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ABSTRACT

Malt Barley is important cash-crop in Ethiopia, whose yield was constrained by minimum use of 

improved varieties, and declining soil fertility due to nutrient depletion. A field experiment was 

conducted to investigate the effects of blended fertilizer rates on growth, yield and quality of malt 

barley varieties at Debre Berhan District Central High Land of Ethiopia. The experiment was 

laid out in Randomized Complete Block Design with factorial arrangement with three replication 

and consisted of ten fertilizer treatments: (T1) NP (70&20) used as control, (T2) NP(S1=7) , (T3) 

NP(S2=14), (T4) NP(S3=21) , (T5) NPS1(B1=0.1), (T6) NPS2(B2=1.1), (T7) NPS3(B3=2.1), (T8) 

NPS1B1(K1=50), (T9) NPS2B2 (K2=100) and (T10) NPS3B3 (K3=150) kg ha
-1

 and two malt barley 

varieties (Ibon174/03 and Holker). The analysis of variance showed highly significant 

differences on number of tillers and effective tillers plant
-1

, numbers of kernel spike
-1

, thousand-

kernel weight, above ground biomass, straw yield and grain yield were observed due to blended 

fertilizer rates and varieties. Compared to the recommended NP fertilizers, the straw and grain 

yield were increased by 27.95% and 26.90% respectively with the application of blended 

fertilizer NPS3B3K3 (Treatment 10). Similarly, as compared to the recommended NP fertilizers, 

the straw and grain yield were increased by 17.1% and 11.4% respectively with the application 

of blended fertilizer NPS3 (Treatment 4). The variety Ibon174/03 had the highest mean grain 

yield (4.71 t ha
-1

), while variety Holker had the lowest mean grain yield (4.02 t ha
-1

). The 

analysis of data revealed significant difference due to interaction effects of varieties by blended 

fertilizers on grain yield, straw yield, nitrogen uptake and protein content. Variety Ibon174/03 at 

NPS3B3K3 rate gave the highest grain yield (5.20 ton ha
-1

) but the maximum economical grain 

yield (4.89 t ha
-1

) was obtained from Ibon174/03 variety with treatment number 4 (70, 20, 21 kg 

NPS3 ha
-1

) fertilizer application. The economic analysis revealed that the highest marginal rate 

of return (MRR %) of 3258.78 and 1324.94 recorded from the application of treatment 4 (70, 20 

& 21 kg NPS3 ha
-1

) for both varieties Ibon174/03 and Holker respectively. Therefore, 

application of treatment 4 (70, 20 &21 kg NPS3 ha
-1

) is recommended to use by farmers as an 

alternative soil management option for malt barley production around Debre Berhan. However, 

as this is a one season experiment at one location, similar experiment has to be repeated over 

multi locations and seasons of the district with the inclusion of more blended fertilizer rates and 

varieties to reach at a conclusive result. 

  

 Keywords: Blended fertilizer, Grain yield, Hordeum distichum, Protein content    
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1. INTRODUCTION 

 Malt barley (Hordeum distichum L) is one of the economically valuable and widely used crops, 

which is belongs to the Gramineae family.  It is one of the most important cereal crops in the 

world, ranking fourth after wheat, maize and rice in terms of production (Lapitan et al., 2009). It 

is an important food grain and malting crop in the Ethiopian highlands with malting barley a 

major source of income for smallholder farmers (Yirga et al., 1998). Malt barley is used for 

preparing alcoholic beverages, mainly beer. Barley can be cultivated at altitudes between 1500 

and 3500m but, is predominantly grown between altitudes of 2000 to 3000m (Berhane et al., 

1996). 

In 2016/17, the barley production in Ethiopia was total area coverage of 0.96 million hectares 

and total annual production of about 2.0 million tons in main season. The total area covered by 

barley in Amhara National Regional State is about 0.32 million hectares with total production of 

0.61 million tons and its productivity is 1.88 tons ha
-1

 still below the national productivity of 

2.11 tons ha
-1

. World average productivity is 2.4 tons ha
-1

 (CSA, 2017). 

 In recent years, the demand for malting barley has increased significantly due to the increase in 

demand from breweries (Agegnehu et al., 2014). In Ethiopia, the gap between malt barley 

production and demand is high (ICARDA, 2016). In late 2015, brewing factories, such as the 

Assela Malt Factory had to scale down their production due to the chronic shortages of malt 

barley in the market (ICARDA, 2016).The total estimated demand for malt barley in 2015 is 

around 72,000 tons of which 35% can be supplied from local barley farms and the remaining 

65% (63,526 tonnes of malt) imported at a cost of $38 million (ICARDA, 2016). 

To satisfy the ever-increasing demand for raw materials by the beverage industry, and to ensure 

dependable and higher cash returns to the farmers, expansion of the malt barley production is 

very important since immense potential areas are available for malt barley production to meet the 

national demand. However, productivity at farm level has remained low. The barley productivity 

is constrained by poor yield-potential of varieties, diseases, insects, poor soil-fertility, water 

logging, drought, soil acidity, and weeds (ICARDA, 2012). 
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 One reason for the low productivity of the crop is using poor yield-potential of varieties at the 

farmer levels. The statistics on farmers using modern seed for growing barley is less than 1 

percent (0.6 percent) of barley growers uses modern seed varieties far less than the other cereals 

except sorghum (CSA, 2017). The shortage of improved barley varieties is associated with both 

the research system, which is required to generate primary or early generation seeds and the seed 

enterprises that produce and distribute seeds. For instance, in Amhara National Regional State, it 

was apparent that there is a coordination issue between the regional research institute and the 

seed enterprise (Anonymous, 2018). The research institute indicated that only 1 out of 12 

improved varieties were under production. On the other hand, the seed enterprise indicated that 

there is a severe shortage of basic barley seeds and that they tend to distribute third-generation 

seeds as improved seed at a small scale. This is reflected by the fact that of the total seed 

marketed by the regional seed enterprises is only 4 percent is barley, when 18, 63, and 13 percent 

for tef, wheat, and maize, respectively (Rashid et al., 2015). Variety has played an important role 

in producing better yield and seed quality of barley. 

The other cause for low productivity of barely is due to the poor soil fertility of farmlands. Core 

constraints of  Ethiopian soils include depletion of soil organic matter (SOM) due to widespread 

use of biomass as fuel, depletion of macro and micronutrients, removal of top soil by erosion, 

change of soil physical properties, and increased soil salinity with time (IFPRI, 2010). On top of 

these, the usage of fertilizers in the country is not based on soil test results and below the 

recommended level; farmers do not fully implement the recommended soil management 

practices. These have resulted in a steady decline of nutrient levels in the soil (Diriba et al., 

2013). Depletion of soil fertility leads to declining crop yields and a rise in the number of food 

insecure people (Chillot and Hassan, 2010). As a result, application of fertilizers containing N 

and P (urea and Diammonium Phosphate (DAP)) began in the late 1960s, producing dramatic 

increases in the yields of several crops (Wassie and Tekalign, 2013). Since then, little or no 

attention has been given to other macro and micronutrients, thus leading to unbalanced 

fertilization and poor nutrient management and crop quality (Wondwosen and Sheleme, 2011). It 

is apparent that, until recently, the use of commercial fertilizers in Ethiopia has not been in 

harmony with the economy of the farmers mainly since farmers were not using the fertilizer 

based on soil and crop requirements, while at the same time, the yield return from the applied 

fertilizers was low. This is because blanket application of DAP and urea was not based on crop 
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need, soil nutrient dynamics and agro ecological factors (Abreha and Yesuf, 2008), which leads 

to either nutrient toxicity or deficiency (Ray et al., 2000). Even though Like as using only NP is, 

essential nutrients such as K, S, and B are getting less consideration/ ignored miss conception of 

K is enough in Ethiopian soils, responses of varieties is not consider by previous researchers on 

grain yield and quality of malt barley varieties. Recent studies have indicated that elements like 

N, P, K, S and levels as well as B are becoming depleted and deficiency symptoms are being 

observed on major crops in different areas of the country (ATA, 2016).  

Therefore, application of other sources of nutrients beyond Urea and Diammonium Phosphate 

(DAP), especially those containing K, S, B and other micro-nutrients could increase crop 

productivity. This may be achieved by application of blended fertilizers, the mechanical mixture 

of two or more granular fertilizer materials containing N, P, K and other essential plant nutrients 

such as S and B, recently known to Ethiopia. The essential nutrients that considered as crop yield 

limiting in the Debre Berhan district are N, P, S, K and B (ATA, 2016). The present investigation 

was conducted to evaluate rate of S, K, and B nutrients in blended form for malt barley varieties 

in malt barley growing area of Debre Berhan district, High land of Ethiopia. 

Thus, the objectives of the study were: 

 To investigate the effect of different types of blended fertilizer rates and blanket fertilizer 

recommendation on yield and yield components on malt barley varieties 

  To evaluate the economic feasibility of the fertilizers 
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2. LITERATURE REVIEW 

2.1. Origin and Distribution of Barley 

Ethiopia is a center of origin and diversity for many cultivated crops and their wild relatives. 

Although the barley crop is distributed throughout the world, it’s supposed progenitor, Hordeum 

vulgare L. ssp. spontaneum C. Koch, occurred in a more restricted area, namely the Middle East 

and adjacent regions of North Africa (Ellis, 2002). After domestication, unrecorded migration 

and trade would have rapidly distributed the barley crop outside the region of its origin. The 

result is the development of landraces adapted to northern and western European environments 

and later to North American, Australian, and Southern African environments (Ellis, 2002). 

Currently malt barley grain is mainly produced in the South eastern part of Ethiopia (Arsi and 

Bale), Central Highlands and North-Western part of the country (Gojjam and Gondar).  

Barley has a long history of cultivation in Ethiopia and it is reported to have coincided with the 

beginning of plow culture (Zemede, 2000). In Ethiopia, barley types are predominantly 

categorized as food and malting barley based on their uses while the highest proportion of barley 

production area is allocated for food barley. Food barley is principally cultivated in the highland 

where the highest consumption in the form of various traditional foods and local beverages from 

different barley types (Zemede, 2000). 

2.2. Malt Barley Production in Ethiopia 

Malt barely is one of the cereal crops that are dominantly cultivated for beer beverage or beer 

factors. So that farmers in high land area of Ethiopia is mainly produce as cash crop. While the 

production of malt  barely crops are  still not fit  the  requirement of malt factors due to certain 

agronomical problems like space between plant, agroecological requirement of the crops and 

lack of improved varieties of the crops are the major challenges for malt barley production in the 

country. Research on malt barley has been carried out in the country since the mid-1960s, with 

the introduction and evaluation of exotic varieties (Fekadu et a l, 1996). As a result, malt barley 

production started in 1975 in Arsi zone with varieties Beka and Proctor, which were identified 

through research during the previous years. Since then, malting barley production has shown 
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some level of increase in Arsi zone, and has expanded to other potential areas such as Bale, the 

central highlands of Shoa and Northwestern Ethiopia. 

2.2.1. Malt barley agro-ecology 

Ethiopia has enormous potential for malt barley production though its current share is very small 

as compared to food barley. Malting barley requires a favorable environment to produce a plump 

and mealy grain. In the highland of the country barley can be grown in Oromia, Amhara, Tigray 

Regional States and part of Southern Nation Nationality People (SNNP)  in the altitude range of 

1500 and 3500 masl, but it is predominantly cultivated between 2000 and 3000 masl (Berhane et 

al., 1996). Under extreme marginal conditions of drought, frost and poor soil fertility, barely is 

the most dependable cereal and is cultivated on highly degraded mountain slopes better than 

other cereal crops in the highland of Ethiopia (Ceccarelli et al., 2006).  

With uniform rain fall distribution of 500-800 mm during the crop growing season. It requires a 

well-drained soil with pH of 5.5 – 7.3. Central Statical Authority (CSA, 2013) provides an agro-

ecological-based land suitability map for growing malt barley in Ethiopia. The major constraints 

for malt barley grain production include adaptation of the current malt barley varieties to higher 

elevation and specific agro-climatic zones. Even among the high potential areas producing 

malting barley, poor crop management which are based on cultural practices and poor quality 

traits of varieties lead to poor quality grain such as high screen loss, low thousand kernel weight 

and high protein content (Mohammed and Getachew, 2003). Until recently barley had not been 

given due attention in the national extension program as compared to wheat and maize. In 

addition, technology promotion and linkage among stakeholders have not been sufficiently 

addressed and the issue of market and the linkage between industry and producers has also 

remained a problem until recently. Given the rising government interest and attention given to 

the production of malting barley along with the suitable agro-ecological conditions in the 

country, Ethiopia can potentially substitute its import through domestic production of malt barley 

(ICARDA, 2016). 
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2.2.2. Historical trend 

Cultivation of food barley in Ethiopia is believed to have been started some 5000 years back. 

The production of malting barley, on the other hand, has a very short history of about 40 years. It 

is associated with beer making in Ethiopia which started with the establishment of the St. George 

Brewery in 1922 (Tadesse, 2011) and particularly with the start of local malt production in 1974. 

The research results of the Debrezeit Agricultural Research Center, Ethiopian Institute of 

Agricultural Research and Arsi Development Unit (with its extension and marketing structure) as 

well as the readiness of St. George Brewery with its new malt plant (capacity of 5000 tons malt) 

enhanced the local production. Formally, local malt production started with the identification in 

1974 and recommendation of three introduced malt barley varieties, namely Kenya research, 

Proctor and Beka to reduce foreign exchange (Fekadu et al, 1996). Malt barley production 

expanded in both Arsi and Bale with the release of Holker, a selection from a local cross in 1979. 

The establishment of the Asela Malt Factory with a capacity of 20,000 tons of malt in 1985 

further strengthened the local malt barley production in Arsi and Bale. Self-sufficiency in malt 

was attained from 1987 to 1989 through local supply of 250 thousand tons of malt grain and no 

import was made during this period (Berhane et al., 1996). Production was met largely by state 

farms and some cooperatives in Arsi and Bale regions. The momentum, however, was not 

maintained in the latter years due to closure of state farms and breakdown of producer 

cooperatives. Ever since, breweries have reverted back to importing malt to supplement local 

supply. 

 In Arsi, which is the major malt producing zone in the country, area under malting barley has 

significantly increased from 20 thousand ha in 2000 to more than 85 thousand hectare in 2012 

with an average annual growth rate of 5.4%. Correspondingly, the production obtained in the 

same period increased to about 120 thousand tons in 2012, with average annual growth rate of 

5.8% (FAO, 2014). The Arsi and West Arsi zones alone constitute over 85% of the total malting 

barley area in the country. 

Recently, malt barley production has expanded to the central highlands of North Shewa, South 

West Shewa, West Shewa, Bale zone of the Oromia region and North Shewa and South and 

North Gondar zones of the Amhara Region. Even though malt barley could be grown in many 

highland regions of the country, only a few malt barley varieties are adopted in the Arsi and Bale 
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regions where farmers can sell their produce to the Asela Malt Factory (AMF). Given the 

tremendous potential for malt production in the country, concerted efforts to boost malt barley 

production have been initiated in 2009 by the Ethiopian Institute of Agricultural Research  

(EIAR), Assela Malt Factory (AMF) and four breweries (BGI, Meta Abo, Harar and Bedele) to 

strengthening malt barley research and scaling up of malt barley technologies for a period of five 

years (2009/10– 2013/14). The project is coordinated from Kulumsa Research Center and being 

implemented in the four federal and regional research centers, namely Kulumsa, Holetta, Sinana 

and Debre Berhan. As a result, there is an encouraging progress in promoting malt barley 

technologies in the potential malt barley growing areas of the central highlands, Bale and Arsi 

with the intervention of the on-going public private partnership project. 

2.3. Factors Affecting Malt Barley Production 

A wide range of biotic and abiotic stresses constrain field crops such as barley production. The 

main biotic constraints are weeds, insects and diseases, and the main abiotic ones are drought, 

low soil fertility, water logging and, low level of technology (Deressa, 2006). According to 

Grando and Macpherson (2005) biotic stresses such as disease (scald, net blotch, spot blotch, and 

leaf rust), insect pests (Russian wheat aphid, barley shootfly, and chaffer grub), and weeds are 

the main constraints for barley production in Ethiopia. According to Teshome et al. (2008) 

fungal diseases of barley identified in the country include blotches, blights, mildews, rusts, smuts 

and head diseases. Bacterial blight, barley yellow dwarf viruses and nematodes of different 

genera are also known to limit the production of barley. Barley scald and leaf blotch can reduce 

grain yield up to 60% and aphids can cause total crop failure. Local farmers’ varieties usually 

give low yields due to lodging, shattering and low harvest index (ICARDA, 2008).   

The most important abiotic factors that reduce yield of barley in Ethiopia are poor soil fertility, 

water logging, drought, frost and soil acidity (ICARDA, 2008). Climatic factors, such as 

moisture and temperature are also among the major abiotic environmental factors that are 

limiting crop production in the world. Barley appeared to have four sensitive growth stages to 

water stress. These growth stages are germination, floral initiation, anthesis and the beginning of 

milky stage of grain filling. Under water stress barley grain yield could be reduced as a result of 

reduction in number of spikes per meter square, number of grain per spike and grain weight 

(Nagaz et al., 2001). Singh and Patel (1996) who studied the effects of drought stress at different 
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stages of tillering, flowering and grain filling of wheat varieties indicated that drought stress 

affected plant biomass distribution, grain yield, fertile spike number, grain weight, grain number 

per spike and grain filling strength. Occurrence of drought stress during wheat anthesis time 

decreased stem dry weight, grain number and weight, grain yield, biological yield and harvest 

index (HI) (Gupta et al., 2001). Drought stress decreases the rate of assimilate production due to 

closing of stomata. Water deficit influences grain filling through the reduction in the assimilate 

supply (Paynter and Young, 2004). A lengthening of the grain filling period induced an increase 

in the average kernel weight and a positive and significant correlation was found between the 

two characteristics. Spike number per m
-2

 and kernel number had positive direct effects on grain 

yield in spring barley genotypes (Deniz, 2009). 

2.4. Fertilizer uses in Ethiopia 

Enhancing agricultural productivity is one of the central challenges to achieving food security 

and poverty reduction in Ethiopia. Considering the fact that soil fertility is one of the biggest 

challenges, an obvious strategy is to increase fertilizer application and promote good agronomic 

practices to enhance productivity. As a result, national annual fertilizer use grew from 3,500 t to 

about 140,000 t by the early 1990s, and reached about 200,000, 400,000, 550,000 t in 1994, 

2005, and 2010, respectively. The total amounts of fertilizer available for application were 

exceeding one million tons in the 2012/13 cropping year (CSA, 2015). 

 

In Ethiopia, demonstrations about fertilizer effects on major cereal crops started in the 1960s 

through programs such as the Freedom from Hunger Campaign. The results from these programs 

showed the positive benefits of fertilizer addition, and most of the focus was on N and P. Despite 

the recognition for the need to increase fertilizer use in Ethiopia, fertilizer consumption was still 

below 20 kg ha
-1

 (Yirga and Hassan, 2013), which is related to several factors such as: education, 

land tenure, access to credit, and livestock ownership (Yirga and Hassan, 2013). A survey 

conducted in the Central Highlands of Ethiopia showed that fertilizer use was low but more 

fertilizer was used in the wheat/ teff cropping systems in the Mid Highlands compared to the 

Upper Highlands (Yirga and Hassan, 2013).Only 30 to 40% of Ethiopian smallholder farmers 

use fertilizer, and those that do only apply 37 to 40 kg on average per hectare, which is 

significantly below the recommended rates (MoA, 2012). This is due to multiple factors 
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including: input supply, transportation, price, and absence of site-specific recommendations 

that affected adoption.  

Traditionally, diammonium phosphate and urea (supplying nitrogen and phosphorus) were the 

major fertilizers used by farmers in Ethiopia, creating nutrient imbalances in soils (Nandwa and 

Bekunda, 1998). However, there are significant differences in P sorption among Ethiopian soils, 

and most soils are nonresponsive to P supply at lower application rates. Soil analyses and site-

specific studies also indicated that elements such as K, S, Ca, Mg, and micronutrients (e.g. Cu, 

Mn, B, Mo, and Zn) were becoming depleted and deficiency symptoms were observed in major 

crops in different parts of the country (Ayalew et al., 2010) 

In general, farmers rarely apply the recommended fertilizer rates, even for their major food crops 

(Abegaz et al., 2007) for various reasons including: limited awareness of fertilizer use and 

management; low rate of economic return from mineral fertilizers (DAP and urea); increasing 

cost of fertilizers; and poor input-output markets. The lack of fertilizer options in the market 

beyond DAP and urea has reduced wider fertilizer use as farmers mostly applied unbalanced 

fertilizers which caused low fertilizer efficiency. Fertilizer use efficiency should be improved 

through the application of a balanced and appropriate fertilizer mix, which could increase crop 

yield, improve the physical, chemical and biological condition of the soil, and increase the 

revenue from fertilizer application. Moreover, a balanced use of mineral fertilizers should be 

promoted following soil test-based recommendations. Against this background, the EthioSIS 

project under the coordination of the Agricultural Transformation Agency (ATA) has collected 

soil samples from 250 districts to map soil fertility status, among others. Its aim was to 

understand the spatial variability of soil properties and design fertilizer recommendations for the 

major agricultural areas of the country. Designing site- and context-specific fertilizer 

recommendations requires an understanding of the effects of fertilizer application on crop yield. 

A comprehensive review of existing information over the last three decades on crop response to 

application of chemical fertilizers across soil types, agro ecologies and cropping systems was 

conducted for various crops. Recent studies have indicated that elements like N, P, K, S and Zn 

levels as well as Bo and Cu are becoming depleted and deficiency symptoms are being observed 

on major crops in different areas of the country (ATA, 2013). In order to apply nutrients, it is 

necessary to know the site-specific variability in nutrient supply to overcome the mismatch of 

fertilizer types and crop nutrient demand (Dobermann and Cassman, 2002). Geographical 
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Information Systems (GIS) and Ground Positioning System (GPS) are important to generate 

spatial maps of nutrients status, which help in good agricultural management systems and 

formulating plans for sustainable agricultural development (Sood et al., 2009). In this regard, the 

Ethiopian Soil Information System (EthioSIS) project in collaboration with several other 

stakeholders, is pursuing a rapid development program on assessment of the soil resources of the 

country to establish a national soil resources database and assess of the nutrient status of 

agricultural lands to produce soil fertility map of many Districts in the country to come up with 

solid, evidence-based and targeted recommendations for fertilizer applications and other 

management interventions (ATA, 2013). 

2.5. Response of Malt Barley Varieties to Fertilizer Application 

In Ethiopia, agronomic trials on barley started in the late 1960s under the then Institute of 

Agricultural Research (IAR) (Adamu et al., 1993). The highest response of barley to 40–18 kg 

ha
-1

 N-P2O5 applications was obtained in 1968 at Holetta on red soils with optimum sowing 

dates. Shiferaw and Anteneh (2014) reported highest barley grain yield (2,792 and 3,279.3 kg ha
-

1
) was recorded from combined application of NPK at the rate of 46/40/50 kg ha

-1
and half the 

recommended lime rate (3.84 and 0.85t ha
-1

 at Chencha and Hagerselam, respectively). Fertilizer 

recommendation for barley was revised in 1988 based on soil types where the Arsi, Shewa and 

Bale regions had different range of recommendations from other regions. For the three regions, 

N/ P2O5 was recommended as 25/45 kg ha
-1

 for the Nitisols, 20/55 kg ha
-1

 for the black soils, 

20/45 kg ha
-1

 for the red soils and 30/35 kg ha
-1

 for the brown soils, respectively (CSA, 2014). 

For the other regions across the country, a general recommendation was made in which N/ P2O5 

of 30/45 kg ha
-1

 was recommended for nitisols, 20/40 kg ha
-1

 for black soils, 20/45 kg ha
-1

 for 

red soils and 25/30 kg ha
-1

 for brown soils (CSA, 2014). 

Fertilizer use on food and malting barley is the lowest among all cereals that is only 48.3% of the 

total area of land covered by barley compared to tef, wheat, and maize receiving fertilizer on 

59.7%, 69.1% and 56.3% of their total land area, respectively (CSA, 2014). For example, where 

barley-cereal, barley-legume, barley-oil crop and barley potato rotations are practiced, the same 

amount of N fertilizer is applied regardless of the preceding crop (Agegnehu et al., 2011). Most 

of the Ethiopian soils contain low nutrient content due to erosion and absence of nutrient 

recycling. In addition, most of the areas used for production of grains especially tef, wheat and 
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barley fall under the low fertility soils (Hailu and Seyfu, 2001). Soils in the highlands of Ethiopia 

usually have low levels of essential plant nutrients and organic matter content. Low availability 

of nitrogen and phosphorus has been demonstrated to be major constraint to cereal production. 

Fertilizer usage plays a major role in the universal need to increase food production to meet the 

demands of the growing world population (Mitiku, 2008). 

Macronutrient includes nitrogen (N), phosphorus (P), potassium (K), sulfur (S), magnesium 

(Mg) and calcium (Ca), which are needed in large amounts, and large quantities have to be 

applied if the soil is deficient in one or more of them (FAO, 2013). The micronutrients or trace 

elements are iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), molybdenum (Mo), chlorine 

(Cl), Nickel (Ni) and boron (B) (Fageria, 2009). They are part and parcel of the key substances in 

plant growth and are comparable with the vitamins in human nutrition. Being taken up in minute 

amounts, their range of optimal supply is very small (FAO, 2013). Their plant availability 

depends primarily on the soil reaction. The essential nutrients that considered as crop yield 

limiting in the Debre Berhan district are N, P, S, K and B (ATA, 2016).  

2.5.1. Nitrogen 

Supply of food for human beings and other animals is more limited by nitrogen than any other 

elements even though, our atmosphere is made up of 79% N by volume as inert N2 gas that 

resists reacting with other elements to create a form of N most plants can use (Foth, 1984). In the 

other way, the amount of this element in available forms in the soil is small, while the quantity 

withdrawn annually by crops is comparatively large (Brady and Weil, 2000).  

Globally, rapid population growth in developing countries increase demand of food supply 

which cause an increasing of N fertilizer consumption by 60 to 90 percent by the year 2025 

(Ortiz-Monasterio et al., 1997). It is the nutrient element applied in the largest quantity for most 

annual crops covering about 80 million ton of fertilizers per year. Nitrogen is one of the most 

widely distributed elements in nature. It is present in the atmosphere, the lithosphere and the 

hydrosphere (FAO, 2013).  To maximize yield and quality of malting barley, it has been shown 

that N management practices should be adjusted according to anticipated availability of water 

and N in the soil and the needs of particular cultivars (Edney et al., 2012).  
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2.5.2. Phosphorus 

Phosphorus is essential for plant growth and reproduction and major nutrient along with nitrogen 

and potassium. Its functions cannot be performed by any other nutrients. Phosphorus plays an 

important role in energy storage and transfer in crop plants. It plays key role in cellular energy 

transfer, respiration, and photosynthesis and is an essential component of deoxyribonucleic acid 

(DNA) and ribonucleic acid (RNA). Phosphorus makes up 0.1 to 0.4% of the dry matter of the 

plant (FAO, 2013).  Without adequate supply of P, a plant cannot reach its maximum yield 

potential. Root development increases with P fertilization in cereals as well as legume crops. 

Phosphorus strengthens culm strength in plants and hence prevents lodging. The formation of 

seeds and fruits is especially depressed in plants suffering from P deficiency. Thus, not only 

yields but also poor-quality seeds and fruits are obtained from P-deficient plants (Fageria, 2009).  

The availability of soil P is influenced by soil reaction, soil type, amount and forms of P as well 

as other factors. Many sandy soils low in humus content, for instance, have low available P 

(Tisdale et al., 2002). Soils which are prone to strong phosphate fixation and adsorption to 

sesquioxides and clay minerals often require extremely high phosphate fertilizer application in 

order to alleviate the effects of fixation. In these strongly phosphate fixing soils, pH correction is 

also recommended since phosphate adsorption is especially high at low pH levels (Tisdale et al., 

2002).  

Phosphorous has a lower mobility than any other nutrients and does not remain in a free state for 

long in which it is slowly available to plants hence , the uptake of fertilizer P depends much on 

root growth and morphology of the crop being considered (Parnes, 1990).  Most of the P present 

in soils is in unavailable forms and added soluble forms of P are quickly fixed by many soils 

(Tisdale et al., 2002). Plants absorb P in the form of HPO4
-2

 and H2P04
-2

 depending on the pH of 

the growing medium although there is no efficient mechanism in the soil to retain H2PO4
-
 and 

HPO4
-2

 ions in large quantities as exchangeable anions (Barker and David, 2007).  

2.5.3. Potassium 

Potassium plays major functions in activation of more than 60 enzymes (chemical substances 

which govern life) in plants (Fageria, 2009). Thus it plays a vital part in carbohydrate and protein 

synthesis (Chandrasekaran et al., 2010).  
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Potassium is primary osmolyte and ion involved in plant cell membrane dynamics, including the 

regulation of stomata and maintenance of turgor and osmotic equilibrium. Potassium in plant 

increases its tolerance to drought, frost and salinity. Plants well supplied with K are also less 

affected by disease (Barker and David, 2007; Fageria, 2009). It also promotes the transportation 

of assimilates, control of stomata opening, enzyme activation in plants especially those 

responsible for energy transfer and formation of sugars, starch and protein as well as promotion 

of microbial activities and the nutrition and health of man and livestock (Yawson et al., 2011). 

Recent studies in Ethiopia showed positive crop responses to potassium (K) application. For 

instance, Ayalew et al. (2010) showed that coffee yield increased when the K level was increased 

from zero to 62 kg ha
-1

 at Melko. Haile et al. (2009) reported significant increases of Irish potato 

yield following application of K fertilizer on acidic soils of Chencha, southern Ethiopia. The 

authors also showed that increasing the rate of K application to 150 kg ha
-1

 increased tuber yield 

from 15 t ha
-1

 in the control (no application) to 57.2 t ha
-1

. Gizaw (2010) also reported a 

significant difference in potato tuber number per plant due to K fertilizer application on acrisols 

of Wonjella in Banja Woreda, western Amhara region of Ethiopia. Up to 2002, there was a 

common belief that K is not a constraint for barley production in Ethiopia. However, recent 

developments under ATA have indicated a yield increase of barley by 14% due to the application 

of K (Mulugeta Demiss et al., 2015).  

2.5.4. Sulfur 

Sulfur has long been recognized as an essential element for plant growth and development and is 

classified as a macronutrient. Crop responses to applied S have been reported in a wide range of 

soils in many parts of the world (Fageria, 2009). Sulfur required in similar amount as that of 

Phosphorus and constitutes 0.2 to 0.5% dry matter accumulation in crop tissue (Ali et al., 2008). 

It is required for the synthesis of S containing amino acids such as cystine, cysteine and 

methionine. Malting barley is often grown on light soils to achieve <1.8% total N in grain, which 

is required for malting purposes. Light textured soils are most at risk of S deficiency (McGrath 

and Zhao, 1995), and barley crops may therefore be susceptible to S deficiency (Withers et al., 

1995). However, there is very limited information available on the S requirement and yield 

response of malting barley. S deficiency has been shown to affect the composition of proteins in 

barley grain (Shewry et al., 1983). However, there is little knowledge as to the potential 
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influence of S on barley malting quality (Chalmers et al., 1999). Significant yield responses to S 

additions were obtained in five out of the eight experiments conducted at four different sites in 

two seasons, with yield increases ranging from 0.2 to 1.2 t ha
-1 (Zhao et. al., 2006). 

2.5.5. Boron 

Boron is one of the eight essential micronutrients, also called trace elements, required for the 

normal growth of most plants (Barker and David, 2007). Plant requires boron nutrient in lower 

amount than the requirements for all other nutrients except molybdenum and copper. It is the 

nonmetal element among the micronutrients and also the only micronutrient present over a wide 

pH range as a neutral molecule rather than anion (Fageria, 2009).  

The essentiality of B for growth and development of higher plants has been earlier demonstrated 

(Marschner, 1995). Boron plays an important role in the movement and metabolism of 

carbohydrate in the plant, synthesis of plant hormones and nucleic acids, pollen germination, 

flowering and fruiting, water use, nitrogen assimilation and generative growth of plants. It also 

functions in lignin formation of cell wall synthesis, cell division, differentiation, membrane 

functioning, root elongation and salt absorption (Anonymous, 2007). The most important 

functions of boron in plants are thought to be its structural role in cell wall development and 

stimulation or inhibition of specific metabolism pathways (Ahmad et al., 2009). 

Two types of B deficiencies are encountered in agricultural soils. One is a natural deficiency, due 

to a lack of boron in the soil-forming minerals, and the other is an induced deficiency, the result 

of over liming or other adverse environmental conditions (Fageria, 2009). Boron is required for 

normal development of reproductive tissues and deficiency results in low grain set and poor seed 

quality. Most the cereals crops like wheat and rice with small B requirement can suffer from 

impaired seed set due to B shortage at a critical growth stage (Shorrocks, 1997).   
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted in  central high land Ethiopia, North shewa zone of Amhara Regional 

State, Debre Berhan district (Figure 1). The area is located at 9
0 

30
’
 N latitude and 39

0
 38’ E 

longitudes and an altitude of 2780masl. The study was conducted in 2017 crop season at Debre 

Berhan University experimental site. It is found in Debre Berhan district, North shewa zone of 

Amhara Regional State and 130 km away from Addis Ababa.  The main agricultural activities 

are carried out mixed crop livestock production system is found in both high and low land areas 

of North shewa zone. The highland mixed crop livestock production system is largely based on 

intensive cultivation of cereals, pulses, tubers, vegetables and same oil crops. According to 

Ethiopian agro-ecological classification the area is grouped under dega with the major soil type 

Vertisols and the most dominate land cover taken by cultivated land.  

 

 

Figure 1 Geographical location map of the study area. 

 According to the weather record from the National Meteorological Services Agency (NMSA) 

and Debre Brehan Agricultural Research Center, the mean annual rainfall and annual mean 
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minimum and maximum temperatures of the study area based on the last 10 years (2007-2016) 

records were 65.45mm and 9.6 and 20.3
0
C, respectively. The area is characterized by bimodal 

rainfall pattern (Figure 2) and receives a mean annual rainfall of 68.87 mm. The average 

minimum and maximum temperatures were 8.5 and 21.45
0
C, respectively at 2017 cropping 

season. 

 

 Figure 2 Mean monthly rainfalls and maximum and minimum temperature of Debre Berhan 

district.  

3.2. Description of the Experimental Materials 

3.2.1. Plant materials 

Seeds of two malt barley varieties namely IBon174/03 and Holker, which are adapted to the 

agro-ecology of the area, were used for the study. The varieties were obtained from Debre 

Berhan Agricultural Research Center (DBARC). They have relatively the same area of 

adaptation and growing period and their description is given on Table 1. 
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Table 1 Malt barley varieties used for the experiment 

 Variety 

Name 

Year of 

release 

Area of adaptation Maturity 

days 

Maintainer 

center No Altitude (m) Rainfall (mm) 
1 Ibon174/03 2012 2300-2800 500-800 120 DBARC 

2 Holker 1979 2300-3500 500-700 135-141 DBARC 

Source: MoA (2013) 
 

The varieties were selected up on their wide usage by farmers and the production status of 

the varieties was taken from Ministry of Agriculture and Debre Berhan Agricultural Research 

Center. 

3.2.2. Fertilizer materials 

Urea (46% N), DAP (18%N and 46% P2O5), NPS (19-38-7S), NPSB (18.9-37.7-6.95-0.1) Borax 

(11% B), sulfur powder (99%) and muriate of potash (60% K2O) were used for the study. The 

description of the formulations of fertilizers is given in Table 2. 

3.3. Treatments and Experimental Design 

The treatments consisted of two varieties of malt barley and ten formulations of blended 

fertilizers of five nutrients (N, P, S, K, and B) (Table 2).  The experiment was laid out in 

Randomized Complete Block Design with factorial arrangement with three replication and 

consisted of ten fertilizer treatments: (T1) NP (70&20) used as control, (T2) NP(S1=7) , (T3) 

NP(S2=14), (T4) NP(S3=21) , (T5) NPS1(B1=0.1), (T6) NPS2(B2=1.1), (T7) NPS3(B3=2.1), (T8) 

NPS1B1(K1=50), (T9) NPS2B2 (K2=100) and (T10) NPS3B3 (K3=150) kg ha
-1

 and two malt barley 

varieties (Ibon174/03 and Holker). However, N and P was kept at the blanket recommendation 

rate of 70 kg /ha and 46 P2O5 /ha supplemented through the application of urea and DAP (Table 

2). The experiment was laid out in a randomized complete block design (RCBD) with a factorial 

arrangement and three replications. The total treatment combinations numbered of 10 x 2 = 20. 

The size of each plot was 3 m x 2.4 m =7.2 m
2
) and plots and blocks were at the distances of 0.5 

m and 1 m apart, respectively. Seeds were sown into rows of 0.20 m. Each plot consisted of 12 

rows. Barley plants in the two outer most rows on both sides of a plot as well as 0.25 m on each 

end of central rows were considered border plants and not considered for data collection. The net 

plot area that was used for data collection consisted of 8 rows (1.6 m) each 2.5 m in length.   
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Table 2 Summarized blended fertilizer treatments 

Treatments   
N(kg/ha) P2O5 (kg/ha) K2O(kg/ha) S(kg/ha) B(kg/ha) 

T1 : Recommended NP 70 46 - - - 

T2: (NPS1) 70 46 - 7 - 

T3:  (NPS2)              70 46 - 14 - 

T4: (NPS3)            70 46 - 21 - 

T5: (NPS1B1) 70  46 - 7 0.1 

T6: (NPS2B2) 70  46 - 14 1.1 

T7: (NPS3B3) 70  46 - 21 2.1 

T8: (NPS1B1K1) 70 46 50 7 0.1 

T9: (NPS2B2K2) 70 46 100 14 1.1 

T10: (NPS3B3K3) 70 46 150 21 2.1 

 

3.4. Experimental Procedures 

The experimental land was prepared by ploughing. Fine seedbeds were prepared and leveled 

manually and rows were made across each plot. After the layout, the plots were leveled 

manually; each treatment was assigned randomly to the experimental plots within a block. The 

levels of each of KCl, Sulfur powder and Borax were applied with full dose of basal application 

of recommended NP fertilizers for all treatments according to the randomizations. The full dose 

of P, K, S and B were applied at planting time close to seed drilling line, while N fertilizer was 

applied in split application, the entire N blended fertilizer at planting time and The remaining N 

fertilizer (out of 70 kg/ha) was top dressed at 40 days after planting and second weeding in the 

form of urea. Both malt barley varieties Ibon174/03 and Holker were drilled at the rate of 125 kg 

ha
-1

 (75 gm plot
-1

) in rows 20 cm apart respectively in 24
th

 June, 2017. Weeds were removed by 

hand when required. Rouging of lately emerging grasses and off-type plants was done to avoid 

interference with the barley cultivars. All other recommended cultural practices for the test crop 

were done as per the recommendation to the area. 
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3.5. Soil Sampling and Analysis 

Soil samples (0-20 cm depth) were collected from the experimental field by Auger sampler using 

W-shaped pattern from the whole experimental plots and composited into one sample before 

sowing the crop and bulked. The samples were air dried, ground using a pestle and mortar and 

allowed to pass through a 2mm sieve. Analyzed for selected physico-chemical properties mainly 

texture(Particle size), soil pH, cation exchangeable capacity (CEC), organic carbon, total N, 

available P, S, B and exchangeable K at Debre Brehan Agricultural Research Center. Particle 

size distribution was determined using the Bouyoucos hydrometer method (Bouyoucos, 1962). 

Organic carbon was determined by Walkley and Black oxidation method (Walkley and Black, 

1934). Total nitrogen was analyzed by Kjeldhal method (Bremmer and Mulvaney, 1982). The 

pH of the soil was determined at 1:2.5 (weight/ volume) soil to water dilution ratio using a glass 

electrode attached to digital pH meter (Schofield and Taylor, 1955). Cation exchange capacity 

and Exchangeable K was measured after saturating the soil with 1N ammonium acetate 

(NH4OAC) and displacing it with 1N NaOAC (Van Reeuwijk, 1993). Available phosphorus was 

determined using the Olsen method (Olsen et al., 1954). Available S was determined by KH2PO4 

extractant (Johnson and Fixen, 1990). Available B was determined using hot water method 

(Sippola and Ervio, 1977). 

3.6. Agronomic Data Collection 

3.6.1. Phonological and growth Parameters 

The following selected phonological stages, growth and yield parameters data was recorded for 

malt barely varieties. 

Days to 50% heading: Determined as the number of days from sowing to the time when the 

plants were reached heading based on visual observation. The data was recorded when 50% of 

the plants within a plots reached phonological stages. 

Days to 90% Maturity: Determined as the number of days from sowing to the time when the 

plants were reached 90% maturity based on visual observation. It was indicated by senescence of 

the leaves as well as threshing of grain from the glumes when pressed between the forefinger and 

thumb.  
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Plant Height (cm): The plant height was measured at physiological maturity from the soil 

surface to the top of the spike excluding awns on ten randomly selected plants from the central 

unit area. The total measured plant height was summed together and divided by the numbers of 

plant to get height per plant. 

3.6.2. Yield and yield related characters 

Kernels per spike (number/spike): The mean number of kernels per spike was determined from 

10 randomly selected spikes from the net plot areas. 

Total number of tillers:  The mean numbers of tillers produced per plant was counted in ten 

randomly selected plants at physiological maturity stage.  

Number of effective tillers per plant:  The mean numbers of tillers were determined based on 

ten random plants of each net plot 

Thousand kernels weight (g): It was determined based on the weight of 1000 seeds sampled 

from the bulk grain yield of each treatment by counting on an electronic seed counter and their 

weight taken with an electronic balance and adjusted at 12.5% grain moisture content. 

Grain yield (tons/ha): Grain yield was measured from the harvested central unit areas of 4 m
2
. 

Grains were cleaned following harvesting and threshing, weighed using electronic balance, and 

adjusted to 12.5% moisture content.  

Straw yield (tons/ha): straw yield was calculated as the difference between above-ground 

biomass and grain yield. 

Above ground biomass (tons/ha): At maturity, the whole plant parts, including leaves and 

stems, and seeds from the net plot area were harvested and after drying, the biomass was 

measured. The complete drying was determined by obtaining constant weight. 

Harvest index: Harvest index was calculated as the ratio of grain yield to total above ground 

biomass yield.  

Protein content: Total nitrogen in the seed was analyzed by wet-oxidation procedure of the 

modified Kjeldahal procedure (Nelson and Sommers, 1973).  Grain protein content was 

determined by multiplying the N content by the conversion factor of 6.25 according to the 

standard macro-Kjeldhal procedure (AOAC, 1970).   
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Sieving test of malt barley: Hundred gram of the grain sample was placed at the top of the sieve 

(>2.8mm,>2.5mm,>2.2mm and <2.2mm sieve sizes) and the grain was sieved into four fractions 

within five minutes. The four fractions were weighted at each sieve sites. 

3.7. Economic Analysis 

Economic analysis was made using the prevailing inputs at planting and for outputs at the time of 

the crop was harvested. Partial budget was estimated for average yield of the different treatment 

combinations. Current prices of malt barley, urea, DAP, NPS, NPSB, KCl, Borax and sulfur 

powder were used for the analysis. The fertilizer cost was calculated for the cost of each 

fertilizers of DAP (14.85 Birr kg
-1

), Urea (10.80 Birr kg
-1

), NPS (11.80 Birr kg
-1

), NPSB (11.80 

Birr kg
-1

), KCl (12.65 Birr kg
-1

), Sulfur powder (19.65 Birr kg
-1

) and Borax (11.79 Birr kg
-1

) 

were collected at the time of planting. The average open market prices of malt barley grain at 

Debre Berhan town market were 14.00 Birr kg
-1

.  Cost of land preparation, field management, 

harvest, transportation, protection, storage, post-harvest, and others were not included in the 

calculation. A treatment was considered worth to farmers when it’s minimum acceptable rate of 

return (MAR) is 100% (CIMMYT, 1988), which is suggested to be realistic. This enables’ to 

make farmer recommendations from marginal analysis. The economic analysis was based on the 

formula developed by CIMMYT (1988). 

3.8. Data Analysis 

The collected data were subjected to statistical analysis. Analysis of variance (ANOVA) was 

carried out using SAS version 9.4 statistical software programs. Comparisons among treatment 

means with significant difference for measured and scored characters were made using Duncan’s 

Multiple Range Test (DMRT) at 5% level of significance (SAS Institute, 2012). Correlation of 

some selected parameters was conducted using person’s correlation coefficient (SAS version 

9.4). 
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4. RESULTS AND DISCUSSION 

4.1. Soil Physico-Chemical Properties of the Experimental Site 

Soil analyses for specific parameters relevant to the current study were carried out at the soil 

laboratory of Debre Brehan Agricultural Research Center. According to the laboratory analysis, 

the soil texture of the experimental area was dominated by clay. The soil texture (proportion of 

sand, silt and clay in the soil) of experimental site was 20% sand, 32% silt and 48 % clay. Thus 

the texture of the soil was clay. The texture properties of the soil influence water holding 

capacity, water intake rates, aeration, root penetration and soil fertility. 

The pH of the soil was 5.9 (Table 3) which was moderately acidic (Tekalign, 1991). According 

to Landon (1991) soils having pH value in the range 5.5 to 7.5 are considered suitable for most 

agricultural crops. The CEC of the soil was 24.8 cmol (+) kg soil which was medium (Landon, 

1991) indicated good agricultural soil. According to Landon (1991), CEC of the soils greater 

than 40 cmol (+)/kg are rated as very high and 25-40 cmol (+)/kg as high and CEC of soil from 

15-25, 5-15 and < 5 cmol (+)/kg of soil are classified as medium, low, and very low, 

respectively.  

Regarding to the OC and OM analysis indicated that the experimental field had 2.50% organic 

carbon and 4.30 organic matters (Table 3) both of them were medium as per Booker (1991). OM 

plays a key role in soil aggregate formation which reduces soil bulk density and compaction. As 

a result, it increases the soil water holding capacity. SOM provides an energy source for soil 

microbes and fauna. These are vital for decomposition and soil nutrient cycling.  Available P 

content of the soil was 10.84 mg kg
-1

. According to Olsen (1954) available P of the soil is in the 

medium range.  

The exchangeable K was 0.844 cmol (+) K kg (Table 3). The exchangeable K expressed as a 

percentage of CEC of the soils was considered to assess the response to potash fertilizers. The 

value greater than 2 cmol (+) K kg indicates a fairly good supply and the response to potash 

fertilizer is unlikely (Finck, 1962). Potassium was being one of the three primary nutrients, 

apparently its sufficient presence production. However, based on the methods of Finck (1962) 

this study concludes that of the investigated soils were deficient in potassium. Available sulfur 
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and boron in the study site was 0.286 and 0.45 mg kg
-1

 respectively (Table 3). This result 

indicated that available S content of the sample soil site was found to be deficient assuming 

5 mg kg 
−1 S as critical level (Lewis, 1999).

  
The critical level B was 0.5–1 mg kg

-1
, which 

indicated that minimum deficiency.  

Table 4 Soil chemical characteristics of the experimental field before sowing 

pH  OC

%  
OM 

% 
Particle size 

distribution 
T. 

class 

Ava. S 

mg kg
-1

 

Ava. B 

mg kg
-1

 

Exc. K 

cmol (+) 

kg 

Ava. P 

mg kg
-1 

Total 

N (%) 

5.9  2.50  4.30 Clay=

48 

Silt= 

32 

Sand

=20 

Clay 0.286 0.45 0.844 10.86 0.235 

4.2. Crop Phenology and Plant Height 

4.2.1. Days to heading and physiological maturity 

Days of 50% heading and 90% physiological maturity were significantly (P ≤ 0.001) affected by 

varieties but not by the combined fertilizer of NP with S, B and K fertilizers and interaction with 

the varieties (Table 5). The mean number of days required to panicle heading was between 71.63 

and 79.67 days for the varieties (Table 5).The shortest day to heading was recorded for 

IBON174/03, while the longest day to heading was recorded for Holker (Table 1). Similarly, the 

number of days required to 90% physiological maturity varied between 125.13 and 133.73 days 

between varieties and no significant variation due to the application of blended fertilizers (Table 

5). Longest mean value of day in maturity was recorded for Holker. The shortest day to maturity 

was recorded for IBON174/03. Similar to the days to 50% heading the interaction effect of 

fertilizer treatments and varieties (Table 5) did not show significant effect on days to 

physiological maturity. The significant difference among the varieties for these phenological 

traits might be attributed to their genetic difference which reflects their different response to 

environmental conditions (Table 1). This result is in line with the findings of Aynewa et al. 

(2013) on their work on participatory evaluation of malt barley genotypes for yield and other 

agronomic traits that showed significant difference among ten genotypes on both days to heading 

and maturity. The lack of significant effect on days to heading and maturity might be due to the 

constant N and P level as N and P are the major nutrient affecting such phenological parameters. 

In agreement with this result, Beena et al. (2012) reported no significance effect of S application 

on days to flowering and physiological maturity among wheat varieties. 



24 
 

Table 5. Effect of blended fertilizer rates on date of heading (DH), date of maturity (DM), plant    

height (PH) of malt barley varieties 

Mean values followed by the same letters in each column and treatment showed no significant 

difference by DMRT (p = 0.05). *, **, ***, and 
ns

 showed significant differences at 0.05, 0.01, 

0.001 probability levels and non-significant differences, respectively. 

 

4.2.2. Plant height 

Analysis of variance showed that plant height was highly and significantly (P≤0.001) affected by 

the main effect of malt barley varieties, but not the main effect blended fertilizers and interaction 

effect with the varieties and the blended fertilizers (Table 5). In plant height mean value of 

varieties ranged from 90.96 cm to 105.22 cm. The tallest variety mean value in plant height was 

recorded for Holker and the shortest variety mean value in plant height was recorded from 

Ibon174/03 (Table 5) which might be due to the genotypic variation among varieties. Shahzad et 

al. (2007) reported that height of the crop is mainly controlled by the genetic makeup of a 

genotype and it can also be affected by the environmental factors.  

The maximum difference between the plant heights obtained under different blended fertilizer 

treatments was about 8.59 cm, but the presence of constant N might have promoted the height 

uniformly and the presence of other nutrients in the blended fertilizers could not bring a change 

Treatments DH (days) DM (days) PH(cm) 

Fertilizers 

T1 : Recommended NP 77.17 129.83 97 

T2: (NPS1) 75.5 129.83 99.1 

T3:  (NPS2)              76.17 129.67 96.35 

T4: (NPS3)            75.83 130.33 100.5 

T5: (NPS1B1) 75.83 129.33 94.58 

T6: (NPS2B2) 74.83 129 96.77 

T7: (NPS3B3) 74.83 128.17 99.25 

T8: (NPS1B1K1) 76 128.5 95.93 

T9: (NPS2B2K2) 75.83 130.5 98.22 

T10: (NPS3B3K3) 74.5 129.17 103.17 

Varieties 

Ibon174/03 71.63
b 

125.13
b  

90.96
b 

Holker 79.67
a 

133.73
a 

105.22
a 

Fertilizer 
ns ns ns 

Variety 
*** *** *** 

Fertilizer X Variety 
ns ns ns 

CV 5.95 7.21 9.22 
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to a significant level (Table 5). According to Debnath et al. (2011), application of B at the rate of 

0.75 to 3.0 kg/ha found no significant difference on plant height of wheat. As contrast to my 

finding, Sutaliya et al. (2003) reported that the highest plant height was obtained from the rate of 

45 kg S ha
-1

 in barley and Togay et al. (2008) in the trial, six different sulphur applications (0, 

40, 80, 120, 160, and 200 kg ha
-1

) were applied together with the sowing and effects of these 

applications was shown statistically significant on plant height. 

4.3. Yield Components and Yield 

4.3.1. Total and effective tillers number 

The analysis of variance showed that only the main effects of varieties and blended fertilizers 

significantly (P≤0.001) influenced on the total and effective tiller numbers (Table 6). The highest 

mean number of total (13.55) and effective (13.22) tillers were recorded at blended fertilizer of 

NPS2B2K2 or treatment 9. Whereas, the lowest mean number of total (10.97) and effective (10) 

tillers were recorded at the control or treatment 1(Table 6). This variation was happened due to 

the synergetic effects of KSB nutrients increase nitrogen nutrient use efficiency. According to 

Mohiti et al. (2011) reported that the number of productive tillers plant
-1

 was affected 

significantly by potassium fertilizer application which agrees with the result obtained from this 

study. Similarly Berhan (2012) reported that application of blended fertilizer brought significant 

difference in this parameter. Similar results were also reported by Bhiah et al. (2010) also 

reported number of effective tillers was significantly affected by potassium application. 

The highest mean number of total (12.99) and effective (12.42) tillers was recorded from 

Ibon174/03 variety and the lowest mean number of total (10.77) and effective (10.36)) tillers 

were recorded from Holker variety (Table 6). This might be attributed to different capacity of 

varieties in tillering, which was in agreement with that of Suleiman et al. (2014) reported 

significant difference among varieties for tillering. The yield of crop is dependent upon the 

combined effect of many factors. Among these factors, the number of tillers per plant has a vital 

position, controlling yield of barley. The more the number of tillers, the better will be the stand 

of crop, which ultimately increase the yield (Jamawal and Bhagat, 2004). 
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Table 6 Effect of blended fertilizer rates on total tiller number (TN), effective tiller number 

(ETN), number of kernel (NK) and thousand kernel weight (TKW) of malt barley varieties 

Treatments TN ETN NK TKW 

Fertilizers  

T1 : Recommended NP 10.97
c 

10
d 

29.25
d 

49.57
c 

T2: (NPS1) 11.25
bc 

10.5
cd 

29.42
cd 

51.57
abc 

T3:  (NPS2)              11.17
bc 

10.62
cd 

29.75
cd 

52.15
ab 

T4: (NPS3)            11.35
bc 

10.92
bcd 

29.93
bcd 

51.82
abc 

T5: (NPS1B1) 12.37
abc 

11.88
abc 

29.8
bcd 

52.16
ab 

T6: (NPS2B2) 11.78
bc 

11.48
bc 

30.32
abcd 

50.7
bc 

T7: (NPS3B3) 11.55
bc 

11.2
bcd 

30.13
abcd 

51.37
abc 

T8: (NPS1B1K1) 12.28
abc 

11.93
abc 

30.37
abc 

50.62
bc 

T9: (NPS2B2K2) 13.55
a 

13.22
a 

31.15
a 

52.35
ab 

T10: (NPS3B3K3) 12.53
ab 

12.17
ab 

30.85
ab 

53.72
a 

Varieties  

Ibon174/03 12.99
a 

12.42
a 

30.46
a 

54.19
a 

Holker 10.77
b 

10.36
b 

29.73
b
 49

b 

Fertilizer 
** ** ** * 

Variety 
*** *** ** *** 

Fertilizer X Variety 
ns ns ns ns 

CV 9.53 9.87 5.74 3.7 

Mean values followed by the same letters in each column and treatment showed no significant 

difference by DMRT (p = 0.05). *, **, ***, and 
ns

 showed significant differences at 0.05, 0.01, 

0.001 probability levels and non-significant differences, respectively. 

4.3.2. Number of kernel 

Analysis of variance showed that for numbers of kernel spike
-1

, highly and significant (P ≤ 

0.001) affected by the main effect of varieties and blended fertilizers (P ≤ 0.01) where as the 

interaction effect was not significant (Table 6). The lowest mean numbers of kernel spike
-1 

was 

recorded for Holker variety (29.73), whereas the highest mean was obtained for Ibon174/03 

variety (30.46) (Table 6). This might be due to the presence of genetic difference. Reports have 

shown the variation of number of kernels per spike as a function of barely genotype (Ryan et al., 

2009). This result was in agreement with that of Guluma et al. (2010) reported significant 

difference among three varieties of wheat on number of kernels per spike and 1000 kernel 

weight. 

In case of blended fertilizer rates the significantly lowest number of kernel (29.25) was obtained 

at the control or treatment 1. The highest (31.15) was recorded with the rate of NPS2B2K2 or 

treatment 9 (Table 6). However, increment of number of kernel with the application blended 
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fertilizer NPS2B2 NPS3B3 NPS1B1K1 were the same as with minimum numerical variation. This 

result agrees with previous findings of Abdullahil et al. (2006); Muluwerk et al. (2010) reported 

that that spike length and number grain spike
-1

 were positively influenced by levels of K 

fertilizer for wheat and maize plants. Bhiah et al. (2010) also reported similar findings. Gupta et 

al. (2004) reported that the highest number of seed per spike was obtained from 45 kg S ha
-1

 

application. The result is also supported by the results of Singh and Agarwal (2001), Iqbal et al. 

(2002), and Arif et al. (2006) who reported marked increases in seed number per spike of wheat 

as a result of applying organic manures and mineral fertilizer in a combination.  

4.3.3. Thousand kernel weight 

Analysis of variance revealed that thousand-kernel weight (TKW) was significantly different 

between the tested varieties (P ≤ 0.001), (Table 6) where Ibon174/03 produced the highest 

thousand-kernel weight (54.19g) (Tables 6). On the contrary, the Holker variety recorded the 

lowest value of thousand-kernel weight (49g). This is may be due to the suitable genetic 

behavior of Ibon174/03 variety with environment factors which may led to an increased in 

photosynthesis process and accumulations of carbohydrate in kernel to produce heavy kernels 

and consequently increased kernels weight per spike. Reports have shown variation of number of 

kernels per spike as a function of barely genotype (Alam et al., 2007).  

The main effect of blended or combined fertilizer rate exhibited significant differential responses 

in thousand-kernel weight (P ≤ 0.05) (Table 6). However, the interaction effect of both factor 

were not significant in influencing thousand-kernel weight. TKW hadn’t a linear but positive 

response to blended or combined fertilizer rates (Table 6). The highest mean TKW (53.72 g) was 

obtained from the NPS3B3K3 or treatment 10 and the lowest (49.57) was obtained from the 

treatment 1. The more grain weight for blended fertilizer might be attributed to positive 

interaction of nutrients in the blended fertilizers. This result is in line with the findings of FAO, 

2006  that Potassium is involved in the working of more than 60 enzymes, in photosynthesis and 

the movement of its products (photosynthates) to storage organs (seeds, tubers, roots and fruits). 

The results are consistent with the results of Asghari et al. (2006) who reported that the increase 

in fertilization rate increased thousand kernel weights. Similarly Rashid (2010) reported that 

1000-kernel weight of wheat also significantly increased with all levels of fertilizers compared to 
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control. Cliquet et al., (1990) reported that significant difference on grain yield was obtained 

through direct or indirect effects of K on other morphological and physiological parameters of 

maize.  

4.3.4. Above ground biomass, straw yield and grain yield 

The analysis of variance for above ground biomass, straw yield and grain yield showed 

significant (P ≤ 0.001) difference among varieties, the main effect of blended fertilizer types and 

the interaction effect of fertilizer and varieties were significant (Table 7). The highest (11.68, 

6.82 & 5.00) and lowest (9.72, 5.33 & 3.94) average biomass, straw and grain yields were 

obtained with the application of NPS3B3K3 and the control (with NP fertilizer), respectively. 

Compared to the recommended NP fertilizers, the above ground biomass, straw and grain yield 

were increased by 20.17%, 27.95% and 26.90% respectively with the application of blended 

fertilizer NPS3B3K3 (Treatment 10).  

The variety Ibon174/03 had the highest mean above ground biomass, straw and grain yield 

(11.42 t ha
-1

) (6.72 t ha
-1

) and (4.71 t ha
-1

) respectively, while variety Holker had the lowest 

biomass, straw and grain yield (9.61 t ha
-1

), (5.62 t ha
-1

) and (4.02 t ha
-1

) respectively (Table 7). 

As compared Ibon174/03 variety with Holker variety to the biomass, straw and grain yield 

increment of Ibon174/03 variety 18.83, 19.75 and 17.16% more than holker variety on the same 

plot of land and management practices. 

The ultimate goal in crop production is maximum economic yield, which is a complex function 

of individual yield components in response to the genetic potential of the cultivars and inputs 

used. In a broad sense, growth in cereals is directly related to grain yield. Grain yield is the 

product of the number of grains per unit area and the weight of individual grains (Peltonen-

Sainio et al., 2007). 
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Table 7 Effect of blended fertilizer rates on straw yield (SYt/ha), biomass yield (BYt/ha), and 

grain yield (GYt/ha) tons per hectare of malt barley varieties 

Treatments SYt/ha BYt/ha GYt/ha 

Fertilizers 

T1 : Recommended NP 5.33
e 

9.72
d 

3.94
f
 
 

T2: (NPS1) 5.76
de 

10.00
cd 

4.14
e
 
 

T3:  (NPS2)              5.83
de 

10.07
cd 

4.17
e 

T4: (NPS3)            6.24
bcd 

10.57
bc 

4.39
cd 

T5: (NPS1B1) 5.90
cd 

10.28
cd 

4.18
e 

T6: (NPS2B2) 6.19
bcd 

10.07
cd 

4.31
d
 
 

T7: (NPS3B3) 6.57
ab 

11.01
b 

4.45
cd 

T8: (NPS1B1K1) 6.38
abc 

10.97
b 

4.40
bc 

T9: (NPS2B2K2) 6.69
ab 

11.07
b 

4.68
ab 

T10: (NPS3B3K3) 6.82
a 

11.68
a 

5.00
a 
 

Varieties 

Ibon174/03 6.73
a 

11.42
a 

4.71
a 

Holker 5.62
b 

9.61
b 

4. 02
b 

Fertilizer 
*** *** *** 

Variety 
*** *** *** 

Fertilizer X Variety 
*** *** *** 

CV 11.08 14.12 10.29 

Mean values followed by the same letters in each column and treatment showed no significant 

difference by DMRT (p = 0.05). *, **, and *** showed significant differences at 0.05, 0.01, 

0.001 probability levels respectively. 

4.3.4.1. Interaction effects on grain yield 

The analysis of data revealed significant difference due to interaction effects of varieties by 

different levels of blended fertilizers on grain yield ha
-1

 (P ≤ 0.001) (Table 7). Variety 

Ibon174/03 at NPS3B3K3 rate gave significantly the highest grain yield (5.20 ton ha
-1

). This 

indicated that 23.81% grain yield increment from control NP fertilizer application. While the 

grain yield increment got from NPS3, NPS3B3, NPS1B1K1 and NPS2B2K2 fertilizer application 

rates were 16.43, 16.44, 17.14 and 18.81% respectively. As compared NPS3 treatment with 

NPS3B3, NPS1B1K1, NPS2B2K2 and NPS3B3K3 treatments to grain yield increment of NPS3B3, 

NPS1B1K1, NPS2B2K2 and NPS3B3K3 treatments were insignificant and non- economical due to 

high input and application cost. According this finding indicated that, (16.43%) grain yield 

increment of NPS3 fertilizer application rate significant and economical due to minimum input as 

well as application cost which was advisable for the large area coverage at the farmer level. On 

the other hand, the lowest grain yield of (3.68 ton ha
-1

) was recorded due variety Holker with 
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control NP fertilizer application (Figure 3). Corresponding to this result, AlZubaidi (2003) 

observed that application of K was found to be beneficial for barley in some soils and the yields 

obtained from the overall fertilized plots were significantly higher than the yield from the 

unfertilized plot. Likewise, Wassie and Tekalign (2013) reported that application of different 

levels of K significantly affected grain yield of wheat. Similar findings on the effect of K on 

grain yield were also reported by Wassie et al. (2009) indicated that K fertilization was effective 

in attaining higher grain yield. Application of B in wheat at tillering, jointing, booting and 

anthesis stage significantly increased grain yield when B was applied (Tahir et al., 2009). 

 

Figure 3 Interaction effects of malt barely varieties and blended fertilizer application rates with 

regard to grain yield (ton/ha)  

4.3.4.2. Interaction effects on straw yield 

The analysis of variance showed that straw yield of barley was significantly influenced (P ≤ 

0.001), due to interaction effects of varieties by different levels of blended fertilizers (Table 7). 

The significantly highest straw yield (7.72 ton ha
-1

) was obtained for varieties Ibon174/03 with 

the application NPS3B3K3 similar to grain yield, while the lowest straw yield ( 4.85 ton ha
-1

) was 

recorded for variety Holker with control NP fertilizer  application (figure 4). The significant 

increase in straw yield in response to the increased combined application of NP with S, K and B 

might be attributed to the synergic roles of the nitrogen fertilizer played in enhancing growth and 

0

1

2

3

4

5

6

G
ra

in
 y

ie
ld

 t
o
n

/h
a

Blended fertilizer application

Ibon174/03

Holker



31 
 

development of the crop plants. In agreement with the research findings of the present study 

Wassie and Tekalign (2013) observed that application of potassium fertilizer increased the straw 

yield. Thus the application of S fertilizers was the most effective one from the straw yield point 

of view as well similar to grain yield.  

 

Figure 4 Interaction effects of malt barely varieties and blended fertilizer application rates with 

regard to straw yield (ton/ha)  

4.3.4.3. Interaction effects on above ground biomass yield 

The analysis of variance showed that biomass yield of barley was significantly influenced (P ≤ 

0.001), due to interaction effects of varieties by different levels of blended fertilizers (Table 7). 

The significantly highest biomass yield (BY) (12.52ton ha
-1

) was obtained for varieties 

Ibon174/03 with the application NPS3B3K3, while the lowest BY (8.53ton ha
-1

) was recorded for 

variety Holker with control NP fertilizer application (figure 5). Biomass yield increased as rate 

of blended fertilizer applied increased from the recommended NP fertilizer application to the 

highest level inconsistence manner. Similarly, Mesfin and Zemach (2015) reported that the 

highest biomass yield of 3.91t ha
-1 

was obtained from the highest level (69/30 NP205 kg ha-1) 

and the lowest biomass yield from 3.2 t ha
-1

 obtained at 46/20 NP205 ha-1 for barley. Besides, 
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the significant increase in spike length, number of seeds per spike, number of fertile tillers and 

grain yield by blended fertilizer contributed for the significant increase in total biomass. This is 

in agreement with Alam and Haider (2006) who indicated that increased N level increased total 

dry matter irrespective of cultivars. 

 

Figure 5 Interaction effects of malt barely varieties and blended fertilizer application rates with 

regard to above ground biomass yield (ton/ha)  

4.3.5. Harvest Index 

Analysis of variance indicated that the harvest index was significantly (p≤ 0.001) affected only 

by blended fertilizer rates. The varieties and interaction effects were not significant (p≥0.05) for 

harvest index in this study (Appendix Table 4). Harvest index is the ratio of grain yield to the 

aboveground biomass yield expressed as coefficient of effectiveness. Thus harvest index is the 

balance between the productive part of the plant and the reserve which form the economic yield. 

Application of blended fertilizer has significant effect on harvest index (Table 9). The highest 

mean harvest index (42.82%) was obtained from the application of NPS3B3K3 ha
-1

 or T10 and 

the lowest (39.23%) were obtained from the control NP fertilizer application.  Riggs et al. 

(1981) reported a high significant and positive relation between harvest index and grain yield in 

barley. Harvest index measures the portion of the grain yield to the total above ground plant dry 
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matter (Ortiz-Monasterio et al., 1997). Harvest index as a quantitative trait is an indicator of 

plant efficiency to distribute dry matter in grain (Shahryari and Mollasadeghi, 2011). 

4.4. Grain Quality 

4.4.1. Grain protein content 

Grain protein content (GPC) is a primary determinant of quality for a particular end-use of malt 

barley.  The analysis of variance for grain protein content showed significant (P < 0.001) 

difference among varieties, the main effect of blended fertilizer types and the interaction effect of 

fertilizers and varieties were significant (Table 8). The highest grain protein content (11.21, 

11.47and 11.48%) was recorded with the rates of (NPS3, NPS3B3 and NPS3B3K3) and lowest 

grain protein content (9.59%) was obtained at the recommended NP fertilizer application rate. 

The lowest grain protein content (10.57%) was recorded for Ibon174/03 variety, whereas the 

highest was obtained for Holker variety (10.86%) (Table 8). 

The protein content of varieties varied between (9.64-11.19% and 9.54-11.76%) for Ibon174/03 

and Holker varieties with the interaction of blended fertilizer rates respectively (figure 6). The 

highest Protein Content was record at T4, T7 and T10 for both Ibon174/03 (10.89, 11.19 and 

11.17%) and Holker (11.53, 11.74 and 11.76%) varieties respectively, with the highest 

application rate of sulfur fertilizer 21kg S ha
-1 

in blended form (fig 6). According to the 

Ethiopian standard authority, the protein level of the raw barley quality standard for malt should 

be between 9–12% (EQSA, 2006). The results of the current study showed that all interactions 

with varieties Ibon174/03 and Holker, had grain protein content within the acceptable range. 

The increments of Protein Content in the above treatments might be due to the sulfur amount 

high in the soil, Plants assimilate inorganic sulfate into two sulfur-containing amino acids, 

cysteine and methionine and sulfur and nitrogen had synergetic effects, when sulfur rates 

increase and also increase nitrogen use efficiency, which affects Protein Content of grain. Grain 

protein content that exceeds recommended increase levels is undesirable for malting because it 

increase steep times and cause uneven water uptake during steeping, uneven germination during 

malting, increased malt loss due to abnormal growth, excessive enzymatic activity, low extract 

yield, excessive nitrogenous compounds in the wort during brewing and chill haze formation in 
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beer  (Johnston et al., 2007). Khan et al. (2003) who applied 0, 20, 40, 60, 80 and 100 kg S ha
-1

 

to wheat reported that the protein content increased as the sulfur dose increased. 

 

Figure 6 Interaction effects of malt barely varieties and blended fertilizer application rates with 

regard to grain protein content (%)  

4.4.2. Seed nitrogen uptake 

The analysis of variance for Seed nitrogen uptake was significantly different (P ≤ 0.001) among 

the varieties but, blended fertilizer rates (p ≤ 0.01), as well as the interaction effect was 

significant (Table 8).The highest Seed Nitrogen uptake (91.53 kg ha
-1

) was recorded with the 

application of NPS3B3K3 and lowest Seed N uptake (63.47 kg ha
-1

) was obtained at the 

recommended NP fertilizer application rate. The highest Seed N uptake (79.67 kg ha
-1

) was 

recorded for Ibon174/03 variety, whereas the lowest was obtained for Holker variety (70.01 kg 

ha
-1

) (Table 8). 

The Seed N uptake of varieties varied between 66.05-92.92 kg ha
-1

 for Ibon174/03 and 60.89-

90.14 kg ha
-1

 for Holker varieties with the interaction of blended fertilizer rates respectively 
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(figure 7). The increments of Seed N uptake in the above treatments majorly focused on the 

existence of sulfur and potassium  amount high in the soil, Plants assimilate inorganic sulfate 

into two sulfur-containing amino acids, cysteine and methionine and S and N had synergetic 

effects, when S rates increase and also increase nitrogen use efficiency, which affects Nitrogen 

uptake in seed. This  K applied significantly increased the uptake of N in the grain and straw of 

wheat as well as increasing grain yield on the Vertisols of central Ethiopia (Abiye et al., 2004; 

Wassie and Tekalign, 2013). 

 

Figure 7 Interaction effects of malt barely varieties and blended fertilizer application rates with 

regard to seed nitrogen uptakes (kg/ha)    
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Table 8 Effect of blended fertilizer rates on Grain Sive Size (GSS), harvesting index (HI %), 

seed nitrogen uptake (SNU kg/ha) and protein content (PC) of malt barley varieties 

Treatments GSS HI% SNU kg/ha PC 

Fertilizers  

T1 : Recommended NP 96.4
bc 

39.23
d 

63.47
e 

9.59
e 

T2: (NPS1) 96.55
bc 

39.62
cd 

72.66
c 

10.37
d 

T3:  (NPS2)              96.38
bc 

42.82
a 

73.79
c 

10.72
c 

T4: (NPS3)            95.28
c 

41.85
ab 

80.56
b 

11.21
ab 

T5: (NPS1B1) 96.29
bc 

41.52
abc 

69.51
d 

10.43
d 

T6: (NPS2B2) 96.25
bc 

42.59
a 

68.28
d 

10.77
c 

T7: (NPS3B3) 95.95
bc 

40.17
bcd 

80.57
b 

11.47
a 

T8: (NPS1B1K1) 96.18
bc 

42.03
ab 

73.34
c 

10.31
d 

T9: (NPS2B2K2) 97.27
ab 

42.36
a 

74.34
b 

10.83
c 

T10: (NPS3B3K3) 97.91
a 

42.82
a 

91.53
a 

11.48
a 

Varieties  

Ibon174/03 97.36
a 

41.23 79.67
a 

10.57
b 

Holker 95.52
b 

41.77
 

70.01
b 

10.86
a 

Fertilizer 
** *** *** *** 

Variety 
*** ns *** *** 

Fertilizer X Variety 
ns ns *** *** 

CV 5.35 3.78 2.62 12.05 

Mean values followed by the same letters in each column and treatment showed no significant 

difference by DMRT (p = 0.05). *, **, ***, and 
ns

 showed significant differences at 0.05, 0.01, 

0.001 probability levels and non-significant differences, respectively. 

4.4.3. Grain size (sieve size) 

The analysis of variance for grain size was significantly different (P ≤ 0.001) among the varieties 

but, blended fertilizer rates (p ≤ 0.01), whereas the interaction effect was not significant (Table 

8).The highest mean grain size percentage were obtained for the variety was Ibon174/03 

(97.36%). Varieties with high grain size implies in uniformity in size as well as high distatic 

activity. The lowest value was obtained for varieties Holker (95.52).  

As indicated in table 8, the main effect of blended or combined fertilizer rate exhibited 

significant differential responses in sieve size. The highest mean sieve size (97.91%) was 

obtained from the application of NPS3B3K3 and the lowest (96.4%) was obtained from the 

control NP fertilizer application. The bold grain percentage should be >90% for 2-rowed barley 

and >80% for 6-rowed barley (Anonymous, 2012). In this study the grain size fulfill the standard 

requirement of the Industry according to Ethiopian Barely Business case presentation (EBC) and 

Ethiopia malt factory   (Fox et al., 2006) demonstrated the genetic and environmental effects in 
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improving grain size. Industry standards on large grain are based on the total percentage of grain 

> 2.5mm (Kefale et al., 2016). 

4.5. Associations between Yield Components and Quality Attributes 

Grain yield exhibited positive and significant correlations with thousand kernels weight (r= 

0.686
***

),   biological yield (r= 0.885
***

), sive size (r= 0.653
***

) and seed nitrogen uptake (r= 

0.90
***

). The results on the association of grain yield with biological yield in this study agreed 

with the findings of Gebreyes (2008) who reported that grain yield was positively and highly 

significantly associated with total above ground biomass of wheat. Grain yield had negative 

significant correlation with grain protein content (r= -0.055
***

). The results on the association of 

grain yield with grain protein content in this study agreed with the findings of Ortiz-Monasterio 

et al., (2002) who reported negative correlations of grain yield and protein content. Grain yield 

had non-significant correlations with harvest index and number of kernels produced per spike. 

Plant height had significant positive association with date of heading (r= 0.761***), number of 

seeds produced per spike (r= 0.392***), protein content (r= 0.403
**

), total and effective tiller 

numbers (r= 0.696
***

) & (r=0.656
***

) respectively. Grain protein content also exhibited a 

significant positive association among total and effective tiller numbers (r= 0.284
*
) & 

(r=0.346
**

), number of kernels produced per spike (r= 0.339
**

), harvest index (r=0.324
*
) and 

seed nitrogen uptake (r= 0.90
***

) while positive and non significant correlation with date of 

heading and date of physiological maturity. Furthermore, it is negative and non significant 

correlation with biological yield, thousand kernels weight, straw yield and grain sive size (Table 

9). 
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Table 9 Correlation coefficients between mean agronomic and quality traits of malt barley grown under blended 

fertilizers at Debre Berhan during 2017 
 

DH 

DH DM PH TN ETN SL NK TBM TKW GY SY HI GSS GPC 

1.000              

DM 0.916
*** 

1.000             

PH 0.761
*** 

0.776
*** 

1.000            

TN 0.601
*** 

0.647
*** 

0.696
*** 

1.000           

ETN 0.533
*** 

0.570
*** 

0.656
*** 

0.980
*** 

1.000          

SL -0.613
*** 

0.515
*** 

-0.493
*** 

-0.442
*** 

-0.428
*** 

1.000         

NK 0.395
*** 

0.359
** 

0.392
** 

0.482
*** 

0.527
*** 

-0.203
ns 

1.000        

TBM -0.710
*** 

-0.620
*** 

-0.432
*** 

-0.320
* 

-0.280
*
 0.620

*** 
-0.085

ns 
1.000       

TKW -0.696
*** 

-0.577
*** 

-0.519
*** 

-0.358
** 

-0.338
** 

0.760
*** 

-0.203
ns 

0.694
*** 

1.000      

GY -0.702
*** 

-0.636
*** 

-0.470
*** 

-0.319
* 

-0.254
* 

0.573
*** 

-0.036
ns 

0.885
***  

0.686
*** 

1.000     

SY -0.667
*** 

-0.653 -0.449
*** 

-0.329
* 

-0.286
* 

0.467
*** 

-0.184
ns 

0.830
*** 

0.536
*** 

0.802
*** 

1.000    

HI 0.127
ns 

0.105
ns 

0.012
ns 

0.086
ns 

0.157
ns 

-0.146
ns 

0.316
* 

-0.295
* 

-0.064
ns 

0.067
ns 

-0.324
* 

1.000   

GSS -0.554
*** 

-0.507
*** 

-0.507
*** 

-0.310
* 

-0.286
* 

0.520
*** 

0.032
ns 

0.624
*** 

0.561
*** 

0.653
*** 

0.495
*** 

0.046
ns 

1.000  

GPC 0.105
ns 

0.201
ns 

0.403
** 

0.284
* 

0.346
** 

-0.134
ns 

0.339
** 

-0.034
ns 

-0.021
ns 

-0.055
*** 

-0.128
ns 

0.324
* 

-0.137
ns 

1.000 

SNU -0.562
*** 

-0.462
*** 

-0.226
ns 

-0.149
ns 

-0.067
ns 

0.443
*** 

0.124
ns 

0.763
*** 

0.593
*** 

0.900
*** 

0.647
*** 

0.196
ns 

0.517
*** 

0.483
*** 

DH = date of heading, DM = date of maturity, PH= plant height, TN = number of tillers plant
-1

, ETN= effective number of tillers 

plant
-1

, SL= spike length, NK= number of kernels spike
-1

, TBM = total biomass yield, TKW= thousand kernels weight,  GY= grain 

yield, SY= straw yield, HI= harvest index, GSS= grain sive size, GPC= grain protein content, SNU= seed nitrogen uptake.  NS, *, ** 

and *** = non-significant, significantly different at 0.05, 0.01, 0.001 probability levels respectively  
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4.6. Economic Analysis 

In the result of present study, the costs of fertilizers, urea, DAP, NPS, NPSB, KCl, Borax and 

sulfur powder and costs malt barley varieties were used for the analysis. In order to recommend 

the present result for producers, it is necessary to estimate the minimum rate of return acceptable 

to producers in the recommendation domain. Based on partial budget analysis, with 10% 

increase in input price and with 10% decrease in output price, the highest net benefit 59213.12 

and 54059.37 Birr ha
-1

 was obtained from fertilizer combination of (70, 20,150, 21 &2.1 kg 

NPS3B3K3 ha
-1

 for both varieties Ibon174/03 and Holker respectively (Table 10). To identify 

treatments with the optimum return to the farmer’s investment, marginal analysis was performed 

on non-dominated treatments.  

According to CIMMYT (1988), the minimum acceptable marginal rate of return (MRR %) 

should be between 50 and 100%. The highest marginal rate of return (MRR %) 3258.78 and 

1324.94 recorded from the combined application of (70, 20 &21 kg NPS3 ha
-1

) fertilizer 

application rate for both varieties Ibon174/03 and Holker respectively. This means that for every 

1.00 birr invested for (70, 20 &21 kg NPS3 ha
-1

) fertilizer, for both varieties Ibon174/03 and 

Holker in the field, producers can expect to recover the 1.00 Birr and obtain an additional of 

32.59 and 13.25 Birr respectively (Table 11). Therefore, application of, (70, 20 &21 kg NPS3 ha
-

1
) fertilizer rate is profitable and is recommended for farmers in Debre Berhan districts and other 

areas with similar agro-ecological conditions. 

  



40 
 

Table 10 Partial budgets and dominance analysis of malt barley varieties yield influenced by blended fertilizer rates application   

Blended fertilizers Average grain  

yield 

(tonnes/ha) 

Adjusted 

grain yield 

(tonnes/ha) 

Gross field 

benefits 

(Birr/ha 

Total 

variable cost 

(Birr/ha) 

Net 

benefits 

(Birr/ha) 

Dominance 

Variety= Ibon174/03 

T1: Recommended NP 4.20 3.78 52855.43 4455.832 48399.59  

T2: (NPS1) 4.39 3.95 55300 2615.652 52684.35  

T3:  (NPS2)              4.76 4.28 59920 2753.202 57166.8  

T4: (NPS3)            4.89 4.40 61600 2890.752 58709.25  

T5: (NPS1B1) 4.55 4.09 57314.25 2628.667 54685.58  

T6: (NPS2B2) 4.28 3.85 53900 2873.399 51026.6  

T7: (NPS3B3) 4.89 4.40 61600 3118.131 58481.87  

T8: (NPS1B1K1) 4.91 4.42 61913.25 3682.834 58230.42  

T9: (NPS2B2K2) 4.99 4.49 62847.75 4981.732 57866.02  

T10: (NPS3B3K3) 5.20 4.68 65493.75 6280.631 59213.12  

Variety =Holker 

T1: Recommended NP 3.68 3.31 46340 4455.832 41884.17  

T2: (NPS1) 3.73 3.35 46900 2615.652 44284.35  

T3:  (NPS2)              3.88 3.49 48860 2753.202 46106.8  

T4: (NPS3)            3.99 3.59 50260 2890.752 47369.25  

T5: (NPS1B1) 3.79 3.41 47740 2628.667 45111.33  

T6: (NPS2B2) 3.95 3.55 49700 2873.399 46826.6  

T7: (NPS3B3) 4.04 3.64 50960 3118.131 47841.87  

T8: (NPS1B1K1) 3.98 3.59 50260 3682.834 46577.17  

T9: (NPS2B2K2) 4.37 3.93 55020 4981.732 50038.27  

T10: (NPS3B3K3) 4.79 4.31 60340 6280.631 54059.37  
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Table 11 Marginal analysis of malt barley varieties yield influenced by blended fertilizer rates 

application or NPSKB rates 

Blended fertilizers Total 

variable cost 

(Birr/ha) 

Net 

benefits 

(Birr/ha) 

Marginal 

variable 

cost 

Marginal 

net 

benefit 

Marginal rate 

of return  

(%) 

Variety= Ibon174/03 

T1:Recommended NP 4455.832 48399.59    

T2: (NPS1) 2615.652 52684.35 1840.18 4284.755 232.84 

T3:  (NPS2)              2753.202 57166.8 137.55 1542.45 1121.37 

T4: (NPS3)            2890.752 58709.25 137.55 4482.45  3258.78 

T5: (NPS1B1) 2628.667 54685.58 -262.08 -4023.67 1535.28 

T6: (NPS2B2) 2873.399 51026.6 244.73 -3658.98 -1495.11 

T7: (NPS3B3) 3118.131 58481.87 244.73 7455.268 3046.32 

T8: (NPS1B1K1) 3682.834 58230.42 564.70 -251.453 -44.53 

T9: (NPS2B2K2) 4981.732 57866.02 1298.90 -364.398 -28.05 

T10: (NPS3B3K3) 6280.631 59213.12 1298.90 1347.102 103.71 

Variety =Holker 

T1: Recommended NP 4455.832 41884.17    

T2: (NPS1) 2615.652 44284.35 1840.18 2400.18 130.43 

T3:  (NPS2)              2753.202 46106.8 137.55 1262.45 917.81 

T4: (NPS3)            2890.752 47369.25 137.55 1822.45 1324.94 

T5: (NPS1B1) 2628.667 45111.33 -262.08 -2257.92 861.54 

T6: (NPS2B2) 2873.399 46826.6 244.73 1715.268 700.88 

T7: (NPS3B3) 3118.131 47841.87 244.73 1015.268 414.85 

T8: (NPS1B1K1) 3682.834 46577.17 564.70 -1264.7 -223.96 

T9: (NPS2B2K2) 4981.732 50038.27 1298.90 3461.102 266.46 

T10: (NPS3B3K3) 6280.631 54059.37 1298.90 4021.102 309.58 
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1. Summary and Conclusions 

With the emerging malt factory using malt barley as a raw material, there is a high demand by 

both commercial and small-scale peasant farmers for malt barley varieties with higher grain 

yield. However, there is little information on the impact of different types of fertilizers except 

nitrogen and phosphorous (70 kg N and 46 kg P2O5 per hectare) while, According to complete set 

of soil fertility mapping and fertilizer recommendations for 134 districts  in Ethiopia’s Amhara 

region soils lack about 7 nutrients (N, P, K, S, Cu, Zn and B). The effect of different types of 

fertilizers on the overall performance of high yielding varieties is also unknown. 

The experiment was laid out in Randomized Complete Block Design with factorial arrangement 

with three replication and consisted of ten fertilizer treatments: (T1) NP (70&20) used as control, 

(T2) NP(S1=7) , (T3) NP(S2=14), (T4) NP(S3=21) , (T5) NPS1(B1=0.1), (T6) NPS2(B2=1.1), (T7) 

NPS3(B3=2.1), (T8) NPS1B1(K1=50), (T9) NPS2B2 (K2=100) and (T10) NPS3B3 (K3=150) kg ha
-1

 

and two malt barley varieties (Ibon174/03 and Holker). 

The soil of the experimental field was clay in texture with a pH of 5.9 which was moderately 

acidic. The CEC of the soil was 24.8 cmol (+) kg soil which was medium. Regarding to the OC 

and OM analysis indicated that the experimental field had 2.50% organic carbon and 4.30% 

organic matters both of them were medium. Available P content of the soil was 4 mg kg
-1

 which 

was medium range. The exchangeable K was 0.844 cmol (+) K kg, which expressed as a 

percentage of CEC of the soils was considered to assess the response to potash fertilizers. 

Available S and B in the study site was 0.286 and 0.45 mg kg
-1

 respectively. The exchangeable 

K, available S and B were deficient in the study site. This indicated that application of K, S, and 

B fertilizer could be responsive. 

The phenological and growth parameters showed no significant differences due to the blended 

fertilizer treatments and the interaction on days to heading, days to physiological maturity and 

plant height. However, the results showed that day to 50% flowering, days to physiological 

maturity and plant height were highly significantly (P<0.001) affected by the main effect of 

varieties of malt barley.  Significant variation was observed among malt barley varieties for all 
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phenological and growth characters. Variety Holker took longer days to heading (79.67 days) 

and maturity (133.73 days) and had the highest mean plant height (105.22 cm) than the 

Ibon174/03 variety. 

The analysis of variance showed highly significant differences (P<0.001) on number of tillers 

and effective tillers per plant revealed among the varieties and significant effect (p<0.01) were 

observed due to blended fertilizers, but not significant effect were observed due to interaction 

with varieties. The highest numbers of total and effective tillers (13.55 and 13.22) were recorded 

at the application of NPS2B2K2. Whereas, the lowest number of total and effective tillers 

(10.97and 10) were recorded at the control NP respectively. The highest numbers of total and 

effective tillers (12.99 and 12.42) were for Ibon174/03 variety and lowest (10.77 and 10.36) were 

recorded for Holker variety respectively.  

Analysis of variance showed that for numbers of kernel spike
-1

, highly significant (P < 0.001) 

effect was due to the main effect of varieties and blended fertilizer rates (P < 0.01) where as the 

interaction effect was not significant. The lowest mean numbers of kernel spike
-1 

was recorded 

for Holker variety (29.73), whereas the highest mean was obtained for Ibon174/03 variety 

(30.46). In case of blended fertilizer rates the significantly lowest number of kernel (29.25) was 

obtained at the recommended NP. The highest (31.15) was recorded with the rate of (70, 20, 100, 

14 and 1.1 kg NPS2B2K2 ha
-1

).  

Analysis of variance revealed that thousand-kernel weight (TKW) was significantly different 

among the tested varieties (P<0.001), where Ibon174/03 produced the highest thousand-kernel 

weight (54.19g). This is may be due to the suitable genetic behavior of Ibon174/03 variety with 

environment factors which may led to an increased in photosynthesis process and accumulations 

of carbohydrate in kernel to produce heavy kernels and consequently increased kernels weight.  

The analysis of variance for above ground biomass, straw yield and grain yield showed 

significant (P ≤ 0.001) difference among varieties, the main effect of blended fertilizer types and 

the interaction effect of fertilizer and varieties were significant. The highest (11.68, 6.82 & 5.00) 

and lowest (9.72, 5.33 & 3.94) average biomass, straw and grain yields were obtained with the 

application of NPS3B3K3 and the control (with NP fertilizer), respectively. Compared to the 

recommended NP fertilizers, the above ground biomass, straw and grain yield were increased by 
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20.17%, 27.95% and 26.90% respectively with the application of blended fertilizer NPS3B3K3 

(Treatment 10). The variety Ibon174/03 had the highest mean above ground biomass, straw and 

grain yield (11.42 t ha
-1

) (6.72 t ha
-1

) and (4.71 t ha
-1

) respectively, while variety Holker had the 

lowest biomass, straw and grain yield (9.61 t ha
-1

), (5.62 t ha
-1

) and (4.02 t ha
-1

) respectively. 

As compared NPS3 treatment with NPS3B3, NPS1B1K1, NPS2B2K2 and NPS3B3K3 treatments to 

the biomass, straw and grain yield increment of NPS3B3, NPS1B1K1, NPS2B2K2 and NPS3B3K3 

treatments were insignificant and non- economical due to high input and application cost. 

According this finding indicated that, the biomass, straw and grain yield increment of (70, 20 and 

21 kg NPS3 ha
-1

) treatment (8.74%), (17.14) and (11.42%) respectively, significant and 

economical due to minimum input as well as application cost which was advisable for the large 

area coverage at the farmer level. The variety Ibon174/03 had the highest mean above ground 

biomass, straw and grain yield (11.42 t ha
-1

) (6.72 t ha
-1

) and (4.71 t ha
-1

) respectively, while 

variety Holker had the lowest biomass, straw and grain yield (9.61 t ha
-1

), (5.62 t ha
-1

) and (4.02 t 

ha
-1

) respectively. As compared Ibon174/03 variety with Holker variety to the biomass, straw 

and grain yield increment of Ibon174/03 variety 18.83, 19.75 and 17.16% more than holker 

variety on the same plot of land and management practices.  

The economic analysis revealed that highest net return of Birr were 59213.12 and 54059.37 Birr 

ha
-1

 was obtained from fertilizer combination of 70, 20,150, 21 &2.1 kg NPS3B3K3 ha
-1

 for both 

varieties Ibon174/03 and Holker respectively. The highest marginal rate of return (MRR %) 

3258.78 and 1324.94 recorded from the combined application of 70, 20 &21 kg NPS3 ha
-1

 

fertilizer application rate for both varieties Ibon174/03 and Holker respectively. 

Farmers should put extra efforts on farming practices that improved soil productivity including 

(i) crop rotation with well fertilized cereal crop to get the benefit of the residual N (ii) 

appropriate soil conservation practices and recycling of crop residues (iii) adequate amount of 

organic and inorganic fertilizer use. These attempts will be met with greater success through a 

consideration of other factors like crop protection, selection of right varieties, proper plant 

spacing, seed rate, timely planting and weed control. It is important to develop and disseminate 

crop and site-specific nutrient management technologies for sustainable crop management 

practices among smallholder farmers in the study area. 
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5.2. Recommendations 

Rational fertilizer promotions and recommendations based on actual limiting nutrients for a 

given crop is not only revealed to supply adequate plant nutrients but also helped to understand 

the long-term ecological and economic benefits of the studied crop. Accordingly, all the studied 

blended fertilizers effects on malt barley yield and yield components showed that the blended 

fertilizers would be promising to grow malt barley in the study area, whereas malt barley 

productivity for the previously existing NP fertilizers in the country was low as compared to the 

blended fertilizers; which indicated that malt barley productivity in the study sites was reduced 

due to high demand for external nutrient inputs rather than NP fertilizers. 

The results in general showed that grain yield was more than double when compared with the 

national average yield. Generally, the overall performance of the crop could reflect the necessity 

of blended fertilizers in the study area. The economic analysis revealed that the highest marginal 

rate of return (MRR %) of 3258.78 and 1324.94 recorded from the application of treatment 4 

(70, 20 & 21 kg NPS3 ha
-1

) for both varieties Ibon174/03 and Holker respectively. Therefore, 

application of treatment 4 (70, 20 &21 kg NPS3 ha
-1

) is recommended to use by farmers as an 

alternative soil management option for malt barley production around Debre Berhan. However, 

as this is a one season experiment at one location, similar experiment has to be repeated over 

multi locations and seasons of the district with the inclusion of more blended fertilizer rates and 

varieties to reach at a conclusive result.   
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7. APPENDICES 

Appendix Table 1 Mean square values of date of heading, date of maturity and plant height, 

total tiller number and effective tiller number  

SV Df DH(days) DM(days) PH(cm) 

Rep 2 4.55
ns 

9.52
ns 

45.24
ns 

Var 1 968.02
*** 

1109.4
***  

3050.21
*** 

Ferti 9 3.65
ns 

3.38
ns 

37.92
ns 

Ferti X Var 9 2.24
ns 

5.96
ns 

10.09
ns 

Error 38 4.99 8.22 26.22 

CV  5.95 7.21 9.22 

*, ** &***, ns indicate significant, highly significant and non significant variations respectively, 

SV: sources of variations, Rep=replications, Var= variety, Ferti=fertilizer 

Appendix Table 2 Mean square values of total tiller number, effective tiller number, thousand 

kernel weight and Number of kernel, of malt barley varieties 

SV Df TTN(count) ETN(count) TKW(g) NK(number) 

Rep 2 2.46
ns 

0.96
ns 

7.03
ns 

1.57
ns 

Var 1 73.93
*** 

63.45
*** 

403.12
*** 

7.92
** 

Ferti 9 3.84
*** 

5.38
*** 

7.79
* 

2.14
** 

Ferti X Var 9 0.83
ns 

0.58
ns 

1.76
ns 

0.77
ns 

Error 38 1.28 1.27 3.65 0.68 

CV  9.53 9.87 3.7 5.74 

*, ** &***, ns indicate significant, highly significant and non significant variations respectively, 

SV: sources of variations, Rep=replications, Var= variety, Ferti=fertilizer 

Appendix Table 3 Mean square values of total biomass, grain yield and straw yield of malt 

barley varieties 

SV Df BYt/ha GYt/ha SYt/ha 

Rep 2 0.07
ns 

0.02
ns 

0.014
ns 

Var 1 46.33
*** 

7.06
*** 

18.34
*** 

Ferti 9 2.31
*** 

0.55
*** 

1.34
*** 

Ferti X Var 9 1.33
*** 

0.12
*** 

0.35
*** 

Error 38 0.23 0.01 0.18 

CV  14.12 10.29 11.08 

*, ** &***, ns indicate significant, highly significant and non significant variations respectively, 

SV: sources of variations, Rep=replications, Var= variety, Ferti=fertilizer 
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Appendix Table 4 Mean square values of Harvesting index, Grain Sive Size (GSS), protein 

content (PC) and seed nitrogen uptakes (SNU kg/ha) of malt barley varieties 

SV Df HI % GSS% PC% SNU kg/ha 

Rep 2 1.43
ns 

0.05
ns 

0.02
ns 

8.88
ns 

Var 1 4.49
ns 

50.56
*** 

1.28
***

 1399.25
*** 

Ferti 9 10.86
*** 

3.04
** 

2.01
*** 

368.71
*** 

Ferti X Var 9 5.03
ns 

0.64
ns 

0.08
*** 

346.71
*** 

Error 38 2.46 1.08 0.05 3.83 

CV  3.78 5.35 2.03 2.62 

*, ** &***, ns indicate significant, highly significant and non significant variations respectively, 

SV: sources of variations, DF =degrees of freedom = Rep=replications, Var= variety, 

Ferti=fertilizer 

Appendix Table 5  Soil pH rating for 1: 2.5 soils to water ratio suspension 

pH  Ratings 

< 4.5  Very strongly acidic 

4.5-5.2  Strongly acidic 

5.3-5.9  Moderately acidic 

6.0-6.6  Slightly acidic 

6.7-7.3   Neutral 

7.4-8.0  Moderately alkaline 

> 8.0  Strongly alkaline 

Source: Tekalgn (1991). 

Appendix Table 6 Ratings for organic matter (OM), total N and available phosphorus 

OM (%)
1 

Total N (%)
2
 Available P (mg kg

-1
)
3 

Rating 

> 5.17  > 0.25  > 12  High 

2.59-5.17  0.12-0.25  8-11  Medium 

0.86-2.59  0.05-0.12  4-7  Low 

< 0.86  < 0.05  <3  Very Low 

Source: 
1
Booker (1991), 

2
Tekalegn et al. (1991), 

3
Oslen (1954) 
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Appendix Table 7 Monthly and yearly total rainfall (mm) at Debre Berhan area (2007-2016). 

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Jan 2 0.3 47.2 47.2 79 1.5 1 91 4.6 3.05 

Feb 30.4 1.7 5 21.6 3 3 10.1 14.1 16.9 17.5 

Mar 8.9 3 8.1 55.7 4.3 5.2 18.5 16.9 24.9 19.75 

Apr 71.8 34.6 31.4 119.3 0.3 93.3 25.8 10.3 10 35 

May 13.6 68.9 14.9 42.2 7 57.9 55 50 95.9 87.3 

Jun 93.2 66.4 213.7 35.4 76.8 51.6 78.8 90 82.8 105 

Jul 209.9 297.7 223.4 253.8 238.6 256 204.2 157.7 166.5 217 

Aug 214.6 234.8 273.1 242.3 211.2 294.5 183.9 189 123.3 253 

Sep 78.5 76.6 31.4 72.2 57.4 92.4 89 78 72.8 93 

Oct 4.9 9.9 36.6 3.9 12.3 0 9.6 1 5.3 5.6 

Nov 5.7 54.6 1.2 0.3 73.4 0 3.1 0.8 0.3 1.5 

Dec 5 1.2 25.3 8.5 0 0 11.5 0.9 0 3 

Total 738.5 849.7 911.3 902.4 763.3 855.4 690.5 699.7 603 840.7 

Source: (NMSA, 2017) 

Appendix Table 8 Mean monthly and annual maximum temperature (
0
C) at Debre Berhan 

(2007-2016) 

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Jan 19.9 19.4 19.3 19.3 18.8 20.3 19.1 18.4 20.6 21.2 

Feb 20.6 20.2 20.3 20.9 19.4 21.3 22 19.7 21.9 21.8 

Mar 21.8 22 21.5 20.4 19.4 22.1 17.6 20.9 21.9 22.1 

Apr 20.8 20.8 21.7 20.8 19.5 20.6 20.8 21.3 22.5 22.6 

May 22.7 21.3 22.4 21.3 21.6 21.4 21.9 20.9 21.6 21.9 

Jun 21.2 21.2 23.6 22.7 20.1 18.4 22.1 21.3 22.2 22.4 

Jul 18 18.9 17.9 19 21.9 22.3 22.2 22.8 22.2 22.6 

Aug 18.2 19 18.7 19.8 21.2 18.3 22 20 17.5 21.9 

Sep 18.7 19.4 19.9 19.2 19.1 19.4 17.4 19 18.9 19.5 

Oct 19 19.2 18.8 19.2 18.2 19.8 19.1 20 18.4 18.9 

Nov 18.6 18.4 19.7 18.7 22.2 20.5 18.8 18.7 19.7 20 

Dec 18.7 19.1 18.5 18.1 19.4 20.2 19 19.6 20.3 20.9 

Mean 19.9 19.9 20.2 20.0 20.1 20.4 20.2 20.2 20.6 21.3 

Source: (NMSA, 2017) 
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Appendix Table 9 Mean monthly and annual minimum temperature (
0
C) at Debre Berhan 

(2007-2016) 

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Jan 6.6 5.4 6.3 6.3 7.5 3.8 1.3 7.5 1.7 6.9 

Feb 7.5 5 7.6 9.3 3.4 3.5 7.9 8.3 5.2 8 

Mar 7.7 5.5 8.1 9.2 4.8 6 8.7 2.4 6.5 7.9 

Apr 8.5 7.7 7.4 9.2 6.5 8.4 3.6 6.3 4.9 8.5 

May 8.1 8.6 7 9.2 4.6 7.5 5.2 5.8 7.8 9 

Jun 9 8.5 8.4 8.1 7.4 8.7 8.6 7.1 7.4 9.7 

Jul 9.6 8.6 9.3 7.2 8.8 7.6 7.5 8.3 7.8 9.5 

Aug 9.2 9.2 9.3 3.7 7.9 7.9 7.2 8.3 8.4 9.3 

Sep 7.5 7 6.5 4.1 8.7 6.5 8.5 7.1 7.6 8 

Oct 3.4 4.2 4.9 4.8 8.7 1.8 6.3 8.5 8.6 2.3 

Nov 3.9 4 3.1 9.1 7.6 1.9 4.2 3.9 3.6 3.7 

Dec 2.1 4.6 7.3 9.3 2 3.7 3.7 2.8 2.3 5.3 

Mean 6.9 6.5 7.1 7.5 6.5 5.6 6.1 6.4 6.0 7.3 

Source: (NMSA, 2017) 




