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Abstract
Aim of study: Improvement of barley cultivars for malting traits suffers from narrow genetic pool in barley for these traits. Landraces are 

resources that could be used for this purpose. The present study was conducted to determine the variation for malting quality traits within 
a Turkish barley landrace.

Area of study: The study was undertaken in Tokat, a province in Black Sea Region of Turkey.
Material and methods: Twenty-five diverse lines, out of 42 unique genotypes previously identified in ‘Tokak’ landrace (PI 470281) 

based on DNA markers, were evaluated for malting quality traits along with the malting barley cv. ‘Tokak 157/37’ in four field trials. 
Thousand-seed weight, test weight, grain yield, lodging, malt extract percentage, diastatic power, alpha amylase and malt beta glucanase 
activities, malt protein and starch contents were determined.

Main results: Principal component analysis of malting quality traits revealed that thousand-seed weight, alpha amylase activity, beta 
glucanase activity and diastatic power were the most discriminatory traits for the lines. As the average of four trials, 15 of the 25 lines eva-
luated had higher grain yields and 10 of 25 lines had higher malt extract percentages than the standard cultivar ‘Tokak 157/37’. Malt extract 
was highest in Line 59 in all environments, and this line also had the highest values for beta glucanase activity and starch content. Line 215 
had highest values for alpha amylase activity. Lines 59 and 215 clearly had superior malting quality.

Research highlights: These lines could harbor novel alleles for these traits to be used in malting barley improvement.
Additional key words: alpha amylase; diastatic power; diversity; malt beta glucanase; malt extract; principal component analysis
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SSR (simple sequence repeat); °WK (Windish Kolbach)
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Introduction
Plant breeding is based on genetic variations. However, 

due to intense use of some genotypes, limited number of 
elite genotypes are used in breeding programs today (von 
Korff et al., 2008). Thus, plants become vulnerable to bio-
tic and abiotic stresses (Elakhdar et al., 2018), which po-
ses a threat for the sustainability of plant breeding in long 
term. Therefore, there is a need to widen the genetic base 
of plant breeding programs (Langridge & Waugh, 2019). 

Landraces and wild relatives are the sources that could 
be harnessed to widen the genetic base of crops. Introgres-
sed chromosomal segments of wild relatives have poor 
recombination with their homeologous counterparts in the 
developed cultivar receiving those segments. Landraces, 
on the other hand, do not have the problem of chromo-
somal recombination when crossed to cultivars. Besides, 
they do not have deleterious genes impacting yield and 
quality that could be introgressed into the developed cul-
tivar because of linkage drag. Thus, use of landraces in 
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crop improvement programs is more advantageous (Mi-
kić et al., 2016).  

Landraces are morphologically similar, but genetically 
diverse populations (Hagenblad et al., 2019). Landraces 
of self-pollinating crops such as barley are made of many 
different homozygous genotypes. Therefore, landraces 
have considerable amount of genetic variation. It was 
mentioned that about 50-60% of the genetic variations in 
gene banks are within landraces (Parzies et al., 2000; Ja-
radat et al., 2004). For an efficient use in plant breeding, 
this variation needs to be characterized. High levels of va-
riations were reported at DNA level within (Alemayehu & 
Parlevliet, 1997) and among barley landraces (Hamza et 
al., 2004; Pandey et al., 2006; Hua et al., 2015; Shakha-
treh et al., 2016) based on DNA marker data. 

Despite extensive work in genetic diversity of lan-
draces in barley at DNA level, our knowledge for quan-
titative traits is relatively scarce, and is limited to the 
studies with purelines selected from the landraces to 
develop new cultivars. Cultivar candidates with good 
yield potentials were identified among the genotypes 
of some barley landraces (Lakew et al., 1997; Akinci 
& Yildirim, 2009; Akgun et al., 2012). Similarly, geno-
types with superior quality traits were found among the 
genotypes of barley landraces studied (Akgun et al., 
2012; Yahiaoui et al., 2014). However, most of these 
studies examined lines from a multitude of landraces, 
and variation for quality traits in individual landraces 
remain to be elucidated. 

Investigations with quantitative traits pose a unique 
challenge because they are heavily influenced by the 
environment. Besides, high number of lines cannot be 
evaluated in powerful experimental designs with plots of  
enough size and replications. Since the available data 
mostly come from the pureline isolation studies where the 
major focus is on selecting superior lines, only brief infor-
mation about the variation level for quantitative traits in 
landraces is available. Therefore, a systematic decrease of 
line numbers through eliminating the identical or similar 
lines based on the DNA marker data could allow a more 
efficient evaluation of the potential of landraces.

Turkey includes some parts of “Fertile Crescent”, im-
portant center of origin for barley (Kilian et al., 2006). 
Barley landraces from Turkey could have exotic varia-
tions that could be used in barley breeding. Although 
measuring the genetic variation levels in landraces using 
DNA markers are subject of much research, studies into 
the variation levels in quantitative traits, especially for 
quality related traits, are rare (Fernie et al., 2006). The 
aim of this study was to determine whether the high va-
riation determined in a Turkish barley landrace at DNA 
level is present in yield-related and malting quality traits.

Material and methods
Plant material 

Turkish barley landrace ‘Tokak’ (PI 470281), main-
tained in Germplasm Resources Information Network of 
the USA, was subjected to detailed DNA and agronomic 
evaluations. A total of 52 single plants from PI 470281 
were analyzed using 30 single copy SSR markers and 
46 different lines were found (Kandemir et al., 2010). 
Twenty-five lines out of 46 were sampled mostly based 
on their genetic diversities, and were evaluated in multi-
locational field trials along with a commercial barley cul-
tivar (‘Tokak 157/37’) which has a considerable acreage 
in Turkey. 

Field trials

Field trials were conducted in Kazova region of Tokat 
Province of Turkey in 2009, 2010 and 2011, and in Arto-
va region of Tokat Province in 2010. Kazova experiments 
were conducted in Middle Black Sea Transitional Zone 
Agricultural Research Institute in 2009, and in experi-
mental areas of Tokat Gaziosmanpaşa University in 2010 
and 2011, while Artova trial was conducted in a farmer’s 
field. Some soil characteristics of the experimental areas 
are given in Table 1. 

Location Elev. Lat. Long.
Planting 

date
Soil texture

Total salt 
(%)

pH CaCO3 (%) P2O5 (t/ha) K2O (t/ha)
Organic 
matter 

(%)

2009 
Tokat

574 40.3265 36.4475 6 March Clayed-loam 0.023 7.88 13.6 75.6 14.6 1.82

2010 
Tokat

592 40.3325 36.4686 21 Fe-
bruary

Clayed 0.014 8.25 3.9 73.4 29.9 1.19

2010 
Artova

1106 40.0542 36.2954 12 March Clayed 0.012 8.33 3.5 69.1 76.9 0.65

2011 
Tokat

589 40.3332 36.4773 19 Fe-
bruary

Clayed 0.013 8.17 4.5 124.2 44.1 1.38

Table 1. Soil properties of experimental areas 
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Average long term (35 years) daily temperature was 
14.1 °C in Kazova and 8.1 °C in Artova. Average daily 
temperature in Kazova was 13.0 °C in 2009, 14.9 °C in 
2010 and 12.0 °C in 2011, while average daily tempe-
rature in Artova was 11.9 °C in 2010. Long-term yearly 
total amount of precipitation was 557.7 mm in Kazova 
and 464.1 mm in Artova. Precipitation was 582.6, 518.2 
and 472.2 mm in Kazova in 2009, 2010 and 2011 years, 
and 665.0 mm in Artova in 2010. Monthly distributions of 
precipitation and temperature are given in Fig. 1.

Field trials were conducted in randomized complete 
blocks design with three replications in Kazova 2009 and 
Kazova 2011 locations, and with four replications in Ka-
zova 2010 and Artova 2010 trials. Each plot had five 3-m 
long rows. Row spacing was 30 cm. Thus, area of each 
plot was 4.5 m2. A short stature wheat cultivar was sown 
in the two rows between each plot and at the ends of the 
blocks to eliminate the effect of lodging in one plot on 
another. Seeding rate was 200 kg/ha, and trials were plan-
ted manually. Phosphorus and nitrogen fertilizers were 
applied as 75 kg/ha P2O5 and 100 kg/ha N, respectively. 
All of the phosphorus fertilizer and half of the nitrogen 
fertilizer were applied during the planting while the re-
maining half of the nitrogen fertilizer was applied before 
the stem elongation. 

Measured traits

Thousand-seed weight (g), test weight (kg) and grain 
yield (t/ha) were determined according to Kandemir et al. 
(2000). Lodging percentage was determined visually as 
the percentage of lodged plants in a plot (Kandemir et al., 
2000).  Malt production was performed as described by 
von Korff et al. (2008) with some modifications. Forty 
grams of grain with a known moisture content was im-
mersed in two cycles of nine hours of soaking in water 
and 16 hours of draining. Germination was realized at  

14 °C for five days. Moisture level was kept at an equiva-
lent of 45% of the initial grain weight via spraying water 
over the grains. Germination was terminated when the 
plumula reached to 75% of the grain length. Kilning was 
carried out in a gradual way with steps of eight hours at 
60 ºC, six hours at 70 ºC and five hours at 80 ºC. The 
rootlets were mechanically removed. Malt extract percen-
tage was determined using the method described by Fox 
& Henry (1993) on 3 g of ground malt passing through a 
0.5 mm screen. Diastatic power was determined based on 
the method described by Fox et al. (1999). Alpha amyla-
se and malt beta glucanase activities were analyzed using 
K-CERA and K-MBGL commercial kits (Megazyme Int. 
Ireland Ltd), respectively, based on manufacturer’s ins-
tructions. Malt protein content was determined according 
to IACC (1960), and EBC method (EBC, 1987) was used 
to analyze starch content.

Statistical analyses

Data from agronomic and quality traits were analyzed 
using ANOVA. Data from locations were analyzed sepa-
rately since the Bartlett’s homogeneity test showed that 
variances were not homogeneous for most traits across 
the environments. Lodging values were subjected to Arc-
Sin transformation. Lines were grouped using Duncan’s 
multiple range test. All statistical analyses were perfor-
med using MSTAT-C software (Freed & Eisensmith, 
1986). Minitab V17 was used to perform multivariate 
analyses such as principal component analyses (PCA) and 
UPGMA clustering on means of agronomic and quality 
traits in locations based on normalized Euclidean distance 
matrices. Correlation (n=(n*n+1)/2=325) between Nei’s 
genetic distance (Nei, 1972) and the Euclidean distance 
were analyzed to determine relationship between the phe-
notypic and genetic diversities (Fufa et al., 2005).
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Results
In a previous work (Kandemir et al., 2010), a total of 

46 different genotypes had been found among 52 plants 
examined using SSR markers from PI 470281, a barley 
landrace of Turkey. Besides the DNA markers, morpho-
logical characteristics such as rachilla length, rachilla pu-
bescence, size of sterile florets, awn roughness and leaf 
anthocyanin pigments were also examined. However, no 
polymorphism was found for any of these characteristics. 
Of these 46 genotypes, 25 lines were selected based on 
their genetic distance in order to be used in field trials to 
reveal the variations among them for the major agronomic 
and malting quality traits. Results from four field trials 
using these 25 lines, along with ‘Tokat 157/37’ as a refe-
rence cultivar, are given in Tables 2 and 3.

Yield and related traits

Thousand-seed weight had significant variations in all 
environments. As the average of four locations, the lowest 
thousand-seed weight was obtained from Line 46 (43.3 g) 
and the highest from Line 217 (51.0 g) (Table 2). ‘Tokak 
157/37’ had higher thousand-seed weight than all lines 
(55.4 g). There were significant differences for test wei-
ght among the lines in all locations. As the average of the 
locations, test weight of the lines varied from 64.7 (Line 
208) to 67.6 kg (Line 221). ‘Tokak 157/37’, on the other 
hand, had a lower test weight (64.7 kg) than all lines.

Grain yields of lines showed significant differences in 
three out of four environments. Grain yields of lines across 
all environments varied from 2.50 (Line 215) to 3.36 t/ha 
(Line 44). Grain yield of ‘Tokak 157/37’ was 2.85 t/ha. As 
the average of four locations, 15 of the 25 lines evaluated 
had higher grain yields than ‘Tokak 157/37’.

Lines showed significant differences for lodging ob-
served at the harvest. Lodging was common among the li-
nes in 2009 and 2011 Tokat locations. In general, all lines 
had a high level of lodging. All lines lodged considerably 
in 2009 Tokat trial. ‘Tokak 157/37’ had a 50% lodging in 
this trial. Considering the average of all trials, Line 217 
had the lowest level of lodging (46.3%). The highest le-
vel of lodging, on the other hand, was observed in Line 
62 (79.4%). ‘Tokak 157/37’ had a relatively low level of 
lodging (52.3%).

Quality traits

Malt extract trait was analyzed in three of four environ-
ments, and significant differences were observed among 
the lines in all three environments. As the average of three 
locations, Line 213 had the lowest malt extract percenta-
ge (76.4%) while Line 59 (80.4%) had the highest level 

(Table 3). Malt extract of ‘Tokak 157/37’ was moderate 
(77.6%). Malt extract of Line 59 was highest in all three 
environments. In three out of four environments, 10 of 
25 lines had higher malt extract percentages than ‘Tokak 
157/37’.

Lines showed significant differences for alpha amylase 
activity measured as dextrinizing unit at 20 °C (20° DU), 
which represents the amount of alpha amylase that will 
dextrinize one g of soluble starch in an hour at 20 °C in 
the presence of excess beta amylase (Institute of Brewing, 
1969). The lowest activity was observed in Line 217 (9.8 
20° DU) and the highest in Line 215 (48.7 20° DU). Al-
pha amylase activity of ‘Tokak 157/37’ was 15.0 20° DU. 
Alpha amylase activities of Lines 44, 46, 212 and 215 
were statistically higher than ‘Tokak 157/37’. 

Beta glucanase activity of the lines varied between 223 
(Line 217) to 645 IRV unit/kg (Line 59). IRV is the unit 
of increase in reciprocal specific viscosity method used 
by the Institute of Brewing (Buckee & Baker, 1988). Beta 
glucanase activity of ‘Tokak 157/37’ (228 IRV unit/kg) 
was quite low. All lines except for 217 had significantly 
higher beta glucanase activity than ‘Tokak 157/37’.

Significant differences were also observed among the 
lines for diastatic power, which varied from 320 (Line 67) 
to 634 ºWK (Line 53). ºWK is the amount of maltose for-
med from a solution of a standardized soluble starch by an 
enzyme extract from 100 g of malt (Miller, 2019). Dias-
tatic power of ‘Tokak 157/37’ (310 ºWK) was lower than 
all lines. All lines except for 67 and 217 had significantly 
higher diastatic power than ‘Tokak 157/37’.

Starch content in the grain varied between 59.7 (Line 
201) and 61.7% (Line 59) and these differences were sig-
nificant. ‘Tokak 157/37’ had an average starch content of 
60.4%. All lines except for 64, 201, 212 and 217 had hi-
gher starch content than ‘Tokak 157/37’.

Malt protein content of the lines varied between 11.3 
(Line 213) and 14.0% (Line 215). Malt protein content 
of ‘Tokak 157/37’ was 13.6%. All lines except for Line 
213 had statistically similar malt protein content to that of 
‘Tokak 157/37’.

Principal component analysis (PCA)

PCA was performed to show the variations for malt 
quality traits among the 25 lines evaluated in the present 
study and ‘Tokak 157/37’, and to determine the relative 
contribution of each character within the total variance. 
The first three PCs with eigen value greater than one ac-
counted for 67.7% of the total variability. The PC1 exp-
lained 30.6% of the total variance. Thousand-seed weight, 
alpha amylase activity, beta glucanase activity and dias-
tatic power contributed to the first PC1. On PC2, which 
constituted 25.1% of entire variation, the most predo-
minant characters were malt protein, starch content and  
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Lines
2009 

Tokat**
2010 

Tokat**
2010 

Artova**
2011 

Tokat**
Avg

2009 
Tokat**

2010 
Tokat**

2010 
Artova**

2011
Tokat**

Avg

Thousand-seed weight (g) Test weight (kg)

40 50.8 bch 47.5 c-g 45.2 d-i 48.5 b-e 48.0 61.4 abc 68.4 bcd 68.2 abc 66.7 abc 66.2

44 48.6 b-e 43.9 hi 44.2 f-i 49.3 a-d 46.5 62.4 ab 68.3 bcd 68.0 abc 66.4 abc 66.3

46 43.1 e-f 42.7 i 42.6 i 44.9 d-g 43.3 62.6 ab 66.8 de 67.0 abc 65.8 abc 65.6

50 47.1 b-f 45.2 f-i 43.6 ghi 46.5 b-f 45.6 62.6 ab 69.3 abc 67.9 abc 67.3 abc 66.8

51 46.0 b-f 45.3 f-i 44.9 e-i 44.5 d-g 45.2 60.7 abc 66.8 de 66.4 a-d 65.5 bc 64.9

53 46.8 b-f 42.9 i 43.2 ghi 43.7 efg 44.1 62.3 ab 67.5 cde 66.6 abc 64.8 bc 65.3

56 46.9 b-f 47.7 c-g 43.8 ghi 48.3 b-e 46.7 58.7 c 68.5 bcd 66.3 bcd 67.4 abc 65.2

59 48.4 b-e 45.7 e-i 43.5 ghi 42.4 fg 45.0 63.2 a 69.3 abc 66.3 cd 67.5 abc 66.6

61 47.1 b-f 47.8 c-f 46.9 b-f 49.0 a-d 47.7 62.5 ab 68.5 bcd 67.5 abc 68.0 abc 66.6

62 44.0 ef 45.9 e-i 42.6 i 45.2 c-f 44.4 61.5 abc 70.3 ab 68.0 abc 67.0 abc 66.7

64 44.7 def 45.7 e-i 43.9 f-i 44.2 d-g 44.6 61.1 abc 68.8 a-d 67.5 abc 65.5 bc 65.7

67 46.1 b-f 48.9 b-e 47.6 b-e 46.3 b-f 47.2 60.9 abc 69.3 abc 67.3 abc 66.7 abc 66.0

201 46.5 b-f 45.0 f-i 44.6 f-i 46.6 b-f 45.7 61.8 abc 69.0 a-d 67.8 abc 66.5 abc 66.3

206 46.8 b-f 47.8 c-f 47.9 bcd 47.6 b-e 47.5 61.5 abc 67.7 cde 68.0 abc 67.6 abc 66.2

207 47.8 b-e 50.3 abc 48.5 bc 50.6 ab 49.3 60.7 abc 67.5 cde 67.5 abc 66.1 abc 65.5

208 46.4 b-f 49.4 bcd 48.2 bc 50.1 abc 48.5 59.3 bc 68.0 cde 67.3 abc 64.4 c 64.7

210 41.6 f 43.3 hi 43.1 hi 46.7 b-f 43.7 60.6 abc 69.7 abc 68.3 abc 68.3 ab 66.7

212 45.0 c-f 47.4 c-g 44.3 f-i 44.2 d-g 45.2 61.7 abc 69.0 a-d 67.7 abc 67.3 abc 66.4

213 48.8 b-e 51.6 ab 46.0 b-h 48.9 a-d 48.8 59.5 bc 69.3 abc 66.7 abc 65.2 bc 65.2

215 43.2 ef 45.2 f-i 45.6 c-i 40.1 g 43.5 61.0 abc 67.8 cde 68.6 a 67.3 abc 66.2

217 50.9 bc 53.0 a 48.6 b 51.3 ab 51.0 62.3 ab 68.4 bcd 68.0 abc 65.3 bc 66.0

221 45.3 b-f 45.2 g-j 43.0 hi 48.0 b-e 45.4 62.4 ab 70.8 a 68.1 abc 69.3 a 67.6

224 51.1 b 46.5 d-h 43.9 ghi 50.1 ab 47.9 61.6 abc 68.9 a-d 67.3 abc 67.8 abc 66.4

227 50.3 bcd 44.4 ghı 46.2 b-g 46.5 b-f 46.9 62.4 ab 68.2 bcd 68.1 abc 67.0 abc 66.4

228 50.4 bcd 49.2 bcd 49.0 bcd 47.8 b-e 49.1 61.7 abc 68.6 a-d 68.5 ab 67.3 abc 66.5

Tokak 157/37 58.6 a 51.9 ab 57.3 a 53.7 a 55.4 63.6 a 66.0 e 64.6 d 64.6 bc 64.7

Grain yield (t/ha) Lodging (%)

2009
Tokat*

2010 
Tokat*

2010 
Artova*

2011 
TokatNS Avg

2009 
Tokat**

2010 
Tokat**

2010 
Artova**

2011
Tokat**

Avg

40 1.76 b-e 2.66 abc 3.08 a-d 3.66 2.79 100 a 20.0 bcd   2.5 hi 86.7 52.3

44 2.22 ab 2.96 abc 3.28 abc 5.01 3.36 100 a 37.5 abc 42.5 a-f 100.0 70.0

46 1.85 a-e 2.89 abc 3.31 a-b 3.49 2.88 100 a 30.0 abc 15.0 d-i 86.7 57.9

50 2.00 a-d 3.12 ab 3.31 ab 3.84 3.07 100 a 27.5 abc 15.0 d-i 100.0 60.6

51 1.62 cde 3.08 ab 3.11 a-d 3.43 2.80 100 a 31.3 abc 15.0 d-i 100.0 61.6

53 1.90 a-e 2.96 abc 3.39 ab 4.02 3.07 100 a 31.3 abc 21.3 b-i 86.7 59.8

56 1.58 cde 2.64 abc 3.19 a-d 3.61 2.75 100 a 11.3 bcd 10.0 f-i 80.0 50.3

59 1.78 b-e 2.90 abc 3.30 ab 4.04 3.00 100 a 15.0 bcd   0.0 i 86.7 50.4

61 1.44 de 2.91 abc 3.33 ab 4.89 3.14 100 a 47.5 ab 48.8 a-d 100.0 74.1

62 1.68 cde 2.69 abc 2.81 cd 4.08 2.81 100 a 47.5 ab 70.0 a 100.0 79.4

64 1.62 cde 2.58 bc 3.05 a-d 3.30 2.64 100 a 18.8 bcd 12.5 d-i 90.0 55.3

67 1.95 a-e 3.12 ab 3.13 a-d 4.20 3.10 100 a 17.5 bcd 52.5 abc 100.0 67.5

201 1.83 a-e 3.06 ab 3.00 a-d 3.08 2.74 100 a 40.0 abc   7.5 e-i 80.0 56.9

206 1.78 b-e 2.84 abc 3.24 abc 3.40 2.82 100 a 18.8 bcd   5.0 ghi 83.3 51.8

Table 2. Yield and related traits of the lines selected from PI 470281
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lodging (Fig. 2a). The third PC explained 12.0% of ove-
rall variation for which malt extract contributed heavily.

In order to show the genotype responses, score plot 
was prepared (Fig. 2b). The most responsive genotypes 
could be determined in the score plot through drawing a 
polygon whose corners were constituted by the genotypes 
as the extremes. These genotypes could be the ones with 
the best or worst performance in some or all environments 
in which they are evaluated (Yuksel & Akcura, 2012). 
‘Tokak 157/37’ and Lines 61, 221, 59 and 215 appeared 
to be the most responsive genotypes.

Five groups were established based on the dendrogram 
prepared with the measured traits (Fig. 3). Dendrogram 
was first divided into two based on beta glucanase acti-
vity and thousand-seed weight. Lines 207 and 217 with 
the lowest levels of beta glucanase activity, and the hi-
ghest thousand-seed weight along with the standard cul-
tivar ‘Tokak 157/37’ constituted the first group (shown in 
black color). Line 207 which had high alpha amylase and 
beta glucanase activities, diastatic power and grain yield 
appeared to have a subgrouping within them. The second 
group formed as a result of ‘lines with the highest’ dias-
tatic power (showed in green color). Within this group, 
lines were further divided into two since Lines 64 and 215 
had lower beta glucanase activity, grain yield, lodging and 
higher malt protein content than Lines 51 and 53. Lines 
56, 61, 67, 208, 210, 212 and 213 which had low levels 
of diastatic power and beta glucanase activity formed the 
third group (shown in purple color). Line 61 grouped se-
parately because it had lower beta glucanase activity and 
alpha amylase activity, highest grain yield and lodging in 
the group. Lines 208 and 212 grouped separately as they 
had high beta glucanase activity, and Lines 67 and 210 
had high malt extract. The fourth group was constituted 

by the lines with higher diastatic power among the remai-
ning lines (shown in crimson color). Since Lines 44 and 
221 had lower diastatic power and malt protein content 
than Lines 62 and 201, group 4 was further divided into 
two. The fifth group consisted of lines with higher beta 
glucanase activity. Since the Lines 46 and 59 had higher 
beta glucanase activity than all other lines, they grouped 
separately. Lines 40 and 227 were separated from other li-
nes since they had relatively low levels of diastatic power. 
In this group, Lines 50 and 206 were similar, while Line 
228 was different for malt extract and alpha amylase acti-
vities, and Line 224 was different in terms of grain yield 
and lodging.

No significant correlation was found between the Nei's 
genetic distance values determined among 25 lines using 
SSR markers examined and the distance matrix obtained 
from the agronomic and quality trait data (r = 0.105, p > 
0.05). Thus, no relationship was found between diversity 
estimates based on SSR data and agronomic and quality 
trait data.

Discussion
Genetic variations in crop plants have been signi-

ficantly narrowed during the development of modern 
cultivars with plant breeding. Landraces are of great 
importance for expanding these shrinking genetic va-
riation (Yadav et al., 2018). We previously characteri-
zed genetic variation of Turkish barley landrace ‘Tokak’ 
(PI 470281) at DNA level (Kandemir et al., 2010) and 
found a high level of genetic variation. However, va-
riation for traits that could be easily observed such as 
thousand-seed weight, test weight and grain yield was 

Grain yield (t/ha) Lodging (%)

2009
Tokat*

2010 
Tokat*

2010 
Artova*

2011 
TokatNS Avg

2009 
Tokat**

2010 
Tokat**

2010 
Artova**

2011
Tokat**

Avg

207 2.38 a 3.03 ab 3.42 ab 4.32 3.29 100 a 20.0 bcd 22.5 b-h 83.3 56.5

208 1.50 de 3.15 a 3.37 ab 4.42 3.11 100 a 37.5 abc 32.5 a-g 100.0 67.5

210 1.83 a-e 2.78 abc 3.12 a-d 3.28 2.75 100 a 67.5 a 46.3 a-d 98.3 78.0

212 1.64 cde 2.40 c 3.47 a 4.49 3.00 100 a 10.0 bcd 21.3 b-i 81.7 53.3

213 1.94 a-e 2.68 abc 3.33 ab 3.74 2.92 100 a 32.5 abc 12.5 d-i 100.0 61.3

215 1.38 e 2.63 abc 2.72 d 3.27 2.50 100 a   7.5 cd   2.5 hi 86.7 49.2

217 1.74 b-e 2.43 c 2.97 bcd 3.43 2.64 100 a   0.0 d   5.0 ghi 80.0 46.3

221 2.12 abc 2.69 abc 2.99 bcd 4.08 2.97 100 a 42.5 abc 57.5 ab 100.0 75.0

224 1.76 b-e 2.99 ab 3.13 a-d 5.02 3.22 100 a 45.0 ab 35.0 a-g 100.0 70.0

227 1.70 b-e 2.75 abc 3.29 ab 3.69 2.86 100 a 21.3 bcd 18.8 c-i 86.7 56.7

228 1.64 cde 3.11 ab 2.94 bcd 3.92 2.90 100 a 25.0 bc 42.5 a-e 100.0 66.9

Tokak 157/37 2.13 abc 2.82 abc 3.16 a-d 3.29 2.85 50 b 25.0 bc 37.5 a-f 96.7 52.3

NS: not-significant. *, ** means with the same letter are not different at 5 and 1% significance level, respectively. 

Table 2. Continued. 
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not very high in the present study. On the other hand, 
considerable variation was found for malt quality traits. 
The lower variation in visible agronomic characters 
compared to the variation for invisible malting quali-
ty traits or variation at DNA level could indicate that 
ancient farmers made conscious selections for the visi-
ble traits. Indeed, no significant correlation was found 
between the diversity estimates based on SSR data and 
the diversity estimates based on agronomic and quality 
trait data. Therefore, assessment of variation at landra-
ces beyond the DNA level is necessary to elucidate the 
usefulness of variation in landraces (Varshney et al., 
2010; Chalak et al., 2015). 

Most of the lines evaluated had better performance 
than ‘Tokak 157/37’ for all traits except for thousand-seed 
weight. Striking thousand-seed weight characteristics 
of ‘Tokak 157/37’ were previously reported (Kandemir, 
2004). Furthermore, ‘Tokak 157/37’ was reported to have 
better malt extract values than most other barley cultivars 
(Sipahi et al., 2009). The lines evaluated in the present 
study had superior malting quality traits compared to 
‘Tokak 157/37’. Thus, it could be stated that the lines eva-
luated have good malting quality character. 

Variations in landraces could be due to ecological 
factors and producers’ preferences. A major portion of 
the variations in gene banks were reported to be within 

Lines

Malt extract (%) Alpha 
amylase

activity**
(20º DU)γ

Beta 
glucanase 
activity**
(IRV unit/

kg)γ

Diastatic
power** 
(ºWK)γ

Starch
content**

(%)γ

Malt protein
content**

(%)γ
2010

Tokat**
2010

Artova**
2011

Tokat** Avg.

40 78.1 def 78.8 abc 74.3 def 77.1 26.6 b-f 575 bc 332 jk 61.5 a 12.2 a-d

44 78.7 b-f 78.6 a-d 72.6 f 76.6 39.9 abc 464 g-j 448 f 61.0 a-d 11.9 cd

46 79.4 a-e 79.4 ab 74.9 cde 77.9 41.3 ab 636 a 487 e 61.1 a-d 12.9 a-d

50 79.2 a-f 78.6 a-d 75.2 cde 77.7 34.2 a-e 506 e-h 426 f 61.0 a-d 12.4 a-d

51 80.1 abc 80.3 ab 74.4 def 78.3 29.1 b-f 599 ab 561 c 61.2 abc 11.9 cd

53 79.1 a-f 77.8 bcd 74.9 cde 77.3 33.5 a-e 605 ab 634 a 60.6 a-d 12.9 a-d

56 79.0 a-f 78.1 bcd 75.2 cde 77.5 26.6 b-f 463 hij 372 hi 60.6 a-d 12.9 a-d

59 80.8 a 81.0 a 79.2 a 80.4 30.1 a-e 645 a 417 fg 61.7 a 12.4 a-d

61 77.4 ef 79.0 ab 75.9 bcd 77.4 17.2 def 396 k 392 gh 61.4 ab 11.8 cd

62 78.5 b-f 78.2 bcd 75.4 b-e 77.4 28.2 b-f 471 f-j 522 d 60.9 a-d 13.0 a-d

64 79.4 a-e 79.2 ab 74.3 def 77.6 35.1 a-e 517 def 591 bc 59.8 cd 13.2 abc

67 79.8 a-d 78.7 a-d 76.2 bcd 78.2 19.7 def 421 jk 320 k 60.9 a-d 13.1 a-d

201 77.4 ef 76.3 cd 76.9 bc 76.9 35.8 a-e 512 d-h 522 d 59.7 d 13.3 abc

206 77.7 d-f 78.7 a-d 75.0 cde 77.2 29.8 a-e 516 d-g 437 f 60.9 a-d 13.2 abc

207 80.3 ab 78.1 bcd 74.8 cde 77.7 27.5 b-f 309 l 378 h 60.8 a-d 12.4 a-d

208 78.3 b-f 80.3 ab 75.3 cde 77.9 27.1 b-f 482 f-i 378 h 60.3 a-d 12.6 a-d

210 78.6 b-f 79.7 ab 75.7 b-e 78.0 28.4 b-f 437 ijk 340 ijk 61.6 a 12.3 a-d

212 77.2 f 77.9 bcd 75.9 bcd 77.0 36.7 a-d 509 d-h 390 gh 59.8 cd 13.8 ab

213 77.5 ef 76.2 d 75.5 b-e 76.4 29.6 a-e 471 f-j 341 ijk 61.6 a 11.3 d

215 79.1 a-f 79.3 ab 76.9 bc 78.5 48.7 a 514 d-h 613 ab 60.7 a-d 14.0 a

217 77.4 ef 79.0 ab 73.6 ef 76.7  9.8 f 223 m 327 k 60.0 bcd 12.9 a-d

221 78.6 b-f 78.6 a-d 75.0 cde 77.4 31.0 a-e 450 ij 442 f 61.5 a 11.8 cd

224 77.9 def 78.2 bcd 76.4 bcd 77.5 28.0 b-f 560 bcd 430 f 60.6 a-d 13.0 a-d

227 78.4 b-f 79.0 ab 74.8 cde 77.4 21.1 c-f 578 bc 365 hij 60.9 a-d 12.2 a-d

228 78.1 c-f 78.5 a-d 77.5 ab 78.0 18.8 d-f 535 cde 423 fg 60.8 a-d 12.0 bcd

Tokak 157/37 78.8 b-f 78.5 a-d 75.4 b-e 77.6 15.0 ef 228 m 310 k 60.4 a-d 13.6 abc

**Means with the same letter are not different at 1% significance level. γ: data is from 2010 Artova location only.  20° DU is the amount of 
alpha amylase that will dextrinize one g of soluble starch in an hour at 20 °C in the presence of excess beta amylase. IRV is the unit of increase 
in reciprocal specific viscosity method. ºWK is the amount of maltose formed from a solution of a standardized soluble starch by an enzyme 
extract from 100 g of malt. 

Table 3. Malting quality traits of the lines selected from PI 470281
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landraces (Parzies et al., 2000). Amezrou et al. (2018) 
evaluated a barley population using PCA and found that 
66.4% of the variation was explained by the first three 
PCs. Studying Ethiopian barley landraces, Abebe et al. 
(2010) reported that 73% of the variation was attributed 
to the first three PCs, and speculated that elevation and 
ecological factors affect the level of variation. Conside-
ring the fact that landraces are relatively homogeneous 
for visible characters (Hagenblad et al., 2019) but possess 
genetic variation at DNA level, it could be stated that the 
ancient farmers might have carried out some visual selec-
tions based on their preferences. On the other hand, vi-
sually undetectable traits such as biochemical and malting 
quality characters could have sustained their variability in 
the hands of ancient farmers since these farmers harves-
ted their seeds as bulks rather than growing progeny from 
single plant selections. Similar conclusions were drawn 
from variations detected in various barley populations by 
PCA in other studies (Demissie & Bjornstad, 1996; Yadav 
et al., 2018). 

Of the lines in the corners of the score plot analysis 
which allows a better evaluation of the general perfor-

mance of the lines, Line 59 had the highest values for malt 
extract, beta glucanase activity and starch content, while 
Line 215 had highest values for alpha amylase activity 
and malt protein content (Table 3). ‘Tokak 157/37’ had 
lower values than the average for most malting quality 
traits. Similar to ‘Tokak 157/37’, Lines 61 and 221 had 
values lower than the average for most malting quality 
traits. Lines 59 and 215 had clearly superior malting qua-
lity, which might indicate that these lines harbor superior 
alleles of the genes associated with malting quality traits. 

Cluster analysis is a useful tool that allows detai-
led evaluation of lines for all traits studied using visual 
images produced. A dendrogram based on all the traits 
measured classified the lines in five groups differing in 
thousand-seed weight, beta glucanase activity and dias-
tatic power. Beta glucanase, alpha amylase activities and 
diastatic power were the traits with the highest positive 
loadings in the first PC. PC analysis confirmed the grou-
pings of the lines to a large extent. The finding that the 
trait with the highest positive loading was more effecti-
ve for the grouping in cluster analysis was also found by 
Manjunatha et al. (2007) and Amezrou et al. (2018).

Development of cultivars for quality traits through plant 
breeding are usually implemented using gene pools with na-
rrow genetic backgrounds (Muñoz-Amatriaín et al., 2010; 
Augustinos et al., 2016) and there is a need for novel alle-
les. Due to the deleterious alleles of the genes affecting gra-
in yield and quality characteristics, wild species are not the 
preferred source of variation to this aim. However, landraces 
could provide these alleles. For this purpose, it is necessary 
to evaluate landraces to determine their quality characteris-
tics and identify novel alleles before an efficient use of the-
se novel alleles in breeding programs. ‘Tokak’ (PI 470281) 
is a barley landrace with high level of genetic variation and 
environmental adaptability. With the present study, we eva-
luated the malting quality characteristics of the selected lines 
of ‘Tokak’ landrace from the Fertile Crescent and identified 
some lines with superior malting quality traits which could 
carry potential novel alleles for these traits. 

Figure 2. Loading (a) and score (b) plot of first two principal components. TSW: thousand-seed weight. GY: 
grain yield. LD: lodging. SR: starch content. TW: test weight. ME: malt extract. BG: beta glucanase activity. 
AA: alpha amylase activity. DP: diastatic power. MP: malt protein content.

   
 
 

Figure 3. Cluster based on agronomic traits using average 
linkage and Euclidean distance. 
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Direct use of our selected lines as cultivars do not 
seem plausible due to the high level of susceptibility for 
fungal diseases (powdery mildew, leaf stripe) observed 
during the seed multiplication. Besides, the lines had 
high levels of lodging which could be a major threat for 
yields in areas with high yielding potential especially in 
fall plantings. Thus, the selected lines could better be 
used as parents in plant breeding programs especially for 
their superior malting quality gene alleles. Detailed eva-
luation of alleles of already known gene/QTL regions of 
our selected lines on the same genetic background could 
better reveal the value of these novel genes for plant bre-
eding programs.
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