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1. Introduction
The genus Beta comprises four sections: Beta, Corollinae, 
Nanae, and Procumbentes (Shen et al., 1998), which include 
both wild and cultivated forms (Letschert et al., 1994). The 
cultivated forms comprise Beta vulgaris, including sugar 
beet, fodder beet, and chard (leaf beets) (Shen et al., 1998). 
While the native distribution of the genus Beta is primarily 
in Europe, the category Nanae is distributed in Greece, and 
Procumbentes is in the Canary Islands. Beta and Corollinae 
enjoy wider geographical distribution extending into 
Turkey (Frese et al., 2001).

Frese et al. (2001) recorded that the domestication of 
beets began in the Euphrates and Tigris basins of Turkey 
and in Greece, from where the cultivated beets were 
introduced to northern Europe (Boughey, 1981); however, 
Cheng et al. (2011) indicated different European and 
Mediterranean regions as the first center of domestication. 
Oyen (2004) supported the view that wild beet had been 
cultivated for its leaves in the 9th century in Mesopotamia. 
According to Sun (1994), cultivated beet has existed in 
China since the 5th century and was grown in Europe 
since ancient times. At present, beet is cultivated globally, 
in northern India, South America (Tindall, 1983), the 

Mediterranean countries, and the USA (Bozokalfa et al., 
2011). 

The leaves and stems form the edible parts of the Beta 
plant and contain high amounts of health-promoting 
compounds such as phenolic acid and flavonoids (Pyo et 
al., 2004). Among the leafy vegetables, Swiss chard (Beta 
vulgaris L. subsp. vulgaris) is considered a good source 
of vitamins A, B, and C, and minerals including calcium, 
iron, and phosphorus (Huxley et al., 1992; Tindall, 1993; 
Maynard and Hochmuth, 1997; Bozokalfa et al., 2011). 

Plant genetic resources are characterized by both 
morphological and molecular markers because the 
assessment of the genetic variation among and within 
the germplasm is fundamental for plant breeding and 
germplasm conservation (Pagnotta et al., 2011). Shen et 
al. (1998) reported genetic relationships within 11 taxa of 
the genus Beta with random amplified polymorphic DNA 
(RAPD) analysis. Some accessions collected from Turkey 
were members of different species/subspecies of the 
section Corrolinae, and the results noted that lomatogona, 
trigyna, and macrorhiza subsp. Turkish accessions were 
not well separated and further trigyna and macrorhiza 
accessions were clustered together. Genetic variation of 
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the Beta species was underlined in several articles and 
leaf beet germplasm exhibited a relatively broad range of 
cytoplasmic genotypes while mitochondrial haplotype 
diversity was low in garden beet germplasm (Cheng et 
al., 2011). Desplanque et al. (1999) evaluated about 300 
individuals composed of cultivated beets, table beet, 
weed beet, and wild coastal beet collected from several 
regions of France and a high degree of polymorphism 
was reported within all groups except for cultivated beets 
and indicated wild B. vulgaris species observed significant 
diversity. Furthermore, the population was grouped based 
on habitats and geographical characteristics.

Among the wild and cultivated Beta species, Swiss chard 
is a relatively valuable crop because the genetic structure 
contains genes valuable for crop improvement including 
disease and pest resistance (Goldman and Navazio, 
2003). Moreover, Swiss chard served as a bridge species 
to introduce the desired traits in sugar beet by yielding 
viable hybrids from crosses with both B. procumbens and 
B. webbiana (Gaskill, 1954; Goldman and Navazio, 2003). 

Swiss chard has considerable variability; however, after 
long-term cultivation, there are no concrete reports on 
the distribution of the genetic diversity or its relationship 
with agromorphological diversity. Turkey is the center of 
the origin and natural distribution area of the Swiss chard; 
however, there is a lack of information regarding the 
genetic diversity and relationships among the collections. 
The main objective of the present study was to preliminarily 
estimate the extent of genetic diversity of the Turkish Swiss 
chard genetic resources using agromorphological markers 
to assess the genetic relationships among the populations 
and to evaluate the morphological and agronomic 
characteristics of the collections. 

2. Materials and methods
2.1. Plant material and experimental site 
The material for this study consisted of 52 Swiss chard 
(Beta vulgaris L. subsp. vulgaris) accessions representing 
all the Swiss chard accessions collected from Turkey by the 
National Gene Bank of the Aegean Agricultural Research 
Institute (AARI), İzmir, Turkey, where the plant materials 
have been stored, along with two reference cultivars (Table 
1). All accessions were grown and analyzed over two 
consecutive vegetation periods (2007 and 2008) in the 
experiment field at Ege University, Agriculture Faculty, 
Department of Horticulture, İzmir, Turkey, located at 
38°28′N, 27°15′E, and at an altitude of 25 m above sea 
level. The climatic conditions of the experimental site are 
shown in Figure 1. 
2.2. Experimental set-up
The seeds were sown in plots in the first week of October 
to raise 20 plants per 4.5 m2 in both years. The field layout 
followed a completely randomized block design with three 

replications for each accession. Traditional cultivation 
practices were implemented, and fertilizers were not used 
during the cultivation. Weeds were manually controlled, 
and furrow irrigation performed on a weekly basis until 
the beginning of the rainy season. Plant samples were 
harvested when the leaves reached full maturity or were 
ready to eat. 
2.3. Agromorphological characterization and data 
collection 
Agromorphological traits were evaluated on 15 plant 
samples using the International Board for Plant Genetic 
Resources descriptors (IBPGR 1991) for Beta, with minor 
adaptations for some agronomic traits. The quantitative 
agromorphologic data measured were leaf weight (g): total 
weight of the harvested leaves divided by the number of 
leaves; plant height (cm): height of the main shoot from 
the ground level to the top during the flowering period; 
plant canopy (cm): average plant width measured during 
the flowering period; petiole length (cm): measured across 
the petiole; petiole width (mm): the petiole width across 
the widest portion of the petiole; petiole thickness (mm): 
the thickest point of the petiole; lamina length (cm): 
measured across the leaf; lamina width (cm): lamina 
width across the widest portion of the leaf; and leaf lamina 
color measured using a CR-300 colorimeter (Minolta, 
Osaka, Japan), and the data evaluated according to the 
Commission Internationale de I’Eclairage (CIE) system. 
The standard color determination by CIE is L*a*b, where 
L* is the light factor (lightness) and hue (°H): the values 
were calculated using the formula °H = tan − 1(b/a); 
chroma (C*): the values were calculated using the formula 
C* = √(a2 + b2). Other parameters analyzed included seed 
weight (g) calculated and expressed as 100 seeds and leaf 
dry matter (%) determined by oven-drying the leaf laminas 
and petioles at 65 °C until the weight loss between the 
measurements was <0.05 g and subsequently calculating 
the dry matter based on the difference between the fresh 
and dry weights. 

The qualitative agromorphological observations of leaf 
pigmentation, petiole color, leaf curliness, leaf hairiness, 
cuticle thickness, annuality, plant growth habit in the 
flowering stage, tepal shape, keel formation, tepal attitude, 
bract distribution on the seed stalk, stem color, stem 
pigmentation, and the number of seeds per seed coat were 
scored and classified according to the descriptor (IBPGR, 
1991). 
2.4. Statistical analysis
Quantitative and qualitative scales of the agromorphological 
traits were used to prepare a raw data set of both years. 
Principal component analysis (PCA) was performed for 
combined quantitative and qualitative agromorphological 
data, and the total variation was calculated as the sum 
of the extracted eigenvalues. Estimates for the Euclidean 
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Table 1. List of accessions, collection locale and origin of Swiss chard used in present study. 

Accession number Collection locale Country of origin Altitude (m)
TR 30741 Gaziantep Turkey --
TR 35012 Çanakkale Turkey --
TR 35065 Bursa Turkey 300
TR 35137 Tokat Turkey 630
TR 35164 Kayseri Turkey 1050
TR 35180 Sivas Turkey --
TR 35278 Şanlıurfa Turkey --
TR 35821 Mardin Turkey 550
TR 35289 Mardin Turkey 550
TR 35316 Hakkari Turkey 1550
TR 35331 Kahramanmaraş Turkey --
TR 35354 Muğla Turkey 600
TR 35355 Muğla Turkey 120
TR 35393 Hatay Turkey 155
TR 40459 Siirt Turkey 1320
TR 43621 Sakarya Turkey 30
TR 46354 Kayseri Turkey 1260
TR 51154 Hatay Turkey 140
TR 51160 Adana Turkey 15
TR 51169 Mersin Turkey 10
TR 51170 Mersin Turkey 20
TR 51194 Muğla Turkey --
TR 51199 İzmir Turkey --
TR 52424 Erzurum Turkey 1400
TR 52488 Artvin Turkey 410
TR 55632 Giresun Turkey 1100
TR 55633 Giresun Turkey 1200
TR 55664 Giresun Turkey 150
TR 55689 Trabzon Turkey 350
TR 55756 Rize Turkey 50
TR 55767 Rize Turkey 250
TR 55773 Rize Turkey 350
TR 55778 Rize Turkey 350
TR 55787 Rize Turkey 50
TR 55800 Rize Turkey 10
TR 55821 Rize Turkey 400
TR 55832 Artvin Turkey 20
TR 55848 Artvin Turkey 4
TR 55866 Artvin Turkey 75
TR 55879 Artvin Turkey 200
TR 55889 Artvin Turkey 20
TR 55931 Rize Turkey 10
TR 55936 Rize Turkey 4
TR 55983 Trabzon Turkey 500
TR 55993 Trabzon Turkey 750
TR 55999 Trabzon Turkey 100
TR 56010 Trabzon Turkey 700
TR 56017 Giresun Turkey 10
TR 56046 Ordu Turkey 20
TR 71077 Kayseri Turkey 1463
TR 73437 Turkey Turkey --
TR 73438 Turkey Turkey --
Local cultivar Pinaper seed Turkey --
Foreign cultivar Freya Germany  --
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dissimilarity coefficients for the agromorphological 
data were used to assess the relationships between the 
genotypes, and hierarchical agglomerative clustering was 
subsequently performed on the principal component 
(PC) axes obtained using the unweighted pair-group 
method with arithmetic average (UPGMA) (Sneath and 
Sokal, 1973; Rabbani et al., 1998). Principal coordinate 
analyses were performed based on a distance matrix and 
a three-dimensional (3D) scatter plot was then prepared 
with the first three principal coordinates to visualize the 
relationship explaining the quantitative and qualitative 
agromorphological traits. Descriptive value, frequency 

of traits, and frequency distribution for total accessions 
were determined. The mean, maximum, and minimum 
values and standard deviations of 14 agromorphological 
quantitative traits were calculated. All data analyses were 
performed using the software Statistica. 

3. Results
The accessions characterized displayed great diversity for 
agromorphological traits. Both qualitative and quantitative 
characters evaluated in the experiment showed a large 
degree of variation. 
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Figure 1. Climatic condition during (a) 2007 and (b) 2008.
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3.1. Agromorphological characters
Descriptive statistics including mean, maximum, 
minimum, and standard deviation values for the 
quantitative agromorphological characters of Swiss chard 
accessions are shown in Table 2. The range of variation 
for the quantitative characters examined revealed high 
variability for all agromorphological characters. Large 
variations, indicating a high level of diversity, were 
determined in the plant traits including leaf weight (8.25–
51.87 g), plant height (67.0–157.67 cm), plant canopy 
(40.64–140.59 cm), petiole width (0.64–2.22 cm), petiole 
length (5.71–17.63 cm), and chroma (118.65–136.63). 

Some of the 14 qualitative agromorphological traits 
were highly variable in their descriptive value, frequency, 
and frequency distribution and Table 3 shows remarkable 
differences among the accessions. Leaf color varied 
from yellow to light green with red veins. Most of the 

accessions demonstrated extremely sparse leaf hairiness, 
and only 4 accessions (TR 55778, TR 55866, TR 55773, 
TR 55787) produced medium cuticle thickness. A total of 
44 accessions revealed erect plant growth habits. All the 
accessions showed concave tepal shapes with ecarinate keel 
formation and semierect/connivent tepal attitude. Seed 
bract was distributed at the top of the plant and stem color 
was yellow to light green in the populations examined. The 
number of seeds per seed coat depended on the accessions; 
8 accessions exhibited monogerm or bigerm, 30 accessions 
ranged from 2 to 4 seeds, and 16 showed more than 5 seeds 
per seed coat. 
3.2. Principal component analysis (PCA)
Quantitative and qualitative agromorphological 
characters, variation proportion, component loading, 
and eigenvalues are listed in Table 2. PCA explained over 
77% of total variation for 27 quantitative and qualitative 

Table 2. Minimum (Min), mean (Mn), maximum (Max), and standard deviation (SD) values for quantitative agromorphological 
characters and eigenvalues proportion of variability of agromorphological traits contributed to the first eight PCs of Swiss chard 
accessions.

PC axis

1 2 3 4 5 6 7 8

Eigenvalues 4.76 2.70 2.03 1.66 1.55 1.26 1.23 1.04

Explained proportion of variation (%) 22.66 12.84 9.65 7.91 7.40 6.00 5.86 4.95

Cumulative proportion of variation (%) 22.66 35.50 45.15 53.05 60.45 66.45 72.31 77.26

Characters Eigenvalues

Petiole color –0.278 0.510 0.311 0.480 0.065 –0.076 0.301 0.062

Plant growth habit at flowering stage –0.061 0.462 0.148 0.424 0.309 0.177 –0.101 –0.378

Cuticle thickness –0.002 0.172 –0.168 –0.642 –0.135 0.029 –0.325 –0.329

Leaf pigmentation –0.015 0.491 0.230 0.320 –0.520 –0.045 –0.075 0.255

Stem pigmentation –0.039 0.275 –0.041 0.122 0.485 –0.460 –0.472 0.186

Leaf hairiness 0.033 0.317 –0.362 0.176 –0.449 –0.161 –0.234 0.292

Leaf curliness –0.182 –0.215 0.030 –0.270 0.009 –0.478 0.476 0.336

Number of seed per seed coat –0.389 0.261 –0.032 0.023 0.037 0.473 0.418 –0.065

Min Mn Max SD

Leaf weight (cm) 8.25 22.91 51.87 7.58 0.881 –0.165 –0.011 0.044 0.053 0.132 –0.059 0.086

Petiole width (cm) 0.64 1.18 2.22 2.60 0.812 –0.242 0.032 0.040 –0.029 0.021 –0.081 0.058

Petiole thickness (cm) 0.46 0.82 1.36 0.17 0.801 –0.217 –0.045 0.128 –0.069 0.028 0.122 0.220

Lamina length (cm) 12.54 19.01 26.09 2.66 0.764 –0.303 0.121 0.165 0.197 –0.020 0.154 –0.112

Petiole length (cm) 5.71 12.29 17.63 3.24 0.673 0.082 –0.253 –0.022 0.082 0.407 –0.014 0.189

Lamina width (cm) 9.78 13.98 22.10 2.25 0.729 0.219 0.308 0.154 –0.199 0.059 –0.049 –0.006

Chroma 118.65 123.41 136.63 2.35 0.203 0.344 –0.456 –0.112 0.420 –0.149 0.339 0.163

Hue° 15.63 22.73 37.87 3.13 –0.472 –0.630 0.382 0.035 –0.099 0.012 –0.094 0.090

Lightness 36.42 41.20 49.94 2.39 –0.487 –0.605 0.167 0.178 –0.058 0.229 –0.102 0.213

Plant height (cm) 67.00 120.65 157.67 22.16 0.209 0.418 0.617 –0.333 0.220 –0.015 –0.165 0.248

Plant canopy (cm) 40.64 99.28 140.59 22.83 0.224 0.278 0.604 –0.578 –0.017 0.085 0.147 0.051

Seed weight (g) 1.01 1.83 3.47 5.48 –0.292 –0.268 0.110 0.134 0.526 0.246 –0.222 0.304

Leaf dry matter (%) 9.02 10.89 18.53 1.48 0.373 –0.314 0.260 0.237 0.003 –0.484 0.095 –0.450
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Table 3. Qualitative agromorphological traits, descriptive value, frequency of traits, and frequency distribution for total accessions.

No. Trait Description Class Frequency
(%)

Cluster

1 2 3 4

1
Leaf pigmentation Absent 0 51.8 1.8 -- 25.9 24.1

Red vein 2 48.1 25.9 20.4 -- 1.8

2

Petiole color Yellow/light Green 2 24.1 3.7 5.6 13.0 1.8

Green 3 66.7 18.5 14.8 9.3 24.1

Pink 4 7.4 3.7 -- 3.7 --

Red vein 5 -- -- -- -- --

3

Leaf curliness None 1 13.0 1.8 -- 7.4 3.7

Smooth 3 25.9 9.3 9.3 1.8 5.6

Medium 5 46.3 14.8 9.3 11.1 11.1

Curled 7 14.81 1.8 1.8 5.6 5.6

4

Leaf hairiness Glabrous 1 72.2 22.2 18.5 16.7 14.8

Very sparse 3 14.8 1.8 1.8 7.4 3.7

Hairy 5 13.0 3.7 -- 1.8 7.4

Very hairy 7 -- -- -- -- --

5
Cuticle thickness Medium 5 92.6 25.9 18.5 22.2 25.9

Thick 7 7.4 1.8 1.8 3.7 --

6
Annuality Annual 1 100.0 27.8 20.4 26.0 25.9

Biennial 2 -- -- -- -- --

7

Plant growth habit at flowering stage Erect 1 81.5 20.4 20.4 18.5 22.2

Erect and procumbent 2 14.8 7.4 -- 5.6 1.8

Procumbent 3 1.8 -- -- 1.8 --

Erect/rostrate 4 1.8 -- -- -- 1.8

8
Tepal shape Straight 1 -- -- -- -- --

Concave curved 2 100.0 27.8 20.4 25.9 25.9

9
Keel formation Ecarinate 1 100.0 27.8 20.4 25.9 25.9

Carinate 2 -- -- -- -- --

10
Tepal attitude Erect 1 -- -- -- -- --

Semierect connivent 2 100.0 27.8 20.4 25.9 25.9

11

Distribution of bracts on the seed stalk Bract absent 0 -- -- -- -- --

Some present on the lower part 1 -- -- -- -- --

Inflorescence half way up 5 -- -- -- -- --

Bract to the top 9 100.0 27.8 20.4 25.9 25.9

12

Stem color White 1 -- -- -- -- --

Yellow/light green 2 100.0 27.8 20.4 25.9 25.9

Green 3 -- -- -- -- --

13

Stem pigmentation Absent 0 59.3 13.0 14.8 16.7 14.8

Striped 1 36.0 11.1 5.6 7.4 11.1

Entire red 2 3.7 1.8 -- 1.8 --

14

All 3 1.8 1.8 -- -- --

Number of seed per seed coat Monogerm 1 -- -- -- -- --

Monogerm and bigerm 3 14.8 3.7 3.7 5.6 1.8

Multigerm (2–4) 5 77.8 24.1 13.0 16.7 24.1

  Multigerm (>5) 7 7.4 -- 3.7 3.7 --
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agromorphological characters. The first PC (22.66% of the 
total variation) was chiefly related to leaf size parameters, 
of which leaf weight, petiole width, petiole thickness, 
lamina length, petiole length, and lamina width are the 
most discriminate characters among the plant traits 
examined. The second PC explained 12.84% of the total 
variation and petiole color, plant grown habit at flowering 
stage, leaf pigmentation, chroma, hue, and lightness 
showed the highest eigenvalues. The third PC (9.65% 
of the total variation) mainly comprised plant height, 
plant canopy, and chroma. The fourth PC (7.91% of the 
total variation) emphasized the cuticle thickness, plant 
canopy, and petiole color. The highest eigenvalues in the 
fifth PC, which explained 7.40% of the total variation, 
mainly related 100 seed weight, leaf pigmentation, stem 
pigmentation, and leaf hairiness. The sixth PC (6.0% of 
the total variation) mainly comprised leaf curliness, stem 
pigmentation, and leaf dry matter. The remaining two 
axes, PC 7 and PC 8, were related to stem pigmentation 
and leaf dry matter, and explained 5.86% and 4.95% of the 
total variation, respectively.
3.3. Cluster analysis
The multivariate cluster analysis performed for all the 
agromorphological plant traits categorized the Swiss 
chard accessions examined into four independent clusters 
(Figure 2). The first cluster comprised 15 accessions and 
were characterized by the highest plant height (146.5 cm), 
plant canopy (114.7 cm), lamina width (14.8 cm), and 
chroma (124.2), and the lowest leaf dry matter (10.8%). 
The second cluster included 11 accessions and were 
characterized by lower leaf weight (19.5 g), lamina length 
(18.9 cm), petiole thickness (0.77 cm), petiole width (1.13 
cm), and chroma (122.6). The third cluster was made up of 
14 accessions and represented the highest leaf weight (25.7 
g) and petiole length (13.2 cm) and showed the lower values 
in lightness (39.7), hue (21.5), and 100 seed weight (1.5 g). 
The fourth cluster consisted of 14 accessions characterized 
by higher lamina length (20.6 cm), petiole thickness (0.98 
cm), petiole width (1.34 cm), lightness (43.4), hue (25), 
100 seed weight (2.1 g), and leaf dry matter (12.4%), while 
registering lower values for plant height (92.3 cm), plant 
canopy (75.9 cm), petiole length (7.7 cm), and lamina 
width (12.3 cm).
In order to visualize the relationships of the quantitative 
morphological traits examined, principal coordinate 
analyses (PCoA) were applied and the first three PCoA are 
given as 3D screen plots (Figure 3).

4. Discussion
Among the Beta sections, Swiss chard is grown as a minor 
crop compared with the other species within this genus. 
However, the significance of this plant has increased 
because of its genetic structure (i.e. resistance to drought 

conditions, tolerance of moderate salinity), and Swiss 
chard is gaining in importance as a horticultural crop 
for a Beta species breeding program in the future. Leaf 
beet and garden beet have desirable resistance against 
the biotic and abiotic stress agents that can be considered 
for sugar beet crop enhancement programs (Santamaria, 
1999; Baranski et al., 2001; Pyo et al., 2004). Swiss chard 
also contains several health-promoting compounds and is 
extremely rich in mineral composition (Bozokalfa et al., 
2011). The plant is used for medicinal purposes (Bolkent 
et al., 2000; Ninfali et al., 2007), and also contains betalains 
(Kugler et al., 2004), polysaccharides (Potter and Long, 
1965), ascorbic acid (Schudel et al., 1979), and flavonoids 
(Dijioux et al., 1995), and colored petioles utilized in food 
coloring due to their large quantities of betalains. Breeding 
programs can considerably increase the betalain content 
of the Swiss chard (Kugler et al., 2004). However, Cheng 
et al. (2011) emphasized that leaf beet has never been bred 
intensively, thereby resulting in the assumption that plenty 
of variation is still possible in the leaf beet cultivars/landrace 
and detailed morphological and agronomic properties 
and genetic diversity are yet to be comprehensively 
investigated. This paper is the first attempt to identify the 
Turkish Swiss chard genetic resources with respect to the 
agromorphological quantitative and qualitative characters 
and to analyze the diversity of the collections examined. 
Quantitative characters are more useful in the assessment 
of varietal descriptors and variety identification, while 
the quantitative characters are mainly related to variety 
improvement programs (Panthee et al., 2006). A large 
variability in the agromorphological traits was observed 
among the accessions between those of the different 
geographical locations. Leaf weight, petiole width, petiole 
thickness, lamina length, petiole length and lamina 
width are the most discriminating characters among 
the plant traits examined. Plant height (67.0–157.67 
cm) and petiole width (0.64–2.22 cm) are consistent 
with those reported by Pokluda and Koben (2002), who 
stated that statistically significant differences in plant 
weight, plant height (42.5–57.9 cm), stalk width (1.36–
3.55 cm), leaf number, and yield were found influenced 
according to the variety. The diversity exhibited among 
the accession based on morphologic traits was confirmed 
by Baranski et al. (2001), who emphasized the significant 
differences observed among garden beets in terms of leaf 
weight, leaf pigmentation, yield, morphology, and the 
chemical composition of the roots. Furthermore, they 
stated that morphological traits enabled the accessions 
to be distinguished into different classes. Distinctive 
morphological characteristics were reported with respect 
to flower, leaf, and root properties of the Beta section 
(Ford Lloyd and Williams, 1975). 



691

BOZOKALFA et al. / Turk J Agric For

Although some accessions were collected from 
considerably close geographical locations, the multivariate 
analyses of the 54 Swiss chard accessions revealed a 
high variability for quantitative agronomic plant traits, 

particularly in the foliage properties. PCA distinguished 
21 agromorphological traits into 8 components and 
explained 77.26% of the total variations. The cluster 
and PC analyses results revealed that the Swiss chard 
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Figure 2. Unweighted pair-group method with arithmetic mean (UPGMA) dendrogram based on the dissimilarity 
matrix constructed from 27 agromorphological traits for 54 Swiss chard accessions.
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populations examined had different agromorphological 
plant properties and, therefore, the accessions were 
grouped under four clusters. Even if several accessions 
were collected from the same vicinity, the clusters did not 
correlate well with the geographical origin. Similar results 
in terms of correlating the genetic variations with the leaf 
traits among the leaf beet germplasm were reported by 
Frese (1991), who evaluated the germplasm from several 
countries and clustered the accessions under five groups 
based on leaf color, leaf curliness, leaf length, plant height, 
and petiole length. 

The genetic variability among the Swiss chard 
genotypes was reported not only for the agromorphological 
traits, but also emphasized for the mineral concentration 
and nutritive value; and the variability observed for the 
nutrient composition among the cultivars, and nonhybrid 
and wild forms of Swiss chard and the varietal differences 
were reported for vitamin C concentration and the 
phenolic compounds in the white and red stem chard 
cultivars (Rozycki et al., 1997; Gil et al., 1998; Pyo et al., 
2004). In fact, our earlier studies indicated that the present 
Swiss chard accessions revealed a high degree of variation 

Figure 3. Principal coordinate analysis of discriminating agromorphological traits among Swiss chard accessions. PC1, PC2, and PC3 
the first second and third principal components explaining 22.6%, 12.84%, and 9.65% of the total variation respectively. (LW: leaf 
weight, PW: petiole width, PT: petiole thickness, LL: lamina length, PL: petiole length, LAW: lamina width, CR: chroma, HUE: hue°, 
L: lightness, PH: plant height, PCA: plant canopy, SW: 100 seed weight, LDM: leaf dry matter, PCO: petiole color, PGH: plant growth 
habit at flowering stage, CT: Cuticle thickness, LP: leaf pigmentation, SP: stem pigmentation, LH: leaf hairiness, LC: leaf curliness, NSC: 
number of seed per seed coat).
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for the primary and secondary nutrient compositions, and 
using the hierarchical agglomerative clustering method 
they were grouped by accession into five major clusters for 
the concentration of the 12 nutritive elements and it is this 
great variability that can be responsible for the genetically 
diverse populations (Bozokalfa et al., 2011). Furthermore, 
to evaluate the genetic structure of the present populations 
and documented comprehensive explanation on the 
variability of accessions, analysis of variance was calculated 
for the agronomic traits. The results revealed significant 
variations among all the accessions studied, in all the 
plant traits, at P > 0.01 (Eşiyok et al., 2011). Phenotypic 
coefficients of variation were higher for all the plant 
traits than the corresponding genotypic coefficients of 
variability; in addition, the lamina length, lamina width, 
petiole thickness, petiole width, lightness, chroma, and 
leaf dry matter showed high heritability with high genetic 
advancement in a percent mean, which provides valuable 
data for evaluating the agronomic traits and accessions for 
phenotypic selection (Eşiyok et al., 2011). Identification 
diversity of the Swiss chard gene pools may contribute to 
valuable scientific knowledge in terms of new breeding 
programs for the improvement of targeted agronomic or 
health benefit compounds and leaf beet can be considered 
a potentially valuable source of the desirable characters 
absent in the sugar beet breeding programs (Baranski et 
al., 2001).

The results contributed to a better understanding 
of the genetic relationships existent among the Turkish 
Swiss chard genetic resources. Besides the research 
findings, there are increased expectations of high diversity 
among the species and/or subgroups of the Beta section 
in Turkey that are located in the center of the origin and 
domestication area of the genus Beta (Tan et al., 1999; 
Frese et al., 2001; Biancardi et al., 2012) and that are rich 
in wild and cultivated forms. Swiss chard has been grown 
as a home garden plant along with the other Beta species 
and while limited cultivars are available in the markets, 
cultivations by farmers are mostly based on landraces 
by exchange of genetic material, the local varieties being 
empirically selected by growers who failed to apply any 
isolation protocols for seed production over time and those 
well adapted to the environmental conditions. The large 
diversity may be explained by gene flow and introgression 
observed in the cultivated beets, i.e. sugar beet, garden 
beet, and leaf beet, which are cross-compatible with the 
wild taxon, i.e. sea beet (Bartsch et al., 1999). In addition, 
Barocka (1985) concluded that B. vulgaris is generally self-

incompatible, wind-pollinated, and highly out-crossed, 
resulting in increased genetic diversity. 

Plant genetic resources are the primary sources for plant 
breeding; therefore, agromorphological and molecular 
characterizations are the first step in the identification and 
evaluation of the existing germplasm. In-depth analyses 
of plant properties increase the effectiveness of genetic 
conservation and plant breeding programs. Identification 
of the accessions within the Turkish Swiss chard germplasm 
with regard to useful agronomic and morphological traits 
is of particular importance for future research and breeding 
programs on this species. Geographical differentiation 
of the distribution area accompanied by the ecological 
conditions (such as latitude, altitude, temperature, and 
moisture) has resulted in ecotypical differentiation that 
has further affected the development of the wild Beta 
relatives. Resistance to biotic and abiotic stress conditions 
could partly contribute to the wide diversity (Rao and 
Hodgkin, 2002). The introduction of new germplasm 
containing potentially useful characteristics increases 
the genetic base. Genetic variability in the Swiss chard 
accessions is relatively high in Turkey, and reliable data 
on such variability are essential for future studies aimed 
at the conservation, improvement, and management 
of Swiss chard. Evaluation of the germplasm based on 
the agromorphological traits, mineral concentrations 
(Bozokalfa et al., 2011), and genetic variability combined 
with the character associations accompanied by heritability 
(Eşiyok et al., 2011), and the current paper demonstrate 
the importance of the Turkish Swiss chard genetic 
collection in the context of biodiversity, which includes the 
germplasm containing rich and valuable plant material. 
This study presents valuable information on the national 
genetic resources, e.g., accessions with high plant growth 
rate, higher leaf weight, or number of leaves per plant, with 
the potential for yield enhancement. Some late flowering 
(data not shown) accessions can be considered to delay 
the production in late spring or early summer, implying 
that the germplasm could be used to further improve the 
cultivars possessing desirable characters. 
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