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Abstract

Barley is a small grain cereal, tolerant to high temperatures and drought.
Due to this characteristic, it can be regarded as a promising crop for production
in dry conditions. Research on five spring landraces of two-rowed barley lasted
two experimental years (2011 and 2012) in agro-ecological conditions of Banja
Luka. In the experiment, the standard cropping practices were applied, without
irrigation. The experiment was set as a complete randomized design with four
replications. All measurements were performed in 10 plants per replication.
Morphological characteristics included plant height (cm), spike length (cm),
grain number per spike and grain weight per spike (g). Obtained data were
subjected to two-way analysis of variance with landrace and growing season as
main factors. Significant treatment or interaction effects were further analysed
by Fisher's least significant difference (LSD) test, often utilized for pairwise
comparisons among arithmetic means. In all tested traits the maximum average
values were obtained in barley landrace AM2, i.e. the plant height (86.89 cm),
the spike length (8.90 cm), the grain number per spike (24.74) and the grain
weight per spike (1.17 g). Due to these facts, two-rowed barley landrace AM2
can be marked as the most productive in this research, bearing a potential for
different crop breeding practices.
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Introduction

Barley is the fourth most important cereal crop in the world. In most of
the European continent, spring barley is being grown more than winter type
(Spunar et al., 2008) because it is an important source of raw material for the
malting industry. In France, which is the main producer of malt in the world,
six-rowed and two-rowed winter barley are used for malting process. The main
reason for using winter barley is about 20-30% higher yield in comparison to
spring barley (Spunar et al., 2002).

Two-rowed barley (ssp. distichum) domesticated from progenitor
Hordeum vulgare ssp. spontaneum about 10,000 years ago (Badr et al., 2000),
while six-rowed barley appeared about 8,000 years ago (Komatsuda et al.,
2007). It is generally known that the barley is one of the first domesticated
plants and usually produced in areas with limited rainfall, and it is among the
small grains most adapted to drought.

Barley is usually produced in semi-arid areas, characterized by varying
of the annual amount of rainfall. Local populations of two-rowed barley were
significantly grown in the mountainous regions of the north-western part of
Montenegro (Jovovic¢ et al., 2017). Generally, on the global arable land barley
landraces were replaced by modern cultivars produced by plant breeders. In the
Republic of Srpska barley is produced at about 12,000 hectares, with low
national average yield of 3.3 t-ha™. Nevertheless, barley yields of up to 9 t-ha™
are achievable (Heyland and Werner, 2002).

In the sowing area of the Republic of Srpska modern barley cultivars
are usually produced, while the production data for barley landraces do not
exist. In the Gene Bank of the Institute for Genetic Resources, University of
Banja Luka, about 50 barley accessions are kept. Landraces represent a
valuable plant material, which can be recommended for the breeding activity
after morphological and molecular characterization.

Due to this fact, barley germplasm should be available to the plant
breeding community. Many modern crops cultivars are often genetically
similar, with a rather narrow genetic base (Dotlacil et al., 2010), while
landraces are genetically heterogeneous (Camacho Villa et al., 2005). A
landrace represents an equilibrium between heterogeneous and heterozygous
genotypes within a population of a crop that is maintained by continuous
multiplication under a given set of climatic, soil and husbandry conditions
(Bothmer et al., 2003).

The aim of this research was to assess the yield characteristics of five
landraces of two-rowed spring barley, with regard to their utilization as genetic
resources in the future.
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Materials and Methods

The two-year research was conducted in the region of Banja Luka (158 m
altitude), the Republic of Srpska, in 2011 and 2012 growing seasons. A total of
five landraces of two-rowed spring barley were used in this research, marked as
AM1, AM2, AM3, AM4 and AMS5. Landraces were previously collected in the
region of Gacko (Herzegovina), located at an average altitude above 1000 m.

The experiment was set as a complete randomized design with four
replications, and the experimental plot was 5 m? All measurements were
performed in 10 plants per replication. In the experiment, the standard cropping
practices for spring barley were applied, without irrigation.

For all landraces, sowing was completed in the last decade of March
and harvesting in the last decade of July in both growing seasons. Plants were
sampled just prior to harvest. Following parameters for spring barley were
evaluated on taken samples: plant height (cm), spike length (cm), grain number
per spike and grain weight per spike (g).

Obtained data were subjected to two-way analysis of variance with
landrace and growing season as main factors. Significant treatment or
interaction effects were further analysed by Fisher's least significant difference
(LSD) test, often utilized for pairwise comparisons among arithmetic means.
Walter-Lieth climate-diagram was done for 2011 and 2012 (Graph 1).
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Graph 1. Walter-Lieth climate-diagram for 2011 (left) and 2012 (right) growing periods

Tab. 1. Chemical analysis of soil sample plots to a depth of 30 cm

car pH reaction Humus AL-P,0s AL-K,0
Y in H,0 in KCI content in % mg/100g mg/100g
2011 7.03 6.40 3.25 15.52 35.56
2012 7.80 6.50 2.20 48.0 48.5
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Chemical analysis showed that soil has a neutral pH reaction, which is
suitable for the barley production. Soil organic matter content is moderate, with
a very high content (mg/100g of soil) of available phosphorus and potassium
(Tab. 1).

Results and Discussion

In this research five landraces of two-rowed barley were evaluated.
Landraces were produced in agro-ecological conditions which differ from the
area in which they were collected. Namely, the barley landraces were collected
in the region of Gacko, located at an average altitude above 1000 m, while the
experiment was set up in Banja Luka, located at an altitude of 158 m.
According to Graph 1, climate diagram (Walter, 1955) shows that the first
growing season (March-July in 2011) was characterized by a 284.2 mm
precipitation and an average temperature of 16.1 °C, while in the same period
in the second growing season the precipitation was 398.8 mm with an average
temperature of 17.3 °C. Therefore, the second growing season was warmer for
1.2 °C with 114.6 mm more rainfall.

Plant height
Plant height is an important morphological trait directly related to the
obtained yield. Barley landraces in this research achieved a two-year average of

81.3 cm (Table 2), which is significantly lower than the modern cultivars.

Tab.2. Plant height (cm) in different two-rowed barley landraces

Barley Year X+SD
landrace 2011 2012 for landraces
AM1 78.56 = 1.23 80.79 = 4.54 79.68 = 1.11
AM?2 79.30 = 1.24 94.48 = 3.10 86.89 = 7.59
AM3 84.39 = 2.26 84.35 = 1.68 84.37 = 0.02
AM4 74.26 = 2.28 85.15 = 2.60 79.71 £ 5.44
AM5 71.85 £ 1.25 79.49 = 0.97 75.67 + 3.82
fX +SD 77.67 + 2.17 84.85 + 5.88 -
or years
F landraces — 6-9570**; F years — 23.1160 **; F landraces x years — 3.4667*
™ not significant (P > 0.05), * (P < 0.05), ** (P < 0.01)
LSD 0.05 0.01
landraces x years 6.82 9.18
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According to Madi¢ et al. (2016), new barley cultivars are generally
characterized by a very good lodging resistance and an average plant height of
90 to 100 cm. On the other hand, according to the research conducted by Akgun
et al. (2012), barley landraces were characterized by relatively higher plants, so
that the average plant height of Anatolian barley landraces was 129.8 cm, while
Chalak et al. (2015) obtained an average plant height of 57.9 cm for Lebanon
barley landraces.

According to Table 2, the average plant height ranged from 75.67 cm
(AMD5) to 86.89 cm (AM2) in different barley landraces. Higher values of this
trait were obtained in 2012 (84.85 cm). Analysis of variance indicated that the
effect of landraces and the effect of years were statistically significant at P <
0.01. The interaction effect landraces x years were also statistically significant
at P <0.05. This interaction effect was further graphically analysed (Graph 2).
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Graph 2. The interaction effect analysis for plant height (cm) in five
spring barley landraces in 2011 and 2012

According to Graph 2, barley landraces AM1 and AM3 showed a
stagnation of the average plant height (cm) in two growing periods (2011 and
2012). Contrary to this, landraces AM2, AM4 and AM5 obtained a noticeable
increase of this trait in 2012. Although landrace AM2 obtained the highest plant
height in 2012 (94.48 cm), it was the second best in 2011 (79.30 cm).

Spike length
Spike length, grain number per spike and grain weight per spike are

important barley yield components, and an increase in these parameters
represent breeding programs goals, aiming to increase the yield potential.
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The number of spikelets and the number of formed flowers and grains
depends also on the spike length which ultimately determines the productivity
of an inflorescence.

Tab. 3. Spike length (cm) in different two-rowed barley landraces

Barley Year X+SD
landrace 2011 2012 for landraces
AM1 7.90 = 0.32 7.87 = 0.24 7.88 = 0.02
AM?2 7.89 + 0.08 9.91 £ 0.14 8.90 = 1.01
AM3 8.05 £ 0.10 8.36 £ 0.15 8.21 =+ 0.16
AM4 8.51 £ 0.23 8.48 £ 0.05 8.49 £ 0.02
AM5 7.93 £ 0.21 8.99 =+ 0.14 8.46 £ 0.53
XL 5D 8.06 £ 0.12 8.72 £ 0.35 -
or years
F landraces — 8-3580**; F years — 32.7908 **; F landraces x years — 11.5026 **
™ not significant (P > 0.05), * (P < 0.05), ** (P <0.01)
LSD 0.05 0.01
landraces x years 0.53 0.72

The average spike length ranged from 7.88 cm (AM1) to 8.90 cm
(AM2) for different barley landraces (Table 3.). These results obtained for the
analysed trait are similar to Madi¢ et al. (2012) and Mileti¢ et al. (2018). Higher
values of this trait were obtained in 2012 (8.72 cm). Analysis has shown that
there are significant differences between the landraces and years at P < 0.01.
The interaction effect landraces x years was also statistically significant at P <
0.01, which is graphically analysed (Graph 3).
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Graph 3. The interaction effect analysis for spike length (cm) in five
spring barley landraces in 2011 and 2012
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According to Graph 3, barley landraces AM1 and AM4 obtained a
stagnation of the average spike length (cm) in two growing periods (2011 and
2012). Contrary to this, landraces AM2, AM3 and AM5 obtained a noticeable
increase of this trait in 2012. Although AM2 obtained the highest spike length
in 2012 (9.91 cm), it obtained the lowest spike length in 2011 (7.89 cm).

Grain number per spike

A grain number per spike is associated with the spike length and the
number of internodes of inflorescence as well as the number of fertile spikelets.
Six-rowed barley generally has a high number of grains per spike so that the
number reaches 100 or more, while in two-rowed barley it ranges from 30 to 40
(Madi¢ et al., 2004). According to Ceccarelli (1987), the grain number per
spike depends on the water availability during the early vegetative phase and
during the shooting stage, and if water deficit occurs after the flowering stage,
it decreases barley grain weight and thus its yield.

Tab.4. Grain number per spike in different two-rowed barley landraces

Barley Year X+SD
landrace 2011 2012 for landraces
AM1 18.73 £ 1.04 22.20 £ 0.99 20.46 = 1.74
AM?2 20.23 £ 0.70 29.25 *+ 0.38 24.74 + 451
AM3 21.73 £ 0.80 23.45 *+ 0.72 22,59 + 0.86
AM4 22.13 £ 0.37 23.30 = 0.66 22.71 = 0.59
AMS 21.10 £ 0.66 24.00 = 0.36 22,55 + 1.45
XE5D 20.78 + 0.61 24.44 + 1.24 -
or years
F landraces — =0. 1511** F years — = 66.9668 **; F landraces x years — =9.8270**
™ not significant (P > 0.05), * (P < O 05), ** (P <0.01)
LSD 0.05 0.01
landraces x years 2.04 2.75

The average grain number per spike ranged from 20.46 (AM1) to 24.74
(AM2) for different barley landraces, which is in accordance with Al-Nashash
et al. (2005). According to Madic et al. (2009), the three-year average grain
number per spike of examined barley cultivars was 19.91. The average number
of seeds per spike was again higher in 2012 (24.44). Both the effect of
landraces and years were statistically significant at P < 0.01.
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The interaction effect landraces x years was statistically significant at P
< 0.01. The analysis of this interaction effect is presented in Graph 4.
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Graph 4. The interaction effect analysis for number of seeds per spike in five
spring barley landraces in 2011 and 2012

All barley landraces obtained an increase of the average number of
seeds per spike in 2012, with a noticeable increase of this trait in 2012 in
landraces AM1 and AM2. The rank of different landraces in two growing
periods differs, which caused an interaction effect. Although this is two-year
research this trend can indicate stability across landraces. Therefore, barley
landraces AM3, AM4 and AM5 can be determined as promising when it comes
to grain number per spike.

Grain weight per spike

The obtained results for grain weight per spike (g) in different barley
landraces in this research are presented in Table 5.

Grain weight per spike in tested barley landraces ranged from 1.04 g
(AM1) to 1.17 g (AM2), but landraces showed no statistically significant
differences. Polish spring cultivars obtained the average grain weight of 0.82
g-spike™ (Noworolnik, 2010), whereas the examined Serbian two-rowed winter
malting barley cultivars obtained an average grain weight of 1.70 g-spike™
(Madi¢ et al., 2017). It is expected that winter forms have higher spike
productivity compared to the spring forms of barley.

The effect of years was statistically significant at P < 0.01. Significantly
higher values of this trait were obtained in 2012 (1.18 g).
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Tab.5. Grain weight per spike (g) in different two-rowed barley landraces

Barley Year X+SD
landrace 2011 2012 for landraces
AM1 0.94 + 0.05 1.13 = 0.04 1.04 £ 0.10
AM?2 0.99 = 0.08 1.35 = 0.06 1.17 £ 0.18
AM3 0.99 + 0.02 1.14 + 0.05 1.06 = 0.08
AM4 1.01 £ 0.03 1.14 = 0.02 1.07 £ 0.06
AMb5 1.03 = 0.06 1.14 + 0.03 1.09 = 0.06
X+ 5D 0.99 £ 0.02 1.18 £ 0.04 -
or years
F landraces — 2.3325 ns; F years — 41.4763 **; F landraces x years — 2.3222 "
™ not significant (P > 0.05), * (P < 0.05), ** (P < 0.01)
LSD 0.05 0.01
years 0.06 0.08

Relatively higher values of grain weight per spike in 2012 can be
explained by a better water supply to plants. More precisely, the 2012 rainfall
of 398.8 mm was more favourable in comparison to 2011 (284.2 mm), which
reflected in higher values of grain weight per spike in 2012.

Conclusions

This research aimed at increasing the knowledge of barley landraces in
the Republic of Srpska, with contribution to the possibility of their utilization as
genetic resources in the future. Analysed spring barley landraces differed in all
traits tested, except in the grain weight per spike. Two-rowed barley landrace
AM2 achieved the highest average values for most of the observed traits,
therefore it can be characterized as a promising landrace in the future research.
Relatively higher values of all tested traits were achieved in the second growing
season (2012) which contributed by a better water supply for plants.
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Mopdotolke KapaKTEepUCTUKE JIOKATHHUX TOIyJIalija japor
asopezor jeuma (Hordeum sativum ssp. distichum L.)
MOPH]EKJIOM U3 XepIIETOBUHE

VBan Kosauesuh®, bBypah Xaj/:[epz, Janujena Konauh?,
Hparan Manaunh?, Hecumup Kuexesuh®

lHO/bonpuepednu uncmumym Penybnuxe Cpncke, buX
2YHu&epsumem vy Baroj Jlyyu, [owonpuspeonu gaxynmem, Penybauxa Cpncka, buX
3 ; .
Tomonpuspeonu gaxynmem, Yuueepzumem y [puwmunu, Jlewax, Kocoso u Memoxuja, Cpouja

Caxerak

Jeyam je cTpHa >kHMTapulla TOJEpPaHTHA Ha BUCOKE TEMIIEpAaType W CYMIy.
300or oBe OCOOHMHE, MOXE c€ OKapakTepHcaTH Kao IepCHEeKTHBaH YCjeB 3a
NPOW3BOJY Yy CYIIHHM YCIOBHMA. VICTpakMBame TIeT japuxX JIOKTHHX
MoMyJIalidja ABOPENOr jeuMa TPajaio je JBUje eKcnepuMmeHTanHe romuHe (2011-
2012) y arpo-ekoJiomikuM yciioBuMma bame Jlyke. Y ekcriepuMeHTy je npuMjemeHa
CTaH/lapfHa parapcka mpakca, Oe3 HaBoamaBama. Oriex je MOCTaBJbEH 10
MPUHLUITY MOTITYHO CIIYYajHOT OJIOK CHCTeMa ca YeTHpH MoHaBJkama. CBa Mjepema
cy wmsBpmeHa Ha 10 Owpaka 1o ToOHaBbawy. McmutuBane cy cibeaehe
MOp(hOJIOIIKE KapaKTepUCTHKE: BUCHMHA OWJbKe (cm), IykrWHa kiaca (cm), Opoj
3pHa IO KJjacy M Maca 3pHa no kiacy (g). Y obpaau mopartaka NpHMjEHeHa je
nBodakTopujamHa aHaM3a BapHjaHCE ca JIOKATHOM TOMYJaldjoM U TOJMHOM Kao
OCHOBHUM (akTopuma. 3Ha4yajHH e(eKTH TpeTMaHa M HWHTEPaKIUje Cy Jajbe
anammupann  OumepoBum LSD-TtecToM, KOju ce 4YECTO KOPUCTH Kao TECT
BUIIECTPYKHX Nopelema mapoa apuTMETHUKUX cpeltnHa. Ko CBUX MCTIMTUBAHUX
0COOMHA, MaKCHMAaJIHE MpPOCjeYHe BPHjSIHOCTH JOOHjeHE Cy KOJ JIOKaJIHE
nonynamuje AM2, oqHocHO BrcuHaA Ouibke (86,89 cm), ayxuna kiaca (8,90 cm),
6poj 3pHa 1o kiacy (24,74) u maca 3pHa 1o kiacy (1,17 g). C o63upom Ha mate
YULCHUIIE, JIOKAJIHA TOMyJialuja JBopeaor jeuma AM2 Moxe ce M3JABOJUTH Kao
HaQJIPOOYKTUBHHja y OBOM MCTpaXHBamy, HOCEhM NPUTOM MOTEHIMjal 3a
pa3InunTe OTIEMEbUBAUKE CBPXE.

Kwyune pujeyu: jedam, JOKadHa TONyJalWja, KapaKTepHu3aluja,
eBajtyalija, MpoAyKTUBHOCT
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