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Grain Quality and Yield Response of Malt Barley Varieties to
Nitrogen Fertilizer on Brown Soils of Amhara Region, Ethiopia
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Abstract: Malt barley varieties to nitrogen fertilizer experiments were conducted on farmers' fields at Geregera,
Estayish  and  Kone barley growing areas of Eastern Amhara Region in main cropping seasons of 2010, 2012
and 2013. The principal objectives of the experiments were to increase productivity and quality of malt barley
varieties to nitrogen fertilizer application in different agro-ecologies of Eastern Amhara Region. The experiment
was designed in factorial randomized complete block consisting of two malt barley varieties (Firie and Miscal-
21)  and  four  nitrogen  fertilizer levels (0, 60, 120 and 180 kg/ha) were used. Basal application of 20 kg P ha 1

(46 kg P O  ha ) was made at sowing for each plot treated by nitrogen fertilizer. The results revealed that there2 5
1

was highly significant difference in grain yield (2132 and 1942 kg ha ) with application of 180 and 120 kg N1

ha , respectively at Geregera. In the same way, Firie malt barley variety was showed the highest grain yield1

(1679 and 1479 kg ha ), respectively at Geregera. The highest grain yield (2019 and 1936 kg ha ) was obtained1 1

with application of 180 and 120 kg N ha , respectively at Estayish. For Estayish site, Miscal-21 malt barley1

variety was showed superior to Firie. The highest grain yield (3038 and 2380 kg ha ) was obtained with1

application of 180 and 120 kg N ha , respectively at Kone. Grain yield and its protein content in all locations1

increased almost linearly as the N rate increased. Grain quality, especially with respect to protein content, is
highly influenced by variety and by N fertilization. Based on the findings of the experiment, it is recommended
that fertilizer rates of 60/46 kg N/P O  ha  for Firie and Miscal-21, 120/46 kg N/P O  ha  for Firie and Miscal-212 5 2 5

1 1

and 60/46 kg N/P O  ha  for none of the varieties, are economically optimum and recommendable rates for2 5
1

malting barley production in the Geregera, Kone and Estayish areas.

Key words: Malt barley  Nitrogen fertilizer  Protein content

INTRODUCTION straw is used for animal feed, thatching roofs and

Barley (Hordeum vulgare L.) is grown in diverse grain crop that could be used as forage as well as cover
environments with the altitude range of 1500 and 3500 crop to improve soil fertility [4]. However, barely
masl, but predominantly grown from 2000 to 3000 masl [1]. production in Ethiopia in general and in Amhara Region
It is the most important crop with total area coverage of in particular is usually practiced with little or no external
1.02 million hectares and total annual production of about input mainly in the higher altitude or steep slopes, eroded
1.9 million tons in main season. The total area covered by lands or in moisture stress areas [5]. Therefore, barley
barley in Amhara Region is about 0.37 million hectares productivity is limited by poor soil fertility, frost, water
with total production of 0.59 million ton and its logging, insect pests (e.g. aphids and barely fly), leaf
productivity is 1.68 ton/ha [2]. In Ethiopia, barely is the diseases (e.g., scald, blotch, smuts, leaf rust), moisture
fourth most important crop after tef, maize and sorghum. stress, low yielding varieties and inadequate agronomic
Barely is a dependable source of food in the highlands as practices.
it is produced during the main and short rainy seasons as Chemical fertilizer usage by the resource-poor
well as under residual moisture. It is used in different subsistence farmers in Ethiopia is insignificant and
forms such as bread, porridge, soup and roasted grain and inadequate. However, fertilizer is applied to such farmland
for preparing alcoholic and non-alcoholic drinks [3]. Its in the form of di-ammonium phosphate, mainly at rates of

bedding. Barley is a fast growing, cool season, annual
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9/10 to 18/20 kg/ha N/P, which are suboptimal rates for increase productivity and quality of malt barley varieties
barley production [3]. Application of P fertilizer increases to nitrogen fertilizer application in different agro-ecologies
N use efficiency and thus mines soil N when N is in short of Eastern Amhara Region.
supply [3]. To improve the productivity of the crop,
research has been conducted over the last 44 years by MATERIALS AND METHODS
different research institutions using exotic and landrace
materials and as a result of this effort several high yielding Description of the Study Area: The experiment was
varieties have been released and many of them are under carried out on lithosols in three localities: Geregera,
production in their specific area of production. To Estayish and Kone of Eastern Amhara Region, Ethiopia
successfully boost the production and productivity of during the main cropping season for three years (2010,
this particular crop, improved agronomic management 2012 and 2013). The altitudes of the experimental areas are
packages and inputs have been distributed to the farmers 2900, 3000 and 2850 masl. for Geregera, Estayish and
[6]. Despite significant efforts made to generate and adapt Kone, respectively. The mean total annual rainfall (which
improved production technologies, the regional average mainly falls in the cropping season) is 1300 mm at
yield is still low compared to the world and national Geregera, 1350 mm at Estayish and 1054 mm at Kone. The
average yield. Therefore, continuous research effort is rainfall pattern of the areas is bimodal and its distribution
important to overcome the existing production is erratic; the effective rainy period extends from June to
constraints, changing climatic condition and tackle newly September. Mean annual average temperatures are 18, 15
emerging challenges to improve productivity and and 17°C at Geregera, Estayish and Kone, respectively.
production contributing to attaining food security and
self sufficiency the region. Experimental Treatments and Design: Grain quality and

Variety has also played an important role in yield response of malt barley varieties to nitrogen fertilizer
producing better yield and seed quality of barley. Among experiment was conducted in major malt barley growing
the nutrient elements, nitrogen plays a vital role in growth areas of Eastern Amhara: Geregera, Estayish and Kone for
and development of the crop and also affects the seed three years (2010-2013). The experiment was designed in
quality at its optimum level. Although judicious dose of factorial randomized complete block consisting of four N
nitrogen elevates the yield and quality of seed but the fertilizer levels (0, 60, 120 and 180 kg/ha) and two malt
excessive dose cause the economic loss as well as barley varieties (Miscal-21 and Firie). At least one
reduced yield and quality of barley seeds. The optimum weeding was done at tillering stage of barley even though
dose of nitrogen varies from location to location. The farmers have no experience of weeding. Broadcasting
yield attributes and quality of malt barley seed is seed  rate  of  100 kg/ha  was  used.  Basal  application of
therefore, dependent on appropriate dose of applied 20 kg ha  P (46 kg P O  ha ) was made at sowing for
nitrogen. The time of optimum dose of nitrogen depends each plot treated by nitrogen fertilizer. The N application
on the climate and soil of the location as well as the was split, half of the N being applied at sowing and the
variety used [7]. remaining half at the tillering stage of the crop. The

Malting barley is emerging as a potential industrial sources of N and P were urea and Di Ammonium
crop for those resource poor farmers that have no or very Phosphate (DAP), respectively. Plot size of the experiment
limited marketable goods. On the other hand, according to was used as 4 x 2.4 m and a net harvested plot was used
recent reports the international and national demand of as 4 x 2 m. All agronomic data were taken from the net
malt of breweries is increasing drastically due to limited harvested plot areas. Spacing between replications and
supply in global markets and the price is expected to reach between plots was 1 and 0.5 m, respectively. Plant height
over 395 dollar per ton in few years. Therefore, barley at maturity (cm), number of tillers m , number of effective
production for malt can play essential role in generating tillers m , biomass yield and grain yield were collected as
income and improving the livelihood of the highland growth and yield parameters of malt barley. Thousand
people. However, production of barley for malt is limited kernels weight, hectoliter weight, grain protein content
in some parts of the country. As a result domestic and starch content were collected as malt quality
breweries are forced to import malt from abroad. Research parameters of the study.
effort to expand production and gain the huge potential A composite soil sample was taken at 0–20 cm on
from the malting and brewing industry is meager. each localities and a result of soil sample analysis of
Therefore, the present investigation was undertaken to Geregera,  Estayish  and  Kone  were indicated in Table 2.

1 1
2 5

2

2
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Table 1: The mean cost (Ethiopian Birr, ETB) of input and the price of raw barley grain at the experimental locations during the experimental periods

Cost of input and price of output Current market situation

Cost of urea fertilizer (ETB kg ) 10.51

Price of grain (ETB kg ) 10.51

Table 2. Mean value of some parameters of soil samples taken at planting at Geregera, Estayish and Kone

Soil characteristics
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH Organic matter (%) Total N (%) Available P (ppm) K (meq/100 g soil) CEC (meq/100 g soil) Texture
----------------- ------------------------ ------------------- ---------------------- ----------------------- ---------------------------- -----------------------------

Locations Value Status Value Status Value Status Value Status Value Status Value Status % Clay % Silt % Sand

Geregera 5.8 MA 2.3 M 0.15 M 13.8 M 0.9 H 29.8 H 47.5 35.8 16.7
Estayish 5.3 MA 4.6 H 0.24 M 16.5 M 0.8 H 40.2 H 27.5 50 22.5
Kone 5.3 MA 2.8 M 0.14 M 13.5 M 0.8 H 30.2 H 35 47.5 17.5

H = High; MA = Moderately acidic; M = Medium

According to the fertility classification of Landon [8], the RESULTS AND DISCUSSION
result revealed medium to high organic carbon (OM),
moderately acidic soil pH, medium available phosphorus The results of 2010 malt barley to yield response as
(P), high available K, high CEC level and medium total main effect of nitrogen indicated that there was highly
nitrogen (N). significant differences (p<0.01) between all parameters

Data Analyses: The analysis of variance (ANOVA) was variety as main effect was showed highly significant
carried out for growth and yield parameters of the study difference between plant heights (Table 3). Interaction
following statistical procedures appropriate for the effect of nitrogen by varieties showed significant
experimental design using Statistical Analysis System differences between parameters of plant heights (Table 3).
(SAS) program package version 9.0. Whenever treatment The highest grain yield (1958 kg ha ) of malt barley was
effects were significant at 0.01 or 0.05 level of error, the recorded with application of 180 kg N ha  at Geregera
means were separated by using the least significant (Table 3). 
difference (LSD) procedures at 0.05 probability level of Results of the analysis of variance for malt barley in
significance. A grain sample was taken at all sites of each 2012 trials nitrogen by variety at Geregera and Estayish,
location for determination of grain protein content. The respectively are presented in (Tables 4 and 5). There were
grain N content was analyzed by the Kjeldahl method [10] highly significant (p<0.01) differences in grain and
and the result was multiplied by 5.7 to obtain the grain biomass yield, plant height, number of tillers and
protein content. productive tillers m  at all sites (Tables 4 and 5). In

The mean grain yield data were reduced by 10% to general, there was an increase in grain and biomass yield
adjust the yield to the farmers’ management conditions when the N level was increased in all sites (Tables 4 and
and  subjected  to  partial budget analysis [9]. The 5). In Geregera, the highest grain yield was 1879 kg ha
average  market  price  of  malting  barley  grain for the which was obtained at 180 kg N ha  level (Table 4). From
three  months December–February during the Estayish site, the highest grain yield (2019 kgha ) was
experimental  periods  of 2010, 2012 and 2013 was used. recorded by using 120 kg N ha (Table 5).Plant height was
The cost of urea fertilizer was considered as a variable highly significant in all sites, but the highest plant height
cost for the economic analysis. The cost varied for each was recorded at 180 kg N ha  at Geregera (Table 4) and
treatment  and  treatments were ranked in order of 120 kg ha  N level at Estayish (Table 5). Highly
ascending variable cost. Dominance analysis was used to significant grain and biomass yield was recorded at
eliminate those treatments which cost more, but which Estayish. Firie variety showed highly significant (p<0.01)
produced a lower net benefit, than the next lowest-cost differences on thousand kernels weight at Geregera while
treatment. The marginal rate of return (MRR) was it was significant at Estayish.
calculated for each non dominated treatment and a Malt barley varieties showed highly significant
minimum acceptable MRR of 100% was assumed [9] as differences for the parameters of plant height, biomass
showed (Table 1). yield,  thousand  kernels  weight, grain yield and hectoliter

except thousand kernels weight (Table 3). Similarly,

1

1
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Table 3: Mean main and interaction effects of nitrogen and variety to yield response of malt barley at Geregera in 2010

Number of Bio mass Thousand Grain
Treatments Plant height (cm) Number of tillers m productive tillers m yield (kg ha ) kernels weight (g) yield (kg ha )2 2 1 1

Nitrogen kgha  (N)1

0 47.3c 75.4c 20.2c 2320 c 37.5 610 c
60 70.0b 186.4b 102.1b 4740 b 41.5 1600 b
120 78.83a 185.1b 115.5ab 5990 a 38.2 1942 a
180 76.65ab 211.5a 127.4a 6200a 37.8 1958 a
LSD 7.5 12.1 15.5 926 ns 396.30.05

Variety
Firie (V1) 72.3a 160.7 95.9 4950 40.5 1599
Miscal-21 (V2) 64.1b 168.5 86.7 4670 36.9 1456
LSD 5.3 ns ns ns ns ns0.05

N*V 6.2 ns ns ns ns ns
CV(%) 10.6 14.7 16.3 18.5 13.1 25

Means within a column followed by the same letter(s) are not significantly different at P = 0.05. ns = non-significant; N=Nitrogen levels; V=variety

Table 4: Mean main and interaction effects of nitrogen and variety to yield response of malt barley at Geregera in 2012

Number of Biomass Thousand Grain yield Hectoliter
Treatments Plant height (cm) Number of tillers m productive tillers m yield (kg ha ) kernels weight(g) (kg ha ) weight (kg hl )2 2 1 1 1

Variety
Firie (V1) 86.3 363.0b 323.0b 4453.0 42.1a 1438.0 60.8
Miscal-21 (V2) 80.2 424.0a 377.0a 4792.0 38.5b 1318.0 59.9
LSD ns 50.4 47.1 ns 1.34 ns ns0.05

Nitrogen kgha  (N) 1

0 kgha  (N1) 66.2c 282.0b 244.0b 1914.0c 40.3 574.0c 60.21

60 kgha  (N2) 83.5b 450.0a 408.0a 4740.0b 41.7 1388.0b 61.51

120 kgha  (N3) 88.6ab 396.0a 348.0a 5273.0b 39.8 1671.0ab 59.81

180 kgha  (N4) 94.8a 444.0a 402.0a 6562.0a 39.4 1879.0a 59.81

LSD 10.5 71.2 66.6 960.9 ns 324.2 ns0.05

Variety x Nitrogen 
LSD ns ns ns ns ns ns ns0.05

CV (%) 12.1 17.4 18.3 20.0 4.5 22.6 3.4

Means within a column followed by the same letter(s) are not significantly different at P = 0.05. ns = non-significant; N=Nitrogen levels; V=variety

Table 5: Mean main and interaction effects of nitrogen and variety to yield response of malt barley at Estayish in 2012

Number of Biomass Thousand Grain yield Hectoliter
Treatments Plant height (cm) Number of tillers m productive tillers m yield (kg ha ) kernels weight(g) (kg ha ) weight (kg hl )2 2 1 1 1

Variety
Firie (V1) 84.6a 471.0b 448.0b 6185.0b 43.1a 1458.0b 60.7b
Miscal-21 (V2) 80.5b 579.0a 543.0a 7702.0a 41.1b 2022.0a 62.6a
LSD 2.8 77.2 76.5 712.9 1.5 207.7 1.20.05

Nitrogen kgha  (N) 1

0 kgha  (N1) 69.6c 316.0c 293.0c 3724.0c 42.7 980.0b 62.11

60 kgha  (N2) 83.7b 519.0b 491.0b 6927.0b 42.3 1935.0a 62.01

120 kgha  (N3) 89.6a 623.0ab 590.0ab 8359.0a 41.2 2028.0a 61.21

180 kgha  (N4) 87.2ab 642.0a 608.0a 8763.0a 42.1 2019.0a 61.21

LSD 4.0 109.2 108.2 1008.2 ns 293.7 ns0.05

Variety x Nitrogen 
LSD ns ns ns ns ns ns ns0.05

CV (%) 4.7 20.0 21.0 14.0 4.8 16.2 2.6

Means within a column followed by the same letter(s) are not significantly different at P = 0.05. ns = non-significant; N=Nitrogen levels; V=variety
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Table 6: Effects of nitrogen and variety to yield response of malt barley at Geregera in 2013 

Number of Biomass Thousand Grain yield Hectoliter
Treatments Plant height (cm) Number of tillers m productive tillers m yield (kg ha ) kernels weight(g) (kg ha ) weight (kg hl )2 2 1 1 1

Variety
Firie (V1) 79.2a 242.1 221.8 5449a 44.2a 2011a 53a
Miscal-21 (V2) 67.4b 229.6 207.4 4543b 41.3b 1652b 50.2b
LSD 2.4 ns ns 383.0 1.0 171.4 1.30.05

Nitrogen kgha  (N) 1

0 kgha  (N1) 63.2c 164.1c 135.9c 2656d 41.3b 1011d 50.6b1

60 kgha  (N2) 69.9b 217.1b 194.9b 4016c 41.5b 1546c 50.4b1

120 kgha  (N3) 78.4a 268.9a 251.2a 6156b 43.6a 2212b 53.5a1

180 kgha  (N4) 81.6a 293.1a 276.4a 7156a 44.7a 2559a 51.9ab1

LSD 3.4 35.3 35.3 541.7 1.5 242.3 1.90.05

Variety x Nitrogen 
LSD ns ns ns ns ns ns ns0.05

CV (%) 4.5 14.4 15.8 10.4 3.3 12.7 3.5

Means within a column followed by the same letter(s) are not significantly different at P = 0.05. ns = non-significant; N=Nitrogen levels; V=variety

Table 7: Effects of nitrogen and variety to yield response of malt barley at Estayish in 2013 

Number of Biomass Thousand Grain yield Hectoliter
Treatments Plant height (cm) Number of tillers m productive tillers m yield (kg ha ) kernels weight(g) (kg ha ) weight (kg hl )2 2 1 1 1

Variety
Firie (V1) 85.6a 344 321 9414 44.35ab 1984 52.8b
Miscal-21 (V2) 79.3b 377 353 15641 45.36a 1841 55.9a
LSD 4.1 ns ns ns 1.9 ns 2.70.05

Nitrogen kgha  (N) 1

0 kgha  (N1) 79.8 318 294 8172 47.04 1799 55.11

60 kgha  (N2) 82.4 379 356 9375 45.36 1987 52.31

120 kgha  (N3) 82.2 370 345 22531 43.46 1844 541

180 kgha  (N4) 85.4 375 355 10031 43.56 2019 561

LSD ns ns ns ns ns ns ns0.05

Variety x Nitrogen 
LSD ns ns ns ns ns ns ns0.05

CV (%) 6.8 16.2 17.5 17.9 5.8 14.7 6.7

Means within a column followed by the same letter(s) are not significantly different at P = 0.05. ns = non-significant; N=Nitrogen levels; V=variety

weight at Geregera for the year 2013 (Table 6). The highest kernels weight and hectoliter weight at Estayish for the
grain yield (2011 kg ha ) and hectoliter weight (53 kg year 2013 (Table 7). The highest hectoliter weight (55.9 kg1

hl ) was recorded with the variety of Firie at Geregera in hl ) was recorded with the variety of Miscal-21 at1

the year 2013 (Table 6). On the other hand, highly Estayish in the year 2013 (Table 7). 
significant differences were observed between plant Malt barley varieties showed highly significant
heights, number of tillers and productive tillers m , differences for the parameters of number of tillers and2

biomass yield, thousand kernels weight, grain yield and productive tillers m , biomass yield and grain yield as
hectoliter weight as main effect of nitrogen fertilizer of main effect of nitrogen fertilizer of malt barley at Kone in
malt barley at Geregera in the year 2013 (Table 6). The the year 2013 (Table 8). The highest grain yield (3038 kg
highest grain yield (2559 kg ha ) and hectoliter weight ha ) was recorded with application of 180 kg N ha  at1

(51.9 kg hl ) was recorded with application of 180 kg N Kone in the year 2013 (Table 8). 1

ha , respectively and 53.5 kg hl  was also recorded with Combined  analyses  of  malt  barley  varieties1 1

application of 120 kg N ha  at Geregera in the year 2013 showed highly significant differences for the parameters1

(Table 6). of plant height, grain yield and hectoliter weight and
Malt barley varieties showed highly significant significant difference was observed between biomass

differences for the parameters of plant height and yield  and thousand kernels weight at Geregera for the
significant differences was observed between thousand year 2010, 2012 and 2013 (Table 9). The highest grain yield

1

2

1 1
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Table 8: Effects of nitrogen and variety to yield response of malt barley at Kone in 2013 

Number of Biomass Thousand Grain yield Hectoliter
Treatments Plant height(cm) Number of tillers m productive tillers m yield (kg ha ) kernels weight(g) (kg ha ) weight (kg hl )2 2 1 1 1

Variety
Firie (V1) 85.4 236 221 5953 47.3a 2094 54.5
Miscal-21 (V2) 80.8 292 274 5984 45.1b 2146 54.4
LSD ns ns ns ns 2.1 ns ns0.05

Nitrogen kg ha  (N) 1

0 kgha  (N1) 70.9c 158c 141c 3391c 46.93 1186c 54.41

60 kgha  (N2) 81.4b 217bc 202bc 5297b 45.75 1876b 54.41

120 kgha  (N3) 85.7b 304ab 287ab 6516b 46.75 2380b 53.61

180 kgha  (N4) 94.4a 376a 360a 8672a 45.53 3038a 55.51

LSD 8.6 89.8 88.6 1515.6 ns 590.3 ns0.05

Variety x Nitrogen 
LSD ns ns ns ns ns ns ns0.05

CV (%) 10.0 22.7 17.4 24.4 6.1 18.2 6.0

Means within a column followed by the same letter(s) are not significantly different at P = 0.05. ns = non-significant; N=Nitrogen levels; V=variety

Table 9: Mean combined effects of malt barley to nitrogen and variety at Geregera in 2010, 2012 and 2013 

Number of Biomass Thousand Grain yield Hectoliter
Treatments Plant height(cm) Number of tillers m productive tillers m yield (kg ha ) kernels weight(g) (kg ha ) weight (kg hl )2 2 1 1 1

Variety
Firie (V1) 78.8a 260.6 213.5 4996a 41.4a 1679a 56.9a
Miscal-21 (V2) 71b 268.6 224 4624b 39.8b 1479b 55.0b
LSD 3.3 ns ns 319.9 1.5 131.4 1.00.05

Nitrogen kgha  (N) 1

0 kgha  (N1) 58.9c 174b 133.2b 2296d 39.7 732d 55.41

60 kgha  (N2) 74.5b 284.7a 235a 4498c 41.5 1511c 55.91

120 kgha  (N3) 82a 283.5a 238.1a 5806b 40.5 1942b 56.71

180 kgha  (N4) 84.4a 316.4a 268.6a 6639a 40.7 2132a 55.91

LSD 4.7 35.7 34.3 452.4 ns 185.9 ns0.05

Variety x Nitrogen 
LSD ns ns ns ns ns ns ns0.05

CV (%) 10.8 23.4 27.2 16.3 9.3 20.5 3.5

Means within a column followed by the same letter(s) are not significantly different at P = 0.05. ns = non-significant; N=Nitrogen levels; V=variety

Table 10: Mean combined effects of malt barley to nitrogen and variety at Estayish in 2012 and 2013 

Number of Biomass Thousand Grain yield Hectoliter
Treatments Plant height (cm) Number of tillers m productive tillers m yield (kg ha ) kernels weight(g) (kg ha ) weight (kg hl )2 2 1 1 1

Variety
Firie (V1) 85.1a 407b 384b 7799 43.7 1721 56.8b
Miscal-21 (V2) 79.9b 478a 448a 11671 43.2 1932 59.3a
LSD 2.6 44.3 43.8 ns ns ns 1.40.05

Nitrogen kgha  (N) 1

0 kgha  (N1) 74.7b 317b 293b 5948 44.9a 1390b 58.61

60 kgha  (N2) 83a 449a 423a 8151 43.8ab 1961a 57.21

120 kgha  (N3) 85.9a 497a 467a 15445 42.3b 1936a 57.61

180 kgha  (N4) 86.3a 508a 481a 9397 42.8b 2019a 58.61

LSD 3.6 62.6 62 ns 1.6 315.8 ns0.05

Variety x Nitrogen 
LSD ns ns ns ns ns ns ns0.05

CV (%) 6.2 19.9 20.9 17.0 5.2 12.4 4.8

Means within a column followed by the same letter(s) are not significantly different at P = 0.05. ns = non-significant; N=Nitrogen levels; V=variety
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Table 11: Mean grain protein and starch content of malting barley varieties as influenced by N application rate at the three localities 

Geregera Estayish Kone
--------------------------------------- ----------------------------------------- ---------------------------------------

Treatments Protein (%) Starch (%) Protein (%) Starch (%) Protein (%) Starch (%)

Variety
Firie (V1) 11.4 59.7b 12.8 59.2 11.2 60.6b
Miscal (V2) 11.7 60.5a 12.9 59.3 11.1 62.3a
LSD ns 0.2 ns ns ns 0.40.05

Nitrogen kgha  (N) 1

0 kgha  (N1) 9.8d 60.9a 11.5c 60.4a 10.1c 61.9a1

60 kgha  (N2) 10.7c 60.5b 12.0b 59.3b 9.8c 62.4a1

120 kgha  (N3) 12.6b 59.7c 14.1a 58.7c 11.3b 61.8a1

180 kgha  (N4) 13.2a 59.3d 14.4a 58.6c 13.6a 59.7b1

LSD 0.4 0.2 0.4 0.6 0.5 0.60.05

Variety x Nitrogen 
LSD ns ns ns ns ns ns0.05

CV (%) 3.0 0.4 5.1 0.9 4.3 0.9

Means within a column followed by the same letter(s) are not significantly different at P = 0.05. ns = non-significant; N=Nitrogen levels; V=variety

(1679 kg ha ) and the highest hectoliter weight (56.9 kg Grain protein content increased with higher N1

hl ) were recorded with Firie variety at Geregera (Table application rates in all varieties at all locations (Table 11).1

9). On the other hand, highly significant differences were On the other hand, as protein content of malt barley
observed between number of tillers and productive tillers increases,  then  starch  content   decreases  in all
m , biomass and grain yield as main effect of nitrogen locations (Table 11). For variety Firie, grain protein2

fertilizer rate at Geregera in 2010, 2012 and 2013 (Table 9). content was recorded 11.4% in Geregera with the
The highest grain yield (2132 and 1942 kg ha ) was application of 60 kg N ha , the grain protein content was1

recorded with application of 180 and 120 kg N ha , 10.7%. For variety Firie, grain protein content was1

respectively at Geregera (Table 9). recorded 11.2% in Kone with the application of 120 kg N
According to the Ethiopian quality standard, the ha , the grain protein content was 11.3 %. For variety

acceptable grain size (thousand-kernel weight) and test Miscal-21, grain protein content was recorded 12.9% in
weight (hectoliter weight) for raw barley are in the range Estayish with the application of 60 kg N ha , the grain
25–35 g and 48–62, respectively [10]. The standards set protein content was 12.0 %. Grain protein content was
for thousand kernel weight and hectoliter weight by highest in variety Miscal-21 as compared to Firie.
National Standard Authority ranged from 35 to 45 g and According to the Ethiopian standards authority, the raw
60 to 65 kg hl , respectively [11]. Therefore, the results of barley quality standards for malt have a protein level1

the present experiment exhibited an acceptable thousand between 9–12%. The results of the experiment showed
kernel weight and hectoliter weight in all varieties for all N that Firie variety at N rate (60 kg N ha ), gave a grain
application rates at all locations (Tables 8-10). protein content within the acceptable range in the

Combined analyses of malt barley varieties showed Geregera  area.  In the Kone area, Firie variety at N rate
highly significant differences for the parameters of plant (120 kg ha ) had a grain protein content within the
height, number of tillers and productive tillers m  and acceptable range. On the other hand, in Estayish areas,2

hectoliter weight at Estayish for the year 2012 and 2013 none of the varieties were not showed a grain protein
(Table 10). The highest hectoliter weight (59.3 kg hl ) content with in the acceptable range, except Miscal-211

was recorded with the variety of Miscal-21 at Estayish variety was better in grain protein content with
(Table 10). On the other hand, highly significant application of 60 kg N ha .
differences were observed between plant height, number Kernel protein content that exceeds recommended
of tillers and productive tillers m , thousand seeds levels is undesirable for malting because it increase steep2

weight and grain yield as main effect of nitrogen fertilizer times and cause uneven water uptake during steeping,
rate at Estayish in 2012 and 2013 (Table 10). The highest uneven germination during malting, increased malt loss
grain yield (2019, 1936 and 1961 kg ha ) was recorded due  to abnormal growth, excessive enzymatic activity,1

with application of 180, 120 and 60 kg N ha , respectively low extract yield, excessive nitrogenous compounds in the1

at Estayish (Table 10). wort  during  brewing and chill haze formation in beer [12].

1

1

1

1

1

1



World J. Agric. Sci., 11 (3): 135-143, 2015

142

Table 12: Results of the economic analysis of N application rate on the grain yield of malting barley varieties in the Geregera and Estayish areas 
Geregera Estayish
------------------------------------------------------------- ---------------------------------------------------------------

Variety Nitrogen rate kg ha TVC (ETB) NB (ETB) MRR(%) TVC (ETB) NB (ETB) MRR (%)1

Firie 0 0 7834.0 - 0 12814.2 -
60 1369.5 13627.6 523.0 1369.5 15763.3 315.3
120 2739.1 16869.6 429.9 2739.1 13968.5D
180 4108.6 16917.6 321.1 4108.6 14299.9D

Miscal-21 0 0 5991.3 - 0 13456.8 -
60 1369.5 12191.2 552.7 1369.5 18560.5 472.7
120 2739.1 14346.5 405.0 2739.1 17143.7D
180 4108.6 15159.9 323.1 4108.6 15641.8D

Note: TVC= Total Variable Cost, NB= Net Benefit, MRR= Marginal Rate of Return, D= Dominated treatment. Values in Ethiopian Birr (ETB).

Table 13: Results of the economic analysis of N application rate on the grain yield of malting barley varieties in the Kone area 
Kone
-----------------------------------------------------------------------------------------------------------------------

Variety Nitrogen rate kg ha TVC(ETB) NB(ETB) MRR(%)1

Firie 0 0 8608.9 -
60 1369.5 17568.3 754.2
120 2739.1 17805.2 435.7
180 4108.6 26944.0 546.2

Miscal-21 0 0 13797.0 -
60 1369.5 15149.1 198.7
120 2739.1 21698.6 388.5
180 4108.6 22256.8 305.9

Note: TVC= Total Variable Cost, NB= Net Benefit, MRR= Marginal Rate of Return. Values in  Ethiopian Birr (ETB)

Minale et al. [10] indicated that high temperatures during in the Geregera and Kone areas, respectively. For variety
grain-filling appear to reduce grain quality in malting Miscal-21, fertilizer rate of 60 kg N ha  was an economical
barley, owing to the reduction in starch accumulation and rate, with acceptable grain quality in the Estayish areas. 
the increase in the N% of the grain. Savin et al. [13] also
stated that high temperature reduced the amount of CONCLUSIONS AND RECOMMENDATIONS
‘maltable’ grain, by reducing grain size and increasing the
screening percentage and reduced malt extract by 3–7%, The grain yield and quality of malting barley vary
which represents a large decrease for the malting industry. with locality. Geregera is an ideal area for malting barley
According to Wondimu et al. [14] improvement in grain production, compared to the Kone and Estayish areas.
yield and grain quality parameters of current barley The variety Firie is not recommended for cultivation as
breeding has to be supported by modern techniques, malting barley in the Estayish areas, because of its high
small-scale micro malting and NIRS technology. This protein content. Therefore, the selection of appropriate
helps to identify and develop promising genotypes which varieties for different localities is one of the issues to be
are resistant/tolerant to diseases and high yielding with considered in the future, so as to maintain the grain
acceptable quality standards suitable to the local quality of malting barley at its standard level. Grain
breweries. quality, especially with respect to protein content, is

The results of the partial budget analysis (Tables 12 highly influenced by variety and by N fertilization. The
and 13) revealed that the economically optimum fertilizer determination of a specific N application rate for malting
application rate varies in relation to the varieties and barley varieties is essential to the production of malting
locations. Since grain quality is the major worry of this barley grain of acceptable quality. Fertilizer application
paper, the economical application rates that are within the rates of 60/46 kg N/P O  ha  for Firie and Miscal-21,
acceptable level of grain protein content, thousand-kernel 120/46 kg N/P O ha  for Firie and Miscal-21 and 60/46 kg
weight and hectoliter-weight, are to be selected. For N/ P O  ha  for none of the varieties, are economically
variety Firie, fertilizer rates of 60 kg N ha  and 120 kg N optimum and recommendable rates for malting barley1

ha were economical rates, with acceptable grain quality production in the Geregera, Kone and Estayish areas.1
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