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Abstract

This research was conducted to select barley lines with high grain yield and quality traits, adaptable to
dryland environments by evaluating grain yield and quality traits of some barley lines in Konya Province of
Turkey. In this study, 19 advanced lines which were improved in barley breeding program in Bahri Dagdas
International Agricultural Research Institute (BDIARI) and 5 standard varieties (Karatay 94, Tarm 92, Ince 04,
Tokak 157/37 and Larende) were used. The trials were setup in randomized complete block design with 3
replicates during growing season in 2011-12 and 2012-13. During the study, the grain yield (GY), thousand
kernel weight (TKW), kernel size (KS), test weight (TW), crude protein content (CP), and crude fiber content (CF)
of barley lines were determined. The differences among the genotypes were found statistically significant with
respect to the studied traits. According to the results obtained for both years, the GYs of barley lines ranged
between 3.18 and 4.33 t ha’. The highest GY was obtained from advanced line 17. Karatay 94 had the highest
yield with 4.05 t hal among control cultivars. The values ranged in genotypes between 33.7-43.2 g in TKWs,
57.2-86.6 % in KSs, 58.5-65.0 kg hlt in TWs, 10.91-12.65 % in CP, and 6.11-7.36 % in CF. To conclude 4, 14 and
17 numbered lines were promising with higher GYs and better-quality properties in the rainfed conditions.
Therefore, these lines were selected as new cultivar candidates for use by dry farming farmers and to use as
parent in the development of new varieties by barley breeders.
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Yagmura Dayali iklim Kosullarinda Tane Verimi ve Bazi Kalite Ozellikleri i¢in Arpa
(Hordeum vulgare L.) Hatlarinin Segimi

Ozet

Bu arastirma Tirkiye’'nin Konya ilinde bazi arpa hatlarinin tane verimi ve kalite 6zelliklerini
degerlendirerek, kurak alanlara uyumlu yiiksek tane verimi ve kalite 6zelliklerine sahip arpa hatlarini se¢mek
amaciyla yaritilmastir. Bu ¢alismada Bahri Dagdas Uluslararasi Tarimsal Arastirma Enstitlisiinde (BDUTAE)
arpa islah programinda gelistirilen 19 ileri hat ve 5 standart gesit (Karatay 94, Tarm 92, ince 04, Tokak 157/37
ve Larende) genetik materyal olarak kullanilmistir. Denemeler 2011-12 ve 2012-13 yetistirme dénemlerinde
tesadif bloklari deneme deseninde 3 tekerrirli olarak kurulmustur. Calisma esnasinda, arpa genotiplerinde
tane verimi (TV), bin tane agirligi (BTA), tane iriligi (Ti), hektolitre agirlig (HL), ham protein orani (HP) ve ham lif
icerigi (HLI) belirlenmistir. incelenen tiim 6zelliklerde genotipler arasindaki farkhliklar istatistiki olarak &nemli
bulunmustur. iki yillik elde edilen sonuglara gore, arpa genotiplerinin TV 3.18 ve 4.33 T ha™ arasinda
degismistir. En yiiksek TV 17 numarali hattan elde edilmistir. Karatay 94, kontrol cesitleri arasinda 4.05 T hatile
en yiiksek TV sahip olmustur. incelenen hatlarda BTA 33.7-43.2 g, Ti % 57.2-86.6, HL 58.5-65.0 kg hl, HP %
10.91-12.65 ve HLi % 6.11-7.36 arasinda degismistir. Sonug olarak 4, 14 ve 17 numarali hatlar, yagmura dayali
iklim kosullarinda yiksek TV ve yiksek kalite 6zellikleri ile Gmitvar bulunmustur. Bu nedenle, bu hatlar kuru
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tarim ciftgileri tarafindan kullanilmasi ve arpa islahgilarinin yeni ¢esit gelistirmelerinde ebeveyn olarak

kullanmalari igin yeni gesit adaylari olarak segilmistir.

Anahtar kelimeler: Arpa, islah, ¢esit, ham lif, ham protein.

Introduction

Barley has been placed in the second rank
after wheat with respect to total cultivated area
and production among winter cereals in the world
and Turkey. It was cultivated over a total area of
2.8 million hectares in Turkey, and this area
covered about 25% of the total cereal area
(Anonymous, 2016). Barley has been mainly
cultivated for the animal feed, food and beer
production industries. It is a major cereal crop for
animal feed, especially in low-rainfall areas. In
Konya, barley has been grown mostly in
monoculture under rainfed conditions between
October and June over an area of 307 088 ha
(Anonymous, 2016). One of the most important
environmental stress factors limiting crop
production in the region is drought. The drought in
this region can be characterized by the annual
rainfall deficiency and irregular distribution of
rainfall during growing period. In this region, April
and May rainfalls are very important for barley
production. Usually, this region is cold and snowy
in winters and warm in summers. This fluctuation
in the climate causes to the significant yield losses
in the region. In order to get higher yield, a barley
cultivar must possess resistance to stress factors
that occur in the cultivated environment. One of
the measures to be taken against to the
agricultural drought is to develop the winter barley
varieties having high-yielding and quality, to
answer the needs of the region.

Development of high-yielding cultivars is
the primary objective of most barley breeding
programs. Up to now, the most meaningful
selection criterion for drought resistance is GY
under rainfed conditions. As drought simulation in
controlled environment facilities was not found as
practical for use in breeding programs, it was
suggested that GY must be tested in the field

under natural arid conditions (Hurd, 1971;
Weltzien and Srivastava, 1981).
The nutritional quality of barley s

influenced by the physical characteristics of grain
such as grain weight and size, hull content, TKW
and TW as well as its nutrient composition such as
starch, CF, CP, crude fat, minerals and vitamins
(Bleidere and Gaile, 2012). For cost-effectiveness
of feed barley cultivation, it is essential for the
variety to have high yield potential sufficiently.
Therefore, breeders carrying out genetic
improvement of feed barley should concurrently
keep in mind the balanced position of quantitative
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and qualitative traits of grain (Bileidere and Gaile,
2012). The higher proportion of hulls increase the
CF of grain, resulting decrease in its metabolizable
energy content, especially for poultry (Bell et al,
1983). For this reason, it can be said that the feed
value of barley varies according to its CF. Since it is
too difficult or impossible to digest CF which is the
main constructive structure of the barley hull, it is
not desired the high CF of barley grain. It was
reported by Ayyildiz (1986) that the CF in barley
ranged between 5.1 and 9.5 %. Grain weight and
size are important quality indicators both for
malting and feed industry. The grain weight closely
depends on the concentration of specific nutrients
in the grain. Therefore, cereal breeders study on
the targeted selection to increase the weight and
size of grain to improve productivity and other
required commercial traits of the variety
(Rodomiro et al, 2002; Pasarella et al, 2005). TW is
a measure of the density of grain. It measures the
grain weights for specific volume. TW is considered
to be one of the important measures of grain
quality and is directly related to the density and
soundness of the grain. High TW values indicating
grain being of good soundness are desirable
(Troccoli and Di Fonzo, 1999) and indicate an
acceptable visual appearance with high grain
density. Low TW values can occur as a result of
various adverse events such as intolerance to
different climate conditions (Czarnecki and Evans
1986; Saadalla et al 1990), insect damage (Buntin
et al 1992), defoliation (Blum et al 1991), lodging
(Laude and Paul 1956; Weibel and Pendleton 1964)
or delayed harvesting (Pool et al 1958). CP of
barley has an utmost importance for both feed and
malt industry. The CP of barley, identical to that of
other cereals with its essential amino acids plays
basic physiological roles in the metabolism in
animals and people consumed it in any way
(Newman and Newman 1992; Evers et al 1999).
Protein makes up the second largest fraction of the
grain endosperm. Dry matter of the barley grain
consists of 8-20 % CP depending on its genetic
make-up (Evers et al 1999). Barley protein has a
complex interaction with quality. It is well known
that the high protein is undesirable for malt
because of the strong correlation with low
carbohydrate (starch) levels and thus low extract
values (Bishop, 1930). But, it is desirable the high
protein for feeding livestock. The previous
breeding programs in Turkey achieved a significant
progress in GY and quality features as evidenced by
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the studies of Topal (1997), Karadogan et al. The research was conducted in the
(1999), Ozturk et al. (2001), Ayranci et al. (2004), experimental field of BDIARI under rainfed
Soylu et al. (2009). conditions of Konya Province for two years in
The aim of the present study was to select 2011-12 and 2012-13. Konya Province is located on
advanced barley lines, originating from BDIARI the Central Anatolia and situated at 36°51'-39°29’
barley breeding program under rainfed climate Northern latitudes and 31°36’-34°52’ Eastern
conditions, for high GY and better-quality longitudes at 1030 meters above sea level.
characteristics. The detailed characteristics of weather in 2011-
12 to 2012-13 for each period were presented in
Materials and Methods Table 1.

Table 1. Some climatic data for 2011-12 and 2012-13 in Konya

Months Rainfall (mm) Temperature (°C) Relative Humidity (%)
LT* 2011-12 2012-13 LT 2011-12 2012-13 LT 2011-12 2012-13

Sept. 11.6 0.8 1.0 18.7 16.8 20.4 46.0 38.8 34.0
Oct. 32.2 45.0 315 12.6 14.3 12.0 58.0 54.7 59.7
Nov. 37.6 8.7 39.1 5.9 5.6 8.9 69.0 62.6 78.0
Dec. 41.9 23.5 60.8 1.5 4.3 4.6 77.0 74.8 82.1
Jan. 344 86.1 42.0 -0.3 2.5 1.1 76.0 85.9 80.6
Feb. 24.4 39.5 42.9 1.0 54 1.7 70.0 83.4 70.6
Mar. 26.2 15.1 29.8 5.7 7.9 4.6 62.0 63.2 55.4
Apr. 38.8 10.2 67.1 11.1 10.4 8.8 58.0 46.9 58.1
May. 41.7 56.8 95.4 15.8 16.3 13.2 55.0 58.3 45.9
Jun 20.1 19.8 14.2 20.4 19.7 18.4 47.0 39.6 36.3
July 7.5 1.4 1.3 23.6 24.7 24.3 42.0 31.8 34.0
Aug. 5.0 13.6 0.1 23.2 25.9 22.3 42.0 36.4 32.3
Annual 321 321 425

Average 11.6 12.8 11.7 58.5 56.4 55.6

*LT: Long Term Averages

In the growing season, the years in 2011-12 established in crop rotation system "fallow-cereal".
and 2012-13 when the trials were carried out, the Plots were 7 m long with 6 rows spaced 20 cm
rainfall and relative humidity were more favorable apart. Seeds were drilled at a rate of 550 grain for
according to the average for the long-term period. each square meter. During the sowing, DAP
The precipitation was 321 mm in average for long- fertilizer was applied to each plot as 23 kg pure N
term in the region and it was 321 and 425 mm in per ha and 60 kg P20s per ha. In the start of stem
2011-12 and 2012-13, respectively (Table 1). In elongation, AN fertilizer was used meeting 47 kg
addition, the lowest temperature in the region was pure N per ha. Weed control was performed by
-20 and -12.9 °C during winter season in 2011-12 chemical application as 2,4-D Ester. At maturity,
and 2012-13, respectively. The soil pH of the trial each plot which was reduced to 5 m length was
land ranged from 7.6 to 8.2, and it had a clay or harvested by using a combine harvester. The same
clay loam texture. The content of organic matter in trial procedure was applied for each year. Planting
the soil was less than 1%, and the contents of in the first year of the experiment was held on
phosphorus (P20s) and potassium (K:0) were 10th October in 2011 and the second year was on
11.06-6.99 kg da?' and 88.89-62.17 kg dal, 14th October in 2012. The harvesting dates for
respectively. trials were on 15th July in 2012 and the second

19 advanced lines in barley breeding year on 20th July in 2013.
program at BDIARI and named as 1, 2, 3,4, 5, 6, 7, The methodology for measurement and
8,9,10,11, 12, 13, 14, 15, 16, 17, 18, and 19 and 5 observation of GY and other properties of the
control varieties (Karatay 94, Tarm 92, Ince 04, genotypic material tested in the study was
Tokak 157/37 and Larende) were used. The established according to Akkaya and Akten (1990)
information showing the hybrid and pedigree of and Kun et al (1992). TKW was determined using
the barley lines and control varieties were given in grain counter Contador (Pfeuffer GmbH, Kitzingen,
Table 2. Germany).

The experimental design was a randomized
complete block with three replications. Trials were
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Table 2. Advanced barley lines (1-19) used in the study and control cultivars (20-24)

Entry No Variety, Cross, Pedigree
1 KHARKOVSKIY-112/KARATAY-94
2 4875/CATALHOYUK (14 F6)
3 4875/CATALHOYUK (27 F6)
4 ERG//364TH/TOK/3/ERG/4/KALAYCI (11 F6)
5 ERG//364TH/TOK/3/ERG/4/KALAYCI (39 F6)
6 TOK/ANGORA (7 F6)
7 TOK/ANGORA (24 F6)
8 PLAISENT/TORRENT
9 KALAYCI/ST5807
10 AIVA-1/ANADOLU-98
11 KT 2169/AYDANHANIM (13 F6)
12 KT 2169/AYDANHANIM (18 F6)
13 STE/ANTARES//VIRINGA'S/3/KRTY-94/4/KRTY-94/5/7351 ELVAS CE 9704/BULBUL-89
14 YEA389-3/YEA475-4/5/CUM-50/3/3896/GZK//TOK/4/P26-5/132TH
15 11TH/P15-B27281//ST4652/TOK/5/CUM-50/3/3896/GZK//TOK/4/P26-5/132TH
16 TOKAK/97-98DH9
17 OBSOR/ORZA-96
18 CERRAJA/3/AVAGE/BERMEJO//HIGO/4/DC-B/SEN/5/TARM-92/6/TARM-92/7/AYDNHNM
19 YUG. MALT TEK BAS. 2A-0A/CUMRA-2001
20 Karatay 94
21 Tarm 92
22 Ince 04
23 Tokak 157/37
24 Larende

KS given as percentage, the proportional
rate of kernels sized above 2.8 and 2.5 mm was
measured by using Sortimat screening machine
(Pfeuffer GmbH, Kitzingen, Germany). TW was
determined by using a Dickey-John GAC2100 (Fox
et al 2007). Kernel samples for each genotype were
individually ground to pass through 0.5 mm screen
using a Udy-Cyclone Mill (Ft.Collins). The ground
samples were then used for analyzing CP (N x 6.26)
with elemental analyzer Leco (LECO, St. Joseph,
USA). CF was determined by using John 660-Near
Infrared Reflectance (NIR) spectroscopy (AACC,
1990).

The obtained data were analyzed by using
variance  analyze  method according to
experimental designs with JMP.7 software
(Anonymous, 2007). LSD multiple range test was
used to compare the averages of parameters in
studied genotypes.

Results and Discussion

In this study, the data regarding the studied
parameters for 2011-12 and 2012-13 growing
seasons were analyzed as combining by variance
analyze. The results of statistical analysis were
given in Table 3. As seen in Table 3, when
considered the variance within the belonging to
year, genotypes, genotype x year interactions in all
characteristics were found significant at the 0.01
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level, the variance of the genotype x year
interaction in GY was significant at the 0.05 level.
After that, the LSD test was applied to determine
the differences among the groups. The GY and
quality properties results were given in Table 4 and
5.
Grain yield

The effect of the years on the GY and the
differences among the genotypes in terms of GYs
were found statistically significant at 0.01 level. As
a result of the response of genotypes to
environmental factors, GY ranking over the years
was different, and genotype x year interactions
were found statistically significant at 0.05 level.
The average yield of genotypes over year was
ranked between 4.33 t ha! (No. 17 line) - 3.18 t ha
1 (No. 7 line), and trial average yield realized as
3.74 t ha! (Table 4). The average yield (3.56 t ha™)
obtained in the first year of the study was lower
than that (3.92 t ha?) of the second year. On this
result, the insufficient rainfall and the average high
temperature in March and April have had a
significant effect in the 2011-12 growing period
(Table 1). On the average of years, the highest GY
performance (4.05 t ha-1) in control varieties was
obtained from Karatay 94, while the GY
performance of Tokak 157/37 was the lowest with
3.51 t ha-1. The average GY of control cultivars
used in this trial was obtained as 3.86 t ha™.
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Table 3. Analysis of variance for GY and quality parameters of barley genotypes

Mean Squares

Source DF GY TKW KS W PC CF
Year 1 47742.25** 653.527** 1325.567**  408.680**  1.930** 0.839%*
Replicate[Year] 4 6607.735 3.498 1.450 0.750 0.113 0.002
Genotype 23 3913.882** 18.0637** 436.404** 10.573** 1.226** 0.491%*
Genotype*Year 23 2618.921* 5.928%** 109.233** 4.201** 0.456** 0.596**
Error 92 1471.020 0.600 1.360 0.359 0.050 0.003
C. Total 143

CV (%) 10.25 1.87 1.66 0.97 1.92 0.81

* **significant at P< 0.05 and P<0.01, respectively.

GY, Grain yield (t ha); TKW, Thousand kernel weight (g); KS, Kernel size (> 2.5 mm sieve fraction); TW, Test

weight (kg hl'%);

During the 2011-12 growing period, lines
14, 17, 16, 18, 4 and 15 performed above the
average of control cultivars (3.61 t ha-1) with yields
of 4.23, 4.07, 3.95, 3.93, 3.90 and 3.75 t ha®,
respectively. In the 2012-13, lines 17, 6 and 19,
which can exceed the average of control cultivars
(4.11 t haY), had the yield values of 4.60, 4.17 and
4.14 t hal, respectively. When the yield results of
the two years were evaluated together, line 17,
which was successful in both years of the
experiment, was alone in “a” group with the yield
value 4.33 t hal. The 14 and 4 lines, which were
successful in the first year of the experiment in
which drought was more effective, came to the
fore with the "ac" group in the combined
evaluation with the yield values of 4.01 and 3.98 t
ha, respectively. In this study, it was found that
lines 6 and 19 were genotypes that showed high
performance when conditions improved. Lines 18,
15 and 16 were determined as genotypes which
can maintain their yield levels at a level close to
the average of control varieties (Table 4). As a
result of the two-year assessment under rainfed
conditions in Konya, 17, 14 and 4 genotypes
showed higher GY and quality performances
compared to control cultivars and other lines
determined as promising lines.

The GY which is a combination of different
yield components, is emerging function of genetic
structure and its environment. In this study, the
average grain yield (3.74 t ha?) of 19 advenced
barley lines and 5 control cultivars tested under
rainfed conditions in Konya was higher than those
of Aydogan et al (2011), Ayranci et al (2004) in the
studies conducted with different genotypes in the
same conditions. In addition, the grain yield results
obtained in this study were also higher than those
of Akkaya and Akten (1990), Ozturk et al. (2001),
Kaydan and Yagmur (2007), Akdeniz et al (2004)
and Ulker et al (2001) in the studies conducted in
different ecological regions. In these results, there
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CP, Crudeprotein content (%); CF, Crude fibre content (%).

had a significant share of high yield potentials of
newly developed genotypes in rainfed conditions.

Thousand-kernel weight

The TKW of genotypes ranged between 37.7
to 43.8 g. for this parameter, the average of years
was 41.3 g, and the average of control varieties
was 42.9 g. Karatay-94 control cultivar showed the
highest performance in "a" group with 43.8 g TKW,
followed by Larende (43.2 g), 16, and 11 lines (43.1
g) in "ab" group (Table 4).

In  Konya ecological conditions, 16
numbered line had higher performance than the
average of control cultivars only regarding GY and
TKW. The 15, 4 and 14 numbered lines’ TKW values
were as 42.4, 42.1 and 41.7 g, respectively. While
number 16 line was determined as a promising
malting line with respect to TKW 15, 4 and 14
numbered lines were also acceptable for this trait
in order to use in malting or feed industry. Our
results were similar with those of some
researchers (Ozturk et al 2007, Karahan and
Sabanci 2010, Aydogan et al 2011). On the other
hand, while those had higher values than those of
some researchers (Tas and Yurur 2002), were less
values than those of some research (Sirat and
Sezer 2005). That TKW is a varietal feature and can
vary according to years and climatic factors, was
reported by some researchers (Akkaya and Akten,
1990; Turgut et al., 1997).

Kernel size

Size analysis provides information about the
homogeneity and grain size. This is very important,
especially for softening and germination circuit in
the malt industry. The large sized grains are
desired for the synchronization of malting barley
germination. It was determined that the
proportion of barley grain whose sieve sizes was
over the 2.8 and 2.5 mm in the present study
ranged between 57.2 % to 86.6 %, as percentage.
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Table 4. The mean GY, TKW and KS values of barley genotypes cultivated under rainfed climate conditions

Entry GY (tha?) TKW (g) KS (%)
2012 2013 Avr. 2012 2013 Avr. 2012 2013 Avr.
1 3.48 b-g* 3.54 e-h 3.51 d-h 395 | 38.4 fg 389 jj 60.9 Im 65.7 fg 63.3 m
2 3.20 eg 4.04 a-f 3.62 b-g 43.0 f-h 373 gh 40.2 gh 68.0 k 59.7 j-l 63.9 m
3 3.38 cg 4.05 a-e 3.71 b-g 41.1 jk 35.6 1 38.3 jk 72.6 gh 61.1 1j 66.9 1-k
4 3.90 ad 4.06 a-e 3.98 a-c 42.6 h- 41.5 bc 421 c-e 599 m 63.0 hi 61.4 n
5 3.55 b-g 3.72 d-e 3.64 b-g 45.2 a-c 39.8 de 42.5 b-d 71.0 h-j 64.1 gh 67.5 1j
6 3.01 fg 4.17 a-d 3.59 c-h 44.3 c-f 40.6 cd 42,5 bd 83.3 a 810 c 82.2 cd
7 293 g 3.43 gh 3.18 h 43.4 e-g 37.3 gh 40.3 gh 78.3 de 75.4 d 76.9 e
8 3.25 d-g 3.70 d-h 3.47 e-h 41.7 h-j 37.4 gh 39.5 hi 80.9 bc 81.8 ¢ 813 d
9 335 cg 4.01 a-g 3.68 b-g 43.0 gh 39.6 d-f 41.3 ef 76.3 f 66.9 f 716 fg
10 341 b-g 4.06 a-e 3.74 b-g 40.1 Kkl 35.3 | 37.7 k 60.4 Im 55.3 n 57.8 o
11 3.45 b-g 3.40 h 3.42 f-h 434 e-g 429 a 43.1 ab 814 b 91.8 a 86.6 a
12 3.38 cg 3.45 f-h 3.42 gh 43.6 d-g 42.0 ab 42.8 bc 79.6 cd 90.3 a 85.0 b
13 3.54 b-g 3.80 d-h 3.67 b-g 41.5 jj 39.6 d-f 40.5 fg 80.6 bc 86.2 b 834 c
14 423 a 3.79 d-h 401 a-c 46.0 a 37.4 gh 41.7 de 72.3 g-I 69.0 e 70.7 gh
15 3.75 a-e 3.99 b-h 3.87 b-e 45.8 ab 389 ef 42.4 bd 62.1 | 522 o 57.2 o
16 3.95 a-c 3.82 c-h 3.89 b-e 45.8 ab 40.5 cd 43.1 ab 78.5 de 61.6 Ij 70.1 h
17 4.07 ab 4.60 a 433 a 42.9 gh 37.6 gh 40.3 gh 70.7 ij 60.3 jk 65.5 |
18 3.93 a-c 3.81 d-h 3.87 b-e 41.5 jj 37.0 h 39.2 | 69.3 jk 53.1 o 61.2 n
19 3.58 a-g 4.14 a-e 3.86 b-f 41.8 h-j 37.4 gh 39.6 hi 76.8 ef 56.2 mn 66.5 j-I
Karatay 94 3.57 a-g 4.53 ab 4.05 ab 46.0 a 41.5 bc 43.8 a 76.5 f 65.0 g-h 70.7 gh
Tarm 92 3.81 a-e 4.09 a-e 3.95 a-c 454 a-c 39.5 d-f 42.5 b-d 733 g 58.4 Kkl 65.9 ki
ince 04 3.73 a-e 412 a-e 3.92 ad 44.7 a-d 40.7 cd 42.7 bc 79.9 b-d 65.3 fg 726 f
Tokak 157/37 3.61 af 341 h 3.51 d-h 44.7 a-e 39.9 de 42.3 b-d 71.4 hi 64.7 gh 68.1 |
Larende 3.33 cg 441 a-c 3.87 b-e 445 b-e 41.9 ab 43.2 ab 68.2 k 58.2 Im 63.2 m
Exp. Avr. 3.56 3.92 3.74 43.4 39.1 41.3 73.0 66.9 70.0
Check. Avr. 3.61 4.11 3.86 45.1 40.7 42.9 73.9 62.3 68.1
LSD (0.05) 0.66 0.59 0.43 1.36 1.17 0.89 1.73 2.09 1.34

*Significant at 0.05 level of probability
GY, Grain yield (t ha); TKW, Thousand kernel weight (g); KS, Kernel size (> 2.5 mm sieve fraction).
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As the trial average over the years, KS was
determined as 70 %, and the average of the control
cultivars was 68.1 %. The highest KS with 86.6%
belonged to thell numbered line in the group "a".
The KS values of lines 12, 13, 6 and 8 following line
11 were 85%, 83.4%, 82.2% and 81.3%
respectively. The 7, 9, 14 and 16 numbered lines
had higher KS values compared to the control
varieties (Table 4). 14 and 16 lines were found as
the promising lines to use as malting with higher
GY performance and KS values in comparison to
control varieties in the current experiment. The
results of the KS variation obtained in the study
agreed with those of Colkesen et al (2002), Ayranci
and Aydogan (2013).However, the range of change
reported by Ozturk et al (2007) on KS was higher
than our findings. KS values of genotypes 14 and
16 with high TKW were also found to be high,as
reported by some researchers (Colkesen et al
2002, Ozturk et al 2007).

Test weight

The barley genotypes containing higher TW
have rich extracts to be used in malting (Atli et al,
1989). The TWs of barley genotypes in the
experiment ranged between 58.5 to 65 kg hl™.
While the average TW over the years was obtained
as 61.7 kg hl%, the average TW of control varieties
was determined as 62.1 kg hlt. The 10 numbered
line which located in the group "a" had the highest
TW (65 kg hl), followed by the 11, 1 and 14 lines
with 63.7, 63.3 and 62.9 kg hl%, in order. Like 12
and 13 lines, Tarm 92, Tokak 157/37, Ince 04
varieties took place over the average TW of control
varieties (62.1 kg hl') (Table 5).

The line 14 was found as a promising line
for malting quality due to its GY and TW in the
present trial. The TW varies according to genotypes
depending on the homogeneity, the husk ratio and
endosperm structure of the grains (Kun et al 1992).
While the TW obtained in this study was higher
than those of 52.18-61.51 kg ha™ reported by Tas
and Yurur (2002), it was less than those of 65.6-
75.3 kg hl'* reported by Ozturk et al (2001), 63.4-
68.1 kg hl'?! reported by Sirat and Sezer (2005),
65.9-70.5 kg hl! reported by Ozturk et al (2007),
60.0-69.7 kg hl! reported by Karahan and Sabanci
(2010). On these results were influential the
genotypic and environmental differences, as
indicated by some researchers (Tas and Yurur
2002, Karahan and Sabanci 2010).

Crude protein content

The CP contents of barley genotypes in the
current study ranged from 10.91 % to 12.65 %. Due
to less rainfall in 2011-12, while the GY of
genotypes was lower, their CP ratio was higher
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according to 2012-13. GY in cereals is generally
negatively related to protein content (Simmonds
1995, Ozturk et al 1999). Similar to our results,
researchers such as Colkesen and Kaynak (1992)
and Ozturk et al. (1997) also obtained less GY and
higher CP ratio in the year of low rainfall. While the
average CP content in the trial years was 11.65 %,
the mean CP of control varieties was almost similar
to the average of test years, with 11.63 %. While
the highest CP was obtained in the line numbered
10in "a" group (12.65 %) as seen in Table 5. The 5,
12, 11 and 4 numbered lines had CP values as
12.24, 12.21, 12.17 by 12.03 %, respectively. The
mean CP of control cultivars Ince 04, Tarm 92,
Tokak 157/37, and lines 1, 17, 14, 13 was above
11.63 % (Table 5). When the CP values of lines
compared to the mean of their GYs, lines 4, 14 and
17 were higher than the averages of control
cultivars in terms of both GY and CP, suggesting
that these lines can be considered as promising
lines for fodder quality. The rest of them were
below the average of cultivars in terms of CP and
had higher GY values than critical value (3.86 t ha"
1). The numbers of 15 (11.53 %), 18 (11.44 %), 16
(11.07 %) and 6 (10.91%) lines came to the
forefront for malting quality features. Our results
were similar with those of some researchers
(Aydogan et al 2011) in same ecological conditions,
but those were higher than values (9.96 % to 10.92
%) reported by Soylu et al (2009), and (10.46 % to
11.65 %) reported by Akdeniz et al (2004). These
differences may be explained by the interaction of
genotypes and environmental factors since the CP
is a quantitative character.

Crude fiber content

Because it is difficult to digest the crude
fibre having a negative effect on the nutritive value
of barley and, which forms the main structure of a
husk, high crude fibre contained grains are
undesirable for poultry and baby ruminants. The
CFs of barley genotypes were determined as
ranged from 6.11% to 7.36%. While the lowest CF
(6.11%) was obtained from linel3, followed by
lines 7 (6.21%), 12 (6.29%), 10 (6.29%), 2 (6.32%), 8
(6.33%) and 15 (6.49%) (Table 5). Having lower CFs,
the lines 15 (6.49%), 14 (6.52%) and 16 (6.52%)
produced higher GY than that of the control
varieties (3.86 t ha). These lines should be
considered promising lines in terms of malting or
feed quality features. Some researchers (Soylu et al
2009; Aydogan et al 2011) reported that CF in
barley varieties was between 6.78% to 5.22%,
supporting our findings.
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Table 5. The mean TW, CP and CF values of barley genotypes cultivated under rainfed climate conditions

Entry TW (kg hl'?) CP (%) CF (%)

2012 2013 Avr. 2012 2013 Avr. 2012 2013 Avr.

1 60.5 c-g* 66.1 ab 63.3 bc 12.03 b-f 11.75 cd 11.89 d-f 6.80 de 6.50 1 6.65 e

2 59.7 g 63.1 ef 61.4 ef 11.58 fg 11.46 e-i 11.52 h+j 6.30 jk 6.33 | 6.32 |

3 58.8 1j 63.5 de 61.2 e-h 11.22 g-i 11.47 e-h 11.35 -k 843 a 6.30 Im 7.36 a

4 55.4 | 61.6 g 58.5 j 12.06 b-e 12.01 b 12.03 b-d 7.03 ¢ 6.22 op 6.62 e

5 58.7 1-k 61.6 g 60.2 1 12.20 cd 12.28 a 12.24 b 6.91 cd 6.63 f-h 6.77 d

6 60.0 e-h 62.1 g 61.1 e-h 10.85 h-j 10.96 Im 1091 m 6.40 1-k 6.68 de 6.54 g

7 60.8 c-f 619 g 61.3 e-g 11.22 g- 11.22 -k 11.22 ki 6.18 | 6.24 no 6.21 j

8 60.3 d-g 621 g 61.2 e-h 12.20 b-d 11.00 ki 11.60 g-i 591 n 6.75 ¢ 6.33 1|

9 61.0 b-e 618 g 61.4 ef 11.89 c-f 10.74 m 11.31 j-l 6.39 1k 6.69 d 6.54 fg

10 63.2 a 66.8 a 65.0 a 13.23 a 12.07 ab 12.65 a 6.46 | 6.16 g 6.31 |

11 61.3 b-d 66.1 a 63.7 b 1238 b 11.95 bc 12.17 bc 6.73 ef 691 b 6.82 cd

12 61.3 b-d 63.5 de 62.4 d 12.30 bc 12.12 ab 12.21 bc 6.31 jk 6.27 mn 6.29 |

13 59.5 g-I 65.2 bc 62.4 d 11.90 cf 11.52 d-g 11.71 f-h 6.05 m 6.16 g 6.11 k

14 61.5 bc 64.3 d 62.9 cd 12.16 b-d 1135 g+ 11.76 e-h 6.77 e 6.26 mn 6.52 gh

15 59.7 g-i 62.5 fg 61.1 e-h 11.84 d-f 11.22 -k 11.53 h-j 6.36 1-k 6.61 h 6.49 gh

16 58.4 jk 63.7 de 61.0 e-h 10.90 h-j 11.23 h-k 11.07 Im 6.62 fg 6.41 k 6.52 g

17 57.6 k 63.6 de 60.6 hi 12.00 b-f 11.63 de 11.81 d-g 6.58 gh 6.62 gh 6.60 ef

18 58.4 jk 63.2 ef 60.8 f-I 11.22 g- 11.65 de 11.44 -k 6.70 ef 7.06 a 6.88 ¢

19 59.2 h-j 62.1 g 60.7 g-I 10.66 j 11.19 j- 1093 m 7.90 b 6.31 | 711 b

Karatay 94 60.0 f-g 63.2 ef 61.6 e 11.28 gh 11.43 e 11.36 -k 6.90 d 6.66 d-f 6.78 d

Tarm 92 61.1 b-d 64.4 cd 62.7 cd 12.36 b 11.43 e+ 11.90 d-f 6.42 |j 6.65 e-g 6.54 g

ince 04 61.4 bc 63.6 de 62.5 d 12.34 bc 11.62 d-f 11.98 c-e 6.46 1 6.19 pq 6.33 1

Tokak 157/37 62.0 b 63.2 ef 62.6 d 11.66 e-g 12.02 b 11.84 d-g 6.28 kI 6.63 f-h 6.46 h

Larende 60.5 c-g 61.6 g 61.0 e-h 10.78 | 11.37 f+ 11.08 Im 6.46 hi 6.45 j 6.46 h
Exp. Avr. 60.0 63.4 61.7 11.76 11.53 11.65 6.64 6.49 6.56
CheckAuvr. 61.0 63.2 62.1 11.68 11.57 11.63 6.50 6.52 6.51
LSD (0.05) 1.07 0.89 0.69 0.45 0.25 1.92 0.12 0.03 0.06

*Significant at 0.05 level of probability
TW, Test weight (kg hl); CP, Crude protein content (%); CF, Crude Fibre content (%).
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Conclusion

When evaluated the collected research
findings in the present study collectively, lines 17
and 4, which was selected for feed quality
characteristics such as high GY and CPC, are
suggested as a new cultivar candidate for farmers
who grow feed barley in dry agricultural areas.On
the other hand, line 14, which was selected as malt
barley genotype for its success in GY and TW, TKW,
KS parameters, may be a new cultivar candidate
for cultivation in dry farming conditions. Lines 6
and 16, which have some desirable properties in
malt barley such as high GY, TKW, KS and low CPC,
are recommended to be used as genetic material
in malt barley development programs, since they
can contribute significantly to the genotypic
variation in barley breeding.

Acknowledgements

The authors thank General Directorate of
Agricultural Research and Policies for funding
project TAGEM/TBAD/13/A12/P05/012.

References

Akdeniz, H., Keskin, B., Yilmaz, i. 2004. Bazi arpa
cesitlerinin verim ve verim unsurlari ile bazi
kalite ozellikleri Gzerinde bir arastirma.
Yiziincii Vil Universitesi, Tarim Bilimleri
Dergisi, 14(2): 119-125.

Akkaya, A., Akten, S. 1990. Erzurum yoéresinde
yetistirilebilecek yazlik Arpa ¢esitlerinin
belirlenmesi (zerine bir arastirma. Atatiirk
Universitesi Ziraat Fakiiltesi Dergisi, 21(1):
9-27.

Anonymous, 1990. Approved Methods of the
American Association of Cereal Chemist,
AACC publishers, USA.

Anonymous, 2007. JMP.7 Software: SAS Institute
Inc., SAS Campus Drive, 1 st printing, May 7,
Cary, North Carolina, USA.

Anonymous, 2016. Turkey’s Statistical Yearbook,
Turkish Statistical Institute, Ankara.

Atli, A., Kogak, N., Koksel, H., Tuncer, T. 1989.
Yemlik ve malthk arpada kalite kriterleri ve
arpa 1slah programlarinda kalite
degerlendirmesi. |. Arpa-Malt Semineri.30
Mayis-1 Haziran, Konya, s. 23-37.

Aydogan, S., Sahin, M., Gog¢men Akgacik, A.,
Ayranci, R. 2011. Konya kosullarina uygun
ylksek verimli ve kaliteli arpa genotiplerinin
belirlenmesi. Selcuk Tarim ve Gida Bilimleri
Dergisi, 25(1): 10-16.

Ayranci, R., Aydogan, S. 2013. Arpa (Hordeum
vulgare L.) genotiplerinin Orta Anadolu’nun
kurak cevrelerinde tarimsal ve kalite
ozelliklerinin ~ degerlendirilmesi. X. Tarla
Bitkileri Kongresi. 10-13 Eylil, Konya, 5.73-78.

32

Ayranci, R., Akcura, M., Kaya, Y. 2004. Orta
Anadolu  kurak sartlarinda bazi arpa
genotiplerinin tane veriminin stabilitesi.
Bitkisel Arastirma Dergisi, 1: 11-26.

Ayyildiz, A.R. 1986. Yemler Bilgisi ve Teknolojisi.
Ankara Universitesi Ziraat Fakiiltesi Yayin
No: 974. Ders Kitabi No: 286, Ankara.

Bell, J.M., Shires, A., Keith, M.O. 1983. Effect of hull
and protein content of barley on protein
and energy digestibility and feeding value of
pigs. Canada Journal of Animal Science, 63:
201-211.

Bishop, L.R. 1930. Statistical studies of the
analytical data accumulated in the course of
the barley investigations. The prediction of
extract. Journal of the Institute of Brewing,
36:421-434.

Bleidere, M., Gaile, Z. 2012. Grain quality traits
important in feed barley. Proceedings of the
Latvian Academy of Sciences. Section B.,
66(1/2):1-9.

Blum, A, Shpiler, L., Golan, G., Mayer, J., Sinmena,
B. 1991. Mass selection of wheat for grain
filling without transient photosynthesis.
Euphytica, 54: 111-116.

Buntin, G.D., Otto, S.l., Johnson, J.W. 1992.
Integration of plant resistance, insecticides
and planting date for management of the
Hessian Fly (Dyptera: Cecidomyiidae) in
winter wheat. Journal of Economic and
Entomology, 85: 530-538.

Colkesen, M., Oktem, A., Engin, A., Oktem, A.G.,
Demirbag, V., YirGrdurmaz, C., Cokkizgin, A.
2002. Bazi arpa cesitlerinin (Hordeum
vulgare L.) Kahramanmaras ve Sanliurfa
kosullarinda tarimsal ve kalite 6zelliklerinin
belirlenmesi. KSU Fen ve Miihendislik
Dergisi, 5(2):76-87.

Czarnecki. E., Evans, L.E. 1986. Effect of weathering
during delayed harvest on test weight, seed
size and grain hardness of wheat. Canadian
Journal of Plant Science, 66: 473-482.

Evers, A.D., Blakeney, A.B., Brien, L.O. 1999. Cereal

structure and composition. Australian
Journal of Agricultural Research, 50: 629-
650.

Fox, G.P., Stuart, J., Kelly, A. 2007. Value of the test
weight method in assessing barley quality.
13th Australian Barley Technical
Symposium, 26-30 August, Fremantle,
Western Australia.

E.A. 1971. Can We Breed For Drought
Resistance? In K.L. Larson and J.D. Eastin
(eds.) Drought injury and resistance in
crops. Crop Science Society of America,
Madison, WI, pp.77-88.

Hurd,



Tiirk Tarim ve Doga Bilimleri Dergisi 6(1): 24-33, 2019

Karadogan, T., Sagdig, S., Cargi, K., Akman, Z. 1999.

Bazi arpa ¢esitlerinin Isparta ekolojik
sartlarinda uyum yeteneklerinin
belirlenmesi. Tirkiye 3. Tarla Bitkileri

Kongresi. 15-18 Kasim, Adana, s. 395-400.
Karahan, T., Sabanci, C.O. 2010. Gilneydogu

Anadolu ekolojik kosullarinda bazi arpa

(Hordeum vulgare L.) gesitlerinin verim ve

verim  ogelerinin  belirlenmesi.  Derim
Dergisi, 27(1):1-11.
Kaydan, D., Yagmur, M. 2007. Van ekolojik

kosullarinda bazi iki sirali arpa (Hordeum
vulgare L. conv. distichon) verim ve verim
ogeleri lizerine bir arastirma. Tarim Bilimleri
Dergisi, 13(3): 269-278.

Kiin, E., Ozgen, M., Ulukan, M. 1992. Arpa cesit ve
hatlarinin  kalite ozellikleri (zerinde bir
arastirma. 1l. Arpa-Malt Semineri. 25-27
Mayis, Konya, s.70-79.

Laude, H.H., Paul, A.W. 1956. Influence of lodging
on yield and other characteristics in winter
wheat. Journal of Agronomy, 48: 452-455.

Newman, C.W., Newman, R.K. 1992. Nutritional
Aspects of Barley Seed Structure and
Composition. In: P R Shewry (Ed), Barley:
Genetics, Biochemistry, Molecular Biology
and Biotechnology, CAB International, USA,
pp. 351-368.

Oztiirk, A., Caglar, O., Akten, S. 1997. Erzurum
yoresinde malthk olarak vyetistirilebilecek
arpa genotiplerinin belirlenmesi. Turkiye II.
Tarla Bitkileri Kongresi 22-25 Eyliil, Samsun,

s.70-75.
Oztiirk, A., Caglar, O., Tufan, A. 2001. Baz arpa
cesitlerinin Erzurum kosullarinda

adaptasyonu. Atatiirk Universitesi Ziraat
Fakiiltesi Dergisi, 32(2): 109-115.

Oztiirk, 1., Avci, R., Kahraman, T. 2007. Trakya
bolgesinde yetistirilen bazi arpa (Hordeum
vulgare L.) cesitlerinin verim ve verim
unsurlari ile bazi  kalite 6zelliklerinin
belirlenmesi. Uludag Universitesi, Ziraat
Fakiiltesi Dergisi, 21(1):59-68.

Pasarella, V.S., Savin, R., Slafer, G.A. 2005.
Breeding effects on sensitivity barley grain
weight and quality to events of high
temperature during grain filling. Euphytica,
141: 41-48.

Pool, M., Patterson, F.L., Bode, C.E. 1958. Effects of
delayed harvest on quality of soft red winter
wheat. Journal of Agronomy, 50: 271-275.

Rodomiro, O., Nurminiemi, M., Madsen, S., Rognli,
O.A., Bjornstad, A. 2002. Genetic gains of
Nordic spring barley breeding over sixty
years. Euphytica, 126: 283-289.

Saadalla, M.M., Quick, J.S., Shanahan, J.F. 1990.
Heat tolerance in winter wheat: Il

33

Membrane thermostability and field
performance. Crop Science, 30: 1248-1251.

Simmonds, N.W. 1995. The relation between vyield
and protein in cereal grain. Journal of the
Science of Food and Agriculture, 67(3): 309-
315.

Sirat, A., Sezer, i. 2005. Samsun ekolojik kosullarina
uygun arpa (Hordeum vulgare L.) gesitlerinin
belirlenmesi. OMU Zir.Fak.Dergisi, 20(3):72-
81.

Soylu, S., Ayranci, R., Sade, B., Ceri, S., Sahin, M.
2009. Arpa (Hordeum vulgare L.) islah
programinda gelistirilen hatlarin verim ve
bazi kalite 6zelliklerinin degerlendirilmesi.
Tarkiye VIII. Tarla Bitkileri Kongresi. 19-22
Ekim, Hatay, s. 854-858.

Tas, B., Yirlr, N. 2002. Bursa ekolojik kosullarinda
bazi yabanci iki sirali arpa (Hordeum vulgare
distichon) ¢esitlerinin kimi verim ve kalite

ozelliklerinin incelenmesi. Uludag
Universitesi, Ziraat Fakiiltesi Dergisi, 16:117-
127.

Topal, A. 1997. Konya ekolojik sartlarinda kishk
olarak ekilen bazi arpa ve yulaf gesitlerinde
dane verimi ve verim unsurlari Gzerine bir
arastirma.  Selcuk  Universitesi  Ziraat
Fakiiltesi Dergisi 11(15): 16-29.

Troccoli, A., Di Fonzo, N. 1999. Relationship
between kernel size features and test
weight in Triticum durum. Cereal Chemistry,

76: 45-49.
Turgut, 1., Konak, C., Yilmaz, R., Arabaci, O. 1997.
Buyuk Menderes Havzasi Kosullarina

uyumlu ve yiliksek verimli arpa gesitlerinin
belirlenmesi lizerine arastirmalar. Turkiye 1.
Tarla Bitkileri Kongresi, 22-25 Eylil, Samsun,
5.80-83.

Ulker, M., Sdnmez, F., Ciftci, V. 2001. Kislik arpanin
verim ve bazi karakterlerinde adaptasyon ve
stabilite analizi. Atatiirk Universitesi Ziraat
Fakiiltesi Dergisi, 32(1): 25-32.

Weibel, R.O., Pendleton, J.W. 1964. Effect of
artificial lodging on winter wheat grain yield
and quality. Journal of Agronomy, 56: 487-
488.

Weltzien, H.C. and Srivastava, J.P. 1981. Stress
Factors and Barley Productivity and Their
Implications in Breeding Strategies. In: M.
Asher (Ed), Barley Gent. IV. Proc. 4th Int.
Barley Genetic Symposium, 22-29 July,
Edingburgh, Scotland, pp.351-361.

Saral, A., Vatandas, M., Gilner, M., Ceylan, M.,
Yenice, T. 2000. Turkiye tariminin
makinalasma durumu. TMMOB Ziraat Odasi
5. Teknik Kongresi, 17-21 Ocak 2000, pp.
901-923, Ankara.



