-
ity of plants to adverse environmental conditions
(Barlow 2010; Baluska et al. 2010, Calvo Garzon and
Keijzer 2011). In addition, Farzad Haerizadeh et al.
(2011) and Kyndt et al. (2012) respectively reported in
soybean and maize that many genes involved in
defense signaling were upregulated in root tips and
Rellan-Alvarez et al. (Relldn-Alvarez et al. 2010) have
evidenced significant changes induced in the root tip
proteome and metabolome of sugar beet plants in
response to iron deficiency. A previous study evi-
denced particularly high general and specific combin-
ing ability effects for RTD (Stevanato et al. 2006).
Thus, these accessions appeared to be ideal candidates
for breeding programs. The accession Vloré (ID 38),
living in the saltern of Vloré and characterized by the
lowest root growth parameters, has certainly devel-
oped a high tolerance to salinity stress appearing to be
of great breeding interest.

Conclusion

These results highlight that sea beet populations
collected along the Adriatic Sea coastline clustered
into two main geographical groups: the West and the
East Adriatic coast groups, with the latter showing
higher genetic diversity. The morphological analysis
identified some interesting accessions characterized by
stress-tolerant root adaptive traits. These accessions
will be further evaluated for their use as parental lines
in breeding programs aimed to develop sugar beet
varieties with greater adaptability to abiotic stresses.
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