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ABSTRACT

Historically barley has been a very important crop in agriculture system of Turkey as it is now. Barley breeding and 
collecting activities started at the beginning of 20th century in Turkey. During that time huge amount of material piled up 
at the seed banks and collections of plant breeding institutions through collecting missions and material exchange. We 
characterized around 3.500 barley accessions of Eskisehir Transition Zone Agricultural Research Institute. Characterized 
populations have been obtained from 44 countries (Asia 14, Europe 19, Americas 6, Africa 4 and Australia) of 5 
continents and two international agricultural research institutes since 1950’s up to date. We are presenting only the 
result of 2.517 two row barley accessions with this paper. Results of the study reveal a series of phenotypic similarities 
and differences between the materials of several countries. Results also show the existence of a significant amount of 
diversity between the populations which can be used as a source for breeding programs.
Keywords: Barley; Hordeum vulgare L.; Landrace; Turkey; Characterization; Variation

Eski Bir Arpa Koleksiyonundaki Fenotipik Varyasyon
ESER BİLGİSİ
Araştırma Makalesi
Sorumlu Yazar: Alptekin KARAGÖZ, E-posta: akaragoz@aksaray.edu.tr, Tel: +90 (532) 404 04 67
Geliş Tarihi: 20 Aralık 2014, Düzeltmelerin Gelişi: 22 Şubat 2016, Kabul: 29 Şubat 2016

ÖZET

Arpa, günümüzde olduğu gibi geçmişte de Türkiye’nin tarım sistemi içinde önemli bir yere sahip olmuştur. Türkiye’de 
arpa ıslah ve toplama çalışmaları XX. yüzyılın ilk dönemlerinde başlamıştır. O günden günümüze değin toplama 
çalışmaları ve materyal değişimi yoluyla tohum bankalarında ve bitki ıslahı yapan enstitülerin koleksiyonlarında çok 
sayıda arpa örneği birikmiştir. Bu çalışmada Eskişehir Geçit Kuşağı Tarımsal Araştırma Enstitüsü stoklarındaki 3.500 
civarında arpa örnekleri kullanılmıştır. Araştırma materyali 1950 yılından günümüze kadar dünyanın 5 kıtasındaki 44
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1. Introduction
Barley is the second major cereal crops after wheat 
for Turkey in terms of the area sown and production. 
It occupies 2,720,510 ha (2013) of cultivation 
area which is 7.08% of all arable lands. Remains 
from several excavations indicate that it had been 
cultivated at several parts of Anatolia namely; 
Aşıklı Höyük (7500 BC), Çayönü (7200-6500 
BC), Can Hasan (6500 BC), Çatal Höyük (6000-
5000 BC) and Erbaba (6000-5000 BC) (Harlan 
1995; van Zeist & de Roller 1995; Karagöz et al 
2010). Davis et al (1985) report that following 8 
species of genus Hordeum are native to Turkey: 
H. bulbosum L. (perennial), H. violaceuom Boiss. 
& Huet (perennial), H. distichon L., H. vulgare L., 
H. spontaneum C. Koch, H. marinum Hudson, H. 
murinum L. and H. geniculatum All. Apart from 
above mentioned 8 species, Güner et al (2012) 
reports H. bogdanii Wilensky as a relict species of 
barley. Gökgöl & Taşan (1978) mention that durum 
wheat and barley are the first crops they began to 
develop at the initial stage of variety development 
efforts in newly established republic during 1920’s. 
Variety “Karakılçık” is the first released barley 
cultivar. Today barley is considered to be the 
fourth most important cereal food crop in the world 
(Alqudah & Schnurbusch 2014).

Natural selection through long years of barley 
cultivation, helped accumulation and development 
of specific genes against several types of biotic and 
abiotic stress features such as drought (Toker & 
Çağırgan 2010). P M Zhukovsky, commissioned by V 
I Vavilov collected numerous samples from cultivated 
crops including 1.168 barley samples (Zhukovsky 
1951). Based on several years of observations, Vavilov 
(1951) claimed that “generally the near east is center of 
origin and variation for two row barley”.

Barley was one of the first domesticated, earliest 
scattered and most important crops of the farmers 
of the Middle East (Hawkes 1983; Ceccarelli & 
Grando 2000; Gepts 2004; Comadran et al 2009; 
Badr & El-Shazly 2012; Hübner et al 2012).

Drought resistance is an important character 
especially in dry parts of the world. Barley is a 
drought resistant crop (Ceccarelli & Grando 2000; 
Toker et al 2009; Toker & Çağırgan 2010). Central 
and South-Eastern part of Turkey, where barley crop 
is most cultivated, are the driest parts of the country. 
Due to its drought resistant characteristics, barley is 
an indispensable crop of such environments. 

Barley is a multi-purpose crop. Although it 
is mainly grown in Turkey for feed and malting 
industry, several types and forms of barley are also 
used for other purposes in Turkey and in the world, 
such as a source of dietary fiber, preparation of food 
malt, production of ethanol, grazing or mowing for 
hay as pure stands or in mixture with several crops 
(Bhatty 1997; Bhatty & Rossnagel 1997; Bhatty 
1999; Asfaw 2000; Özpınar et al 2007; Ghaffaripour 
et al 2011; Onal-Asci et al 2010; Koçer & Albayrak 
2012). Akar et al (2004) report that the most valuable 
by product of barley is straw which is used mainly 
for bedding in developed countries but also for 
animal feeding in developing and under-developed 
countries.

Vavilov (1951) hypothesized that center of origin 
of cultivated plants are the areas where greatest 
diversity of their wild relatives arises. This theory 
was confirmed by many other scientists (Gökgöl 
1939; Zhukovsky 1951; Harlan 1995). Information 
on the origin, past and domestication of cultivated 
plants is important for keeping the diversity as 
well as developing higher value crops within their 

ülkeden (Asya 14, Avrupa 19, Amerika 6, Afrika 4 ve Avustralya) ve iki uluslararası tarımsal araştırma enstitüsünden 
temin edilmiştir. Burada sadece 2 sıralı arpaların yer aldığı 2.517 örneğe ait sonuçlar verilmiştir. Çalışma sonuçlarına 
göre, örnekler arasında arpa ıslah programlarına iyi bir kaynak oluşturabilecek önemli derecede çeşitlilik olduğunu 
belirlenmiştir.
Anahtar Kelimeler: Arpa; Hordeum vulgare L.; Yerel çeşit; Türkiye; Karakterizasyon; Çeşitlilik
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original region bringing together improved varieties 
into the farming systems (Badr & El-Shazly 2012). 
Landrace populations and wild cereal relatives are 
important gene sources to broaden the genetic bases 
of modern cultivars (Özkan et al 2005). Landraces 
are considered a “genetic record of their prehistoric 
origins” to be utilized as evidence to investigate 
early spread of them (Jones et al 2012). Many of 
the authors agree that wide genetic diversity in 
landraces provide a source for barley breeders 
(Asfaw 2000; Ceccarelli & Grando 2000; Lasa et 
al 2001; Chabane & Valkoun 2004; Yahiaoui et al 
2008), to guarantee the safety of crop production 
(Chen et al 2012).

Aims of this study were: (i) to assess the 
phenotypic diversity in a world population based 
on agro-morphological traits, (ii) to examine 
phenotypic similarities between the materials of 
different origin, (iii) to explore variation sources 
for future use in barley breeding programs and 
characterized material for the gene bank.

2. Material and Methods
A collection of 3.500 barley accessions from the stocks 
of Eskisehir Transition Zone Agricultural Research 
Institute, providing a broad coverage of Turkish and 
world material were assembled. The experiment 
was carried out in Haymana Research Station (390 

26’ N, 320 30’N, 1.210 m above sea level) in Central 
Turkey on the Ankara Central Research Institute for 
Field Crops. The soil is classified as a clay-loam with 
high lime content (pH 7.9) and poor organic matter 
content (0.9%). The mean annual temperature, annual 
precipitation and relative humidity are 11.8 °C, 359 
mm and 59.7% respectively. Long-term (1992-2008) 
climatic conditions of the Research Station is given 
in Figure 1.

The experiment was conducted for three 
consecutive years in October of 2005, 2006 and 
2007 in 3 meters two rowed unreplicated plots 
(DeLacy et al 2000) in rainfed conditions. Distances 
between plants were 10 cm. The following 
measurements and observation were replicated 5 
times on randomly selected plants (IBPGR 1982; 

ICARDA 1998): Awn Color (AC) (at maturity, 1- 
white; 3- yellow; 5- brown; 7- red; 9- black); Awn 
Length (AL) (at maturity, cm); Awn Roughness 
(AR) (at maturity, 1- rough; 2- smooth); Awn Tip 
Pigmentation (ATP) (before maturity, 1- with 
anthocyanin; 2- without anthocyanin); Early Spring 
Growth (ESG) (before heading, 1- poor; 2- medium; 
3- good); Flag Leaf Length (FLL) (after heading, 
mm); Flag Leaf Width (FLW) (after heading, mm); 
Growth Class (at spring, 1- spring, 2- facultative, 
3- winter); Growth Habit (GH) (at heading, 1- 
prostrate; 2- intermediate; 3- erect); Ligule Color 
(LC) (at heading, 0- without anthocyanin; 1- with 
anthocyanin); Ligule Length (LL) (after heading, 
1- short; 2- long); Number of Days to Heading 
(DH) (at heading, 1-January 1); Number of Days to 
Maturity (DM) (at maturity, 1-January 1); Number 
of Productive Tillers (NPT) (at maturity); Number 
of Rows (NR) (after heading, 1-6 row; 2- 2 row); 
Plant Height (PH) (at maturity, from the ground to 
tip of spike excluding awn); Resistance to Lodging 
(RL) (at maturity, 1- prostrate; 9- erect); Spike 
Length (SL) (at maturity, mm); Growth Class (GC) 
(tillering stage, 1- winter; 3- facultative; 5- spring); 
Status of Flag Leaf (FLS) (after heading, 1- erect; 
2- prostrate; 3- wrinkled); Stem Color (SmC) (at 
maturity, 1- brown; 4- purple; 5- others); Stipule 
Color (SC) (at heading, 0- light; 1- medium; 2- 
dark). Only the two rowed accessions have been 
evaluated. Some of the characteristics such as LC, 
LL and SC are not directly correlated with yield, 
but typical for identification of species. That is why 
they are widely used for identification of plants and 
characterization of plant genetic resources (IBPGR 
1982; Davis et al 1985; ICARDA 1988).
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Table 1- Basic statistical information for entire data set 
 

 SD CV (%) Overall mean Asia Europe America Africa Australia CIMMYT FAO Standard 
n 2517 2517         2517 1298 484 369 130 21 139 71 5 
AC 1.39 55.82 2.5 2.7 2.3 2.3 2.1 2.8 2.5 2.3 3.0 
AL 26.09 19.90       133.1 131.5 121.9 137.1 123.7 135.2 137.2 146.5 101.4 
AR 0.43 36.13 1.1 1.1 1.1 1.2 1.1 1.0 1.1 1.2 1.0 
ATP 0.31 28.52 1.2 1.1 1.1 1.3 1.1 1.1 1.3 1.3 1.3 
DH 6.74 4.15       162.2 161.2 166.2 160.5 164.1 160.5 163.3 160.6 141.3 
DM 6.58 3.41       192.9 191.0 194.5 194.4 194.8 188.4 196.1 197.0 171.0 
ESG 0.93 50.84 1.8 1.5 2.4 1.9 2.2 1.2 2.2 2.3 2.1 
FLL 31.30 23.62       132.5 129.9 137.7 132.0 140.1 119.6 131.8 137.9 74.0 
FLW 2.08 21.19 9.8 9.5 9.5 10.6 10.3 9.0 10.0 11.1 7.4 
GC 0.64 25.04 2.6 2.5 2.7 2.5 2.6 2.3 2.8 2.6 1.0 
GH 0.59 34.54 1.7 1.6 1.9 1.7 1.9 1.6 1.8 1.8 1.0 
LC 0.54 69.81 0.8 0.1 0.2 0.3 0.2 0.1 0.4 0.5 1.8 
LL 0.39 29.30 1.3 1.3 1.2 1.5 1.2 1.3 1.4 1.4 1.3 
NPT 1.97 41.48 4.8 5.1 4.1 5.0 4.3 3.9 3.9 5.5 2.2 
PH 15.12 20.83         72.6 75.4 66.2 76.8 68.9 73.6 63.8 77.0 60.9 
RL 1.74 44.23 3.9 4.4 4.0 3.6 3.9 5.0 3.8 3.1 6.1 
SL 15.68 16.85         93.0 92.0 99.4 89.0 96.9 87.1 94.2 86.8 60.4 
FLS 0.74 40.62 1.8 1.8 1.8 2.1 1.7 2.3 1.4 2.0 1.5 
SmC 1.44 65.34 2.2 2.4 1.8 2.4 1.9 2.0 2.4 2.4 1.0 
SC 0.57 72.15 0.8 0.8 0.8 0.7 0.8 0.7 0.8 0.8 2.7 
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3. Results and Discussion
Mean, standard deviation (SD) and coefficient of 
variance (CV) were estimated for each set of the 
figures (Table 1). Cluster analysis based on Euclidian 
distance was performed to assess the similarities 
between the barley materials of different origin.

Genetic diversity is the sum of genetic 
characteristics within any species and genus (Rao 
& Hodgkin 2002). Plant breeders need diversity for 
success of their breeding programs. Magnitude of 
diversity in a trait of a population is an indication 
of homogeneity or heterogeneity regarding that 
particular trait. The standard deviation (SD) is a 
valuable indicator of diversity (Lasa et al 2001). 
Coefficient of variation (CV) is also a valuable tool 
with this respect. Dotlacil et al (2000) considers a 
10% CV a sign of wide diversity in wheat landraces. 
Basic statistical information for entire data set is 
given in Table 1.

Depending on the characters observed, % CV 
values of populations ranged from 3.41-72.15%. 

Over 50% of CV values were calculated with SC 
(72.15%), LC (69.81%), SmC (65.34), AC (55.82%) 
and ESG (50.84%). The first 4 of these characters 
are related with color attributes that are generally 
important for plant identification rather than yield. 
On the other hand, several research results indicate 
possible functions of plant anthocyanin such as 
a chemical defense mechanism against herbivore 
insects and color may serve as an indication of low 
quality for larval development (Maskato et al 2014). 
Anthocyanin may also be protective in preventing 
damage caused, directly or indirectly by cold 
temperatures, drought and UV radiation (Gould et 
al 1995; Chalker-Scott 1999).

Barley varieties with rough awns can puncture 
the mouth and throat of livestock. Cattles prefer 
barley varieties with smooth awn (Everson & 
Schaller 1955; Park et al 2008). On the other hand, 
awns contribute significantly to spike photosynthesis 
and larger awns are possible selection criterion for 
drought areas (Abera 2009). Total photosynthesis 
surface of serrated awn is wider than that of the 

Table 1- Basic statistical information for entire data set

SD CV (%) Overall 
mean Asia Europe America Africa Australia CIMMYT FAO Standard

n 2517 2517  2517 1298 484 369 130 21 139 71 5
AC 1.39 55.82 2.5 2.7 2.3 2.3 2.1 2.8 2.5 2.3 3.0
AL 26.09 19.90  133.1 131.5 121.9 137.1 123.7 135.2 137.2 146.5 101.4
AR 0.43 36.13 1.1 1.1 1.1 1.2 1.1 1.0 1.1 1.2 1.0
ATP 0.31 28.52 1.2 1.1 1.1 1.3 1.1 1.1 1.3 1.3 1.3
DH 6.74 4.15  162.2 161.2 166.2 160.5 164.1 160.5 163.3 160.6 141.3
DM 6.58 3.41  192.9 191.0 194.5 194.4 194.8 188.4 196.1 197.0 171.0
ESG 0.93 50.84 1.8 1.5 2.4 1.9 2.2 1.2 2.2 2.3 2.1
FLL 31.30 23.62  132.5 129.9 137.7 132.0 140.1 119.6 131.8 137.9 74.0
FLW 2.08 21.19 9.8 9.5 9.5 10.6 10.3 9.0 10.0 11.1 7.4
GC 0.64 25.04 2.6 2.5 2.7 2.5 2.6 2.3 2.8 2.6 1.0
GH 0.59 34.54 1.7 1.6 1.9 1.7 1.9 1.6 1.8 1.8 1.0
LC 0.54 69.81 0.8 0.1 0.2 0.3 0.2 0.1 0.4 0.5 1.8
LL 0.39 29.30 1.3 1.3 1.2 1.5 1.2 1.3 1.4 1.4 1.3
NPT 1.97 41.48 4.8 5.1 4.1 5.0 4.3 3.9 3.9 5.5 2.2
PH 15.12 20.83  72.6 75.4 66.2 76.8 68.9 73.6 63.8 77.0 60.9
RL 1.74 44.23 3.9 4.4 4.0 3.6 3.9 5.0 3.8 3.1 6.1
SL 15.68 16.85  93.0 92.0 99.4 89.0 96.9 87.1 94.2 86.8 60.4
FLS 0.74 40.62 1.8 1.8 1.8 2.1 1.7 2.3 1.4 2.0 1.5
SmC 1.44 65.34 2.2 2.4 1.8 2.4 1.9 2.0 2.4 2.4 1.0
SC 0.57 72.15 0.8 0.8 0.8 0.7 0.8 0.7 0.8 0.8 2.7
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smooth once. It gives to barbed type of awns 
an advantage in dry areas to make use of solar 
radiation. Our barley material consisted mostly 
of rough awned accessions. Spike size and flag 
leaves play significant role for yield performance 
of cereals. Thorne (1965) claimed that due to larger 
photosynthesis area of ears, barley photosynthesized 
more than wheat ears, but on the contrary flag leaves 
of wheat photosynthesized more than those of barley 
because of their larger leaf area.

Lodging is one of the major constraints limiting 
the yield and feeding quality of barley (Chen et al 
2014). Barley crop suffer frequently from lodging 
in Turkey (Kandemir 2004). It was reported by 
Igartua et al (2008) that cultivation of landraces was 
abandoned in Spain since most of the entries were 
too tall and prone to lodging. Lodging characteristics 
showed high degree of diversity with a CV value of 
44.23% (Table 1). Plant height was one of the highly 
variable characteristics with a CV value of 20.83%. 
On the other hand, landraces with taller plant height 
are reported to yield better in unpredictable rainfall 
conditions (Acevedo et al 1991; Muhe & Assefa 
2011). Kara (2008) also supports the positive 
relationship between plant height and barley yield. 
This factor might be the reason for Turkish farmers 
to keep cultivating barley landraces especially at 
low rainfall areas.

Success of growing barley crop in countries with 
diverging climatic conditions requires a collection 
of varieties with distinct agronomic characters. It 
includes winter hardiness for cold areas and resistance 
to several biotic and abiotic stress conditions (Backes 
et al 2003; Cockram et al 2007; Yong-Bi & Horbach 
2012). Consequently, several seasonal types have 
developed in the accession. Majority of the accessions 
showed spring and facultative type character with 
a CV value of 25.04% (Table 1). Barley used to be 
cultivated as a spring crop in Turkey. It explains why 
majority of the accessions consisted of spring and 
facultative types.

Breeders generally pay attention to earliness 
in their selection program especially in areas with 
unpredicted rainfall regimes. Although lateness is 
regarded to secure higher yield by proving a longer 

maturity period, late accessions do not always mean 
producing the highest yield at favorable conditions 
(Loskutov 2010). On the other hand, early varieties 
are reported to be more resistant to certain diseases 
(Comeau & Jedlinski 1987). Among the evaluated 
characters, the least diversity was found with 
heading and maturity period.

Initially the entire material was evaluated for 
their basic characters (Table 1). Comparison of 
the material of different origin was performed on 
country basis as well as continent basis. CIMMYT 
and FAO material were treated separately. Country 
based evaluation was performed in two stages. First 
the entire material was treated separately, and the 
same process was repeated after countries with high 
degree of similarity were combined and treated in 
the same group (Karagöz & Zencirci 2005).

Cluster analysis (Hair et al 1987) was performed 
on three data sets. First of all, the data set has been 
re arranged on the basis of countries (Data not 
presented), continents and international agricultural 
research centers (Table 1). Clusters formed with 
barley accessions from different countries (Figure 
2) indicate that Iraq, Syria, Russia and Afghanistan 
+ Chinese material fell out of the groups formed 
by the other countries, while rest of the countries 
formed three distinct groups. Although Syria and 
Iraq appear to locate out of all the clusters, it may be 
due to small number of representation of Syrian (13) 
and Iraqi (6) material, therefore it is not possible to 
reach a definite judgement about the materials of 
these two countries. Turkish landraces fell within 
group of large number of countries namely Japan, 
Czech Republic + Spain, CIMMYT, USA, Egypt, 
Argentina, FAO, Austria and Tunisia. It is likely that 
it is an indication of high degree of material exchange 
between Turkey, international agricultural research 
institutes and the above-mentioned countries. 
Another group is formed by Ethiopia, Australia + 
France + Hungary + Yugoslavia, The Netherlands + 
Poland + Switzerland and Denmark + Finland. This 
may also be the result of large number of materials 
introduced from Ethiopia. Although materials of 
some of the nearby countries such as Afghanistan 
and China; India and Iran; Germany and Sweden; 
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Austria, France, Hungary and Yugoslavia; Holland, 
Poland and Switzerland; Denmark and Finland show 
high degree of similarity and locate in the same 
clusters, it is not possible to correlate clustering 
pattern to geographic origin by agro-morphological 
characters. Molecular analysis may help better to 
explain the origin and degree of relationship of the 
materials of different countries. It is quite sure that 
long years of adaptation and farmer selection result 
in development of unique landraces in the countries 
as stated by Toker & Çağırgan (2010).

Figure 2- Clusters formed with barley accessions 
from different countries

Clusters formed with barley accessions 
from continents, Turkey and two international 
agricultural research centres is given in Figure 3. 
This classification lays Africa in a distinct group 
from rest of the groups. Materials of the two 
international agricultural research centres reveal 
high degree of similarity likely because they consist 
partly of breeding material. Turkish material lies 
within a group formed by Europe, Asia and America. 
Australian materials also fall in a distinct group.

Figure 3- Clusters formed with barley accessions 
from continents, Turkey and two international 
agricultural research centres

Comparison of the materials of 5 continents 
(excluding CIMMYT and FAO material) indicates 
that Europe and Asia materials show almost 
85% similarities (Figure 4). Highest degree of 
dissimilarity was observed with the materials 
of Africa, followed by Australia and America. 
Recognizable differences of African materials 
from the others were observed with earlier heading, 
longer flag leaves, prostrate to intermediate 
growth habit and shorter ligule length. Almost 
all the characters of Asian materials fell within 
the average levels. American materials differed 
from the other countries mainly by longer ligules. 
Distinguishing characters of European materials 
were shorter plant height and awns, later heading, 
longer spikes and intermediate growth habit. 
Although Australian materials showed obvious 
differences by shorter and narrower flag leaves, 
earlier heading and maturity and erect to semi 
prostrate flag leaves; low number of accessions 
(27) did not allow us to make a concrete judgement 
about Australian material.

Figure 4- Clusters formed with barley accessions 
from continents

4. Conclusions
Present study revealed that high degree of agro-
morphological variation is spread between and 
within the barley germplasm throughout the world. 
Existing material offers a rich source for barley 
breeders with this respect to develop improved 
varieties suitable for various agro-climatic zones of 
the world.
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