
Research Article
Performance Evaluation of Malt Barley (Hordeum vulgare L.)
Varieties for Yield and Quality Traits in Eastern Amhara Regional
State, Ethiopia

Abebe Assefa , Getawey Girmay , Tesfaye Alemayehu, and Alemu Lakew

Sekota Dry Land Agricltural Research Center, P.O. Box 62, Sekota, Ethiopia

Correspondence should be addressed to Abebe Assefa; assefaabebe1921@gmail.com

Received 30 January 2021; Revised 20 May 2021; Accepted 14 June 2021; Published 21 June 2021

Academic Editor: İbrahim Kahramanoğlu
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Barley (Hordeum vulgare L.) is an annual cereal crop that belongs to the grass family Poaceae of the tribe Triticeae. Due to the
establishment and production capacity of malt and beer factories in Ethiopia, malt barley production demand increased from time
to time. Eight released malt barley varieties were evaluated in four environments in Wag-himra and Lasta districts in the main
production season for two years (2016 and 2017). *e objective of the trial was to identify a high yielder and standard-quality
malting barley variety for production. *e trial was conducted using a randomized complete block design with three replications
on a plot size of 1.2m width with that of 2.5m length. *e results revealed that there was a highly significant difference in grain
yield and quality traits (p< 0.05). *e kernel protein and starch content of the varieties ranged from 9.85 to 11 and 63–65%. *e
thousand kernel weight of the varieties was in the range of 32.5 to 46.4 g. EH1847 (3340 kg ha−1), IBON174/03 (3351 kg ha−1), and
Bahati (3220 kg ha−1) were the first three best performing high yielder and best varieties that fulfilled quality parameter re-
quirements set by the National Standard Authority for malting barley.*erefore, these varieties are recommended for production
in theWag-himra and Lasta agroecologies for their high yield, kernel size, and kernel protein content. Further study is required on
agronomic practices and brewing quality attributes in malt barley.

1. Introduction

Barley (Hordeum vulgare spp. vulgare L.) is one of the oldest
crops cultivated in the world. Archaeological evidence from
the Fertile Crescent indicates that about 10,000 years ago, the
crop was domesticated from its wild relative (Hordeuum
spontaneum C. Koch). *e crop is an important feed, malt,
and food crop in Russia, Canada, Australia, Ukraine, Turkey,
Spain, Morocco, Germany, Kazakhstan, Iran, Syria, USA,
France, Polland, Ethiopia, and UK [1].

In Ethiopia, barley is an important crop that is mainly
grown by subsistence farmers in a wide range of environ-
ments with an altitude range of 1500 to 3500m.a.s.l. [2, 3]. It
is the fifth most important cereal crop after teff, wheat,
maize, and sorghum in area coverage in the country [4]. *e
crop is predominantly categorized as food and malting
barley based on their uses [5]. *e share of malting barley

production is quite low as compared to food barley in
Ethiopia [2] despite the country having favorable environ-
ment and potential market opportunity. As a result, do-
mestic breweries are still forced to import malt from abroad.
For example, the Asela malt factory imported 15,609 tons of
malting barley from 1999/00 to 2000/01 [6].

Because of urbanization, population growth, and in-
creasing of beer industry in Ethiopia, malt barley production is
increased [7]. In Ethiopia, malt barely covers an area of
950742.01 hectares of land with the production of 23780102.92
in quintals on the productivity of 25.2 qha−1. In Amhara
Region, it also covers 32515.21 with a production of 7512996.98
in quintals and productivity of 23.3 qha−1. In Wag-himra, it
covers 17437.02 hectares of land with production 213401.13 in
quintals with the productivity of 12.25 qha−1 [8].

*e low productivity of malt barely in Amhara region,
particularly in Wag-Lasta (12.25 q ha−1), compared to the
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national (25 qha−1) and regional average (23.3 qha−1) is due to
use of low-yielding local variety, less rainfall amount and
distribution in the area (late coming and early set of rainfall),
low soil fertility, poor agronomic practice such as intercrop
with legume and lack of crop rotation with pulse crop, disease,
insect pest, and late maturing malt barely variety.

Important malting barley quality characteristics include
kernel size, kernel protein content, malt extract, and diastatic
power [9]. Generally, malt barley protein content within the
range of 9–12.5% can be used by malt factories to meet
brewers’ need [10]. Malt barley genotypes with high grain
protein content result in low extract for the brewers, while
genotypes with low protein level result in lack of enzymes
necessary to modify the barley kernel and to break down the
starch during brewing [11]. Low protein also impairs the
brewing performance due to poor yeast amino acid nutrition
[12]. *ese malt barely quality traits are inherited quanti-
tatively, and their performance depends on both genetic and
environmental conditions [13].

Genotypes differ in these characteristics, and they are
also influenced by environmental factors [14]. Some geno-
types may perform well in certain environments, but fail in
several others. *e phenotypic performance of a genotype is
not necessarily the same under diverse agroecological
conditions. So far, malt barley varieties have not been
evaluated in Wag-himra and Lasta areas of eastern Amhara
Regional State. *e crop plays an important role in im-
proving the livelihood of barley farmers in these areas, and it
is one of the most important cereal crops in the area to get
additional income to the farmers as it is one of the industrial
crops and the demand of the crop (malt barely) in the area is
increased as the Raya beer industry is located as the nearest.
*erefore, the objective of this trial was to identify a high-
yielder and early matured variety with malting quality for
production in eastern Amhara Regional State, particularly in
Wag-Lasta areas.

2. Materials and Methods

2.1. Description of Test Locations. *e experiment was
conducted during the main cropping seasons for two years
(2016 and 2017) in Dehana and lasta districts. *e experi-
ment was conducted on experimental field stations in the
main cropping season in Wag-Lasta, North Ethiopia,
namely, at Lalibela district (medagai) and Dehana district
(Amed worke). Wag-Lasta is one of the drought-affected
areas in the country, and mostly it grows barely, sorghum,
wheat, and teff as major crops and low-land pulse crops.

*e area (Wag-Lasta) is characterized by a unimodal
rainfall pattern that extends from June to late August or early
September. Lalibela (medagai) is located in Lasta district,
NorthWollo Zone of Amhara Region and 637.5 km far from
Addis Ababa (the capital of Ethiopia), and wheat, barely, teff,
and low-land pulse crops such as mung bean, haircot bean,
and cow pea are majorly growing crops. Amde Work a is
located in Dehana district, NorthWollo Zone ofWag-himra,
Amhara Region, and 800 km far away from Addis Ababa
(the capital of Ethiopia). Based on the long years metro-
logical data collected from the nearby metrological stations,

the annual rainfall ofWag-Lasta ranges from 180millimeters
(mm) (lowlands) to 970mm (high lands).*e dominant soil
type is classified as Cambisol, and both of the testing sites are
verti soil type.

2.2. Experimental Treatments, Design, and Management.
Eight nationally and regionally releasedmalting barley, namely,
EH1847, Bahati, Holker, traveler, Bekoji, free gebse, sabini, and
IBON174/03, varieties were tested in RCBD with three rep-
lications in each location. Descriptions of the malting barley
varieties are presented in Table 2.*e gross and the net harvest
plot size for each variety was 3m2 and 2m−2 having six rows
spaced and 20 cm row spacing. Planting of the variety at both
locations was in the first week of July (July1–6).

*e seeds of each tested variety were collected from the
research center (Adet Agricultural Research Center under
the ARARI, Holtta, and Kulmssa Agricultural Research
Center under the EARI), and the seed rate was adjusted for
plot by using 125 kg ha−1 while fertilizer application rate
was100 kg ha−1 for NPS and 30 kg ha−1 for urea as per the
national recommendations. Urea was applied in spilt that is
half at planting and half at the vegetative growth stage
(before heading) for the reason of effective use of urea
fertilizers as it is one of the most mobile element and all the
NPSs were applied fully at planting. Two times hand
weeding at the seedling and vegetative stage at each testing
district was also carried out as per recommendation. One
time chemical insecticide and fungicide was sparing to
controlling barely insect pest and barely fungal disease at the
seedling stage before heading. After full management of the
trial, four middle rows were harvested, from the first week of
October to the end of October in both testing years and
locations and then cleaned, dried, and threshed for 1000
kernel weight and grain yield data.

2.3. Data Collection and Statistical Analysis. Data on plant
and plot based were measured and recorded. Plot-based data
such as days to 50% heading (DH) and days to 90% maturity
(DM) using personal visualization, thousand grain weight
(gr), dry weight of above ground biomass (kg ha−1), and
grain yield (kg ha−1) were recorded on plots basis. Plant-
based data such as plant height (PH, in cm), spike length
(SPL, in cm), and number of seeds per spike (SPS in No.)
were measured on five randomly sampled plants from the
central four rows of each plot, and grain quality data such as
protein, starch, and moisture content were measured, but
moisture content is also for grain yield adjustment.

For quality data, samples were collected from the two
testing sites, namely, Dehana and Lalibella (medagai), for
different plots of malt quality data such as grain protein and
starch and grain moisture content of the tested varieties.
500 g per sample was taken after manually cleaning the grain
to remove broken grain and other inert matter. *en, the
samples were packed into a low-density polyethylene bag
(plastic bag). Quality traits were analyzed at the Amhara
Agricultural Research Institute (ARARI) cereal quality
laboratory using NIRS analysis instruments. NIRS spec-
troscopy is analysis using instruments and rapid tests on

2 Advances in Agriculture



small samples of ground grain or nondestructively on whole
grain laboratory.

Bartlett’s test was used to assess homogeneity of error
variances prior to combined analysis, and the combined
analysis of variance over location and years was performed
using SAS software program. Mean separation was carried
out using least significant difference (LSD) at 5% level of
significance.

3. Results and Discussion

3.1. Grain Yield, Quality, and Agronomic Traits. *e com-
bined analysis of variance across the four environments (two
years with two locations) shows a significant difference at
p< 0.05 for grain yield and yield-related traits. Mean grain
yield of malting barley varieties ranged from 1853 kg ha−1 for
Holker to IBON174/03, (3351 kg ha−1) (Table 3). *e mean
grain yield over all the varieties was 2868 kg ha−1. EH1847,
IBON174/03, and Bahati were the first three best performing
varieties with an average grain yield greater than the grand
mean.

Varieties EH1847 and IBON174/03 showed that the best
with a grain yield of 3340 kg ha−1 and 3351 kg ha−1 followed
by Bahati 3240 kg ha−1. Molla Mekonnen et al. [11], Mis-
ganaw Ferede and Zina Demsie [15], and Muez Mehari [16]

also reported that EH1847 and IBON174/03 are high-yielder
malt barely genotypes, and the result is in line with the
abovementioned three findings, while Holker (1853 kg ha−1)
and sabini (2642 kg ha−1) are the low-yielding variety.

*e mean thousand kernel weight of varieties ranged
from 38.63 g for traveler and 45 g for Fre-Gebs (Table 3). As
Ryan et al. [17], Amare Assefa et al. [18] also reported the
variation in kernel of the malt barely variety.

Kernel protein content of varieties was between 9.85%
for Bekoji-1 and 11.11% for EH1847 (Table 3).*e standards
set for thousand kernel weight and kernel protein content by
the National Standard Authority (NSA) ranged from 35 to
45 g and 9 and 11.5%, respectively According to Gondarmalt
factory quality standard low protein content (9–11.5%) is
one of the quality parameter for malt barley in addition to
other quality criteria such as high germination capacity,
purity graded grain Punda [10].

Accordingly, the results indicated that all tested varieties
are under the acceptable range of the standard set by NSA for
thousand kernel weight and kernel protein content. *e
mean value of the kernel moisture content ranged from 9.98
to 10.03% in this study. Moisture determination in malting
barley is primarily to permit other quality factors to be
expressed on drymatter basis and for safe storage [19]. Molla
Mekonnen et al. [11] also reported that varieties IBON174/

Table 1: Some descriptions of the testing sites. *e rainfall and the temperature were the average of the two years (2016 and 2017).

Variable
Testing site

Dehana Lalibela (medagai)
Longitude 12 40, 10, N 12 03, 11.3, N
Latitude 38 30, 41, E 39 02, 96, E
Altitude (m.a.s.l.) 2400 2176
Average annual rainfall (mm) 713 768.5
Average maximum temperature (C°) 23.5 24.7
Average minimum temperature (C°) 11.1 13.6
Source: Kombolcha weather substation in the years 2016 and 2017.

Table 2: Description the eight malting barley varieties used for the trial.

Variety Altitude
(m.a.s.l) Maintainer Year of

releasing
Days to
heading

Days to
maturity

Yield at on
station
(q ha−1)

Protein %
during
releasing

Disease reaction

Traveler 2000–2600 HEINKEN/
HARC 2013 79–93 130–160 20–40 10–11.1 Resistance to net

blotch
Holker 2500–3000 HARC 1979 — — — — —
IBON174/
03 2300–2800 HARC 2012 70 120 — 10 Scald tolerant

Sabini 2300–2800 KARC 2011 46 64–83 25–40 8.5 Susceptible to scald

Fre-Gebs 2300–3000 AARC 2010 62–87 100–127 20–25 9–10.5
Moderately

resistant to net
blotch

EH1847 2200–2800 HARC 2011 71–90 126–161 35 10.6–11.7 —

Bahati 2300–2800 KARC 2011 72–85 126–158 25–40 8.7 Resistant to net
blotch

Bekoji-1 2300–2800 KARC 2010 89–111 121–163 24–28 11.7 Resistant to net
blotch and scald

m.a.s.l�meter above sea level, IBON� International Barely Observation Nursery, HARC�Holeta Agricultural Research center, AARC�Adet Agricultural
Research Center, KARC�Kulimssa Agricultural Research Center. Source: Ministry of Agriculture, Animal, and Plant Health Regulatory Directorate, crop
variety registers from 1979–2013, Addis Ababa, Ethiopia.
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03 and EH1847 fulfill the malt quality parameters, especially
protein content.

Most of the mean values of the traits show a positive
correlation with grain yield and quality traits (Table 4). A
negative correlation was observed between thousand kernel
weight, kernel starch content, and protein percentage with
grain yield. Also, Molla Mekonnen et al. [11] reported a
negative correlation between malt barely quality and grain
yield. Grain yield is positively correlated with all the ag-
ronomic traits except days to heading and days to maturity.

4. Conclusions and Recommendation

*e malting industry in Ethiopia is often challenged by the
availability of a barley variety that meets the quality and
quantity requirements set by the industry. Recently, the
demand for malting barley has increased significantly in
Ethiopia because of the increasing number of beer industries
in the country, and more attention is now being given to
meeting the demand for this crop. Selection of improved
malt barley varieties in different locations is important to
boost the grain yield and to fill the demand of malt barley for
the users.

Based on the results, three malting barley varieties,
EH1847, IBON174/03, and Bahati, were found to be rela-
tively high-yielder and best-quality malt barely varieties.
Moreover, these varieties fulfilled quality parameter re-
quirements set by the National Standard Authority for

malting barley. *erefore, these varieties are recommended
for production for their high yield, kernel size, and protein
content. Further study is required on agronomic practices
and brewing quality attributes in malt barley.
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