
 

EFFECTS OF RATE AND TIME OF NITROGEN FERTILIZER 

APPLICATION ON YIELD, QUALITY AND NITROGEN USE 

EFFICIENCY OF MALT BARLEY VARIETIES (Hordeum distichon L.)    

AT SSONAWORANA WOREDA, CENTRAL HIGHLAND OF   

ETHIOPIA 

 

 

 

 

 

MSc. Thesis 

 

 

BY 

 

Endale Lemma 

 

 

 

May 2019 

Debre Berhan, Ethiopia 



ii 
 

EFFECTS OF RATE AND TIME OF NITROGEN FERTILIZER 

APPLICATION ON YIELD, QUALITY AND NITROGEN USE 

EFFICIENCY OF MALT BARLEY VARIETIES (Hordeum distichon L.)    

AT SSONAWORANA WOREDA, CENTRAL HIGHLAND OF   

ETHIOPIA 

 

 

A Thesis Submitted to the Department of Plant Science College of 

Agriculture and Natural Resource Sciences, School of Graduate Studies, 

Debre Berhan University 

 

 

 

In Partial Fulfillment of the Requirements for the Degree of 

Master of Science in Agronomy 

 

 

 

Endale Lemma 

 

 

 

 

Major Advisor: Dr. Wondwosen Tena 

   Co-Advisor:     Mitiku Ashenafi 

 

 
 

 

May 2019 

Debre Berhan, Ethiopia 



iii 
 

SCHOOL OF GRADUATE STUDIES 

COLLEGE OF AGRICULTURE AND NATURAL RESOURCE 

SCIENCES 

DEBRE BERHAN UNIVERSITY 

APPROVAL SHEET – I 

This is to certify that the thesis entitled “Effects of Rate and Time of Nitrogen Fertilizer 

Application on Yield, Quality and Nitrogen Use Efficiency of Malt Barley Varieties 

(Hordeum Distichon L.) at Bassonaworana Woreda, Central Highland of Ethiopia” 

submitted in partial fulfillment of the requirements for the degree of Masters of Science with 

specialization in Agronomy of the Graduate Program of the Plant Science, College of 

Agriculture and Natural Resource Sciences, Debre Berhan University and is a record of 

original research carried out by Endale Lemma Id. No PGR/096/09, under my supervision, 

and no part of the thesis has been submitted for any other degree or diploma. 

 

 

The assistance and help received during the course of this investigation have been duly 

acknowledged. Therefore, I recommend that it to be accepted as fulfilling the thesis 

requirements. 

 

Wondwosen Tena (PhD)            _________________                               _____________ 

Name of Major Advisor                       Signature                                                Date 

 

 

Mitiku Ashenafi                           _________________                             ______________ 

Name of Co-Advisor                            Signature                                                      Date 

 

 

 



iv 
 

 

SCHOOL OF GRADUATE STUDIES 

COLLEGE OF AGRICULTURE AND NATURAL RESOURCE 

SCIENCES 

DEBRE BERHAN UNIVERSITY 

APPROVAL SHEET – II 

We, the undersigned members of the boarded of the examiners of the final open defense by 

Endale Lemma have read and evaluated his thesis entitled ―Effects of Rate and Time Of 

Nitrogen Fertilizer Application on Yield, Quality and Nitrogen Use Efficiency of Malt 

Barley Varieties (Hordeum Distichon L.) at Bassonaworana Woreda, Central Highlands of 

Ethiopia”, and examined the candidate. This is therefore to certify that the thesis has been 

accepted in partial fulfillment of the requirements for the degree of Master of Science in 

Agronomy. 

 

_____________________                         _______________                       _____________ 

Name of the Chairman                                        Signature                                       Date 

_____________________                          _______________                     _____________ 

Name of Major Advisor                                       Signature                                      Date 

_____________________                          _______________                     ____________ 

Name of Internal Examiner                                   Signature                                     Date 

_____________________                          _______________                     ____________ 

Name of External Examiner                                  Signature                                     Date 

 

Final approval and acceptance of the thesis is contingent upon the submission of the final 

copy of the thesis to the Council of Graduate Studies (CGS) through the department 

graduate committee (DGC) of the candidate‘s major department. 

 

 

 



v 
 

DEDICATION 

This Thesis is dedicated to Woldemicael Gebremariam and Lekyeleshe Gebrekale. You can’t 

read and write, but making me to write and read, you haven’t feel about shoe for your necked 

legs, but my legs are soften; you haven’t feel about net clothes throughout your life, but I have 

got a chance to do so as the expense of you!!! Yet now, I am through the sparking light of you 

by doing this thesis with my blinked knowledge. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

STATEMENT OF THE AUTHOR 

I declare that this thesis is my genuine work, and that all sources of materials used for this 

thesis have been profoundly acknowledged. This thesis has been submitted in partial 

fulfillment of the requirements for Master of Science (MSc) at Debre Berhan University and it 

is deposited at the University library to be made available for users under the rule of the 

library. I intensely declare that this thesis is not submitted to any other institution anywhere 

for the award of any academic degree, diploma or certificate. Brief quotations from this thesis 

are allowable without special permission, provided that accurate acknowledgement of source 

is made. Requests for permission for extended quotation from or reproduction of this 

manuscript in whole or in part may be granted by the head of the major department or the 

Dean of the School of Graduate Studies when in his judgment the proposed use of the 

material is in the interest of scholarship. In all other instances, however, permission must be 

obtained from the author and advisors of this thesis.  

 

Name: Endale Lemma Demissie  Signature: --------------------- 

 

Place: College of Agriculture and Natural Resource Sciences, Debre Berhan University. 

 

Date of Submission: ----------------------------------- 

 

 

 

 

 

 

 

 

 



vii 
 

ACKNOWLEDGMENTS 

Primarily, I am grateful to the Heavenly Father, the almighty God, without whose Guidance 

and Encouragement this study would have been impossible. I express my deepest gratitude 

and sincere thanks to Dr. Wondwesen Tena (Major advisor) and Mitiku Ashenafi (Co-

advisor) for their sustained guidance and constructive comments at all stages of the research 

work and thesis writes up. They shared with me their accumulated professional experience 

and were cooperative from the beginning of proposal writing to the completion of the thesis 

work, without which the success of this work would have not been possible. 

 

 

I am indebted to the North Shewa Zone Department of Agriculture and Natural resource 

development, North  Shewa  Department  of  Livestock and Fishery  Development , Debre 

Berhan Research center (DBRC),Debre Berhan University College of Agriculture and Natural 

resource(DBU),Bassonaworana Woreda Office of Agriculture and Natural resource 

development, Global Malting Service (GMS) for your all rounded supports. My special 

thanks also go to Befikadu Legesse, Shewangizaw Hailmicael, Dereje Mandefero, Belachew 

Nigussie, Demerew Eshetie, Getaw Assefa, Alem Abate, Aregahegne Denkineh, ,Dereje 

Habtie, Gashaw  Demissie, Zemenaye  Geberu, Habitamu Tadesse, Aklile Yemane, Samuale 

kebrekidanie, Demisse Gedelu, Birhanu Kebede, Fikadu Simmie, Abebe Assefa for you 

invaluable support and kindly cooperation throughout the research process. I would like to 

thank also Ato Belete Gashaw and his wife W/r Zewudinesh Sahiledengele, Ato Mekuriaw 

Gebeyehu and his wife W/r Weyeneshet  Shewangizaw and Ato Mekoya Belete for your 

unforgettable support and cooperation. 

 

 

Finally, my special gratitude goes to my beloved, Aynalem Bogale for your encouragements 

and shouldering the total burden of family responsibilities throughout my graduate work. My 

lovely son ―Amanuale Endale‖, I know that you are highly suffered from the sharing of your 

time for my study; so, I acknowledged for your patience over the study period. Greatest 

thanks for friends and all individuals who directly or indirectly contributed to the successful 

completion of my graduate work. 



viii 
 

LIST OF ABBREVIATIONS 

ATA Agricultural Transformation Agency 

AACC American Association Cereal Chemists 

ABOANR Amhara Region Bureau of Agriculture and Natural Resource  

ANOVA Analysis of Variance 

AMF Assela malt factory 

CEC Cation Exchange Capacity 

CSA Central Statistics Authority Agency 

CIMMYT Centre for International Maize and Wheat Improvement 

DV Daily Value of essential nutrients 

DBARC Debre Berhan Research Center 

DBU Debre Berhan University 

DMRT Duncan‘s Multiple Range Test 

EIAR Ethiopia Institute of Agricultural Research,  

ERP Ethiopian Rock Phosphate 

EBC European Breweries Convention  

FYM Farm yard manure 

FAO Food and Agriculture Organization  

ICARDA International Centre for Agricultural Research in the Dry Areas 

MF Malt Factory 

MRR Marginal rate of return 

MOANR Ministry of Agriculture and Natural Resource 

MAS Multi-disciplinary approach for fundamental studies 

NUE Nitrogen Use Efficiency 

NPSB Nitrogen, Phosphorous, Sulfur and Boron 

ppm Parts per Million 

QSAE Quality and Standards Authority of Ethiopia  

QTL Quantitative Trait Loci 

SOM Soil Organic Matter 

SNNPRS Southern Nations, Nationalities and Peoples‘ Regional State 

https://en.wikipedia.org/wiki/Daily_Value


ix 
 

TABLE OF CONTENTS 

Contents                                                                                                       Page 

DEDICATION............................................................................................................... v 

STATEMENT OF THE AUTHOR ............................................................................ vi 

ACKNOWLEDGMENTS .......................................................................................... vii 

LIST OF ABBREVIATIONS ................................................................................... viii 

TABLE OF CONTENTS ............................................................................................ ix 

LIST OF TABLES ...................................................................................................... xii 

LIST OF FIGURES ................................................................................................... xiv 

LIST OF TABLES IN THE APPENDIX ................................................................ xvi 

ABSTRACT .............................................................................................................. xviii 

1. INTRODUCTION .................................................................................................... 1 

2. LITERATURE REVIEW ........................................................................................ 6 

2.1 Botany and Classification of Barley 6 

2.2 Historical Trends and Barley Production in Ethiopia 7 

2.3 Malt Barley Production Its constraint in Ethiopia 10 

2.4 Preference of Barley Grain for Malt 11 

2.5. Grain Quality Standards of Malt Barley 12 

2.5.1 Grain nitrogen percentage ............................................................................................... 13 

2.5.2. Grain protein content ...................................................................................................... 13 

2.5.3 Hectoliter weight ............................................................................................................. 14 

2.5.4 Seed characteristics of malt barley 14 

2.6 Effects Soil Fertility Management in Barley Production 16 

2.7 Roll and Effects of Nitrogen in Barley Production 17 

2.8 Role and Effects of Phosphorus in Barley Production 20 

2.9. Role and Effects of Sulfur and Boron in Barley Production 21 



x 
 

TABLE OF CONTENTS (Continued) 

2.10 Nitrogen Uptake, Use Efficiency and Improvement Strategy in Barley Production 23 

3. MATERIALS AND METHODS ........................................................................... 28 

3.1. Description of the Study Area 28 

3.2. Experimental Materials, Treatments and Design 29 

3.3 Agronomic Practices 30 

3.4 Soil Sampling and analysis 31 

3.5 Plant Sampling and tissue analysis 31 

3.6. Data Collection 32 

3.6.1. Phenological data collection ........................................................................................... 32 

3.6.2 Growth parameters data collection .................................................................................. 32 

3.6.3 Yield and yield components of data collection ............................................................... 32 

3.6.4 Data collection for quality parameter .............................................................................. 33 

3.6.5 Data collection for nitrogen uptake ................................................................................. 34 

3.6.6 Data collection for nitrogen use efficiency ...................................................................... 34 

3. 7 Data Analysis 36 

3.7.1 Statistical analysis............................................................................................................ 36 

3.7.2 Partial budget analysis/Economic analysis ...................................................................... 36 

4. RESULT AND DISCUSION ................................................................................. 37 

4.1 Soil Physical and Chemical Properties 37 

4.1.1. Soil Physical properties .................................................................................................. 37 

4.1.2. Soil chemical properties ................................................................................................. 37 

4.2. Effect of Nitrogen Rate, Time of Application and Variety on Phenology of Malt Barley 40 

4.2.1 Effect on days of seed emergence ................................................................................... 40 

4.2.2. Effect on days of heading ............................................................................................... 41 

4.2.3. Effect on days of maturity .............................................................................................. 42 

4.3 Effect of Nitrogen Rate, Time of Application and Variety on Growth Parameters of 

Malt Barley 48 

4.3.1 Plant height ...................................................................................................................... 48 

4.3.2. Total tiller number .......................................................................................................... 49 



xi 
 

TABLE OF CONTENTS (Continued) 

4.3.3 Spike length ..................................................................................................................... 50 

4.4. Effect of Nitrogen Rate, Time of Application and Variety on Yield and Yield 

Components of Malt Barley 57 

4.4.1Number of effective tillers ................................................................................................ 57 

4.4.2 Number of kernel/spike ................................................................................................... 58 

4.4.3 Grain yield ....................................................................................................................... 60 

4.4.4. Straw yield ...................................................................................................................... 62 

4.4.5 Harvest index ................................................................................................................... 63 

4.5. Effect of Nitrogen Rate, Time of Application and Variety on Quality Parameters of 

Malt Barley 71 

4.5.1Thousand seed weight ...................................................................................................... 71 

4.5.2 Hectoliter weight ............................................................................................................. 72 

4.5.3 Grain protein content ....................................................................................................... 73 

4.6 Nitrogen Uptake Traits 79 

4.6.1Grain nitrogen uptake ....................................................................................................... 79 

4.6.2 Straw nitrogen uptake ...................................................................................................... 80 

4.6.3 Total nitrogen uptake ....................................................................................................... 80 

4.7 Nitrogen Use Efficiency Traits 85 

4.7.1. Physiological efficiency ................................................................................................. 85 

4.7.2. Agro-physiological efficiency ........................................................................................ 85 

4.7.3 Agronomic efficiency ...................................................................................................... 86 

4.7.4 Apparent nitrogen recovery efficiency ............................................................................ 87 

4.7.5 Nitrogen utilization efficiency ......................................................................................... 89 

4.7.6 Nitrogen use efficiency .................................................................................................... 90 

4.7.7 Nitrogen harvest index ..................................................................................................... 91 

5. SUMMARY AND CONCLUSION ..................................................................... 101 

RFERENCES ............................................................................................................ 106 

APPENDIX ................................................................................................................ 121 

BIOGRAPHY ............................................................................................................ 130 



xii 
 

LIST OF TABLES 

Tables                                                                                                                Page 

Table 1: Malt barley varieties used for the experiment............................................................ 30 

Table 2: Physico- Chemical properties of the soil ................................................................... 40 

Table 3: Effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on days of 

seed emergence (SE), heading (DH) and Days of physiological maturity (DM) at 

Bassonaworana Woreda. .......................................................................................................... 44 

Table 4: Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

plant height (PH), total tiller number (TTN) and spike length (SL) at Bassonaworana Woreda, 

Central highland of Ethiopia. ................................................................................................... 52 

Table 5:Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

number of effective tiller(NET),number of kernels per spike(NK),grain yield(GY),straw yield 

and harvest index of malt barley at Bassonaworana Woreda. ................................................. 65 

Table 6: The combined effect of time of nitrogen application, varieties and N-rate on number 

of effective tillers of malt barley varieties at Bassonaworana woreda .................................... 70 

Table 7 : Interaction effects of nitrogen rates, time of application and variety on grain yield of 

malt barley ................................................................................................................................ 70 

Table 8 Interaction effects of nitrogen rates, time of application and variety on straw yield of 

malt barley ................................................................................................................................ 71 

Table 9: Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

thousand seed weight (TSW), hectoliter weight (HLW) and grain protein content (GPC) of 

malt barley at Bassonaworana Woreda, Central highland of Ethiopia. ................................... 76 

Table 10: Main effect of Nitrogen rates (N-rate),  time of application (T) and varieties (V) on 

nitrogen uptake traits of malt barley varieties at Bassonaworana Woreda, ............................. 82 



xiii 
 

Table 11: The combined effect of N-rate, time of nitrogen application and varieties on grain 

nitrogen uptake of malt barley varieties at Bassonaworana woreda ........................................ 83 

Table 12: Effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

nitrogen use efficiency traits of malt barley ............................................................................. 93 

Table 13: The interaction effect of N rate and time of nitrogen application, on nitrogen       

utilization efficiency and nitrogen use efficiency of malt barley varieties at Bassonaworana 

woreda ...................................................................................................................................... 94 

Table 14: The combined effect of time of nitrogen application, varieties and N-rate on 

nitrogen utilization efficiency of malt barley varieties at Bassonaworana woreda ................. 94 

Table 15: The combined effect of time of nitrogen application, varieties and N-rate on 

nitrogen use efficiency of malt barley varieties at Bassonaworana woreda ............................ 95 

Table 16: Partial budget analysis of N-rates, time of application and varieties of malt barley at 

Bassonaworana Woreda ......................................................................................................... 100 

 

 

 

 

 

 

 

 

 

 



xiv 
 

LIST OF FIGURES 

Figures                                                                                                            Page 

Table 1: Malt barley varieties used for the experiment............................................................ 30 

Table 2: Physico- Chemical properties of the soil ................................................................... 40 

Table 3: Effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on days of 

seed emergence (SE), heading (DH) and Days of physiological maturity (DM) at 

Bassonaworana Woreda. .......................................................................................................... 44 

Table 4: Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

plant height (PH), total tiller number (TTN) and spike length (SL) at Bassonaworana Woreda, 

Central highland of Ethiopia. ................................................................................................... 52 

Table 5:Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

number of effective tiller(NET),number of kernels per spike(NK),grain yield(GY),straw yield 

and harvest index of malt barley at Bassonaworana Woreda. ................................................. 65 

Table 6: The combined effect of time of nitrogen application, varieties and N-rate on number 

of effective tillers of malt barley varieties at Bassonaworana woreda .................................... 70 

Table 7 : Interaction effects of nitrogen rates, time of application and variety on grain yield of 

malt barley ................................................................................................................................ 70 

Table 8 Interaction effects of nitrogen rates, time of application and variety on straw yield of 

malt barley ................................................................................................................................ 71 

Table 9: Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

thousand seed weight (TSW), hectoliter weight (HLW) and grain protein content (GPC) of 

malt barley at Bassonaworana Woreda, Central highland of Ethiopia. ................................... 76 

Table 10: Main effect of Nitrogen rates (N-rate),  time of application (T) and varieties (V) on 

nitrogen uptake traits of malt barley varieties at Bassonaworana Woreda, ............................. 82 



xv 
 

Table 11: The combined effect of N-rate, time of nitrogen application and varieties on grain 

nitrogen uptake of malt barley varieties at Bassonaworana woreda ........................................ 83 

Table 12: Effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

nitrogen use efficiency traits of malt barley ............................................................................. 93 

Table 13: The interaction effect of N rate and time of nitrogen application, on nitrogen       

utilization efficiency and nitrogen use efficiency of malt barley varieties at Bassonaworana 

woreda ...................................................................................................................................... 94 

Table 14: The combined effect of time of nitrogen application, varieties and N-rate on 

nitrogen utilization efficiency of malt barley varieties at Bassonaworana woreda ................. 94 

Table 15: The combined effect of time of nitrogen application, varieties and N-rate on 

nitrogen use efficiency of malt barley varieties at Bassonaworana woreda ............................ 95 

Table 16: Partial budget analysis of N-rates, time of application and varieties of malt barley at 

Bassonaworana Woreda ......................................................................................................... 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xvi 
 

LIST OF TABLES IN THE APPENDIX 

Appendix Table                                                                                               Page 

Appendices Table 1. Mean square from analysis of variance (ANOVA) for days of seed 

emergence, days of heading, days of physiological maturity, plant height, total tiller number, 

net effective tillers, spike length and number of kernels per spike……………………….....123 

Appendix Table 2. Mean square from analysis of variance (ANOVA) for grain yield, straw 

yield, thousand seed weight, hectoliter weight, harvest index, and grain protein content of 

malt barley……………………………………………………………………………….......123 

Appendix Table 3. Mean square from analysis of variance (ANOVA) for grain nitrogen 

uptake, straw nitrogen uptake and  total nitrogen uptake of malt barley……………….......124 

Appendix Table 4. Mean square from analysis of variance (ANOVA) for apparent recovery 

efficiency, agronomic efficiency, physiological efficiency, agro-physiological efficiency, 

nitrogen utilization efficiency, nitrogen use efficiency and nitrogen harvest index of malt 

barley………………………………………………………………………………………...125 

Appendix Table 5. Grade requirements for malt Barley …....................................................126 

Appendix Table 6: Gondar Malt Factory Malt barley Quality Standard…............................126 

Appendix Table 7: Assela Malt Factory Malt barley Quality Standard…..............................127 

Appendix Table 8. Rating for total nitrogen and organic matter…........................................127 

Appendix Table 9. Ratings for organic carbon and cataion exchange capacity…………….127 

Appendix Table 10. Soil pH rating (for 1:2.5 soil water suspensions)…...............................127 

Appendix Table 11. Rating for Available Phosphorous….....................................................127 

Appendix Table12. Monthly distribution of rainfall (mm) of Bassonaworana from 2008 to 

2018….....................................................................................................................................129 

Appendix Table 13.Monthly maximum temperature (
o 

C) of Bassonaworana from 2008 to 

2018………………………………………………………………………………………….129 



xvii 
 

Appendix Table14.Monthly minimum temperature (
o 

C) of Bassonaworana from 2008 to 

2018….....................................................................................................................................130 

 

 

 

 

 

 

 

 

 

 

 

 



xviii 
 

Effects of Rate and Time of Nitrogen Fertilizer Application on Yield, 

Quality and Nitrogen Use Efficiency of Malt Barley Varieties (Hordeum 

Distichon L.)At Bassonaworana Woreda, Central Highlands of Ethiopia 

By 

Endale Lemma (BSc) Haremaya University, Ethiopia 

Advisors: Wondwosen Tena (PhD.), Debre Berhan University, Ethiopia  

Mitiku Ashenafi (Ph.D. Candidate), Debre Berhan University, Ethiopia 

ABSTRACT 

A field experiment was conducted to evaluate the Effects of Rate and Time of Nitrogen 

Fertilizer Application on Yield, Quality and Nitrogen Use Efficiency of Malt Barley Varieties 

(Hordeum Distichon L.) during the 2018 cropping season at  Bassonaworana Woreda; 

central highlands of Ethiopia. The experiments were laid in factorial arrangement of 

randomized complete block design with three replication four nitrogen rates in the form of N 

(50, 70, 90, 110 kgha
-1

),three times nitrogen application(T1=Full dose at sowing, T2=1/2 

dose at sowing and 1/2 dose mid-tillering,T3 =1/4 dose at sowing,1/2 dose at mid-tillering 

and 1/4 dose at anthesis)and two malt barley varieties (Ibon174/03-V1and EH-1847-V2).The 

result showed  that, the interaction effects of nitrogen rates with time of application 

significantly increased the grain yield from 2889.00 to 6611.10kgh
-1

 in case two-was 

interaction and from 2694.4kgha
-1

 to 6916.70kgha
-1

in three way interaction effect with the 

acceptable ranges of quality parameter(thousand seed weight35to45gm,grain protein 

contents9-12%and hectoliter weight48to62kghl
-1

).Varieties affected thousand seed weight and 

the protein content levels.EH1847 variety gave higher thousand seed weight (53.40gm) and 

highest (12.21%) but with unacceptable protein, content while IBONE174/03 variety gave an 

acceptable level of thousand seed weight (49.82gm) and protein content (10.57%).Nitrogen 

uptake increased along with nitrogen rates and times of application, which had significant 

effect on grain yield. Interaction of Nitrogen rate versus time of application mainly affected 

positively apparent recovery, agronomic, agro-physiological efficiency and nitrogen harvest 

index of the crop significantly. Simple partial budget analysis also revealed that the highest 

net benefit of Eth. birr 79137.36ha
-1 

and marginal rate of return of 31.37% with value to cost 

ratio of Eth. birr 4.73 per unit of investment was generated from combination of 110kg Nha
-1

 

and Ibon174/03 variety. Therefore, the combination of 110kgNha
-1 

fertilizer rate with 

Ibon174/03 variety at the time of application T3had economically feasible for malt barley 

production at Bassonaworana Woreda. However, it is difficult to give a conclusive remark, 

since this study was conducted only in one season and in a single location, the study needs to 

be repeated over seasons and locations. 

Keywords: Malt barley, Protein content, Quality, Yield
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1. INTRODUCTION 

Barley is an annual cereal crop and grown in environments ranging from the desert of the 

Middle East to the high elevation of Himalayas where it is the major cereal in many areas of 

the world; there are barley varieties suited to temperate, to sub-arctic as well as to subtropical 

climatic conditions and is vital for the livelihoods of many farmers in the world. Cultivated 

barley is normally divided into three subgroups; six-row (Hordeum vulgare L.), two-row 

(Hordeum distichum L.) and the seldom cultivated intermediate (Hordeum irregular L.) 

(Pettersson, 2006). 

In 2016,barley ranked fifth worldwide in crop production averaging 141 million tones, 

following maize (Zea mays L.), rice (Oryza s ativa L.),wheat (Triticum spp. L.),and soybean 

(Glycine max L.Merr.),led by the European Union producing 41% of the world total. Globally 

European Union, Russia, Germany, France, Ukrain, Australia and Canada are the top largest 

world barley producers where, European Union produces the greatest quantities of barley with 

an estimated production of 58.2 million tons followed by Russian federations with a 

production of about 18.0 million tons, whereas Germany, France, Ukraine, Australia and 

Canada barley production was estimated 10.7, 10.3, 9.4, 9.0 and 8.7 million tons respectively 

(FAOSTAT, 2017). Due to its wide adaptation and tolerance to drought and salinity, it is 

more productive under adverse and diversified environments than other cereal crops (Taalab 

et al., 2015). 

Ethiopia is the second largest barley producer in Africa, next to Morocco (total area coverage 

of 2.1million hectares and total annual production of 2.16 million metric tons), accounting for 

about 26 percent of the total barley production in the continent and is also recognized as a 

center of diversity, as its barley germplasms have global significance because of improved 

traits, including disease resistance (Shahidur et al.,2015). It is the fifth important cereal crop 

next to tef, maize, sorghum and wheat in the country‘s domestic production with total area 

coverage of 959,273.36 ha and total annual production of about 2.03 million tons in main 

cropping season, whereas the mean barley productivity was 2.1 tons ha
-1

 (CSA, 2017). The 

diversity of barley types found in Ethiopia is probably not exceeded by any other region of 

https://en.wikipedia.org/wiki/European_Union
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comparable size for which it has a long history of cultivation in the highlands of Ethiopia 

(Biadge Kefale et al.,2016). In Ethiopia, barley (Hordeum vulgare L.) is grown in diverse 

environments with the altitude range of 1500 and 3500 masl, but predominantly grown from 

2000 to 3000 masl (Amare Aleminew and Adane Legas, 2015) and its production is highly 

concentrated in Oromia and Amhara National Regional State mainly in the highlands of 

Aresi, Bale, Showa and Gondar areas of the country (Biadge Kefale, et al.,2016; MOANR, 

2016). 

Worldwide the major use of barley is for animal feed, followed by human food consumption 

and malting were malting currently takes up second largest place in the market (Kumlehn and 

Stein, 2014; Oser, 2015).Both two-row and six-row barley are used for malting, but the best 

malt quality for beer is produced from two-row varieties (Pettersson, 2006). Unlike the 

industrialized countries where barley is mainly used for animal feed and malting; barely is a 

dependable source of food in the highlands of Ethiopia, accounting for 6 percent of the per 

capita calorie consumption (Shahidur et al.,2015). Barely in Ethiopia is mainly used for 

making local alcoholic and non-alcoholic recipes and drinks in different forms such as bread, 

Genfo, Beso, porridge, soup, Tella and roasted grain/ kolo; for animal feed, thatching roofs 

and bedding (Amare Aleminew and Adane Legas,2015). 

Very recently, as it is being a dependable source of food in the highlands of Ethiopia, malt 

barley is a high-opportunity crop, with great room for profitable expansion, particularly when 

connected with the country‘s commercial brewing and value-added industries ), 2011).Now a 

days; as the modern malting practice started due to expansion of breweries and beer 

consumption levels in Ethiopia, malt is the second largest use of barely and it is considered as 

one of the cash crop in the country (Biadge Kefale et al.,2016). However, breweries in 

Ethiopia imports 69% of the malt from international producers, despite the fact that the 

country has conducive environment and potential market opportunity )Biruk Gezahegn and 

Demelash Kefale, 2016). 

However, the importance of malt barley and its many useful characteristics were considered, 

there are several factors that limits its production. Poor soil fertility management and use of 

low yielding varieties are among the most important constraints that threaten barley 
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production in Ethiopia. On the other hand, quality requirements for malt barley are strict, and 

directly related to processing efficiency and product quality of malt barley in the malting and 

brewing industries have their own impact on barley production (Getachew Agegnehu et 

al.,2006). 

As it is already well known, nitrogen (N) is one of the most yield-limiting nutrients for crop 

production in the world. It is also the nutrient element applied in the largest quantity for most 

annual crops and is required for all types of soils due to its greater influence on growth and 

yield of crop plants than any other essential plant nutrient as it plays a pivotal role in many 

physiological and biochemical processes of plants (Huber and Thompson, 2007). However, 

deficiency due to high quantity uptake by crop plants, and its loss by leaching, denitrification, 

volatilization, soil erosion, and surface runoff, N immobilization by soil microbes and un-

decomposed plant residues, intensive cropping systems, depletion or loss of organic matter 

which may cause N deficiency in crop plants is a serious problem in quality malt barley 

production (Johnston et al.,2007).Therefore, to maximize yield and quality of malt barley, N 

management practices is the main component of fertilizer programs and it should be adjusted 

based on the availability of water and N in the soil and the needs of particular varieties (Edney 

et al.,2014). 

However, malt barley is considered as an industrial crop and is one of the principal 

ingredients in the manufacturing of beer, 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 production area, improving productivity and quality of malt barley, 

identifying the impact of different rate, time of N-fertilizer application and its capacity to 

NUE is an integral part to increase production by maintaining the quality of malt barley that 

can contribute to the improvement of income of the  farmers. So far, studies are undertaken on 

major cereal crops and have reported the impacts of various factors influencing production, 

productivity and quality of crop products. Many of the previous studies were focused mainly 

on cereal crops like wheat or barley as in general crop. Still now, no studies have been 

conducted on malt barley production by considering N rates, time of application and NUE as 

a particular crop on the central highlands of Ethiopia, However, barley is one of the imported 

commodities and an industrial cash crop for the barley potential farmers of central highland of 
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Ethiopia like Bassonaworana Woreda, where it is produced in areas of higher altitude on a 

sharply undulating topography that has been cultivated for a long time in a severely eroded, 

waterlogged (mainly during heavy rainfall seasons even on well drained soils) environment. 

Hence, Poor soil fertility particularly N and P have been the nutrient deficiency issue; an 

optimum and economic N fertilizer rates, timing of N-application and NUE on malting 

qualities has not been well determined. 

At Bassonaworana Woreda, even for North Shoa zone of malt barley growing areas, there is 

no area specific recommendation and common arguments on practical application of N 

fertilizer rates (commonly urea) and time of application as well. For instance, the  Ministry of 

Agriculture and Natural Resource (MOANR)malt barley package proposed that, 100kgha
-1

of 

urea plus100kgha
-1

NPSB-fertilizer; where urea on split application )2/3 dose at the time of 

sowing and 1/3 dose 30-35 days after sowing)has been recommended uniformly in all malt 

barley-growing areas across the country )MOANR,2017). Similarly, Amhara region Bureau 

of Agriculture and Natural Resource (ABOANR) malt barley package also stated that, 

110kgha
-1

of urea plus100kgha
-1

NPSB-fertilizer; where urea on split application (2/3 dose at 

the time of sowing and 1/3 dose 30-35 days after sowing) has been recommended uniformly 

in all malt barley-growing areas across the region; where in a highly diversified agro-

ecological status of the region (ABOANR, 2017). 

On the other hand the Agricultural Transformation Agency (ATA) has another initiatives on 

urea fertilizer rate and time of application with the aim of transferring technological 

experience from malt barley producing countries on N-rates and time of application, which 

stated that;150kgha
-1

of urea plus100kgha
-1

of NPSB full dose at the time of sowing or basal 

application in all regions throughout the malt producing areas of the country can have an 

advantage than national and regional malt barley technology package, in which it was 

undertaken through large-scale demonstration /validation approach for the past two to three 

years and which was recorded 5200kgha
-1

 grain yield as compared to the result obtained by 

national and regional crop package average grain yield (2100kgha
-1

) in 2014 crop season at 

Angolelanatera woreda, Tsigereda Kebele; which is a nearby and an adjacent site for 

Bassonaworana woreda (ATA,2016).However, these considerable efforts have been made for 

the past many years in the studied area, one can easily observe on the ground that; some 
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farmers are not totally using this blanket recommendation of urea or some are using only urea 

fertilizer during time of sowing and or at top dressing and or are using little amount of 

urea(below the recommendation rate) at the time of sowing by considering their practical  

knowledge on the physio-geographic feature of their fields, like water holding capacity of the 

soil, fallowing status of their farm, manuring condition of their field, onset of rain shower in 

relation to their forecast on the prevalence of frost, and so on; most farmers have hardly 

confident and still resistant to accept the national and regional rate of N fertilizer 

recommendation because they are not benefited from the existing recommendation. 

Therefore, in order to minimize and realize these different agronomic gaps and to establish an 

appropriate N rate and time of application; this research was conducted by considering the 

following objective; 

General Objective  

 To determine the effects of N-rates and time of N-fertilizer application on yield, 

quality and nitrogen use efficiency of malt barley varieties(Hordeum distichon 

L.)atBassonaworana Woreda, central Ethiopia. 

Specific Objectives    

 To investigate the effect of rate and time of N-fertilizer application on yield, 

quality and nitrogen use efficiency of malt barley varieties. 

 To determine the rate and time of N-fertilizer application fertilizer that may result 

in the optimum yield with preferable quality of malt barley varieties. 
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2. LITERATURE REVIEW 

2.1Botany and Classification of Barley 

Barley (Hordeum vulgare L.),a member of the grass family, self-pollinating, diploid species 

with 14-chromosomes. In traditional classifications of barley, morphological differences have 

led to different forms of barley being classified as different species. Under these 

classifications, two-row barley with shattering spikes (wild barley) is classified as Hordeum 

spontaneum K. Koch., two-row barley with non-shattering spikes is classified as H. 

distichum L., six-row barley with non-shattering spikes as H. vulgare L. (or H. 

hexastichum L.), and six-row with shattering spikes as H. agriocrithon Åberg. Barley 

spikelets are arranged in triplets, which alternate along the rachis. In wild barley (and 

other Old World species of Hordeum), only the central spikelet is fertile, while the other two 

are reduced. This condition is retained in certain cultivars known as two-row barleys (Figure 

1). A pair of mutations (one dominant, the other recessive) result in fertile lateral spikelets to 

produce six-row barleys (Zohary and Hopf, 2000). Recent genetic studies have revealed that a 

mutation in one gene, vrs1, is responsible for the transition from two-row to six-row barley 

(Komatsuda et al., 2007).  

 

Two-row barley has lower protein content than six-row barley, thus more fermentable sugar 

content where, high-protein barley is best suited for feed. Malting barley is usually lower 

protein (low grain nitrogen) which shows more uniform germination, needs shorter steeping, 

and has less protein in the extract that can make beer cloudy (Andrian et al.,2009) .However 

most recent classifications treat these forms as a single species, H. vulgare L. (Zohary and 

Hopf, 2000) 

https://en.wikipedia.org/wiki/Poaceae
https://en.wikipedia.org/wiki/Self-pollination
https://en.wikipedia.org/wiki/Diploid
https://en.wikipedia.org/wiki/Chromosome
https://en.wikipedia.org/wiki/Karl_Koch_(botanist)
https://en.wikipedia.org/wiki/L.
https://en.wikipedia.org/wiki/Rachis
https://en.wikipedia.org/wiki/Old_World
https://en.wikipedia.org/wiki/Protein


7 

 

 

Figure 1: Two-row and six-row barley. 

Source; https://en.wikipedia.org/wiki/File 

2.2 Historical Trends and Barley Production in Ethiopia 

Barley was one of the first domesticated grains in the Fertile Crescent, an area of relatively 

abundant water in Western Asia, and near the Nile river of northeast Africa (Badr et al.,2000) 

where wild barley (H. vulgare ssp. spontaneum) ranges from North Africa and Crete in the 

west, to Tibet in the east. Barley was probably one of the first cultivated grains, particularly 

in Eurasia as early as 10,000 years ago (Zohary and Hopf, 2000) and alcoholic drinks 

developed by Neolithic humans (Pellechia, 2006). The wild ancestor of domesticated 

barley, Hordeum vulgare subsp. spontaneum, is abundant in grasslands and woodlands 

throughout the Fertile Crescent area of Western Asia and northeast Africa, and is abundant 

in disturbed habitats, roadsides and orchards. Outside this region, the wild barley is less 

common and is usually found in disturbed habitats (Zohary and Hopf, 2000). 

 

Wild barley (H. spontaneum); the ancestor of domestic barley (H. vulgare) harbors 

distinctive genes, alleles and regulators with potential for resistance to abiotic or biotic 

stresses to cultivated barley and adaptation to climatic changes and has a brittle spike; upon 

maturity, the spikelets separate, facilitating seed dispersal(Wang et al.,2018). Domesticated 

barley has non-shattering spikes, making it much easier to harvest the mature ears. The non-

shattering condition is caused by a mutation in one of two tightly linked genes known as 

Bt1 and Bt2; were many cultivars possess both this mutations. The non-shattering condition 

https://en.wikipedia.org/wiki/Neolithic_founder_crops
https://en.wikipedia.org/wiki/Fertile_Crescent
https://en.wikipedia.org/wiki/Nile
https://en.wikipedia.org/wiki/North_Africa
https://en.wikipedia.org/wiki/Crete
https://en.wikipedia.org/wiki/Tibet
https://en.wikipedia.org/wiki/Eurasia
https://en.wikipedia.org/wiki/Fertile_Crescent
https://en.wikipedia.org/wiki/Secondary_succession
https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/Allele
https://en.wikipedia.org/wiki/Abiotic
https://en.wikipedia.org/wiki/Biotic_stress
https://en.wikipedia.org/wiki/Biotic_stress
https://en.wikipedia.org/wiki/Biotic_stress
https://en.wikipedia.org/wiki/Spike_(botany)
https://en.wikipedia.org/wiki/Spikelet
https://en.wikipedia.org/wiki/Seed_dispersal
https://en.wikipedia.org/wiki/Shattering_(agriculture)
https://en.wikipedia.org/wiki/Mutation
https://en.wikipedia.org/wiki/Genetic_linkage
https://en.wikipedia.org/wiki/Cultivar
https://en.wikipedia.org/wiki/File:BarleyEars.JPG
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is recessive, so, varieties of barley that exhibit this condition are homozygous for the 

mutant allele (Zohary and Hopf, 2000). 

 

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

Barley is a crop of ancient origin in Ethiopia and the country is considered to be as a center of 

diversity for barley, because of the presence of great diversity in the ecology with a large 

number of folk varieties and traditional practices existing in Ethiopia, which enables the crop 

to be more adaptable in the highlands (Amare Aleminew and Adane Legas, 2015). 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 and the start of local malt production in 1974(Tadesse Kasshun et 

al.,2011). Due to the presence of exploitable  potential for malt production in the country, 

strong efforts has been done to boost malt barley production which was initiated by  

Agricultural Research (EIAR), Malt Factory (MF) and breweries  to strengthening malt barley 

research and scaling up of malt barley technologies throughout the country. As a result, there 

is a promising progress in promoting malt barley technologies in the potential malt barley 

growing areas of South eastern part of Ethiopia (Arsi and Bale), Central Highlands and North-

Western part of the country (Gojjam and Gondar) (AMF, 2013). 

 

Barley is one of the major cereal crops with strategic importance in Ethiopia. It is an 

important staple food crop to sustain the livelihoods of millions of people in the highlands of 

Ethiopia. It also provides a substantial income for farmers beside their livelihoods from the 

processing of barley into local drinks called tella and areqae. Barley accounts for over 60% of 

the total volume of food intake of the people in the highlands of Ethiopia. Furthermore, barley 

straw is a good source of animal feed especially during the dry season, and it is a useful 

material for thatching roofs of houses and for use as bedding (Zemede Asfaw, 1996). 

 

In Ethiopia barley has a long history of cultivation in the highlands that can be grown in 

diverse environments with the altitude range of 1500 and 3500 masl, but predominantly 

grown from 2000 to 3000 masl at the highest elevations (Amare Aleminew and Adane 

Legas,2015).Barley grows well on well-drained soils with moderate acidity and neutral pH. It 

https://en.wikipedia.org/wiki/Recessive
https://en.wikipedia.org/wiki/Homozygous
https://en.wikipedia.org/wiki/Allele
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has good tolerance to frost, drought, saline and alkaline soil conditions, but is sensitive to high 

levels of aluminum usually associated with low pH. It requires an evenly distributed rainfall 

of over 500mm.Although barley is widely grown in Ethiopia, over 98% of total area are 

concentrated in the two regional states; Oromiya National regional state with total area of  

0.45 million ha with annual production of 10.9 million qt and with productivity of 24.12qtha
-

1
and Amhara National regional state with total area of 0.32 million ha and annual production 

of 6.4million qt with its productivity 19.74qtha
-1

. These two regions accounted more than 

84.16% of the total barley production of the country (Birhanu Bekele et al.,2005; CSA, 2018). 

 

In Ethiopia, barley is cultivated traditionally in four major production systems. The late-

barley production is the dominant form of production system in the main rainy season (locally 

called ―meher‖ season) which normally extends between June and Mid-September) in the 

high altitude areas of the country. Early barley production system is relatively the most 

common one in both mid and high altitude areas during the main rainy season. Significant 

amount of the ‗Belg‘ barley (barley produced during the short rainy season February to Mid-

June) and the residual moisture barley production systems are practiced in some regions of the 

country depending on topography and rainfall distribution of the area (Chilot Yirga et 

al.,2002).On the other hands, agronomic trials on barley have been also attempted to focus on 

the development of fertilizer rates for specific domains, on the utilization of alternative 

sources of fertilizer such as use of FYM as organic fertilizer, establishment of location-

specific barley planting dates, and determination of specific seed rates for released varieties. 

Moreover, emphasis has also been given to cropping-system-related activities. This includes a 

study on crop mixture effects on barley and total yield, fallow improvement by forage legume 

under sowing, and fertility improvement through double cropping. Cropping systems are 

found to be useful for replacing fallowing and for intensifying barley production per unit area. 

Rotation with faba bean or field pea have been practiced to sustain the production of barley. 

With respect to weed control, it was found that one hand weeding at 30–35 days after crop 

emergence, post-emergence application of 2, 4-D 72% a.i. at 1 L/ha to controls some broad 

leaf weeds have been done to prevent economic yield reduction barley (Bayeh Mulatu and 

Berhane Lakew, 2006). 
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Nowadays, most farmers of the central highlands of  Ethiopia; only the dung of sheep, goats 

and draft animals (mules, horses and donkeys) is used for preparing manure to maintain soil 

fertility status of the soil for barley production. Cow dung is entirely devoted to making dung 

cakes, which are widely used as a fuel and are sold for cash (Tekalign Tadesse, 1991). In 

some parts of Ethiopia, particularly around Debre Berhan, farmers practice soil burning to 

minimize water logging problem and improve the fertility of the soil; small mounds are 

created with surface soil, dung and left over straw are put inside the mounds to burn the soil, 

and then the burnt mounds are leveled again. It is important in the highlands of north and 

North West Shewa, where water logging is a major hindrance to barley production. To 

alleviate this problem, farmers use guie (soil burning) and ploughing 3–5 times of fields that 

have been left fallow for at least five years. Early-maturing farmer cultivars, such as 

‗Demoye‘ and ‗Maugie‘, are used in this system, and the grain yield in the first year is about 

2.0 tha
-1

, but declines dramatically in subsequent years (Tekalign Mamo et al.,1991; Bayeh 

Mulatu and Berhane Lakew, 2006).Even though this system is practiced during the Meher 

season, now a days this practice is highly neglected through continuous extension works and 

is replaced by draining of the soil by using broad bed and furrow system (BBF) around Debre 

Berhan water logging pruned areas (Personal observation). 

2.3 Malt Barley Production Its constraint in Ethiopia 

Ethiopia has a great potential for malt barley production. Malting barley demands a favorable 

environmental condition to produce a plump and mealy grain. It grows best at altitudes 

ranging from 2300 to 3000 m.a.s.l. with uniform rainfall distribution of 500-800 mm during 

the crop-growing season. It requires a well-drained soil with pH of 5.5 – 7.3. Currently malt 

barley grain is mainly produced in the Southeastern part of Ethiopia (Arsi and Bale), Central 

Highlands and North-Western part of the country (Gojjam and Gondar) where; these areas are 

suitable for malt barley crop production (Figure 2).However, Ethiopia has a great potential for 

malt barley production, the share of malting barley production is quite low (about 10%) as 

compared to food barley and the national yield has remained low at below 2.07tha
-1 

(Birhanu 

Bekele et al.,2005; CSA, 2017), whereas the potential yield goes up to 6tsha
-1

 on experimental 

plots (Tolera Abera et al.,2006). Several abiotic and biotic factors have contributed to this low 

productivity. The most important factors that reduce yield of malt barley in Ethiopia as 
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commonly of food barley are poor soil fertility mainly aggravated by continuous cropping, 

overgrazing, high soil erosion, and removal of crop residues without any soil amelioration, 

soil acidity, poor agronomic practices for the crop, low yielding and availability improved 

variety, unpleasant premium price of the crop at farm gate level; Moreover, soils of most 

highlands of Ethiopia usually have low levels of essential plant nutrients, especially low 

availability of nitrogen through leaching is critical and is the major constraint to barley crop 

production (Abraham Feyissa et al.,2011; ABOANR,2017) 

 

Figure 2:Land suitability map for malting barley production in Ethiopia 

Source: various CSA reports (1986-2012) 

2.4 Preference of Barley Grain for Malt 

Beer is an ancient beverage. Clay tablets describing the beer brewing process and dating back 

more than 5,000 years in Mesopotamia. According to these tablets, Sumerians used to prepare 

―beer bread‖ out of germinated barley seeds. By crumbling this bread into water, they 

obtained a liquid called ―sikaru‖, which was finally boiled and mixed with a few herbs, 

resulting in a drink free of harmful bacteria. Over time, different types of starchy plants have 

been used for brewing, including maize (in South America), soy (in India and Persia), millet 
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and sorghum (in Africa) and rice (in the Far East). Nowadays, beer production using barley 

malt is the most common brewing process worldwide (FAO, 2009). Currently, 60-70% of the 

global barley that is produced is used for animal feed, 30-40% for malting to make beer and 

whiskey, and only 2-4% directly consumed by humans(Haley,2015). 

 

As malts, barley has historically been preferred because it has desirable characteristics that are 

lacking or deficient in other grains. Among cereals, barley is most preferred for malt 

preparation, because its husk protects the acrospire during germination process and provides 

aid in filtration, firm texture of grains and higher amylase activities make it unique amongst 

common cereals for better malt recovery (Dinesh et al.,2013). This is important at the end of 

the brewing process because the husks collect at the bottom of the mashing tank forming a 

filter bed through which the wort (sugar water extracted from the grain) passes before going 

on to the brew kettle. The husks also contribute to the flavor profile of the beer. The quantity 

of enzymes produced within a germinating barley grain is another desirable characteristic of 

barley; where these enzymes sufficiently convert starches into sugars making them available 

for fermentation. However, other grains produce the same enzymes but not to the extent of 

barley and often require the addition of supplemental enzymes during fermentation (Simpson 

and Ogorzaly, 2001).Although wheat and rye also produce α- and β- amylases, which together 

are more efficient than either alone in hydrolyzing starch, only barley has tightly cemented 

lemma and palea .These structures protect the embryo during grain handling as well as the 

coleoptiles during malting, resulting in more uniform germination. In addition, the lemma and 

palea, or hulls, serve as an aid for filtering the brewing mash. The other reason is that 

historically, this may have resulted from its greater availability compared with other cereals, 

but there are several other sound reasons for its use (Kemelew Muhe, 2011). 

2.5. Grain Quality Standards of Malt Barley 

The end quality of malt depends on various grain parameters as kernel plumpness, shape, size, 

boldness, hectoliter weight, grain protein content, grain N- percentage, β -glucan etc. and malt 

parameters i.e. germination energy, germination capacity, malt yield, friability, homogeneity, 

diastatic power, wort viscosity, saccharification rate, Kolbach index, wort filtration rate 

etc.(Dinesh,2013) 
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 2.5.1 Grain nitrogen percentage 

According to McTaggart and Smith (1995); in quality malt grain, the level of grain N-

percentage should not be more than 2%. Above the quality standard of 2.0 % is occurred due 

to the application of N in order to increase grain yield; where, the research works was 

conducted by using different forms, rates, and timings of N fertilizer, which showed that grain 

N-percentage generally is increased with additional fertilizers. For instance, grain N-

percentage becomes 1.48 when no nitrogen was applied and increased to 2.26 % when 150 kg 

Nha
-1

 in the form of calcium nitrate was applied at sowing (McTaggart and Smith, 1995).  

2.5.2. Grain protein content 

In barley, the major storage protein called hordein, and it comprises 40-50 per cent of total 

grain protein, which is soluble in aqueous alcohol (Fox et al. 2003). The negative effect of 

this protein is due to hordeins, main storage proteins in barley grains, envelope starch 

granules, inhibiting their hydrolysis during maceration, the first step in the manufacture of 

beer (Slack et al.,2009).Protein content is one of the important parameters in selecting malting 

barley, which is affected by genotype, cultural practices/crop management and growing 

environments (Paynterand Van, 2014). 

 

Malt barley with high protein content results in lower extracts (low alcohol yield or low foam 

stability). It also slows down water uptake during steeping, potentially affecting final malt 

quality (McTaggart and Smith, 1995).A very low protein level, on the other hand, results in a 

lack of enzymes necessary to modify the barley kernel and to break down the starch during 

brewing. Low protein also impairs the brewing performance due to poor yeast amino acid 

nutrition (Fox et al. 2003). In most countries, the current malt barley standards for grain 

protein concentration (on a dry basis) should generally be ranging from 9 to 12.8% for delivery 

of malt. While in our cases, the preferred grain protein level should not be greater than 9.5% 

to 11.5% (GMF, 2015) and 9 to 11.5% (AMF, 2012). Any malt barley grain with a grain 

protein concentration outside those ranges considered as feed because of reduced brewing 

performance. Varieties with an inherent low grain protein concentration require a different 

rotation and N management plan than varieties inherently high in grain protein concentration to 

maximize yield potential and meet protein receivable standards (Raj and Blakely, 2015). 
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Porker and Wheeler (2013) proposed that earlier sowing and delayed N fertilizer application 

maybe the best strategy for achieving optimum yield and protein in low grain protein 

concentration varieties. However targeting N- fertility can be difficult because of potential 

losses due to denitrification and leaching with high precipitation and variable soil drainage 

(Murphy, 2007) 

2.5.3 Hectoliter weight 

The hectoliter weight (HLW) is the weight in kilogram of 100 liters of barley. In general, 

brewing barley has a hectoliter weight between 68 and 75kg while the acceptable test weights 

(hectoliter weight) for barley were in the range 66.1-72.8kghl
-1 

(Kunze et al.,2004; Rick et 

al.,(2014). However, the standards set for thousand kernel weight and hectoliter weight by 

National Standard Authority of Ethiopia  ranged from 35 to 45 g and 60 to 65 kghl-
1
, 

respectively but the acceptable grain size (thousand-kernel weight) and test weight (hectoliter 

weight) for raw barley are in the range 25–35 g and 48–62, respectively(EQSA, 2006).Low 

values of HLW indicate poor grain filling, and, therefore, climatic influences leading to grain 

shriveling can impair specific weight through reduced packing efficiency (Gooding and 

Davies, 1997).  

2.5.4 Seed characteristics of malt barley 

Barley grain used for malting should be uniform and plump to allow for consistent processing 

and for high yields of malt extract. One important factor contributing for the size, shape and 

uniformity of barley kernels is the number of rows of kernels on the barley spike. Barley 

spikes can be two rowed or six-rowed. In both types, there are three spikelets at each node of 

the rachis but in two-rowed barley only the central spikelet is fertile, while in six-rowed 

barley all three spikelets are fertile. Two-rowed barley grain is generally preferred for 

malting, although six rowed cultivars are preferred in some markets. Kernels of six-rowed 

cultivars expected to be smaller and more variable in size and shape than those of two-rowed 

cultivars, because kernels from lateral florets tend to be smaller and less symmetrical than 

those from central florets (Ayoub et al.,2002). The parameters of hectoliter weight, thousand 

grain weight and kernal plumpness are used to assess the desired shape and size of barley 

grains. Smaller grain generally has lower starch and higher protein levels, thus reducing the 
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extract potential. Large grains generally have increased levels of starch and therefore more 

extract potential (Fox et al.,2003). 

 

Seed germination is one of the other key properties of malting barley seed as its ability to 

germinate rapidly and synchronously. Dormancy can interfere with the rapid and uniform 

germination of barley, thereby reducing the resultant malt quality. The failure of barley grain 

to germinate at an acceptable level (> 96 per cent) could introduce problems during the 

malting process (Woonton et al.,2005). Beta Glucans is another characteristics of barley grain, 

which is the major constituent of endosperm cell walls are â-D-(1-3), (1-4) glucans (75%) that 

contributes for malt quality traits such as viscosity, speed of filtration and Kolbach index and 

may affect the extract value of malt (Fox et al. 2003). Barley grain â-glucan content varies 

from 2-10 per cent and affected by both genotype and environment (Wang et al.,2004). 

 

Therefore, in order to cultivate quality attributed malt barley; a good way to start malting 

barley production by planting certified seed is not an optional. The seed selected for planting 

should be true to variety, plump, free of weed seeds and diseases and have high germination. 

Using certified seed; reduces the risk of introducing weeds and seed borne disease that can 

affect yield and quality (McLell et al.,2015).The barley seed contains the necessary resources 

to initiate a barley plant. These resources include carbohydrates, proteins, and lipids and 

packaged in a quiescent state until imbibition takes place and stimulates germination (Haley, 

2015). The first step toward germination is; when the seed is exposed to water. Thus, embryos 

become hydrated; resume metabolic function, and releases hormones that stimulate the 

reanimation of the scutellum and aleurone layer. Unlike maize and wheat, where the aleurone 

is only one cell layer thick, barley seed has three cell layers. Upon imbibitions, the embryo 

produces hormones that stimulate aleurone cells to release enzymes, including amylases, 

glucanases, and proteases that degrade proteins and starches of stored energy reserves within 

the endosperm. These raw materials (e.g. sugars, amino, and fatty acids) transported to the 

embryo where they utilized to nourish the developing plant (Shewry and Ullrich, 2014). The 

synchronization of these organs produces a functioning seedling, which emerges from the soil 

(Haley, 2015). 



16 

 

2.6Effects Soil Fertility Management in Barley Production  

Although barley can grow in alkaline, saline, and nutrient deprived soils, malt quality barley 

requires optimum fertility management. To characterize nutrient availability in a field, taking 

of soil samples should be essential. These soil attributes can indicate the availability of 

minerals and nutrients within the soil and can elucidate the effects of fertility amendments. 

Soil texture also plays a role in nutrient availability. Coarse-textured soils often leach easily 

and do not retain nutrients for long periods. Fine-textured soils have more surface area and 

higher cation exchange capacity, and thus, they can better retain nutrients. Therefore, it is 

important to keep soil characteristics when establishing a fertility management plan (Singer 

and Munns, 2006). 

 

Soil fertility is the most limiting factor for barley production in the highlands of Ethiopia, 

particularly the uplands and hillsides; soils become shallow and stony because of severe soil 

erosion and nutrient depletion.  In barley-growing areas, particularly at higher altitudes that 

are not suitable for the production of other crops, farmers use a fallow system to adjust the 

fertility of their farm. However, population pressure has forced farmers to reduce the number 

of years that land left fallow and to convert grazing lands into crop production fields, resulting 

in increased erosion that creates impoverished soils. Traditionally, barley is cultivated with no 

or little external inputs such as fertilizer application thereby its productivity at a national level 

is very low (Getachew Agegnehu et.al., 2016). 

 

So far, in Ethiopia, a number of fertilizer trials are conducted since1987on food barley. The 

result indicated that fertilizer had a significant effect on grain and straw yields. For instance 

application of fertilizer almost doubled grain yield (from 824 kgha
-1 

to1639 kgha
-1

 in 1987) 

and straw yield increased by 72% (from 2609 kgha
-1

 to 4485 kgha
-1

in 1988). Now a day; 

DAP, N P S B, N P S B Zn and urea has been used as a source of Nitrogen, Phosphorous, 

Boron, and Zinc with a blanket recommendation of 100kgha
-1

of  these compound fertilizers 

and 110kgha
-1

of urea for the production malt barley uniformly in all malt barley growing 

areas across the region(ABOANR,  2017).  
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2.7 Roll and Effects of Nitrogen in Barley Production 

Nitrogen is one of the most yield-limiting nutrients for crop production in the world. It is also 

the nutrient element applied in the largest quantity for most annual crops. It usually added as a 

fertilizer and required for all types of soils. It has greater influence on growth and yield of 

crop plants than any other essential plant nutrient and plays a pivotal role in many 

physiological and biochemical processes in plants (Huber and Thompson, 2007). Nitrogen is a 

component of many important organic compounds ranging from proteins to nucleic acids. It 

has greater influence on growth and yield of crop plants than any other essential plant nutrient 

that increases shoot dry matter, which is positively associated with grain yield in cereals and 

legumes. Grain harvest index (grain yield/straw dry weight plus grain yield) and N harvest 

index (N uptake in the grain/N uptake in grain plus straw) also improved by addition of N to 

crop plants (Fageria, 2014). 

 

In Ethiopia, different fertilizer trials were conducted on the application rate of nitrogen and 

phosphorus fertilizers. The results reveals that maximum rate of N-application (73/30kgha
-1)

 

increased barley grain yield by 120% compared with the control plots (9/10kgha
-1

 N/P) at 

Annokere. On the other hand, an on-farm trial was also conducted on split application of the 

blanket fertilizer recommendation of N/Pin the water logging-prone areas (2740–2920 masl) 

of Sheno and Angolela. An on farm experiment comprising unfertilized check, application of 

20/10 kgha
-1

 N/P at sowing; 20/10kgha
-1

 N/P split at sowing and at tillering; 41/20kgha
-1

 N/P 

at sowing; 41/20kgha
-1

 N/P split at sowing and tillering; 82/40 kgha
-1

 N/P at sowing; and 

82/40kgha
-1

 N/P split at sowing and tillering were compared for three consecutive years 

(1996-1998) under improved soil drainage conditions. Splitting was performed only for N 

fertilizer. In these water logging prone and high rainfall areas, it was also expected that the 

applied nitrogen fertilizer might have been lost through leaching, wash-off and denitrification. 

The results of the three years were consistent that the grain and straw yield of barley increased 

with increasing levels of N+P but split and basal application did not show statistically 

significant yield differences. Although there were no statistically significant yield differences 

between split and basal applications of N fertilizer, split application is important to save some 

N fertilizer for whenever barley fails at the early vegetative stage due to water logging, or 

aphid or barley shoot-fly infestation (Getachew Agegnehu et.al.,2016). 
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Similarly, a field experiment was also carried out during the 2013 cropping season at the 

Malga district, Sidama zone, SNNPRS, to determine the effects of N fertilizer level on grain 

yield and quality of three malt barely cultivars (Sabini, Bahat and local) and five rates of N 

fertilizer (52.5, 64, 75.5, 87 and 98.5 kgℎa
-1

. Based on the finding, the maximum grain yield 

(4918.3kgℎa
-1

) was obtained from Bahat variety with the highest levels 98.5kgℎ-1
N fertilizer 

application. However, the grain from such combination was beyond the acceptable grain 

protein contents for malting purpose. Whereas N fertilizer rate of 75.5 N kgℎ-1 
for Bahat 

variety produced optimum (4578.7 kgℎa
-1

) yield with acceptable grain protein content for 

malt barley production in the study area (Biruk Gezahegn and Demelash Kefale, 2016). 

 

Likewise, a field and laboratory experiments were conducted during 2014 cropping season to 

investigate the effect of seed sources and rate of nitrogen fertilizer on yield and quality of 

malt barley (Hordium dischiton L.) and to determine ergonomically optimum level of N at 

Farta District,  South Gondar  Zone, Northern highland of Ethiopia by using four levels of 

nitrogen fertilizer (0, 70, 110, and 150kgNha
-1

), and three seed sources from local farmer 

(LFM seed), seed from local seed business farmer (LSB) and seed from Amhara seed 

enterprise (ASE).N fertilizer rates resulted in linear responses with mean protein contents of 

9.15%, 11.6% and 12.14%, from 0, 70, 110 and 150 rates respectively and the maximum yield 

(3376.66 kgha
-1

) was obtained by the highest level of 150 kg N/ha in clayey loam texture and 

brown (dry) and dark browns (moist) acidic soil class in Farta District. Overall, the use of 

ASE seed and 150 kgha
-1

 of N-fertilizer rate maintain satisfactory crop yield and protein 

content, reduce the costs of production, and therefore increase profitability and improve soil 

fertility (Berhan Getie, 2017). 

 

Very recently, another field experiment also carried out during the 2017 cropping season at 

Holetta Agricultural Research center to determine the effect of N fertilizer levels on grain 

yield and quality of malt barley (Hordeum vulgare L.) varieties at Wolmera district, central 

highland of Ethiopia. The treatments include four nitrogen levels (0, 18, 36, and 54 kg Nha
-1

) 

and four malt barley varieties (Holker, Ibon174/03, HB-1963, and Explorer). Days to heading 

and maturity, leaf area, number of tillers, plant height, and seed per spike, straw yield and 
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hectoliter weight of malt barley were increased with N fertilizer rates increased. Grain yield 

and protein content of malt barley were increase with increasing N fertilizers rates, but grain 

yield decreased at a point (54kgNha
-1

). Among malt barley varieties IBONE174/03 and HB-

1963 varieties had good performance. The application of 36 kgha
-1

 N fertilizer rates and 

IBONE174/03 generated optimum grain yield (6170.70kgha
-1

) with requirement quality, and 

economically reasonable (Derebe Terefe et al.,2018).In general, from the above field 

experiments it is possible to conclude that the barley grain yield and protein content increased 

linearly with an increase in N levels. 

 

Therefore, Malt barley grain yield, grain protein, and kernel plumpness characteristics are 

strongly related to yield potential and available N; Environmental factors such as drought 

stress that occur late in the season can adversely affect grain yield, and, in particular, quality 

characteristics. Thus, splitting N fertilizer application in order to follow the N requirements by 

the crop throughout the growing season is probably the best strategy to achieve high grain 

yields while maintaining malting quality (Grant Jackson, 2000). 

In malting barley, application of N fertilizer during stem elongation may result in high grain 

N concentration and, consequently, in problems for the malting process; researchers have 

found that much of the dry matter is accumulated by anthesis for well-fertilized cereals 

(Baethgen and Alley, 1989). If grain filling takes place over an extended period under cool, 

moist conditions, the contribution of pre-anthesis assimilates to grain dry matter is typically 

small (Austin et al.,1980). In situations where the grain-filling stage is abbreviated due to 

stress, the contribution of these pre-anthesis assimilates to grain can be more than 70% of the 

grain dry weight. These findings could lead to recommendation of N fertilizer strategies that 

seek greater dry matter production with high nutrient content to ensure that adequate N can be 

mobilized during grain filling. High N fertilizer rates can result in translocation of excessive 

amounts of N from vegetative organs to the grain resulting in high grain protein content and 

low malting quality (Papakosta and Gagianas, 1991) 

. 

On the other hand, fertilizer strategies that produce excessive tiller and spike populations 

could also lead to smaller grains given sub-optimal weather during grain filling. Effects of 
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fertilizer on grain N content and grain weight depend on cultivar and the dominant climatic 

factors of the growing season. Drought stress, for example, can significantly reduce malting 

quality, a problem that is particularly serious as N levels are increased. So, the amount of N-

fertilizer required by the crop is further modified by the amounts of N that become available 

from soil during the season (Stark and Brown, 1987). 

 

Therefore, barley management requires focuses on determination of the effects of N fertilizer 

application rates and timing on growth, grain yield, and yield components of malting barley 

cultivars (Walter et al.,1995). To obtain grain protein at the level of malt quality standard, the 

amount of available N in the soil should be carefully monitored through regular soil testing. 

The current crop, previous fertilizer applications, previous year‘s crop, soil type, level of 

organic matter, and other management practices influence soil N content. Therefore, to 

determine the amount of N that should be applied to a field, the grower should determine a 

reasonable estimated yield for the crop. This estimate is generally based on historical yield 

values. These values usually take into account the amount of soil organic matter/ SOM and 

the rate it mineralizes, making nitrogen available to the plant  

2.8 Role and Effects of Phosphorus in Barley Production 

Phosphorus (P) is needed to achieve optimum tillering and plant growth. The amount of P in 

the soil can be determined through soil sampling and testing. Application of P fertilizer 

increases NUE when N is in short supply (McVay et al.,2008).On continuously cropped 

fields, all sources of P except Ethiopian Rock Phosphate (ERP) were effective in increasing P 

uptake in straw and grain yields of barley. The positive effects of bone meal on crop 

development, particularly at the highest level of application, might have been partly due to 

admixture of blood meal, which is rich in nitrogen.  In contrast, on newly cleared fields, no 

significant differences were observed between the different sources of P on barley. The 

residual effects of the various P fertilizers were evaluated by comparing seed yield responses. 

On the newly cleared fields at Holetta, there was no residual effect from P sources, whereas 

all fertilizers except ERP at 26.4 and 52.8 levels were better than the control on continuously 

cropped fields (Woldeyesus Sinebo et al.,2002). 
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An experiment which was conducted on farmers‘ fields in Laie-Gaient Woreda of Northern 

Ethiopia, in the cropping seasons of 2002 and 2003 to determine the optimum levels of N and 

P fertilizers for acceptable levels of grain protein in malting barley with five rates of nitrogen 

fertilizer (0, 15, 30, 45 and 60kgha
-1

 N) and three rates of phosphorus fertilizer (0, 13 and 

26kgha
-1

 P) result showed that grain yield responded significantly to N and P fertilization and 

their interaction. The highest grain yields of 1801, 1783, 1774 and 1677 kgha
-1

were obtained 

from the applications of 60/13, 60/26, 45/26 and 30/26 kgha
-1

 N/P, respectively. However, the 

analysis of malt quality indicated that application of 30/26, 60/0 and 60/26 kgha
-1

, N/P 

resulted in first-grade barley, which is best suited for malt making under Laie-Gaient 

conditions. Despite old data, a review by Amsal Tarekegne et al. (1996) showed that the 

optimum level of application was 40/17kgha
-1

 N/P for malting barley at the Arsi Agricultural 

Development Enterprise (Getachew Agegnehu et al.,2006). 

2.9. Role and Effects of Sulfur and Boron in Barley Production 

Micronutrient deficiencies are generally rare in barley production but should not be excluded 

if symptomology appears. Sulfur (S) requirements for barley are generally 1/15
th

 (7%) that of 

N. If the soil test indicates that S content is less than 10 ppm, it is recommended to apply 

(Mahler and Guy, 2007). Soil pH should be taken into account when deciding which form of 

S is applied. Elemental S can lower the pH of a soil and should be used cautiously on neutral 

and acidic soils (McVay et al.,2008). Malting barley is often grown on light soils to achieve 

<1.8% total N in grain, which is required for malting purposes. In contrast, light textured soils 

are most at risk of S deficiency, and barley crops may therefore be susceptible to this S 

deficiency which can affect the composition of proteins in barley grain (Withers et al.,1995). 

 

The composition of hordeins, besides grain protein content and grain size is a determining 

factor of the malt extract, one of the most important criterions of barley malt quality. S 

fertilization affected hordein composition, increased malt extract and apparent attenuation 

limit and decreased malt hardness but did not affect grain hordein and N concentration. Malt 

extract was associated more closely to grain N concentration and grain size than to hordein 

composition. Hordeins are classified into B, C, D and γ fractions. The B and C fractions 

account for 70–80% and 10–20%, respectively, of total hordein content, while the D and γ 
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groups are quantitatively minor components. Regarding its composition, the B and γ fractions 

are sulphur-rich, the D fractions have intermediate S content and the C fractions are S poor 

(Shewry and Tatham, 1990). S deficiencies have been reported in several grain crops, usually 

associated with the decrease of soil organic matter (Salvagiotti et al.,2017). However, there is 

very limited information available on the S requirement, yield response and quality of malt 

barley. 

 

On the other hand, Boron (B) is one of the micronutrients that is essential for crop health also 

happens to be of the most deficient in the majority of fields. It is vital to plant health, due to 

its role in forming and strengthening cell walls. Low levels B lead to poor growth of fast 

growing tissues and plant development; where, different plants need different amounts of 

boron, but for the most part, Boron is not easily transported within the plants. For that reason, 

It should continuously be available for uptake by the roots, and especially prior to flowering, 

as it is vital to the reproduction process. Most field crops, including, wheat, barley, rice, and 

others, cannot remobilize B through the phloem, from old tissues to new tissues. It is mainly 

mobilized with the flow of water through the xylem from the roots to the leaves. Because 

deficiency symptoms in field crops are found in the growing tissue, these crops are very 

sensitive to even short-term deficiencies, which can occur rapidly. However, with severe B 

deficiency, stunted growth and death of growth tissue can be found. A few species lose their 

green color or are subject to leaf death, but those are seldom the first symptoms of boron 

deficiency. Because some crops make it difficult to visually see a B deficiency. Boron is 

absorbed as boric acid by plants‘ roots and crops exhibit very little control of B uptake. 

Consequently, plant B accumulation is directly related to transpiration and soil B availability. 

Because the range between deficient and toxic availability is very narrow, uniform B 

availability through soil-applied fertilizer is critical to ensure optimum nutrition. While B is 

an important nutrient on its own, uptake of potassium and phosphorus were severely reduced 

under low boron conditions (Thorsten et al.,2010) 

 

Boron fertilization, and particularly soil top-dressing and foliar application of this element, 

caused significant increase in the grains yields produced by barley and oats, grown on soil 

low in available Boron. Pre-sowing fertilization, while not affecting the grain yields but 
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improved the grains supply with Boron. Grain of both cereal crops grown under Boron 

deficient in soil contained less than average amount of this nutrient. Boron fertilization 

improved Boron concentration in grains. The best result in improved the supply of grain with 

boron were obtained under top-dressing soil application of this nutrient (Stanislaw Wrobel, 

2009) 

2.10 Nitrogen Uptake, Use Efficiency and Improvement Strategy in Barley Production 

Uptake of nutrient by crop is variable. Higher amount of N uptake or accumulation in grain of 

crop plant is important, because crop yield is significantly and linearly associated with N 

accumulated in grain. N uptake in grain has positive significant associations with grain yield 

and its ranges from 40 to 85% depending on season, crop and soil type influenced it 

)Fageriaet al.,2011). Most nutrient uptake is higher at mid flowering or initial of grain filling 

stage of the crop. Soils usually have low organic matter content and unbalanced fertilizer 

applications at improper time can severely affect nutrient uptake further reduce crop 

production. Soil conditions, nutrient source, nutrient contents and vigor of the crop growth 

can influence nutrient uptake of the plant. The crop N uptake at seedling stages has small 

demand and followed by major demand during the major growth period, hence split 

application of urea has an advantage during this stage in order to minimize N-loss (FAO, 

2006). Moisture condition of soil during crop growth has a dominant effect on uptake of N, 

i.e. uptake of N was higher in wet than dry year. There was also a decrease in the apparent 

recovery of fertilizer N at each successive increment of fertilizer so that the highest recovery 

always occurred at lowest increment of fertilizer (Doyle et al.,1993). Therefore, moderately 

dressing of N fertilizer at sowing/seeding stage has an advantage to obtain satisfactory malt 

barley yield without danger of reducing the quality (Hall, 2002). 

 

Since the green revolution, 50 years ago, farmers tend to maximize N fertilization to 

maximize crop yield (Hirel et al.,2007). As the need for more food production increases, the 

global consumption of synthetic (commercial) and organic (manure) has increased at an even 

greater rate (Tilman et al.,2001). Although globally there has been an increase in N fertilizer 

use, this is not uniform in all countries or geographic areas (Vitousek et al.,2009).  
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There are several costs associated with both over and under-use of N fertilizers. Over use of N 

fertilizers is economically costly to the low-value crop producers in terms of both the price of 

the N fertilizer and the potential loss of yield (Juet al.,2009). High N-fertilizer consumption is 

also environmentally damaging, with excess N lost by leaching into groundwater and runoff 

into surface water, plus ammonia volatization and production of poison gases from 

denitrification polluting the atmosphere. Under use of N fertilizers is costly to subsistence 

farmers who rely on their crops to yield enough food to feed their family nutritiously. 

Therefore, some areas of the world need to focus on reducing N fertilizer use, while other 

areas need to have greater access to use N fertilizers (Conley et al.,2009). 

 

NUE is a complex genetic trait comprising N uptake and N utilization. N uptake efficiency 

(NUpE) is the ability of the plant to take up N from the soil while N utilization efficiency 

(NUtE) is the ability of the plant to assimilate and remobilize the N taken up from the soil, 

producing amino acids to be used as N carriers or signaling and regulatory pathway 

components and ultimately to produce grain (Moose and Below, 2009).Nitrogen absorption 

by plants is comprised of three major steps: uptake, assimilation and remobilization. NUE is 

the product of N uptake efficiency (NUpE) and N utilization efficiency NUtE (Good et 

al.,2004). Increased NUE usually results in increased above ground biomass, seed production, 

grain protein, and yield in crops (Masclaux et al.,2010). Fixed nitrogen, which can be 

provided by soil microbes or as synthetic fertilizer, is taken up as nitrate (NO3
-
) or 

ammonium (NH4+) and utilized for multiple metabolic processes, including amino acid 

synthesis as well as signaling and storage molecules (Stitt et al .,2002). Although the use of 

synthetic N fertilizers on crops significantly improves performance for yield-related traits, 

most crop plants absorb only 30–50% of the N fertilizer applied, depending on the soil, the 

environment, and the plant population (Tilman et al.,2001). More than half of the nutrients 

applied are not used by the plant and are lost into the environment, giving rise to profound 

impacts ranging from air and water contamination to the undermining of ecosystems (Ng et 

al.,2016). The total crop yields in many intensive farming systems have failed to improve in 

proportion to the application of chemical fertilizers, leading to low NUE and more serious 

environmental N-pollution (Shen et al.,2013). 
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Over the past 40 years, the amount of mineral N fertilizers applied to agricultural crops 

increased by 7.4 fold, whereas the overall yield increase was only 2.4 fold. This means that N 

use efficiency (NUE) has declined sharply. This obviously implies that NUE is higher at 

reduced levels of crop production even if the use of N fertilization in some countries is much 

lower (Paolo et al.,2011).In most intensive agricultural production systems, over 50% and up 

to 75% of the N applied to the field is not used by the plant and is lost by leaching into the 

soil (Asghari et al.,2011). Some microorganisms are able to improve soil fertility by 

metabolizing the N that is not absorbed by plants. It is however a lengthy process which 

involves a major risk because mineral N, especially nitrate (NO3
-
) and urea (CO (NH2)2) are 

very soluble and can run off into the surface water or flow into the groundwater (Umar and 

Iqbal, 2007).Even in well managed N practices, average worldwide NUE are reported to be 

around 50% (Collins et al.,2007)and N recovery efficiency for cereal production (rice, wheat, 

sorghum, millet, barley (Hordeum vulgare L.), maize, oat (Avena sativa L.), and rye (Secale 

cereale L.) is approximately 33% (Raun and Johnson, 1999). This means that large amount of 

N is lost in the soil–plant system. These efficiencies may be different within the same crop 

because they depend on different organs and mechanisms and on different environmental 

factors as well (Paolo et al.,2011).The NUE is affected by several factors; of which;  

Species and cultivars: - the genotype affects both the N uptake and the use of absorbed N 

because every genotype has its own morphological and functional characteristics for roots, 

leaves, etc. However, the same genotype can show different NUEs when subjected to 

different levels of N availability (e.g., in general, crops are more efficient at recovering N 

when the fertilizer-N rate is relatively low and or use of low rates for high-yielding modern 

crop cultivars is another cause of N deficiency (Fageria et al.,2005). 

Environmental factors: -temperature, rainfall, soil texture, etc. can affect the NUE as they 

affect either crop growth and development or the N-availability from the soil through effects 

on mineralization of SOM and organic fertilizers and on nitrate leaching (Agostini et 

al.,2010).  

Over fertilization: - the fertilizer-N form and application method also may affect the NUE, 

especially in the case of limiting or overabundant N supply (Paoloet al.,2011).Based on the 

above stories different experiments have been conducted so far. For example; a field 
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experiment in the barley production area of Egypt revealed that barley grain yield and yield 

components increased significantly in response to N rate. Splitting N fertilizer amount at 

several times result in significant effect on grain yield, yield components, protein content and 

N uptake efficiency when compared with the entire N was applied at once were application N- 

fertilizers by rate of 70 Kg Nha
-1

 and splitting N fertilizers at many doses recorded the highest 

value of NUE. Whereas application of N at rate of 100 kg Nha
-1

 resulted in accumulation of 

nitrate in the subsurface soil > 30cm (Taalab et al.,2015). On the other hands, the genetic 

variability in NUE of many barley genotypes grown under field conditions in two different 

studies found that both genotypic variability and environment could account for differences in 

NUE (Anbessa et al.,2009). In Ethiopia, erratic seasonal rainfall, inadequate availability of 

other nutrients, nitrate leaching during the short but heavy rainy seasons, ammonia 

volatilization and continuous removal in the cereal mono-cropping systems of the highlands 

may be the major factors that result in inefficient use of N fertilizer (Haile Deresse et al., 

2012). 

 

The improvement of NUE in cereal crops requires either plant breeding or biotechnology in 

relation to management practices. This proposed strategy for improving crop NUE comprises 

the development of a Multi-disciplinary approach from fundamental studies such as biology, 

physiology, genomics, genetics, physiology, modeling, agronomy and breeding (Stark and 

Richards, 2008). Theoretically, two approaches are applicable to improve NUE in crops: (1) 

A traditional breeding strategy combined with MAS, and (2) a transgenic approach, targeting 

specific NUE-associated genes for the genetic engineering of the plant. Although traditional 

genetic approaches to improve NUE have been widely attempted for the major cereals (i.e., 

maize, rice, wheat, barley and soybean),only limited studies have been performed to 

extensively explore the candidate genes associated with NUE and their relationships with 

NUE phenotypes (Bruulsema et al.,2009). 

 

Generally, the improvement of NUE in cereal crops comprises the application of the correct 

dose of N-fertilizer and/or application during growth stage when N is required, direct 

placement of N fertilizer to reduce losses enhances its utilization/Example band placement 
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near to the plan root, using cover crops to retain organic matter and soil N in the soil, employ 

crop rotation based on their root system and N fixing capacity /Example shallow and deep-

rooted crops like cereals with legumes, employ modern farming techniques like conservation 

tillage to control weed, soil moisture, erosion that reduce competition against crops and  

selecting the appropriate sowing rate, spacing, and depth of crops for better use of water and 

fertilizers, and use of large sized seeds variety to quick plant establishment and access to 

available N at the young seedling stage, are some of the strategies that has to be considered to 

improve NUE of cereal crops (Bahaddin, 2011) 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

A field experiment was conducted during 2018 main cropping season at Bassonaworana 

Woreda, which is located 115km North East of Addis Ababa and 15km from Debre Berhan, 

central highlands of Ethiopia. The experimental site; Kormargefiya Keble was found at an 

altitude of 2807 m.a.s.l and its geographical position lies within a geographic coordinate of 

09
o
 03′ 19.43'' N latitude and 38

o
 30′25.43''Elongitudes(Figure 3); is located nearly 2km away 

from  Debre Berhan Research Center (DBRC); where barley is predominantly grown.  

 

Figure 3: Location map of the study area. 

According to the weather record from the DBRC meteorology station, the mean annual 

temperature was ranging from a mean minimum of 5.48
0

C to mean maximum of 20.99
0
C.The 

mean annual rainfall was also ranging from483.52mm to 1071.30mm, with variation from 

year to year. The total annual rainfall during the main cropping season was 898.20mm (Figure 

4) were the rainfall pattern of the areas is uni-modal and occasionally bimodal, the short rainy 
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season is between March to April, and the long rainy season is between Junes to September 

(DBRC, 2018). The soil type of the area is Mesotrophic Vertisols (Abayneh Esayas et 

al.,2006) 

 

Figure 4: Mean annual rainfall (mm), minimum and maximum temperature (T, 0c) of the 

study area. 

3.2. Experimental Materials, Treatments and Design  

Basic seeds of the two-malt barley variety namely IBON-174/03(V1) and EH-1847(V2) were 

collected from DBRC and Debre Berhan University (DBU) for the study. These varieties are 

selected based on similarity in their agro-ecological adaptability, annual rainfall, 

morphological characteristics (plant height), day of maturity and yield potential (Table 1). 

Currently these two varieties are high yielding, well adapted and widely grown in 

Bassonaworana Woreda by smallholder farmers and nationally by large-scale commercial 

producers.  

 

Factorial combination of four N rates (50, 70, 90 and 110 kgNha
-1

), two malt barley varieties 

(Ibon174/03and EH-1847) and three time of nitrogen application (T1=Full dose at sowing, 
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T2=1/2 dose at sowing and 1/2 dose mid-tillering, T3 =1/4 dose at sowing, 1/2 dose at mid-

tillering and 1/4 dose at anthesis) was evaluated in this study. Two additional treatments of 

0kgNha
-1

 (controls), one for each variety was included in each replication for the evaluation 

of NUE on these two varieties. The treatments were laid in a factorial arrangement, using 

randomized complete block design with three replications (4x3x2). The plot size was 3 m x 2 

m. Spacing between plots and blocks were 0.5 m and 1 m, respectively. Each plot consisted of 

10 rows of 2m in length with spacing of 30 cm apart (BOANR, 2017). The net harvested plot 

was 4.8m
2 

(2.4mx2m) with eight rows with 2m length. Elemental fertilizer; Urea (46% N), 

Tri-Supper phosphate/TSP, Sulfur and Borax are used as a source of N, P, B and S. 

Treatments were assigned randomly to experimental plots within a block. 

 

Table 1: Malt barley varieties used for the experiment 

Variety 
Year of 

release 

Plant 

height 

(cm) 

Days 

to 

headin

g 

Days to 

maturity 

Productivity 

(Qt/ha) Altitudinal 

adaptation 

(m.a.s.l) 

RF(mm) 
On  

station 

On 

farm 

IBONE 

174/03 

2012 100 70 120 30-57 30-57 2300-2800 500-800 

EH1847 2011 81-110 71-90 121-162 44 35-40 2300-2800 500-800 

Source; Amhara National Regional State Bureau of Agriculture and Natural Resource (2017) 

3.3 Agronomic Practices 

A field experiment was conducted in a well-prepared raised bed (to avoid water logging 

during the main rainy season) by ploughing the field four times using oxen following the 

conventional tillage practices of farmers of Bassonaworana Woreda. Seeds of malt barely 

varieties was sown over the well- prepared field in rows following the conventional time of 

sowing of the local farmers and availability of soil moisture at the recommended rate 

of125kgℎ-1 
in rows using hand drilling on June18, 2018.Tri-Supper phosphate (TSP), Sulfur 

(S) and Borax (B) were applied in the rows at the rate of 16kgPha
-1

, 7kgSha
-1

 and 0.1kgBha
-

1
all treatment plots at the time of sowing. Times of N application were adjusted and applied 

according to Zadok‘s decimal growth stage for barley (Zadoks et al.,1974) when the soil 

moisture is available for nutrient dissolution and absorption. All agronomic practices and pest 

control measures had been done according to the standard practices (crop packages) 
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recommended for the malt barely crop (ABOANR, 2017). One chemical weeding were  done 

32days after planting by using herbicide, Derby 175 SC for broad leaved weed  and Axial045 

EC for grass weed control at rate of 100ml and 1Lha
-1

per 200L of  water respectively. In 

order to avoid damage and variability due to outbreak of insect pests, which often occur in the 

area, insecticide (Karate 5% EC) was applied at the dose of 0.25Lha
-1 

per 250L water before 

the start of shoot fly appearance which was a common insect pest at Bassonaworana Woreda. 

So, that the field was, clean and free from weed, insect pests and disease. Finally, the crop 

was harvested from the central plot areas of eight rows within the range of end of November 

to early October 2018; depending on the maturity date of each variety. 

3.4 Soil Sampling and analysis 

To assess the soil fertility status of the studied area, surface soil samples (0-30 cm depth)was 

randomly taken from 17 cores in diagonal pattern using auger and thoroughly mixed 

producing one composited sample. The soil sample were collected one day before sowing in 

order to obtain the most accurate estimates of nutrient availability in the soil especially 

Nitrogen(USDA,2002). The soil samples were air-dried and passed through a 2mm sieve for 

physico-chemical analysis. The soil was analyzed for texture and soil total nitrogen, available 

phosphorous (av.P), pH, Organic Matter (OM), Organic Carbon (OC), Cation Exchange 

capacity(CEC). Texture of the soil was determined by the hydrometer method according to 

(Bouyoucos, 1962). Total soil N was analyzed by Kjeldhal digestion method with sulphuric 

acid (Jackson, 1973). Soil pH was determined from the filtered suspension of 1:2.5 soils to 

water ratio using a glass electrode attached to a digital pH meter, potentiometer (FAO, 2008). 

Organic carbon content was determined by the volumetric method (Walkley and Black, 

1934). Available P was analyzed by using Olsen‘s calorimetric method as described by Olsen 

et al. (1954). The cations exchange capacity (CEC) of the soil was determined following the 

1N ammonium acetate extraction (pH7) method. 

3.5 Plant Sampling and tissue analysis 

Representative samples of non-grain above ground plant parts (stems, leaves and chaff) that 

was obtained from the central unit areas was subjected to Micro-Kjeldahl digestion method to 

determine plant N concentration (FAO, 2008). The plant samples were washed with distilled 

water, oven dried at 70 °C to a constant weight and the dry weight measured using an 
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electronic balance. The samples were ground by a rotor mill and allowed to pass through a 0.5 

mm sieve to prepare a sample. For the digestion, mixture of sulphuric and percloric acids 

(Jackson 1973), each treatment‘s ground sample were used. Likewise, from the harvested 

grain yields of each treatment, total grain N contents of treated (fertilized) and untreated 

(unfertilized) plots were estimated from  dry flour samples by digestion method of Micro-

Kjeldahl‘s apparatus according to American Association of Cereal Chemists (AACC, 2000). 

3.6. Data Collection 

3.6.1. Phenological data collection 

Days of 50% emergence: -Data on days to emergence of seedlings above the surface of the 

soil was recorded by counting the days taken by each treatment from the date of sowing. Data 

was collected by counting the number of days from planting to 50% of the plant in the plot are 

germinated and seems to cover the plot visually through continuous observation of the field. 

Days of 50% Heading (Panicle) Emergence: - Days to heading was recorded as the number 

of days taken from the day of sowing to the date of when 50% of the plants produced head. 

Days of 90%Maturity: - Days of physiological maturity was determined by counting the 

number of days from sowing to the time when the plants reached 90% physiological maturity 

based on visual observation 

3.6.2 Growth parameters data collection 

Plant Height: -Plant height of main stem (mother tiller) was measured from ten randomly 

selected plants of each central plot area by measuring from the ground level to the tip of spike 

excluding the awns (bear) when the plant attained its full physiological maturity.  

Total Tiller Number: - It was counted from 10 randomly selected plants of each central plot 

at the time of physiological maturity. 

Panicle (Spike) Length: - Spikes length was measured from ten randomly selected plants of 

each plot and was measured from the base to the top of the spike excluding awns. 

3.6.3 Yield and yield components of data collection 

Number of Effective Tiller: -The effective (productive) tillers per plant were counted from 

ten randomly selected plants from the net area rows at the time of physiological maturity 
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Straw Yield (kgha
-1

):-The straw yield was measured by subtracting the grain yield from the 

total above ground biomass yield.  

Grain Yield (kgha
-1

):-It was measured from each net plot area (4.8m
2)

 after harvesting, 

drying in an open area and threshing.  

Number of Kernels per Spike:-Number of grain was taken as average number of grain per 

spike from ten random selected plants. 

Harvest Index:-Harvest index was calculated by dividing grain yield to the total above 

ground biomass yield and expressed in percentages. 

3.6.4 Data collection for quality parameter 

Thousand Kernels (Seed) Weight: -Thousand grains were counted manually and the 

thousand-counted grain was weighed with sensitive balance and was taken as thousand-grain 

weight. 

Hectoliter weight: -Hectoliter weight was determined on dockage free samples using a 

standard laboratory weight apparatus (grain analysis computer (GAC) 2100) as described in 

the AACC (2000).  

Straw N Concentration: -It was determined by Micro- Kjeldahl digestion method as 

indicated in FAO guide to laboratory establishment for plant nutrient analysis (FAO, 2008). 

At maturity, representative samples of non-grain above ground plant parts (stems, leaves and 

chaff) were collected from the central unit areas of each plot. The plant samples were washed 

with distilled water, oven dried at 70 °C to a constant weight and the dry weight measured 

using an electronic balance. The samples were ground by a rotor mill and allowed to pass 

through a 0.5 mm sieve to prepare a sample for the digestion with H2SO4 (0.1N) containing 

digestion mixture (10 parts potassium Sulphate and 1 part copper Sulphate), each treatment‘s 

ground sample were used. 

Grain Nitrogen Concentration: -Likewise, straw N concentration, total grain N contents of 

treated(fertilized) and untreated(unfertilized) plots were estimated from dry flour samples by 

digestion method of Micro-Kjeldahl‘s apparatus according to American Association of Cereal 

Chemists (AACC) (AACC, 2000). The nitrogen content of flour dry samples taken from the 

harvested grain yields of each treatment was calculated as:  
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Where: - N% = nitrogen %, VHcl = volume of Hcl (end point), Blank = 0.8 (constant), NHcl 

= normality of Hcl= 0.1, W = Sample weight, 1.4007= molecular weight of nitrogen (AACC, 

2000).  

Grain Protein concentration (%):-Protein content is the major quality parameter of malting 

barley and it was determined through the process of; one gram ground sample of malt barley 

measured and transferred into completely dry kjeldhal flask. Then the protein content of flour 

dry samples taken from the harvested grain yields of each treatment were calculated as; 

Percentage protein = percentage N*6.25; where: 6.25 is conversion factor (AACC, 2000). 

3.6.5 Data collection for nitrogen uptake 

Total grain N uptake (GNUp; kgha
−1

):- It was calculated by multiplying total grain yields 

by their respective N content percentages.  N-uptake of grain = N concentration of grain (%) x 

grain yield (kgha
-1

)                                             

Total straw N uptake (SNUp; kgha
−1

):-It was calculated by multiplying total straw yields 

by their respective N content percentages. N- Uptake of straw = N concentration of straw (%) 

x straw yield (kgha
-1

)  

Total nitrogen uptake (TNUp: - kgha
−1

It was calculated as the sum of the respective Ng and 

straw nitrogen uptake values (SNUp). 

3.6.6 Data collection for nitrogen use efficiency 

According to the definitions of Foulkes et al. (2009), NUE was the inverse of nitrogen 

concentration in the plant tissue. It is the product of two independent factors, nitrogen uptake 

efficiency (NUpE) and nitrogen utilization efficiency (NUtE). Similarly, it can be also 

calculated by estimating the difference in N uptake by a crop in fertilized and unfertilized 

plots, and dividing it by the fertilizer N rate (Linnéa, 2014). Based on this scientific facts, the 

total N in the straw and grain samples of the study were used to analyze NUE by considering 

the expanded model of Moll et al. (1982) and Ortiz-Monasterio et al. (1997a)and it was 

calculated using the formula:- 

Apparent recovery efficiency (ARE): - defined, as the quantity of nutrient uptake per unit of 

nutrient will be applied. It can be also defined as N Recovery per N Supplied; where Nitrogen 
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recovery (NR) is the difference of total N uptake of the fertilized plot and N uptake of the 

control plot. Apparent recovery efficiency can therefore be calculated as; ARE (%) = Nf-

Nu/Nax100; Where, Nf is the N uptake (grain plus straw) of the fertilized plot (kg), Nu is the 

N uptake (grain plus straw) of the unfertilized plot (kgha
-1

), and Na is the quantity of N was 

applied (kgha
-1

).  

Agronomic efficiency (kgkg
−1

):-It is defined as the economic production obtained per unit of 

nitrogen applied and was calculated as: AE (kgkg
−1

) = Gf(kg)−Gu(kg)/ Na(kg);Where; AE= 

agronomic efficiency, Gf and Gu = grain yield in fertilized and unfertilized plots, respectively 

andNa = quantity of fertilizer applied. 

Physiological efficiency (PE):-defined as the biological yield obtained per unit of nutrient 

uptake. It was calculated by PE= Byf-Byu/Nf-Nu ; Where, Byf is the above ground biomass 

yield (grain plus straw) of the fertilized plot (kgha
-1

), Byu is the above ground biomass yield 

of the unfertilized plot (kgha
-1

), Nf is the nutrient uptake (grain plus straw) of the fertilized 

plot, and Nu is the N uptake (grain plus straw) of the unfertilized plot (kgha
-1).

 

Agro-physiological efficiency (PE)(kgkg
−1

):-It was determined as Gf(kg)−Gu(kg)/ 

Nf(kg)−Nu(kg) where Gf and Gu stand for grain yield in fertilized and unfertilized plots, 

respectively, Nf is the total N uptake(grain plus straw) of the fertilized plot (kg) and Nu is the 

total N uptake(grain plus straw) of unfertilized plot (kg).So, in line with the above analysis, 

NUE and its component traits were calculated by using the following formulas (Fageria and 

Baligar, 2005) 

Nitrogen utilization efficiency (NUtE):-is the product of physiological and apparent 

recovery efficiency. It was calculated by; NUE (kg kg
–1

) = PE×ARE 

Nitrogen use efficiency: - It is becomes the product of nitrogen uptake efficiency (NUpE) and 

Nitrogen utilization efficiency (NUtE) 

Nitrogen harvest index (NHI):- Defined, as the amount of N accumulated in grain divided 

by the amount of N accumulated in grain plus straw. It is an index and hence has no unit. 

However, sometimes it is expressed as a percentage. It was calculated as NHI = GNY/Nt; 

Where; GNYf = Grain Nitrogen yield of fertilized, GNYc = Grain Nitrogen yield of control 

and Nt = Total Nitrogen. 
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3. 7 Data Analysis 

3.7.1 Statistical analysis 

The data was subjected to analysis of variance (ANOVA) as per the design used in the 

experiment using statistical analysis of software version, SAS 9.4 statistical software (SAS 

Institute, 2015), and interpretation made following the procedure of (Gomez and Gomez, 

1984). Mean separation was conducted using Duncan‘s Multiple Range Test (DMRT) to 

evaluate the responses of different nitrogen rates, time of nitrogen application on grain yield 

and quality of malt barley varieties at 5% degree of significance. The correlation analysis was 

performed through simple correlation coefficient to determine relations between crop 

phenology, growth parameter and yield and yield components of malt barley varieties as 

influenced by nitrogen rates and time of application.  

3.7.2 Partial budget analysis/Economic analysis 

For economic analysis, a simple partial budget analysis was employed using CIMMYT (1988) 

approach. For the analysis, factors that have significant effect were considered. Relevant data 

was collected to assess economic yield level. These include mainly the costs of inputs (labor + 

seed + fertilizer+ Pesticides) and the current mean market prices of malt barley yield was 

obtained by assessing the market at the time of harvest of crop of 2018season. It was analyzed 

separately by calculating gross benefit (GB), total costs (TCV), net benefit (NB), and the 

marginal rate of return (MRR) for each treatment. The field price of 1kg of malt barley that 

farmers receive from sale for the crop was taken as15.40Ethbirr based on the market price of 

malt barley at Bassonaworana Woreda and nearby of the experimental site, 20km radius 

around Debre Berhan. Seed cost of improved malt barley variety was 19.77 Eth. birr per 

1kg.Costs of fertilizer (Urea and NPSB) were 12.45 and 12.66Eth. birr per 1kg and numbers 

of labor and their expenses were considered based on each activities of crop husbandry. 

Barley yields were adjusted downwards by 10% to more closely approximate yields. The cost 

benefit analysis was calculated as TCV=the sum of cost input (labor + seed + N fertilizer+ 

Pesticides), AdY = grain yield x 10/100; GB = adjusted grain yield x variable cost of grain 

yield (price of yield), NB = gross benefit-total variable cost, MRR (%) = change of net benefit 

divided to change of total variable cost x 100. 
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4. RESULT AND DISCUSION 

4.1 Soil Physical and Chemical Properties 

4.1.1. Soil Physical properties 

Based on a composite soil sample, soil particle distributions of the experimental plot were 

analyzed. According to the soil textural class determination triangle, soil of the study sites 

were mainly of clay dominated with a proportion of 50 % clay, 24% silt and 26 % sand (Table 

2). Based on the soil textural class determination triangle, soil textural class was categorized 

into clay and its soil type is Mesotrophic Vertisols (Abayneh  Esayas et al.,2006). In line with 

this result, Stewart et al. (1970) stated that high clay content was due to high weathering, 

which arises from prolonged action, or strong intensity of the weathering agents such as 

rainfall and temperature, finally oxide of Al and Fe was developed. To overcome this 

problem, incorporation of organic matter resources into these soils would improve soil 

aeration and nutrient availability for sustainable crop production (Stewart et al.,1970). 

4.1.2. Soil chemical properties 

Based on soil analytical results, soil pH of the experimental field was 5.88(Table 2). 

According to the soil pH rating of Tekaligne Mamo (1991), soil reaction (pH) of the 

experimental field was falls in the range of moderately acidic. However, according to 

ABOANR (2017) barley crop package; soil PH value with the range of 6.5- 7.8 are the most 

suitable for barley production. So, pH results this research site requires due attention in order 

to improve its acidity problem to ideal ranges for optimum plant growth and availability of 

most of plant nutrients through liming. Comparing with this fact, the availability of most plant 

nutrients like Nitrogen, K, and S that appear to be highly affected directly by soil pH than 

many other. 

 

Based on soil analytical result, low (3.8%) level soil organic matter was recorded on the 

experimental field (Table 2). As rated by Landon (1991) this low level soil organic matter 

content at the experimental site might be due to the continuous farming practices and poor 

replenish of organic matter; like manure to the soil. Depletion in soil organic matter resulted 
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in the reduction of soil macro, micronutrients, and physical properties, which finally resulted 

in poor crop harvest and food self-insufficiency as confirmed by IFPRI (2010). 

 

Organic matter acts as the main storehouse of many nutrients, including nitrates, phosphates, 

sulphates and others (Tsedale Waktola, 1993). Low (3.8%) accumulation of different organic 

materials during previous growing seasons might have resulted in low (2.21 %) organic 

carbon content (Table 2), which might have contributed to relatively low(0.2%) level of total 

N in the soil due to the decomposition and utilization of OC by the growing crop.  Brady and 

Weil (2002) concluded that tillage and weeding aerate the soil and break up the organic 

residues, making them more susceptible to microbial decomposition. Tisdale et al. (2002) 

indicated that OC influences many soil biological, chemical and physical properties that 

favorably influence nutrient availability. However, Potgieter (2006) showed that, a soil with 

over 2% of organic matter content was good for plant growth and development. 

 

The total nitrogen that measures total amount of nitrogen present in the soil, much of which 

was held in organic matter of the experimental field was 0.2 % (Table 2). It was ranged nearly 

low based on the classification of Tekaligne Mamo (1991).This was due to leaching of soil N 

due to high rainfall intensity during the cropping season., continuous uptake of N by previous 

crops, poor soil fertility management of the field )lack of manuring, crop rotation, fallowing) 

may result in low total nitrogen level in the soil. With regarding to nitrogen economy, soil of 

the study area requires further improvement of the fertility status of the soil by applying 

organic or inorganic nitrogen sources, crop rotation and other soil management techniques. 

Because the farming field might be, subjected to intensive farming and high rainfall, that may 

cause soil organic matter oxidation and leaching of exchangeable basic cations resulted in the 

reduction of soil organic matter contents and total N (Wakene Tigre and Heluf Gebrekidan, 

2003).  

 

The available phosphorus content of a composite soil sample of the experimental field was 

8.04mg kg
-1

(Table 2). This is falls in the range of low based on the rating of Olsen et al. 

(1954).This available P content might be the result of different soil misses management 

practices, specifically, type and rate of organic and inorganic fertilizer utilized in cultivated 
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land. This was coincided with the research findings of Wakene Tigre and Heluf Gebrekidan 

(2003); Abera Donis and Kefyalew Assefa (2017)stated that, insufficient application of 

organic nutrient sources, removal of crop residues from cultivated land, intensive and 

continuous cultivation of the land causes low total nitrogen, low amount of phosphorus 

content in the soils that affects the soil productivity due to the removal of exchangeable basic 

cation like Ca
+2

 through leaching in high rain fall areas; causes phosphorus fixation, forced 

oxidation of OC and thus resulted in reduction of total nitrogen. This is also confirmed with 

the findings of IUSS (2006); Gebeyaw Tilahun(2007),low amount of phosphorus content due 

to repeatedly cultivation of the field and removal of basic cations ;causes phosphorus fixation. 

 

The CEC values indicated 20.72cmolckg
-1

on the experimental plot (Table2). From this 

experimental sites, the CEC values were falls in the range of medium as per rating established 

by Landone (1991) and the soils were rated to medium in CEC with their classification as red 

to brown soil of Mesotrophic Vertisols (Abayneh Esayas et al.,2006). Based on this result, the 

CEC of the experimental field indicates that, clay and OM can absorb and hold positively 

charged ions (cations) which are a major controlling agent of stability of soil structure, 

nutrient availability for plant growth, soil pH, and the soil‘s reaction to fertilizers and other 

ameliorants. In line with this result, Fassil Kebede and Charles (2009) stated that, the amount 

and type of clay minerals are responsible for CEC since both clay and organic colloidal are 

negatively charged and can act as anions. However, low CEC value involve that, the soil has 

low buffering capacity against the induced changes, the soil organic matter content and 

nutrient retention capacity of the soil is low. Therefore, cation exchange capacity (CEC) is an 

important parameter of soil, because it gives an indication of the type of clay mineral present 

in the soil and its capacity to retain nutrients against leaching (Bhadauria et al.,2010). 
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Table 2:Physico- Chemical properties of the soil 

Physical properties Chemical properties 

Clay 

 

Silt 

(%) 

Sand 

(%) 

Textural 

class 

CEC 

Cmol(+)kg
-1

 

PH(1:2:5) 

(H2O) 

TN 

(%) 

OC 

(%) 
C/N 

Av.P 

mg/Kg 

OM 

(% 

50 24 26 Clay 20.72 5.88 0.2 2.21 7.89 7.84 3.8 

CEC = Cation Exchange Capacity, C/N= Carbon to Nitrogen ratio, OC = Organic Carbon, 

OM =Organic Matter, TN = Total Nitrogen, Av.P = Available Phosphorus, cmolckg
-1

 = 

Centimole cation per kilogram of soil. 

4.2. Effect of Nitrogen Rate, Time of Application and Variety on Phenology of Malt 

Barley 

4.2.1Effect on days of seed emergence 

The main effect variety showed highly significant (P<0.001) effect on the duration of crop 

emergence. However, the main effects of N rates, time of N application as well both the 

interaction effects showed non-significant responses on days of crop emergence when the 

seedlings from all plots are reached 50% emergence at 13 days (Table 3). Quinones (1997) 

stated that seedling emergence might take less than a week, depending on soil temperature, 

moisture availability and seeding depth. However, days to seed emergence takes more than a 

week, because the studied area was located at the higher (2807 m.a.s.l) altitude of the region, 

which may provide low soil temperature that may prolong the seed germination more than a 

week. 

 

EH1847 variety exhibited the longest (14.16 days) while IBONE174/03 variety exhibited the 

shortest (12.33 days) duration of days to crop emergence (Table 3). The difference in seed 

emergence due to varieties might be due to the difference inthe genotypes of the variety. This 

result is  partly agreed with the result finding of Biruk Gezahegn and Demelash Kefal (2016) 

who stated that, the main effects of N rates, time of application and their interactions 

(including the interaction effects of variety) did not affect the duration of crop emergence 

significantly as the seedlings from all plots reached 50% emergence. But, it is in contrast with 

that, the main effects of varieties did not affect the duration of crop emergence significantly. 
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4.2.2. Effect on days of heading 

Data analysis revealed that N rates, time of N-application, variety and the interaction effect N 

rate with time of application had highly significant (P<0.001)effect while the interaction 

effects of  time of N fertilizer application with variety, variety with N rates and the three way 

interaction had showed statistically non-significant responses on days of 50% heading 

(panicle) emergence (Table 3). 

 

The longest (79.61) days to heading were recorded from the highest (110kg ha
-1

) N fertilizer 

rate, while the shortest (66.28) days to heading were obtained from the lowest (54kgha
-1

) N 

fertilizer rate. Similarly, as the time of Nitrogen application extended from basal(full does at 

the time if sowing-T1) to splitting of Nitrogen rates three times(1/4 dose at planting, 1/2 dose 

at mid-tillering and 1/4 dose at anthesis-T3), days of heading also increased consistently from 

68.41 to 80.25 days(Table 3). This might be attributed to the behavior of N rates and time of 

application, which increases vegetative growth of crops thereby delaying days to 

heading.There were also detectable differences among varieties in days of heading, in which 

varieties IBONE174/03 exhibited the shortest (72.41) days to heading while EH1847 recorded 

the longest (74.41) days to heading (Table2). This might be due to variation in genotypes. 

This result is agreed with Derebe Terefe et al. (2018), who stated that there was significant 

difference among the barley genotypes for days to heading. 

 

Difference among days of heading due to the interaction effects of time of N fertilizer 

application and N rates on malt barley varieties revealed the shortest (63.83)and  longest 

(88.33) days due the interaction effects of the lowest N rate (54 kgha
-1

) at the time of sowing 

(T1) and the highest (110 kgha
-1

) N rate with the application of 1/4 dose at sowing,1/2 dose at 

mid-tillering and 1/4 dose at anthesis (T3) (Figure 5).This might be attributed to the impact of 

increased N fertilizer rates, increases vegetative growth of crops thereby delaying time of 

heading. It is in agreement with the result of Mekonen Asrat (2005) and Rashid et al. 

(2008)who reported that, a day to heading was significantly delayed when N fertilizer was 

applied at the highest rate for wheat and barley production compared to the lowest rate.  
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4.2.3. Effect on days of maturity 

Days to 90 % physiological maturity was significantly (P<0.001) affected by the main factors 

of N-rates, time of application, variety and their interaction effects, except the three way 

interaction responses. The longest (143.78) days to physiological maturity was recorded from 

the highest (110 kgha
-1

) N fertilizer rate, while the shortest (126.16) days to physiological 

maturity were recorded from the shortest (50kgha
-1

) N fertilizer rate. Similarly, fertilizer 

applied at the time of T1, T2 andT3 delayed date of maturity from 127 days to 145 days, 

respectively. The longest (144.66) days to physiological maturity were recorded from the 

variety EH1847, while the shortest (125.61) days to physiological maturity were recorded 

from the variety IBONE174/03(Table 3). This might be due to the physiological function of 

N-fertilizer, time of N fertilizer application and genetic difference of malt barley varieties to 

exploit the available moisture and nutrients in the soil, which increases vegetative growth of 

crops and thereby prolonged date of maturity. 

 

The interaction of malt barley varieties with time of N fertilizer application revealed that day 

of maturity linearly increased along the times of N fertilizer application for both varieties. The 

shortest (121.00) and the longest (131.25) days of maturity was recorded for IBONE 174/03 

linearly with the time of N fertilizer application T1and T3, respectively. Similarly, The 

shortest (133.00) and the longest (159.00) days of maturity was recorded for EH1847 varieties 

linearly with the time of N fertilizer application T1and T3, respectively; where EH1847 

exhibited the longest (159) day of maturity as compared to IBONE174/03 variety (Figure 6). 

On the other hand, the interaction effects of N-rates with time of application had highly 

significant effect on physiological maturity of malt barley crop. The shortest (123.33) and the 

longest (156.66) duration of days to maturity was recorded when the lowest (50kgha
-1

) N 

fertilizer rate interacts with time T1 and the highest (110kgha
-1

) N fertilizer rate interacts with 

time T3 respectively(Figure 7).Similarly, days of maturity increased linearly due to the 

interaction effects of N fertilizer rate and varieties. As the nitrogen rates increased from 

(50kgha
-1

) to (110kgha
-1

); IBONE 174/03 variety exhibited the shortest and the longest 

(120.89 and 131.66) whereas EH-1847 the exhibited the shortest and the longest (131.44 and 

155.89) days of maturity (Figure 8). This might be attributed to the behavior of the N-

fertilizer that increases vegetative growth of crops thereby delaying physiological maturity. 



43 

 

Moreover, under normal condition crops may take long days to maturity to exploit the 

available moisture and nutrients in the soil (Derebe Terefe et al.,2018). Therefore,EH-1847 

variety exhibited the longest days (155.89 days) as compared to IBONE 174/03 variety (had 

the shortest 120.89 days) with respect to  physiological maturity. This variation might due to 

genetic difference of malt barley varieties as it was verified by Wosene Abtew and Berhane 

Lakew (2015); Derebe Terefe et al. (2018); among the genotypes compared for days to 

physiological maturity, there was variation due to genetic difference of malt barley varieties. 

This result also agreed with the finding of Derebe Terefe et al.,(2018)who stated that, days of 

physiological maturity of malt barley were increased as N fertilizer rates was increased. 
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Table 3: Effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on days of 

seed emergence (SE), heading (DH) and Days of physiological maturity(DM) 

atBassonaworana Woreda. 

Time(T) SE DH DM 

T1 13.66
a
 68.41

c
 127.00

c
 

T2 13.16
a
 74.37

b
 133.33

b
 

T3 13.24
a
 80.25

a
 145.08

a
 

Variety(V)    

IBONE 174/03 12.33
b
 72.41

b
 125.61

b
 

EH1847 14.16
a
 76.41

a
 144.66

a
 

N-rates(kgha
-1

)    

50 13.44
a
 66.28

d
 126.16

d
 

70 13.11
a
 74.28

c
 132.11

c
 

90 13.00
a
 77.22

b
 138.50

b
 

110 13.44
a
 79.61

a
 143.78

a
 

Time NS *** *** 

Variety *** *** *** 

N rate NS *** *** 

TxV NS NS *** 

TxNr NS *** *** 

VxNr NS NS *** 

TxVxNr NS NS NS 

CV 9.72 4.03 2.51 

Means followed by the same letter within a column are not significantly different at 5% level 

of significance by DMRT,*, **, ***, and NS showed significant differences at 0.05, 0.01, 

0.001probability levels and non-significant differences, respectively. Where, T1= full at 

sowing, T2= 1/2 at sowing and 1/2 at mid tillering, T3=1/4 dose at sowing, 1/2dose at mid 

tillering and 1/4 at anthesis; CV = Coefficient of variation. 
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Figure 5:.Interaction effect of nitrogen rate and time of application on days of heading of malt 

barley. 
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.Figure 6: Interaction effect of variety and time of nitrogen fertilizer application on days of 

physiological maturity malt barley 

 

 
.Figure 7: Interaction effect of nitrogen rates and time of application on days of physiological 

maturity malt barley 
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Figure 8: Interaction effect of nitrogen rates and variety on days of physiological maturity 

malt barley. 
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4.3 Effect of Nitrogen Rate, Time of Application and Variety on Growth Parameters of 

Malt Barley 

4.3.1 Plant height 

Main factors of N-rate, time of fertilizer application and variety had highly significant 

(P<0.001) effect on plant height and with the exception of the three way interaction effects, 

both the two way interaction effects had significant responses on plant height of malt barley 

varieties. Results of main effect revealed that fertilizer applied with the highest N rate (110 kg 

ha
-1

) had contributed to highest (82.38cm) plant height and fertilizer applied with the lowest 

(50kgha-
1
) N rate contributed to the shortest(73.31cm) plant height.Likewise,T3 produced 

taller plants (82.93cm) than T1 (68.60cm), which implied that split application of higher 

levels of N (110kgha
-1

) at a time of T3 (1/4 dose at sowing, 1/2 dose at mid-tillering and 1/4 

dose at anthesis) resulted in taller plant highest at maturity. The highest mean plant height 

(77.87cm) was also obtained from IBONE174/03 variety while EH1847 exhibited the lowest 

(74.28cm) plant height as compared to the IBONE174/03(Table 4). 

 

The interaction effect of time of N-fertilizer application with the studied varieties revealed 

significant effect (p<0.05) on plant height(Table 4)where, time of T1and T3 resulted the 

shortest and  longest plant height of (68.33and 85.42cm) in the case of IBONE173/04 and 

(68.86 and 80.44cm) in the case of EH-1847 varieties, respectively (Figure 9).The interaction 

effects of N rate versus time of application had also significant (P<0.001) effect on mean 

plant height of  malt barley (Table 4)which showed that the shortest (65.54cm) and the tallest 

(92.58cm) plant height were observed when the lowest (50kgNha
-1

) N rates interacts with 

time T1 and the highest (110kgNha
-1

) N rate interacts with the time T3 (Figure 10). 

 

On the other hand, the interaction of varieties with rates of N fertilizer revealed significant 

(P<0.05) effects on plan height (Table 4) which indicated that the shortest (69.88cm) mean 

plant height of IBONE174/03 varieties was obtained from the interaction of the lowest 

(50kgha
-1

) N- fertilizer rate while the tallest (86.06cm) plant height was obtained from the 

interaction of the highest (110kgha
-1

) rate of N fertilizer. Likewise, the shortest (70.74cm) 

mean plant height of EH-1847 varieties was obtained from the interaction of the 

lowest(50kgha
-1

) N-fertilizer rate while the tallest (78.70cm) plant height was obtained from 
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the interaction of the highest (110kgha
-1

) rate of N fertilizer. Therefore, the mean plant height 

of Ibone174/03 exceeded the EH1847 variety; this might be due to genotypic behavior in 

combination with the environmental conditions which were suitable for the IBONE174/03 

than the EH1847variet (Figure 11). 

 

This result is agreed with the reported by Zewdu Yilema et al. (1992); Alcoz et al.(1993); 

Haftom Gebretsadik et al.(2009) which stated that increased level N fertilizer and splited 

application N fertilizer more than two times during the cropping season has plays vital role in 

vegetative growth, resulted for significant influence on plant height.This result is also agreed 

with Minale Liben et al. (2011); Wakene Tigre et al. (2014) ; Biruk Gezahegn and Demelash 

Kefale (2016); (Derebe Terefe et al.,2018), as reported that plant height differences caused by 

interaction effect of nitrogen fertilizer levels, time of application and varieties; the highest 

mean plant height that was obtained from the local variety with the highest rate of N fertilizer 

and splitted application of N fertilizer was due to genotypic behavior in combination with the 

environmental conditions, which were suitable for the local than the others varieties. 

Accordingly, such increment of plant height along with increased N-fertilizer rate, splitted 

application of N-fertilizer might be related to the effect of nitrogen, which promotes 

vegetative growth as other growth factors are in conjunction with it. 

4.3.2. Total tiller number 

Both the main factors had highly significant (p < 0.001) effect on total number tiller of malt 

barley varieties (Table 4). The highest (13.5) and lowest (9.48) number of total tillers) were 

recorded at the time of T1 and T3 whereas, the highest (13.00) and the lowest (10.58) total 

tiller number was obtained from EH1847and IBONE174/03 varieties, respectively. EH-1847 

variety produced more tillers as compared to IBONE174/03 variety; this might be due to the 

genotype differences of the varieties. The maximum (14.14) number of productive tillers at 

maturity stage was recorded at the highest (110 kg Nha
-1

) N rate while the lowest (10.24) 

number of productive tillers at maturity stage was obtained at the lowest (50kgha
-1

) treatment 

of N rate (Table 4). 
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The interaction effects of time of N-fertilizer application with varieties revealed significant 

(P<0.01) effects on total tiller number. It increased from 9.00 to 12.31 in IBONE173/04 and 

from 10.00 to 14.67 in case of EH-1847 variety with the interaction ofT1 to T3 consecutively 

(Figure 12).It might be due to the response of time nitrogen application (splitted application) 

to nourished the plant through periodic nutrient supplements and stimulated the plant for the 

development of new sprouts. On the other hand, the interaction effects of N rates and time of 

application exhibited highly significant(P<0.001) effect on total tillers number of the crop; in 

which the lowest(7.58) and the highest(13.10) number of tillers was recorded from the 

interaction effects of T1 with the lowest(50kgha
-1

) N rates and T3 with the highest(110kgha
-1

) 

N-rates (Figure 13).Similarly, the combined effects N-rate and varieties had 

significant(P<0.05) effect on the total number of productive tillers. The maximum (15.40) 

number of productive tillers at maturity stage was recorded with combination of 110kgha
-1 

N 

rate and EH-1847 variety, while the lowest (8.17) number of productive tillers at maturity 

stage was obtained with the combination of the lowest(50kgha
-1

) N rate and IBONE 

174/03variety (Figure14).This results were in agreement with Abdullatif et al. (2010); Bekalu 

Abebe; Mamo Manchore (2016); Biruk  Gezahegn and Demelash  Kefale (2016); Derebe 

Terefe et al. (2018) as reported, tillering is enhanced by increased N availability during the 

vegetative crop phase which is  due to the role of N fertilizer in accelerating vegetative 

growth of plants thereby stimulates tillering, that could be due to its effect on cytokine/protein 

synthesis of the plant. 

4.3.3 Spike length 

Spike length exhibited highly significant (P<0.001) response to timing of N application and 

N-rate but non-significant responses to the main effects of variety. The interaction of time of 

nitrogen application with variety and nitrogen rates with time of application had also shown 

significant (P<0.05 and P<0.001) effects on spike length while the interaction of N-rate with 

variety and the three way interaction had non -significant effects on spike length malt barley 

varieties. The shortest (6.42cm) and the tallest (8.12cm) spike length was recorded when N 

fertilizer were applied at the time T1 and T3. The shortest (6.5cm) and the longest (8.44cm) 

spike length was also recorded from the lowest (50kgha
-1

 and highest (110kgha
-1

) levels of N 

fertilizer, respectively (Table 4). 
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Spike length of malt barley consistently increased from the shortest (6.35cm) to the tallest 

(8.00cm) inIBONE173/04 variety and from 6.5cm to 8.34cm in case of EH-1847 variety as it 

was interacted with time of T1 and T3, respectively (Figure 15). Similarly, The shortest 

(6.11cm) and the longest  (10.24cm) spike length was obtained from the interaction effects of 

the lowest (50kgha
-1

) N-rate with time of application T1 and the highest (110kgha
-1

) N-rate 

with time of application T3,  respectively (Figure 16).This might be due to the active 

responses of N fertilizer when it was applied in splitted ways. 

 

The result is in contrast to the finding of Alcoz et al. (1993); Campbell et al. (1993); Smith 

and Hamel (1999) who reported that, early N fertilizer application (at knee stage) provides 

better spike development and density. More concisely, their findings also indicated that, 

higher spike length of cereals was recorded by the application of 69kgha
-1 

of N-fertilizer rate 

than 96kgha
-1

 of N-fertilizer where, excessive application of N-fertilizer reduced spike length. 

Most recently, Bekalu Abebe and Mamo Manchore (2016) reported that, N-fertilizer 

application by itself do not have significant effect on panicle length of cereals. However, the 

optimum amount of fertilizer application has significant effect on growth of spike length. 
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Table 4: Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

plant height (PH), total tiller number (TTN) and spike length (SL) at Bassonaworana Woreda, 

Central highland of Ethiopia 

Time(T) PH TTN SL 

T1 68.60
c
 9.48

c
 6.42

c
 

T2 76.90
b
 12.36

b
 7.27

b
 

T3 82.93
a
 13.50

a
 8.12

a
 

Variety(V)    

IBONE174/03 77.87
a
 10.58

b
 7.27

a
 

EH1847 74.28
b
 13.00

a
 7.27

a
 

N-rate(kgha
-1

)    

50 70.31
d
 10.24

c
 6.50

c
 

70 73.57
c
 11.00

bc
 6.70

c
 

90 78.03
b
 11.74

b
 7.45

b
 

110 82.38
a
 14.14

a
 8.44

a
 

Time *** *** *** 

Variety *** *** NS 

N-rate *** *** *** 

TxV * ** * 

TxNr *** *** *** 

VxNr * * NS 

TxVxNr NS NS NS 

CV 5.17 12.62 9.30 

Means followed by the same letter within a column are not significantly different at 5% level 

of significance by DMRT,*, **, ***, and NS showed significant differences at 0.05, 0.01, 

0.001Probability levels and non-significant differences, respectively. Where, T1= full at 

sowing, T2= 1/2 at sowing and 1/2 at mid tillering, T3=1/4dose at sowing, 1/2dose at mid 

tillering and 1/4at anthesis; CV = Coefficient of variation. 
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Figure 9: Interaction effect of variety and time of nitrogen fertilizer application on plant 

height of malt barley 
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Figure 10: Interaction effect of nitrogen rates and time of application on plant height of malt 

barley 

 

 
Figure 11: Interaction effect of nitrogen rates and variety on plant height of malt barley 
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Figure 12: Interaction effect of variety and time of nitrogen fertilizer application on total tiller 

number of malt barley 

Figure 13: Interaction effect of nitrogen rates and time of application on total tiller number of 

malt barley 
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Figure 14: Interaction effect of nitrogen rates and variety on total tiller number of malt barley 

 

Figure 15: Interaction effect of variety and time of nitrogen application on spike length of 

malt barley 
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Figure 16: Interaction effect of nitrogen rates and time of nitrogen application on spike length 

of malt barley 

4.4. Effect of Nitrogen Rate, Time of Application and Variety on Yield and Yield 

Components of Malt Barley 

4.4.1Number of effective tillers 

Number of effective tillers was significantly (p< 0.001) affected by N rate, time of application 

and variety. However, the interaction of N-rate with time of application and the combined 

(three way interaction) effects had significantly (P<0.001)affected the  number of effective 

tillers (Table 5).The maximum (10.25) and the minimum (6.00) number of productive tillers 

at maturity stage was recorded at the time of T3 and T where, the highest (8.84) number of 

productive tillers was recorded in variety EH1847 as compared to IBONE174/03 which 

exhibited the lowest (7.85) number of productive tillers. The highest (10.70) number of 

productive tillers was also  recorded at the highest (110kgha
-1

) N rates of fertilizer  as 

compared to the lower rates (50kgha
-1

) of Nitrogen fertilizer with the lowest (6.80) number of 

effective tillers per plant (Table 5) 
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The interaction effects of time of nitrogen application and N-rates produced the highest 

(13.10) number of productive tillers when the highest (110kgha-
1
) N rates interacts with the 

time of application T3 and the lowest (4.76) numbers of productive tillers were produced 

when the lower (70kgha
-1

) N-rate interacts with the time of N fertilizer application T1 (Figure 

17). This might be due to splitted application of N fertilizer for three times (T3) which may 

provide assimilate of nitrogen that would have contributed to the survival and development of 

effective tillers. Results of the combined interaction effects showed that number of productive 

tillers increased from 3.70 to 12.24 as the time of N application extended from T1 to T4 and 

Nitrogen rate increased from 50kgha
-1

 to 110kgha
-1

 in case of IBONE174/03 variety. Whereas 

the combined interaction effect in case of EH1847 variety revealed differently that, the 

lower(3.70) number of effective tiller was recorded with the interaction of 70kgNha
-1

 and the 

highest(14.00) number of effective tiller produced with the interaction of 110kgNha
-1

 at the 

time T1 and T3 (Table 6). This might be due to the role of time of N fertilize application in 

accelerating vegetative growth of plants and stimulates productive tiller when it was splited 

based on the crop growth stages. 

 

Therefore, this result is agreed with the experimental result of Biruk Gezahegn and Demelash 

Kefale (2016); Derebe Terefe et al.(2018) who reported that, interaction effect of nitrogen 

levels had highly significant difference on number of productive tillers per plant of malt 

barley due to the role of N-fertilizer in accelerating vegetative growth of plants and nitrogen 

stimulates tillering that could be due to its effect on cytokine/protein synthesis. However, the 

study is disagreed with the result of Archer (1988); Mangle and Kirkby (1996) who stated that 

barely producing more tillers per plant and exhibiting a higher percentage of survival of tillers 

when it reacts to early nitrogen application, as nitrogen stimulates tillering, may be due to its 

effect on cytokine synthesis.  

4.4.2 Number of kernel/spike 

Analysis of variance revealed significant (P<0.001) effect on the number of fertile kernelper 

spikes in response to N-rate and time of N application but non-significant differences in 

responses to variety. The interaction of N-rate with time of application, time of N-fertilizer 

application with variety and N-rate with variety had significant (P<0.001and P<0.05) effects 
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on the number of kernels per spike even if the three way interaction effects had non-

significant responses on number of kernels per spike (Table 5).The numbers of kernel per 

spike increased as the time of N- fertilizer application extended from T1 to T3 were it can 

nourish the fertilized egg cells of the seed at the different growth stage of the plant and 

thereby it was produced  relatively more productive spikes (29.18kernel per spikes) at the 

time of T3 than T1(23.52 kernel/ spikes).Similarly, the highest (29.66) number of grain per 

spike were obtained with the application of the highest N rate (110kg N ha
-1

) whereas the 

lowest (24.11) number of grains per spike were recorded with the lowest (50kgha
-1

) N rate of 

(Table 5).  

 

The interaction effects of malt barley varieties with time of N-fertilizer application produced  

lowest (23.37 and 23.66) and highest (30.01and 28.36) number of productive kernels per 

spikes in variety IBONE174/03and EH-1847 as the time of N- fertilizer application extended 

from T1 to T3,respectively.However,IBONE 174/03 variety had relatively more(30.01) 

number of kernels per spike when it interacted with time T3 as compared to EH-1847(28.36) 

variety (Figure 18).This might be due to the genetic differences among the two varieties. 

Similarly, the number of kernels per spike increased as the rate of N-fertilizer increased from 

50kgha
-1

 to 110kgha
-1

 in relation to the time of N- fertilizer application as it goes from T1 to 

T3. The lowest number (21.81) and the highest number (34.00) kernels/spike was recorded 

when 50kgNha
-1

 interacted with T1 and 110kgNha
-1

 interacted with T3 respectively (Figure 

19). On the other hand, the interaction effects of N rate with varieties also revealed that, 

IBONE 174/03 variety exhibited the highest (30.28) numbers of grain per spike when it 

interacts with the highest (110kgha
-1

) N rate; whereas both varieties produced relatively the 

lower (IBONE174/03=24.12 and EH1847 =24.10) number of grain per spike with the 

interaction of the lower (50kgha
-1

) of N rate (Figure 20).The result is agreed with the result of 

Amare Aleminew and Adane Legas (2015); Assefa Fenta et al. (2017) ; Derebe Terefe et al. 

(2018) which stated that, genotypic differences of barley in spikelet per spike that in turn 

resulted in higher numbers of grains per spike due to the interaction effects of N rates and 

varieties where the highest and lowest number of grain per spike was produced with the 

combination of the highest and the lowest N rate in relation to malt barley varieties. 
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However, in line with this result, there were also different arguments on the rate time of N 

fertilizer in relation to malt barley varieties. Morris et al. (1989) stated that splitting of N rates 

into two or more application has no influence on spike number. On the other hand, Zewdu 

Yilma et al. (1992); Campbell et al. (1993), early N application is relevant for better spike 

development and density. Other literature suggests that application of N at mid-tillering or 

splitting N should increase the number of kernels per spike by increasing grain sites and 

enabling the plant to develop more florets per spikelet (Stephen et al. 1985; Tilahun et 

al.,1996).Therefore, from the above arguments point of view, this result showed an 

approximate reality to the research results of Biruk Gezahegn and Demelash Kefale (2016) 

who stated that, plants have high ability to absorb applied N-rates or to translocate and 

assimilate N for the synthesis and development of spikelet during the post-anthesis phase. 

4.4.3 Grain yield 

Data analysis revealed that, there was  highly significant (P<0.001)effect on grain yield due to 

N- rates and time of nitrogen application and the interaction of nitrogen rate with time of 

application. However, the main effects of variety, interaction effects of time of N-fertilizer 

application with variety, N-rates with variety and the combined (three-way)interaction effects 

had non-significant responses to the grain yield of malt barley variety (Table 5). 

 

Time of  N fertilizer application at T3 exhibited 44% additional (1461kgha
-1

) grain yield 

increment as compared tothe lowest mean grain yield (3327.30kgha
-1

) which was obtained 

from N-fertilizer application  at the time of T1. Similarly, the higher(110kgha
-1

) rates of N 

fertilizer application recorded 60.4% (1929.4kgha
-1

) additional grain yield increment as 

compared to the lowest (50kgha
-1

) rate of N fertilizer, which produced the lowest 

(3194.4kgha
-1

) grain yield (Table 5).Studies of Gauer et al. (1992) and Ali (2010) agreed with 

the result; who reported that there was positive and linear responses of grain yield to 

incremental rates of N fertilizer. 

 

The highest (6611.10kgha
-1

) grain yield of malt barley had been obtained from the interaction 

of higher(110kgha
-1

) N rate at the time of application T3 and low (2889.00 kgha
-1

) amount of 

grain yield was produced from the interaction of lower(50kgha
-1

) rate of N fertilizer with time 
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of application T1)Figure 21).The result showed that the interaction of higher N fertilizer rate 

with time of application T3 recorded 128.8% (3722.1kgha
-1

) of additional yield increment as 

compared to the lowest rate of N fertilizer at the time of application T1.Even if the three way 

interaction effect was statistically  non-significant, the maximum yield (6916.7kgha
-1

) was 

obtained by T3, 110kgNha
-1

 and IBONE174/03  variety and the lowest yield (2694.4kgha
-1

) 

was obtained by T1, 50 kgNha
-1

 and  IBONE 174/03variety (Table 7).The higher response of 

grain yield to the highest N rates in this study might be attributed to the splitting of higher 

rates of N-fertilizer for efficient utilization of nutrients along with favorable climatic 

conditions; that was able to stimulate the production of the highest grain yield of malt barley 

by influencing the other yield components favorably. The result is due to the response of grain 

yield to the highest N rates and time of application as well as the favorable climatic conditions 

of the growing seasons. Splitted application of the highest N-rates at the time of T3, which 

stimulates for the production of maximum number of grains by influencing other yield 

components favorably. 

 

This result is agreed with Taalab et al. (2015) who reported that, splitting applied N resulted 

in higher grains yield at both application rates than when N applied once. This may be 

attributed to the synchrony between the time of high need of the plant for N uptake and the 

time of availability of sufficient N in the soil at the specified growth stages. The yield 

enhancing effect of the four split applications of N attributed to reduction in loss of nitrate by 

leaching during the wet growing season. Thus, at the time of high need for N, the plant may 

have taken most of the nitrate from the soil, leaving less of it available for leaching by the 

percolating rainwater, especially in high rainfall areas where nitrate leaching is very common. 

With splitting of higher rates of N-fertilizer, N availability apparently matched crop needs 

during the growing period (Taalab, 2002).Splitting N application rats into three or four 

applications increased grains yield by 3.1and 3.6 times that of control and 1.5 and 1.6 times 

that of one application, respectively. The same trend was found for straw and biological 

barley yield (Taalab et al.,2015). However, this finding is in contrast with results obtained by 

Bekalu Abebe and Mamo Manchore (2016) who stated that, to maximizing the grain yield of 

cereal cops, applying of 69 kg ha-
1
 N is an appropriate as compared to 92 kgha

-1
N by using 
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split application, because of well-balanced supply of N at optimal amount, results in higher 

net assimilation rate and increased grain yield of cereal crops. 

4.4.4. Straw yield 

Straw yield exhibited highly significant differences in response to N-rates and timing of 

application (P<0.001) while significant (P<0.05) response to the main factor of Variety. The 

interaction of time of N-fertilizer application with variety also had significant (P<0.05) effect 

on straw yield of the studied malt barley varieties (Table 5). 

 

Split applications of N fertilizer at the time of T3 produced relatively 20% superior straw 

yield (5672.70kgha
-1

) straw yields as compared to full dose at planting (4722.20kgha
-1

) at the 

time of T1. This result agreed with the report of Alcoz et al. (1993) and Tilahun Geleto et al. 

(1996) as showed, the enhancement of straw yield by splitting N application relative to 

applying the whole dose of fertilizer at seeding or mid-tillering crop stage. The highest 

(5542.80kgha
-1

) straw yield was also obtained from the IBONE4/03 variety while the lowest 

(5157.4kgha
-1

) was obtained from EH1847 variety. This result indicated IBONE174/03 

variety had 7% more straw yield as compared to EH1847. Similarly, the highest (6105.30kg) 

straw yield was obtained from the highest N rate (110kg ha
-1

) and the lowest (4779.00kg) 

straw yield was obtained from the lowest (50kgha-1) N rates of fertilizer. It indicated that at 

higher rate of N fertilizer there was 27.7% straw yield increment as compared to the lower 

rate of N fertilizer (Table 5). This result is agreed with Derebe Terefe et al. (2018) who stated 

that, the highest straw yield was obtained from the highest N rate and suggests that nitrogen 

application enhances the vegetative growth of barley crop that delays senescence which 

ultimately increase biological yield. In the contrary, the experimental results of Bekalu Abebe 

and Mamo Manchore (2016) showed that, control plot had 24.3 % more straw yield  than 

fertilizer applied with the highest rate of N fertilizer on wheat crop where, excessive N 

fertilizer application had toxic effect on crop and resulted for less straw(Abdo ,2009).  

 

There was also a considerable difference in straw yield as result of the interaction effect of 

time of N fertilizer application and variety. The highest mean straw yield (6156.3 kgha
-1

) was 

obtained from IBONE 174/03 variety with half dose at the time of sowing and half dose 
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atmid-tillering (T2)of application of nitrogen fertilizer rates, while the lowest mean straw 

yield (4705.00kgha
-1

) was also fromIBONE174/03variety with the application of the whole 

dose of N fertilizer at the time of sowingT1 (Figure22). 

 

Even though the three way interaction effect was statistically non-significant, the maximum 

straw yield (7361.1kgha
-1

) was obtained by T2, 110kgNha
-1

and IBONE174/03 variety and the 

lowest yield (4298.6kgha
-1

) was obtained by T1, 50 kg Nha
-1

 and EH1847 174/03variety 

(Table 8).Therefore,IBONE174/03 produced more straw yield as compared to EH-1847 

variety, implying an advantage of the total above ground dry-matter production from the 

relatively higher biomass variety which is  preferable for integrated crop-livestock production 

systems where the farmer has multiple uses for the barely crop. Barely straw represents one of 

the major dry season feed sources for the large livestock population of Ethiopia Tilahun 

Geletoet al. (1996).However, the result disagreed with Amsal Tarekegn et al. (2000); Bekalu 

Abebe and Mamo Manchore (2016); Biruk Gezahegn and Demelash Kefale (2016); Derebe 

Terefe et al. (2018) who reported that, there were significant differences between the malt 

barley varieties for straw yield across N rate treatments. This significant may be genetic 

variation.  

4.4.5 Harvest index 

The ability of a variety to partition the dry matter into economic (grain) yield is indicated by 

its harvest index of malt barley which was significantly (P<0.05) affected by the main factor 

of N- rates and time of N fertilizer application but variety had non-significantly affected 

harvest index of malt barley. The interaction of N-rate and time of N-fertilizer application also 

affected significantly (P<0.01) the harvest index of malt barley variety (Table 5). 

 

Application N-fertilizer at the time of T3 treatment had resulted in the highest harvest index 

(45%), followed by N rates applied at the time of T2 with a harvest index value of 42% and 

T1 with a harvest index value of41%. This result indicated that as the applied N rates was 

splitted three times; harvest index of barley was also increased. This could be accounted for 

the enhanced above ground biomass yield in response to the time of nitrogen fertilizer 

application in relation to rates of nitrogen during the growing season. In the case of N 
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rates;50kgha
-1

, 70kgha
-1

, 90kgha
-1

and 10kgha
-1

 all were statistically ranging from 40.00% to 

44.00% of HI, indicating nearly an equal assimilation and utilization of nitrogen nutrients 

while 70kg and  90kgha
-1 

N-rate had not statistically significant different in harvest index 

(43.00%) of the varieties (Table 5).  

 

The lowest NHI (38.02%) was recorded when the highest nitrogen fertilizer rate (110kgNha
-1

) 

were applied at the time of T1 and the highest (50.90%) NHI was recorded when the highest 

nitrogen rate (110kgNha
-1

) was applied at the time of T3 regardless of the studied varieties. 

The interaction of N rate with time of application also revealed that nutrient harvest index 

increased as the N rate and its time of application increased from 50kgha
-1

 to 110kgha
-1

and 

from T1 to T3 respectively (Figure 23). The higher NHI in the three split of N-application in 

this study is agreed with the findings of Jan et al. (2010) who reported that, there were higher 

harvest index with the additional N-fertilizer application at the time of anthesis. However, the 

result was in contrast with the results of Munir (2002); (Biruk Gezahegn and Demelash 

Kefale (2016); Derebe Terefe et al. (2018)indicated that, there were highly significant 

differences between varieties for harvest index across N-rate treatments; as the applied N-rate 

increased, harvest index of barley was decreased that accounted for the enhanced above 

ground biomass yield in response to the incremental rates of N in contrast to grain yield 

during the growing season. Variation in harvest index of different barley varieties was also 

due to barley inherent variability. 
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Table 5:Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

number of effective tiller(NET),number of kernels per spike(NK),grain yield(GY),straw yield 

and harvest index of malt barley at Bassonaworana Woreda. 

Time (T) NET NK GY SY HI 

T1 6.00
c
 23.52

c
 3327.30

c
 4722.20

c
 0.41

b
 

T2 8.78
b
 27.24

b
 4157.10

b
 5655.40

b
 0.42

b
 

T3 10.25
a
 29.18

a
 4788.20

a
 5672.70

a
 0.45

a
 

Variety (V)      

IBONE174/03 7.85
b
 26.80

a
 4218.70

a
 5542.80

a
 0.42

a
 

EH1-1847 8.84
a
 26.50

a
 3963.00

a
 5157.40

b
 0.43

a
 

N-rate (kgha
-1

)      

50 6.80
c
 24.11

d
 3194.40

d
 4779.00

c
 0.40

b
 

70 7.73
b
 25.80

c
 3832.20

c
 5045.10

bc
 0.43

a
 

90 8.17
b 

27.02
b
 4213.00

b
 5471.10

b
 0.43

a
 

110 10.70
a 

29.66
a
 5123.80

a
 6105.30

a
 0.44

a
 

Time *** *** *** *** * 

Variety *** NS NS * NS 

N-rate *** *** *** *** * 

TxV NS * NS * NS 

TxNr *** *** *** NS ** 

VxNr NS * NS NS NS 

TxVxNr *** NS NS NS NS 

CV 13.37 5.40 13.60 13.54 9.86 

Means followed by the same letter within a column are not significantly different at 5% level 

of significance by DMRT,*, **, ***, and NS showed significant differences at 0.05, 0.01, 

0.001Probability levels and non-significant differences, respectively. Where, T1= full at 

sowing, T2= 1/2 at sowing and 1/2 at mid tillering, T3=1/4dose at sowing, 1/2dose at mid 

tillering and 1/4at anthesis; CV = Coefficient of variation. 
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Figure 17: Interaction effect of nitrogen rates and time of nitrogen application on net effective 

tillers of malt barley 
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Figure 18: Interaction effect of variety and time of nitrogen application on number of kernels 

per spike of malt barley 

 

Figure 19: Interaction effect of nitrogen rates and time of nitrogen application on number of 

kernels per spike of malt barley 
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Figure 20: Interaction effect of nitrogen rates and variety on number of kernels per spike of 

malt barley 

 

Figure 21: Interaction effect of nitrogen rates and time application on grain yield of malt 

barley 
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Figure 22: Interaction effect of variety and time of nitrogen application on straw yield of malt 

barley 

 

Figure 23:  Interaction effect of nitrogen rates and time of nitrogen application on harvest 

index of malt barley 
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Table 6: The combined effect of time of nitrogen application, varieties and N-rate on number 

of effective tillers of malt barley varieties at Bassonaworana woreda 

Variety 

IBONE174/03(V1)                                  EH1847(V2) 

Time of N application 

N rates 

(kgha
-1

) 

T1 T2 T3 T1 T2 T3 

50 3.7
 

6.21
 

8.03
 

6.73
 

7.46
 

8.60
 

70 5.56
 

7.70
 

8.46
 

4.00
 

11.66
 

9.00
 

90 6.00
 

8.40
 

10.10
 

3.70
 

9.16
 

11.67
 

110 7.84
 

10.00
 

12.24
 

10.53
 

9.66
 

14.0
 

CV 13.37      

Where, T1= full at sowing, T2= 1/2 at sowing and 1/2 at mid tillering, T3=1/4 dose at sowing, 

1/2dose at mid tillering and 1/4 at anthesis; CV = Coefficient of variation. 

 

Table 7: Interaction effects of nitrogen rates, time of application and variety on grain yield of 

malt barley 

Variety 

                                  IBONE174/03(V1)                                  EH1847(V2) 

Time of  N application 

N rates 

(kgha-
1
) 

T1 T2 T3 T1 T2 T3 

50 2694.40
 

3396.00
 

3326.40
 

3083.30
 

3208.30
 

3458.30
 

70 3611.10
 

4625.00
 

3791.70
 

3229.20
 

4166.70
 

3569.40
 

90 3958.30
 

3625.00
 

5653.00
 

3590.30
 

3166,70
 

5284.70
 

110 3291.70
 

5736.10
 

6916.70
 

3189.70
 

5333.30
 

6305.60
 

CV 13.60      

Where, T1= full at sowing, T2= 1/2 at sowing and 1/2 at mid tillering, T3=1/4 dose at sowing, 

1/2dose at mid tillering and 1/4 at anthesis; CV = Coefficient of variation. 
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Table 8Interaction effects of nitrogen rates, time of application and variety on straw yield of 

malt barley 

Variety 

IBONE174/03(V1)                                  EH1847(V2) 

Time of N application 

N rates 

(kgha-
1
) 

T1 T2 T3 T1 T2 T3 

50 4562.5
 

5458.30
 

4916.70
 

4298.60
 

4604.20
 

4833.30
 

70 4514.00
 

5944.40
 

5368.10
 

4527.80
 

5347.20
 

4569.40
 

90 4639.00
 

5861.10
 

6243.10
 

4770.80
 

4764.00
 

6548.60
 

110 5104.2
 

7361.10
 

6541.70
 

5361.10
 

6041.70
 

6222.20
 

CV 13.54      

Where, T1= full at sowing, T2= 1/2 at sowing and 1/2 at mid tillering, T3=1/4 dose at sowing, 

1/2dose at mid tillering and 1/4 at anthesis; CV = Coefficient of variation. 

 

4.5. Effect of Nitrogen Rate, Time of Application and Variety on Quality Parameters of 

Malt Barley 

4.5.1Thousand seed weight 

N-rates, time of nitrogen application and variety had significant (P<0.001 and P<0.01) effect 

on thousand seed weight of malt barley variety but both except the interaction of N rates with  

time of application, had non-significant effect on  thousand seed weight of the grain (Table 9). 

Results of the main factor effect revealed that, the highest (55.00gm) thousand seed weights 

was produced from the highest(110kgha
-1

)N rates, whereas the lowest (48.27gm) thousand 

seed weights was obtained from the lowest(50kgha
-1

) N rate of malt barley varieties. 

Similarly, time of N-fertilizer application at T3 produced the highest (56.50gm), T1 produced 

the lowest (47.80gm) thousand seed weight of the tested variety, EH-1847 produced the 

highest (53.40gm) and IBONE 174/03 produced the lowest (49.82gm) of thousand seed 

weight as compared to IBONE, 174/03 variety (Tables 9). 
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The interaction effects of time of nitrogen fertilizer application with its rate of nitrogen also  

resulted in the lowest (46.00gm) thousand seed weight at the time of T2 with the interaction 

of the lowest rate of nitrogen (50kgNha
-1

)application and the highest thousand seed weight 

(62.27gm) was obtained with the interaction of the highest nitrogen rate(110kgNha
-1

)at  its 

time of  nitrogen application at(Figure 24).Results of the main and interaction treatments of 

this study revealed that thousand seed weight was above the standard ranges, as it was 

reported by Anonymous (2012) who stated that, thousand seed of malt barley weight should 

be >45 gm for 2-rowed barley and > 42 gm for 6-rowed barley and it also above the standards 

set by National Standard Authority of Ethiopia (Ethiopia quality Standard Authority EQSA); 

ranged from 35 to 45gm and with the acceptable grain size (thousand-kernel weight) for raw 

barley are in the range of 25–35g (EQSA, 2006).This might be due to the splitting of rates of 

N-fertilizer and suitable environmental factors which may led to an increased in 

photosynthesis process and accumulation of carbohydrates in grain to produce heavy grains. 

But the result is in contrast with Bekalu Abebe and Mamo Manchore (2016) as reported  that, 

the rate of N fertilizer application had significant effect on thousand seed weight where N 

applied 46 kgha
-1

 had 15.2 % more than the control variety and 3.2 % less thousand seed 

weight than the N applied at the rate of 69 kgha
-1

 respectively. Similarly, the result is also 

inconsistent as it was reported by Biruk Gezahegn and Demelash Kefale (2016) who stated 

that the highest mean of thousand seed weight was obtained from the 87kgNha
-1

 rate 

exceeding the lowest (52.5kgha
-1

) and the maximum N-rate (98.5kgNha
-1

) by 1.54 and 1.16%, 

respectively. 

4.5.2 Hectoliter weight 

Hectoliter weight of malt barley was significantly (P<0.001) different to the main effect of N-

rates and time of nitrogen application and the interaction effect N rates with time of N-

fertilizer application also influenced significantly (P<0.01)the hectoliter weight of malt barley 

varieties while variety and with the exception the interaction effects of N rates with time of 

application, all the interaction effects had non-significantly affected the hectoliter weight of 

malt barley varieties. Effects of the main factors revealed that, the highest (62.60kghl
-1

) 

hectoliter weight was recorded from the highest applied N fertilizer (110kgNha
-1

), whereas 

the lowest (57.06kghl
-1

) hectoliter weight was obtained from the lowest (50kgha
-1

) rate of N. 
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Similarly, the highest (61.80kghl
-1

) hectoliter weight was recorded from the time N fertilizer 

application (T3), whereas the lowest (57.76 kghl
-1

) hectoliter weight was obtained from the 

time of nitrogen fertilizer applicationT1 (Table 9). 

 

Results of the interaction effect revealed that, the highest (68.83kghl
-1

) HLW was produced 

by the interaction of the highest (110kgha
-1

) N rate with time of application T3 while the 

lowest (57.2160kghl
-1

) HLW was obtained from the interaction of the lowest (50kgha
-1

) N 

rate with the time of application T1 (Figure 25). The result is agreed with Derebe Terefe and 

Temesgen (2018); Biruk Gezahegn and Demelash Kefale (2016) as they reported that, the 

highest hectoliter weight was recorded from the highest applied N fertilizer rate. The result is 

also exhibited an acceptable hectoliter weight for both varieties at all N fertilizer rates based 

on the standards set for hectoliter weight by National Standard Authority of Ethiopia (EQSA) 

ranged from 60 to 65kghl
-1

with the acceptable test weight (hectoliter weight) for raw barley 

are in the range 48–62kghl
-1 

(EQSA, 2006). However, according to the report of Rick et al. 

(2014), the acceptable test weights (hectoliter weight) for barley were in the range 66.1-

72.8kghl
-1

; in line with Rick et al. (2014), this result do not exhibited an acceptable hectoliter 

weight for the varieties at all N fertilizer rates. 

4.5.3 Grain protein content 

Grain protein content (GPC) of malt barley was significant difference to the main effects N-

rate, varieties at P<0.001 and P<0.05and had highly significant (P<0.001)differences due to 

the interaction effect of the time of N-fertilizer application versus variety factors, but it had 

non-significant responses as result of the main effect of time of N-fertilizer application, and 

the rest of the interaction effects (Table 9) .The highest (11.81%) grain protein content was 

recorded from the highest N-rate of N fertilizer application (110kgNha
-1

), whereas the lowest 

(11.20%) grain protein content was recorded from the lowest (50kgh-
1
) N rate. Likewise, the 

highest (12.21%) grain protein content was recorded from EH1847variety while the lowest 

grain protein content (10.57%) were in the IBONE 174/03 variety of acceptable quality 

standards. This GPC differences among varieties might be due to the genotype difference of 

the variety (Table 9).This result is agreed with Derebe Terefe et al. (2018) who reported that 

grain protein content of malt barley was highly significant difference to the main effect of N 
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fertilizer levels and varieties, while their interaction effect was non-significantly. Similar 

result was also reported by McLelland et al. (1999) who found that, the protein content and 

yield would increase with an increased rate of nitrogen; however, the protein content will 

increase at a slower rate. As an example, when the Nitrogen application doubles the yield, the 

protein content may only see a one to two percent increase. In addition, moisture stress during 

grain filling can result in a higher protein level and reduced plumpness; therefore, the timing 

of precipitation is also vital (McLelland et al.,1999). However, too much nitrogen can 

increase protein beyond levels set by the maltsters. This increase in protein may lengthen 

steeping times (slows down water uptake during steeping);make germination more erratic and 

create undesirable qualities in the malt (Johnston et al.,2007).In line with the result of this 

study, both main effect of N fertilizer rate and varieties had grain protein content within the 

acceptable range of malt quality(Table 9), except EH1847 variety (Figure 26)where, it was 

declared by the Ethiopian standard authority (EQSA,2006), Assella malt factory (AMF,2012) 

and Gondar Malt Factory (GMF,2015)that, the protein level of the raw barley quality standard 

for malt should be between 9-12%. 

 

The interaction effects of time of N fertilizer  application  with variety also revealed that, 

variety EH1847 exhibited the highest (12.67%) ranges of protein content when it interacts 

with the time of  N fertilizer application T1.In the contrary, EH1847 variety exhibited the 

lowest (12.00%) percentage of protein content at the time of N fertilizer application T2  and 

T3 (Figure 26). On the other hand IBONE 174/03 exhibited the lowest (9.80%) and the 

highest (11.07) percentage of protein content when it interacts with the time of N fertilizer 

application T1 and T3, respectively (Figure 26). Based on the time of N fertilizer application, 

the two studied varieties showed different stories in their protein concentration. According to 

Taalab et al. (2015); Ayoub et al. (1995); Brian et al. (2007), grain protein content was found 

to be significantly influenced by N time of application;  the highest grain protein content was 

obtained under four splits application of nitrogen while the lower grain protein concentration 

was obtained  due to early N application at planting and tillering compared to split N 

application up to anthesis; this truth is agreed with the case of IBONE174/03. Therefore, in 

line with this reality, the variation in grain protein content of the two varieties might be due to 

the genetic variation between them. This result is in agreed with Derebe Terefe et al. (2018) 
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who reported that, there was a variation in grain protein content due to genetic variation of 

malt barley varieties. On the other hand, according to the Ethiopian standard authority 

(EQSA, 2006), Assella malt factory (AMF, 2012) and Gondar malt factory (GMF, 2015), the 

protein level of the raw barley quality standard for malt should be between 9-12%. In line 

with the results of this study, the main and its interaction with time of N fertilizer application 

and IBONE 174/03 variety had grain protein content within the acceptable range whereas EH-

1847 variety exhibited unacceptable ranges of protein content (Table 9 and 

Figure26).Increasing in protein may increase steep times, create undesirable qualities in the 

malt, excessive enzymatic activity and low extract yield (Johnston et al.,2007). It also slows 

down water uptake during steeping, potentially affecting final malt quality.  
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Table 9: Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

thousand seed weight (TSW), hectoliter weight (HLW) and grain protein content (GPC) of 

malt barley at Bassonaworana Woreda, Central highland of Ethiopia. 

Time (T) TSW HLW GPC 

T1 
47.80

c
 57.76

b
 11.23

a
 

T2 
50.48

b
 59.00

b
 11.42

a
 

T3 
56.50

a
 61.80

a
 11.52

a
 

Variety(V)    

IBONE,174/03 
49.82

b
 60.00

a
 10.57

b
 

EH-1847 
53.40

a
 59.02

a
 12.21

a
 

N-rate(kgha
-1

)    

50 48.27
a
 57.06

c
 11.20

b 

70 50.05
b
 59.00

b
 11.33

ab 

90 53.13
a
 59.41

b
 11.22

b 

110 55.00
a
 62.60

a
 11.81

a 

Time *** *** NS 

Variety ** NS *** 

N-rate *** *** * 

TxV NS NS *** 

TxNr ** *** NS 

VxNr NS NS NS 

TxVxNr NS NS NS 

CV 8.65 3.73 6.42 

Means followed by the same letter within a column are not significantly different at 5% level 

of significance by DMRT,*, **, ***, and NS showed significant differences at 0.05, 0.01, 

0.001Probability levels and non-significant differences, respectively. Where, T1= full at 

sowing, T2= 1/2 at sowing and 1/2 at mid tillering, T3=1/4 dose at sowing, 1/2dose at mid 

tillering and 1/4 at anthesis; CV = Coefficient of variation. 
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Figure 24: Interaction effect of nitrogen rates and time of nitrogen application on thousand 

seed weight of malt barley 

 

Figure 25: Interaction effect of nitrogen rates and time of nitrogen application on hectoliter 

weight of malt barley 
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Figure 26: Interaction effect of variety and time of nitrogen application on grain protein 

content of malt barley. 
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4.6 Nitrogen Uptake Traits 

4.6.1Grain nitrogen uptake 

It was affected significantly (P<0.001) by the main factors of N-rates and time of application 

but variety had non-significant effect on grain nitrogen uptake (GNU) of malt barley variety. 

The interaction effects of N-rate with time of application also had significantly affected the 

grain protein content of the crop while the other interaction effects had non-significant 

response to GNU. The highest (96.71kgkg
-1

) and the lowest (57.36kgkg
-1

) grain nitrogen 

uptake were recorded at the highest (110kgha
-1

) and lowest (50kgha
-1

) rates of N-fertilizer. 

The main effect of time of N-fertilizer application also revealed the highest (88.76kgkg-
1
) and 

the lowest (59.70kgkg
-1

)grain nitrogen up take when it was applied at the time of T3 and T1, 

respectively (Table 10).Result of the interaction effect of N-rates and time off application 

indicated that the highest (126.22kgkg
-1

) and the lowest (53.00kgkg
-1

) grain nitrogen uptake 

was recorded when the highest (110kgha
-1

) and the lowest (50kgha
-1

) N rates was interacted 

with T3and T1, respectively (Figure 27). The result is in agreed with Taalab et al. (2015) who 

reported that, grain nitrogen uptake was highly significantly affected by N fertilizer rate and 

timing of application. It is also noticed that amount of N uptake by barley yield with 100 

kgNha
-1

 was higher than that 70 kgNha
-1

.Splitting N treatments yielded more N uptake by 

grain yield of barley than N applied pre-plant treatment. 

 

Even if the three-way interaction effects of had non- significant effects; GNU increased as the 

N rate increased from 50kgha
-1

 to 110kgh
-1

 along with the extended time of application from 

T1 to T3 in both varieties. While, the highest (127.26) GNU  was recorder from the combined  

interaction  effects of N rate, along with time of N fertilizer application ,T3 in variety 

IBONE174/03 followed by EH1847 with similar trends of N rate, time of application(Table 

11).These findings confirmed the importance of three-split applying N to yield more grains 

nitrogen uptake. 
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4.6.2 Straw nitrogen uptake 

Straw nitrogen uptake (SNU) was affected significantly by the main effects of N-rates and 

time of application. However, main factor variety and all interaction effects had non-

responded on straw nitrogen uptake of malt barley varieties. The highest and the lowest 

nitrogen uptake were recorded at the highest and lowest rates of N-fertilizer. Time of N-

fertilizer application also revealed the highest (34.65) and the lowest (26.57) nitrogen uptake 

of the straw when N-fertilizers rates were applied at the time of T3 and T1 respectively (Table 

10).In line with this result, it is disagreed with the result of Taalab et al. (2015)as it was 

reported that, straw nitrogen uptake was highly significantly affected by N fertilizer rate and 

timing of application with values of N uptake by barley straw shares 18 to 31% its uptake by 

grains. The maximum straw N uptake was obtained at the highest N-rate (100kgNha
-1

) with 

the application of nitrogen at two split (two weeks + four weeks from sowing). However, the 

other split applications did not show significant increment as the rates of nitrogen increased. 

4.6.3 Total nitrogen uptake 

Total nitrogen uptake (NtUp) was affected significantly (P<0.001) by the main factors of N –

rates and time of application but variety had non-significant effect on total nitrogen uptake of 

malt barley variety. The interaction effects time of N-fertilizer application with variety and N-

rate with time also had significantly (P<0.05 and P<0.001) affected the total protein content of 

the crop while the interaction of  N rate versus variety and the three-way interaction had non-

significantly  affected  NtUp of the crop. The highest (131.61%) and the lowest (84.78%) total 

nitrogen uptake were recorded at the highest (110kgha
-1

) and lowest (50kgha
-1

) rates of N-

fertilizer. The main effect of time of N-fertilizer application also revealed the highest 

(123.4%) and the lowest (86.26%) total nitrogen up take when it was applied at the time of T3 

and T1, respectively (Table 10). 

 

Result of the interaction effect of N-rates and time off application indicated that the highest 

(165.87%) and the lowest (78.00%)total protein uptake was recorded when the highest 

(110kgha
-1

) and the lowest (50kgha
-1

) N rates was interacted with T1 and T3, respectively 

(Figure 29).The interaction of time of N-fertilizer application with variety also indicated that; 

the highest(122.43%) and the lowest(76.10%)total nitrogen uptake was recorded in IBONE 

174/.03 variety when it interacts with the time of application, T3 and T1,respectively (Figure 



81 

 

28). Similarly, variety EH-1847 exhibited the highest (124.37%) and the lowest (96.10%) 

total nitrogen uptake when it interacts with time of N-fertilizer application, T3 and T1 (Figure 

28). Generally, EH-1847 exhibited the highest total nitrogen uptake as compared to 

IBONE174/03 variety as it was interacted at the lowest and highest rates of N-fertilizer in 

relation to at a time of application T1 and T3 (Figure 28).  
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Table 10: Main effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

nitrogen uptake traits of malt barley varieties at Bassonaworana Woreda, 

Time(T) GNU SNU NtUp 

T1 
59.70

c
 26.57

b
 86.26

c
 

T2 
76.10

b
 32.00

ab
 108.04

b
 

T3 
88.76

a
 34.65

a
 123.40

a
 

Variety(V) 
   

IBONE 174/03 72.35
a
 30.37

a
 102.72

a
 

EH1847 77.34
a
 31.74

a
 109.08

a
 

N-rates(kgha
-1

)    

50 
57.36

c
 27.43

b
 84.78

c
 

70 
69.33

b
 26.00

b
 95.30

c
 

90 
76.00

b
 36.00

a
 112.00

b
 

110 
96.71

a
 35.00

a
 131.61

a
 

Time *** * *** 

Variety NS NS NS 

N rate *** *** *** 

TxV NS NS * 

TxNr *** NS *** 

VxNr NS NS NS 

TxVxNr NS NS NS 

CV 16.56 30.87 15.72 

Means followed by the same letter within a column are not significantly different at 5% level 

of Significance by DMRT,*, **, ***, and NS showed significant differences at 0.05, 0.01, 

0.001Probability levels and non-significant differences, respectively. Where, T1= full at 

sowing, T2= 1/2 at sowing and 1/2 at mid tillering, T3=1/4 dose at sowing, 1/2dose at mid 

tillering and 1/4 at anthesis; CV = Coefficient of variation. 
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Table 11: The combined effect of N-rate, time of nitrogen application and varieties on grain 

nitrogen uptake of malt barley varieties at Bassonaworana woreda 

Variety 

IBONE174/03(V1)                                  EH1847(V2) 

Time of N application 

N rates  

(kgha
-1

) 
T1 T2 T3 T1 T2 T3 

50 39.84 56.24 57.00 66.00 62.10 63.14 

70 55.00 80.51 67.00 63.60 83.06 67.11 

90 63.54 63.06 100.55 66.63 59.00 103.11
 

110 54.32 104.26 127.26 68.73 100.54 125.18
 

CV 50.62      

 

 

 

Figure 27: The interaction effect of nitrogen rate and time of application on grain nitrogen 

uptake of malt barley 

d
d

d dd

c

d

b

d
d

b

a

0

20

40

60

80

100

120

140

50 70 90 110

G
ra

in
 n

it
ro

g
en

 u
p

ta
k

e(
k

g
h

a
-1

N rates(kgha-1)

T1

T1

T3



84 

 

 

 

Figure 28: The interaction effect of time of nitrogen fertilizer and variety on total nitrogen 

uptake of malt barley 

 

Figure 29: The interaction effect of nitrogen rates and time of application on total nitrogen 

uptake of malt barley 
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4.7 Nitrogen Use Efficiency Traits 

4.7.1. Physiological efficiency 

Defined as the biological yield obtained per unit of nutrient uptake .Physiological efficiency 

(PE) represents the ability of a plant to transform N acquired from fertilizer into economic 

yield or grain (Gauer et al., 1992). It was significantly (P<0.001) affected by the main effects 

of variety and with the interaction effect of time of N-application versus variety (P<0.05), but 

it was non-significantly influenced by the main effects of N-rates, time of application as well 

as by the interaction of N rates versus time of application, variety versus N rates and also the 

three-way interaction effects. With respect to the main effect of variety; IBONE, 174/03 had 

28% efficient in providing more biological yield per unit of nutrient uptake as compared 

toEH-1847 variety under uniform growing environment (Table 12). 

 

On the other hand, results of the interaction effects of time of N fertilizer application with 

variety revealed that the highest (86.10kgkg
-1

) and the lowest(67.00kgkg
-1

)physiological 

efficiency were obtained from the interaction of IBONE, 174/03 and EH1847 variety with 

similar time of application, T1(Figure 30).This inversely related result in PE of these varieties 

might be due to genotype differences. This result was in agreement with the study of Gauer et 

al. (1992) who reported that, physiological efficiency depends mainly on genotypes of the 

crop. In contrast, the finding of Haile Deresse et al. (2012) ; Tamado Tena et al. (2015) 

reported that, the maximum and minimum values of PE parameter were recorded at the lowest 

and highest N rates, respectively, for all the varieties in both growing years (for the two 

consecutive years). 

4.7.2. Agro-physiological efficiency 

Agro-physiological efficiency (AgPE) represents the ability of a plant to transform N acquired 

from fertilizer into economic yield (grain) (Gauer et al., 1992).Non-significant effect of N 

rate, time of application the interaction of variety with N rate and the three-way interaction 

effects were observed on AgPE while the main effects variety, interaction effects of time of N 

fertilizer application with variety, N rates with time of application significantly influenced 

(p<0.001,P<0.01 and P<0.05) AgPE of the crop. With respect to the main effect of variety, 

IBONE, 174/03 variety exhibited the highest (39.85%) while EH1847 the lowest (34.45 
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kgkgha
-1

). As the result indicates IBONE 174/03 had 15% more efficient than EH1847 variety 

(Table 12). 

 

Results of the interaction effects of time of N fertilizer application with variety on the other 

hand also showed inconsistent results among treatments. The highest (43.13%) and the lowest  

value of AgPE was recorded due to the interaction of time of nitrogen application with variety 

IBONE 174/03 and EH1847 varieties, respectively, at the same time of application,T1.This 

inversely related result might be due to the outcome of genotype differences among the two 

variety(Figure 31).  

 

Likewise, the interaction effects of N rates and time of N fertilizer application also revealed 

that, the highest (40.00%) AgPE was recorded from the highest rates (110kgha
-1

) of N 

fertilizer with the interaction of time of application T3, while the lower (31.44%) was 

recorded from 90kgha
-1

N rate at the time of T2 (figure 33).This might be due to splitting 

nitrogen fertilizer to many doses increase efficiency of the fertilizers used by decreasing 

leaching largely in favor of the highest number of splitting as indicated. In contrast, the 

finding of Haile Deresse et al. (2012); Tamado Tena et al. (2015); Fresew Belete et al. 

(2018)who reported that the maximum and minimum values of this parameter were recorded 

at the lowest and highest N rates, respectively, for all wheat varieties in two growing years. 

AgPE of all the varieties declined with increasing N rate.  

4.7.3 Agronomic efficiency 

It is defined as the economic production obtained per unit of nitrogen applied. The analysis of 

variance indicated that the main effect of N rate, time of application and the interaction effects 

of N rate with time of N-fertilizer application revealed significant (P<0.05,P<0.001 

and<0.001) effect on agronomic efficiency (AE) of malt barley. However, the main factor 

variety, interaction of N rate with variety, and three-way interaction had non-significant 

responses on AE of the crop. The results also indicated the lower rate of N fertilizer produced 

the highest (43.82%), while the highest N rate produced the lowest value of AE. On the other 

hands, the main effects of time of N-fertilizer application provided the highest (47.20%) and 
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the lowest (30.80%).AE, at the time of T3 and T1 (Table 12).The application of high N rates 

might be resulted in poor N uptake and low AE due to excessive N losses. 

 

As far as the result of the interaction effect  of N-rate and time of application was concerned, 

as the rate of N fertilizer increased from 50kgha
-1

 to 110kgha
-1

 and its time of N fertilizer 

application extended from T1 to T3,economic production obtained per unit of N applied 

relatively  increased from 20.20% to  51.74% . The lowest AE efficiency was recorded from 

the highest rate of N fertilizer but at a time of application, T1; while, the highest AE was 

exhibited from the highest N rate at a time of application T3 (Figure 34).This result might be 

due to the splitted application of N ferilizer resulted higher AE than when N applied once. 

Higher response of AE to different times of N application might be due to the growth and 

yield enhancing effect of applying N in three splits. This may be attributed to the synchrony 

between the time of high need of the plant for N uptake and the time of availability of 

sufficient N in the soil at the specified growth stages. The yield enhancing effect of the three 

split applications of N may also be attributed to reduction in loss of nitrate by leaching during 

the wet growing season. Thus, at the time of high need for N, the plant may have taken most 

of the nitrate from the soil, leaving less of it available for leaching by the percolating 

rainwater. However, this result is in contrast with the finding of Bekalu Abebe and Mamo 

Manchore (2016); Beyenesh Zemichael et al. (2017); Fresew Belete et al. (2018), who 

reported that, the agronomic efficiency of applied N decreased with the increasing levels of N 

for all wheat varieties in both, for the two consecutive years (2014 and 2015 years). For 

instance, nitrogen application at lower N-rate (46 kgNha
-1

) with the application of nitrogen in 

three split doses (1/4 at sowing, 1/4 at tillering and 1/4 at anthesis) recorded highest 

agronomic efficiency of the crop than the nitrogen applied once at sowing.  

4.7.4 Apparent nitrogen recovery efficiency 

Apparent nitrogen recovery efficiency is defined as the quantity of nutrient uptake per unit of 

the applied nutrient. It can be also defined as N -recovery per N-supplied; where nitrogen 

recovery (NR) is the difference of total N uptake of the fertilized plot and N uptake of the 

control plot. Apparent nitrogen recovery efficiency (ARE) was significantly influenced by the 

main effects of N-rate, time of application and variety at P<0.001, P<0.05 and p<0.01 



88 

 

respectively. The interaction effects of time of fertilizer application with variety and N rates 

with time of application had also significantly affected ARE at P<0.05and p<0.001 but the 

interaction of N rates with variety and the three-way interaction had non-significant responses 

on ARE of the crop. The highest (125%) and the lowest (100%) ARE was exhibited from the 

lowest (50 kgha
-1

) and the highest (110 kgha
-1

) rates of N-fertilizer. While time of N-fertilizer 

application at time T3 and T1 provided the highest, the lowest result value of ARE and 

EH1847 variety had higher ARE than IBONE variety (Table 12). 

 

Results of the interaction effects of time of fertilizer application with variety revealed that, 

both varieties exhibited the highest value of ARE as the time of N fertilizer application 

extended from T1 to T3; where the highest (1.30%) value of ARE was recorded from the 

interaction of EH1847 variety with time of N fertilizer application, T3 while the lower (0.70) 

value was recorded from IBONE variety at a time of application, T1 (Figure 32). This might 

be due to the difference in genotype of the varieties. However, this result was in contrast with 

Haile Deressa et al. (2012)who reported that, varietal differences in recovering the applied N 

and interaction with time of application had not significant influences on ARE of wheat 

varieties  

 

On the other hand trends of the interaction effect of N rates with time of application indicated 

that, ARE relatively increases in all N-rates as its time of application extended from T1 to T3. 

However, the lowest and the highest ARE value was recorded from the interaction of 

higher(110kgha
-1

) N-rate at the time of application T1 and  50kgNha
-1

 at the time of 

application T3,respectively (Figure,35).The Maximum ARE at the lower(50kgha
-1

) rate of N 

fertilizer at a time of application T3 might be due to the splited application the lower N rate to 

many doses; thereby increases the  efficiency of the fertilizers used by decreasing the 

opportunities for N losses by leaching, denitrification, volatilization and runoff to a large 

extent because an active root system is present for absorbing the fertilizer when it is applied at 

a time of T3 and thus avoiding unnecessary vegetative growth. The result is consistent with 

that of Roberts (2008) who found that, there were significant decreases in ARE with 

increasing rates of N application. The result also agreed with the finding of Gauer et al. 

(1992); Haile Deressa et al. (2012); Fresew Belete et al. (2018) stated that, N use efficiency 
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for grain yield (ARE) was highly influenced by the main effects of N rate, time of application; 

there were a decreasing trend in nitrogen use efficiency with increasing N rates with varieties. 

Likewise, the variation in nitrogen uptake efficiency of wheat, which was ascribed to 

differences in climate, cultivar and nitrogen rates. The result further revealed that all bread 

wheat varieties showed a decline in ARE as the level increased.      

 

The result is also more agreed with Taalab et al. (2015) who reported that; the highest (59.4 

and 58.2%) for lower rate of N-application (70kgha
-1

) was recorded when the nitrogen was 

applied in four and three splits. The lowest N-uptake efficiency 20.9% for higher rate of N-

application (100kgha
-1

) was recorded when the nitrogen were applied once at sowing. In 

general, the results indicated that NUPE of all time applied decreased with increased the rate 

of nitrogen applied but drastically increased with further increases in the spilt of applied 

nitrogen. 

4.7.5 Nitrogen utilization efficiency 

Nitrogen utilization efficiency (NUtE) is the product of physiological and apparent recovery 

efficiency. It was significantly (P<0.001) influenced by time of N application, whereas N 

rates, varieties and their two way and three way interaction effects  did not differ significantly 

in utilizing the total plant N for grain yield. Time of N fertilizer application at a time T3 

generated the highest percentage of (110.76%) NUtE as compared to T1, irrespective of the 

varieties (Table 12).The result is partly agreed with the findings of Haile Deressa et al. (2012) 

as reported that, the main effects of varieties and the interaction effect of N rate with variety 

did not differ significantly in utilizing the total plant N for wheat grain yield at all rates of 

application. On the other hand, as it was reported by Haile Deressa et al. (2012) in contrast 

partly with this finding; NUTE was significantly influenced by N rate, time of N application, 

and interaction of  wheat variety with time of N application.  

 

However, the interaction of N rates with time of application and their combined (three way) 

interaction effects revealed statistically non- significant influences on NUtE of the crop; 

results of their interaction effects shows that there were the highest (145%) NUtE with the 
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highest rates of N fertilizer(110kgha
-1

) with three split application (T3) in comparisons with 

similar N rates but once times of N fertilizer application, T1(Table 13). 

 

Likewise, the three way interaction effects (N rate x time of application x variety) also 

indicated that the highest (177.46%) NUtE was recorded from the interaction of the higher N 

rate (110kgha
-1

) at a time of application, T3, in variety IBONE 174/03, while the lowest NUtE 

was from the interaction of the lower N rate, at time of N fertilizer application, T1 in 

IBON174/03 variety. This might be due to the splitting of nitrogen fertilizer to three doses 

increase efficiency of the fertilizers used by decreasing its loss to a large extent and it might 

be compatible with the stage of development the crop that permits rapid N uptake, thus 

avoiding unnecessary vegetative growth due to the presence of an active root system for 

absorbing N fertilizer when it was applied at a time of, T3 and  in addition to the genotypic 

potential of IBONE174/03 variety to uptake and utilized nutrients from the soil(Table 14). 

4.7.6 Nitrogen use efficiency 

Nitrogen use efficiency (NUE)is the product of nitrogen uptake efficiency (NUpE) and 

nitrogen utilization efficiency (NUtE). Result of the analysis of variance indicated there NUE 

were significantly (P<0.01) influenced by the main factor of time of N application whereas, 

the main effects (N rates and variety) as well as the two way and three way interaction effects 

of all factors had non-significant responses on NUE of the crop The maximum (125%) and 

the minimum (54.48 %) of NUE was recorded at the time of N fertilizer application, T3 and 

T1 respectively (Table 12). 

 

Results of this finding was in contrast with the findings of  Moll et al.(1982) as it was reported 

that, Plant use efficiency of nitrogen depends on several factors including application time, 

rate of nitrogen applied, cultivar and climatic conditions. This result also in contrast with, 

Tran and Tremblay (2000) as indicated that; there were lower NUE in early application of N-

fertilizers at planting and tillering compared to applications in the later stage of crop growth. 

In addition, of this in contrast result, Sinebo et al. (2004) reported that NUE was higher at 

lower rates of N application but drastically decreased with further increases in the rates of 

nutrient. Similarly, this finding also disagreed with Taalab et al. (2015) reported that, the 
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highest NUE at the lower rate of N fertilizer was recorded when the nitrogen was applied in 

four and three splits and the lowest NUE for higher rate of N fertilizer was recorded when the 

nitrogen was applied once at sowing. In general, the results indicated in contrast that, NUE of 

all time applied decreased with increased the rate of nitrogen applied but drastically increased 

with further increases in the spilt of applied nitrogen. Splitting nitrogen fertilizer to many 

doses increase efficiency of the fertilizers used by decreasing Leaching largely and increased 

both yield and quality of crops in favor of the highest number of splitting (Ali, 2010). 

 

Even though the main effects of N rate, variety and both factors of interaction effects had 

responded non-significantly on NUE of the crop, the interaction effects of N rate with time of 

N fertilizer provided the highest value of (210.57) NUE when the highest N rate (110kgha
-1

) 

interacts with three splitted time of N fertilizer application, T3 as compared to equal N rate 

but at one time of application, T1 with the lowest (30.78) value of NUE (Table 13). 

 

The three way interaction effect also revealed that the highest (258)NUE value when the 

highest N-rate(110kgha
-1

) interacts with time of nitrogen fertilizer application,T3 and 

IBONE174/03 variety (Table 15);where it is partly agreed with the results of Taalab et 

al.(2015) as reported that,NUE application nitrogen fertilizer all time applied decreased with 

increased the rate of nitrogen applied but drastically increased with further increases in the 

spilt of applied nitrogen (Taalab et al.(2015).This  findings confirmed that the  importance of 

split applying N to yield more NUE. 

4.7.7 Nitrogen harvest index 

Defined, as the amount of N accumulated in grain divided by the amount of N accumulated in 

grain plus straw. It is an index and hence has no unit. However, sometimes it is expressed as a 

percentage. Nitrogen harvest index (NHI) is defined as the amount of N accumulated in grain 

divided by the amount of N accumulated in grain plus straw. Nitrogen harvest index indicates 

the level of efficiency of plants to use acquired nitrogen for grain formation. NHI was 

influenced by N rate where, a high NHI indicates efficient utilization of N by the crop 

(Fageria, 2014).NHI was highly significantly (P<0.01) affected by the main effects of N rate 

as well as the interaction effect of N rate with time of N application (P< 0.05) but not 
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significantly affected by the main factors of  time of N-application and variety. The highest 

NHI (0.73) was recorded at 110 kgNha-
1
and the lowest NHI (0.67) was obtained at 90kgNha

-

1
(Table 12).Results of the interaction of N-rate with time of application indicates; the highest 

(0.77) NHI was recorded from the interaction of 110kgNha
-1

 at the time of application T3 and 

the lowest (0.62) NHI was resulted from 90kgNha
-1 

at the time of N-fertilizer application T2 

(Figure 36). 

 

The higher NHI in the three split N application in this study is consistent with the findings of 

Jan et al. (2010) and Haile Deressa et al. (2012) who reported that, there were  higher NHI in 

the three times N applications compared with two times application(higher index with the 

additional N application at anthesis) where N-applications of 1/4 at sowing,1/2 mid-tillering 

and ¼ at anthesis resulted in 5.8% higher total plant N partitioning in to the grain than the 

applications of ½ at sowing, and ½ mid-tillering. Trends of this research work also indicated 

that; there was an increment in NHI as the N-rate increased from50kgNha
-1

to 110kgNha
-1 

and 

as the time N-fertilizer application goes from T1 to T3(Figure 36). Therefore, the result is in 

agreed with Fageria and Baligar (2005); Yohannes Erkeno (2014) who reported that, nitrogen 

harvest index (NHI) increased with increases of N rates. However, the result is consistent with 

the study by Fresew Belete et al. (2018); Selamyihun kassaye et al. (2000) who reported that, 

there were decline in NHI at the highest N rate of 110kgha
−1.

cereal crops as compared to 

70kgha
-1

 of N rate. 
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Table 12: Effect of Nitrogen rates (N-rate), time of application (T) and varieties (V) on 

nitrogen use efficiency traits of malt barley 

Means followed by the same letter within a column are not significantly different at 5% level 

of significance by DMRT,*, **, ***, and NS showed significant differences at 0.05, 0.01, 

0.001Probability levels and non-significant differences, respectively. Where, T1= full at 

sowing, T2= 1/2 at sowing and 1/2 at mid tillering, T3=1/4 dose at sowing, 1/2dose at mid 

tillering and 1/4 at anthesis; CV = Coefficient of variation. 

 

Time (T) PE AgPE AE ARE NUtE NUE NHI 

T1 76.50
a
 37.33

a
 30.80

c
 0.85

c
 58.70

b
 54.48

c
 0.70

a
 

T2 75.83
a
 36.60

a
 40.55

b
 1.10

b
 88.01

a
 103.04

b
 0.70

a
 

T3 71.53
a
 37.51

a
 47.20

a
 1.26

a
 110.76

a
 151.28

a
 0.71

a
 

Variety (V)        

IBONE 174/03 79.78
a
 39.85

a
 40.06

a
 1.02

b
 86.20

a
 101.70

a
 0.70

a
 

EH1847 69.46
b
 34.45

b
 39.00

a
 1.12

a
 85.45

a
 104.12

a
 0.70

a
 

N-rates  

(kgha
-1

) 

       

50 76.00
a
 36.00

a
 43.82

a
 1.25

a
 88.61

b
 120.10

a
 0.68

b
 

70 75.80
a
 36.85

a
 40.41

b
 1.04

b
 76.17

a
 84.50

a
 0.72

a
 

90 72.05
a
 36.00

a
 37.46

b
 1.00

b
 79.77

b
 88.71

a
 0.67

b
 

110 74.65
a
 37.74

a
 36.37

b
 1.00

b
 98.75

a
 118.46

a
 0.73

a
 

Time NS NS *** *** *** ** NS 

Variety *** *** NS * NS NS NS 

N rate NS NS * ** NS NS ** 

TxV * ** NS * NS NS NS 

TxNr NS * *** *** NS NS * 

VxNr NS NS NS NS NS NS NS 

TxVxNr NS NS NS NS NS NS NS 

CV 13.64 13.70 21.80 20.14 50.62 79.00 8.78 
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Table 13: The interaction effect of N rate and time of nitrogen application, on nitrogen       

utilization efficiency and nitrogen use efficiency of malt barley varieties at Bassonaworana 

woreda 

NUtE 
 

 
NUE 

Time of application  Time of application 

N rates(kgha
-1

) T1 T2 T3  T1 T2 T3 

50 73.64 87.46 104.72  89.33 117.00 154.21 

70 60.00 97.52 71.11  54.63 125.73 73.11 

90 54.00 63.10 122.31  43.20 55.73 167.23 

110 47.36 104.00 145.00  30.78 114.02 210.57 

CV 50.62    79.00   

 

 

Table 14: The combined effect of time of nitrogen application, varieties and N-rate on 

nitrogen utilization efficiency of malt barley varieties at Bassonaworana woreda 

Variety 

IBONE174/03(V1)                                  EH1847(V2) 

Time of N application 

N rates  

(kgha
-1

) 
T1 T2 T3 T1 T2 T3 

50 60.77 93.56 85,12 86.52 81.36 124.33 

70 56.80 97.90 76.61 62.69 97.13 65.61 

90 54.60 65.49 113.20 53.18 60.70 131.35
 

110 38.25 114.51 177.46 56.47 93.40 112.34
 

CV 50.62      

 

 

 

 

 

 

 

 



95 

 

Table 15: The combined effect of time of nitrogen application, varieties and N-rate on 

nitrogen use efficiency of malt barley varieties at Bassonaworana woreda 

Variety 

IBONE174/03(V1)                                  EH1847(V2) 

Time of N application 

N rates(kgha
-1

) T1 T2 T3 T1 T2 T3 

50 49.27 126.45 108.84 139.29 107.00 199.57 

70 45.40 124.76 79.92 63.84 126.70 66.31 

90 42.15 60,20 149.50 44.22 51.25 185.00 

110 19.41 130.04 284.30 42.15 98.01 136.85 

CV 79.00      

 

 

 

Figure 30.The interaction effect of variety and time of nitrogen fertilizer application on 

physiological efficiency of malt barley 
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Figure 31: The interaction effect of variety and time of nitrogen fertilizer application on Agro-

physiological efficiency of malt barley 

 

 

Figure 32: The interaction effect of variety and time of nitrogen fertilizer application on 

apparent nitrogen recovery efficiency of malt barley 
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Figure 33: The interaction effect of nitrogen rates and time of nitrogen fertilizer application 

on agro-physiological efficiency of malt barley. 

 

Figure 34: The interaction effect of nitrogen rates and time of nitrogen fertilizer application 

on agronomic efficiency of malt barley. 
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Figure 35: The interaction effect of nitrogen rates and time of nitrogen fertilizer application 

on apparent nitrogen recovery efficiency of malt barley 

 

Figure 36: The interaction effect of nitrogen rates and time of nitrogen fertilizer application 

on nitrogen harvest index of malt barley 
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4.7. Effects of Nitrogen Rate and Varieties on Economic Feasibility of Malt Barley 

Production  

Simple partial budget analysis of the combination of N rate, time of applicationand IBONE 

174/03and EH1847 varieties was presented in Table 10. The highest net benefit of Eth. birr 

79137.36
-1 

and marginal rate return of 31.37% with value to cost ratio of Eth. birr  4.73 per 

unit of investment was obtained from combination 110kgNha,
-1

 IBONE 174/03 variety and  

time of applicationT3 followed by net benefit of Eth. birr 70667.52 and marginal rate of 

return of 25.10 % with value to cost ratio of Eth. birr 4 per unit of investment from the 

combination of110kgNha
-
1,EH-1847 variety and time of application T3. The lowest net 

benefit of Eth. birr 24318.13ha
-1

with value to cost ratio of Eth. birr 1.86 per unit of 

investment was obtained from combination 50kg Nha
-1

 and IBONE174/03 variety. This 

recommendation is based on CIMMYT (1988) which stated that, the recommendation is not 

necessarily based on the treatment with the highest marginal rate of return compared to that of 

neither next lowest cost, the treatment with the highest net benefit, and nor the treatment with 

the highest yield. The identification of a recommendation is based on a change from one 

treatment to another if the marginal rate of return of that change is greater than the minimum 

rate of return. In line with this recommendation, the result of this study revealed that 

increasing nitrogen fertilizer provided the highest net return whereas decreasing nitrogen 

fertilizer rates profited less along with the two varieties. Therefore, the combination of 

110kgNha
-1 

fertilizer rate, IBONE 174/03 variety and time of N fertilizer application at a T3 

was economically feasible and can earn 12% additional net benefit as compared to EH1847 

varieties under similar treatment effect for malt barley production in Bassonaworana area. 
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Table 16: Partial budget analysis of N-rates, time of application and varieties of malt barley at 

Bassonaworana Woreda 

, GY=Grain yield, TVC = Total variable costs, B = Net benefit and MRR (%) = Marginal rate of 

return, V:C= Ratio of Net benefit Value to Total Variable cost and Eth. birr = Ethiopian Birr. 

 

 

Treatment 

Combination 

TVC              

(Eth. birrha
-

1
) 

GY (kgha
-

1
) 

ADy GB 
NB (Eth. 

birr1) 
^TVC ^NB 

MRR 

(%) 

V:C 

ratio 

T1V1Nr1 13026.25 2694.40 2424.96 37344.38 24318.13 0.00 0.00 0.00 1.86 

T1V1Nr2 15645.56 3611.10 3249.99 50049.84 34404.28 2619.30 10086.14 3.80 2.20 

T1V1Nr3 16187.14 3958.30 3562.47 54862.03 38674.90 541.57 4270.61 7.90 2.40 

T1V1Nr4 16728.09 3291.70 2962.53 45622.96 28894.87 540.95 -9780.02 -18.08 1.72 

T2V1Nr1 13026.25 3396.00 3056.40 47068.56 34042.31 0.00 0.00 0.00 2.61 

T2V1Nr2 15645.56 4625.00 4162.50 64102.50 48456.93 2619.31 14414.62 5.50 3.10 

T2V1Nr3 16187.14 3625.00 3262.50 50242.50 34055.36 541.57 -4401.57 -26.60 2.10 

T2V1Nr4 16728.10 5736.10 5162.49 79502.34 62774.25 540.95 28718.89 53.10 3.75 

T3V1Nr1 13026.25 3326.40 2993.76 46103.90 33077.65 0.00 0.00 0.00 2.54 

T3V1Nr2 15645.56 3791.70 3412.53 52552.96 36907.40 2619.31 3829.74 1.46 2.36 

T3V1Nr3 16187.14 5653.00 5087.70 78350.58 62163.44 541.57 25256.04 46.63 3.84 

T3V1Nr4 16728.10 6916.70 6225.03 95865.46 79137.36 540.95 16973.92 31.37 4.73 

T1V2Nr1 13026.25 3083.50 2775.15 42737.31 29711.06 0.00 0.00 0.00 2.28 

T1V2Nr2 15645.56 3229.20 2906.28 44756.71 29111.15 2619.31 -599.91 -0.23 1.86 

T1V2Nr3 16187.14 3590.30 3231.27 49761.55 33574.42 541.57 4463.27 8.24 2.10 

T1V2Nr4 16728.10 3189.70 2870.73 44209.24 27481.15 540.95 -6093.26 -11.26 1.64 

T2V2Nr1 13026.25 3298.30 2968.47 45714.43 32688.20 0.00 0.00 0.00 2.51 

T2V2Nr2 15645.56 4166.70 3750.03 57750.46 42104.90 2619.31 9416.71 3.60 2.70 

T2V2Nr3 16187.14 3166.70 2850.03 43890.46 27703.32 541.57 -4401.57 -26.60 1.71 

T2V2Nr4 16728.09 5333.30 4799.97 73919.53 57191.40 540.95 29488.12 54.51 3.42 

T3V2Nr1 13026.25 3458.30 3112.47 47932.04 34905.80 0.00 0.00 0.00 2.68 

T3V2Nr2 15645.56 3569.40 3212.46 49471.88 33826.32 2619.31 -1079.47 -0.41 2.16 

T3V2Nr3 16187.14 5284.70 4756.23 73246.00 57058.80 541.57 23232.48 42.9 3.50 

T3V2Nr4 16728.10 6305.60 5675.04 87395.61 70667.52 540.95 13608.70 25.10 4.00 
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5. SUMMARY AND CONCLUSION 

Information on crops response to N fertilizer rates, time of application and improved variety is 

very important to attain profitable and sustainable malt barley production. The objective of 

this study was to evaluate the effect of nitrogen rates and time of application on yield, yield 

components, quality and nitrogen use efficiency of malt varieties at Bassonaworana Woreda, 

Koremargefiya kebele, central highlands of Ethiopia during 2018 main cropping season. A 

factorial experiment with four N rates fertilizer (50,70,90 and110kgha
-1

),three time nitrogen 

fertilizer application(T1=full dose at the time of sowing,T2=1/2 does at the time of sowing 

and ½ dose at mid-tillering and T3=1/4 at the time of sowing,1/2dose at mid-tillering and 1/4 

dose at anthesis) and two malt barley varieties (IBONE74/03 and EH-1847) had been 

employed and laid out in a randomized complete block design(RCBD)with three replications 

using urea (46%),Tri-Supper phosphate/TSP(44-45%P205),sulfur(6.9%) and Borax (0.1%) as 

N,P,S and B fertilizer source, respectively. 

 

It is obvious that fertilizer recommendations for crops in most cases are based on a soil test 

for plant available nutrients. However, a major limitation is that, for the same sites, plant 

species and management systems, the absolute plant yields may differ from year to year due 

to different weather conditions. If it is the case, a representative soil samples at 0-30cm depth 

were collected from the study site. Analysis for soil texture, soil pH, organic matter, CEC, 

total N, available P and Cation exchangeable capacity were carried out to assess soil fertility 

status of the study area. The result of soil physio-chemical properties of the study areas 

indicate texturally clay dominated, moderately acidic in reaction, low in organic carbon, 

organic matter, total N, available P and  medium CEC. Therefore, the study were provided 

with significant information that may help to recommend soil fertility management practices 

by considering malt barley crop production at Bssonaworana woreda. 

 

Considering the responses of N rates, time of N fertilizer application and varieties on crop 

phenology revealed that, days to 50%, heading and days to 90% physiological maturity was 

significantly (P<0.001) affected by these main factors while only the main factor, time of 

nitrogen application had highly significant (P<0.001) effects on days of seed  emergence but 



102 

 

it wasn‘t significantly affected by N rate and time of N fertilizer application as well as with 

their interaction effects. 

The main factors N rates, time of application and variety had their own responses on growth 

parameter that had showed highly significant (P<0.001) effect on plant height, total tiller 

numbers and spike length but variety responded non-significant effect on spike length of malt 

barley. 

 

With respect to yield and yield components; number of effective tillers per plant, number of 

kernels per spike, grain yield, straw yield and harvest index was significantly (P<0.001and 

P<0.05) affected by N rates and time of N fertilizer application while variety had non-

significant effect on grain yield, number of kernels per spike and HI but with significant effect 

(P<0.05) on straw yield. 

 

It was also observed that, among the quality parameters studied, N rates had significantly 

(P<0.001 and p<0.05) affected thousand seed weight, hectoliter weight and grain protein 

content. The highest grain proteins (11.81%) were recorded at a rate of 110kgNha
-1 

and the 

lowest grain protein content (11.20) at the lowest rate of N fertilizer. Accordingly, this result 

indicated that, increasing nitrogen rate increases the concentration of nitrogen but still with 

acceptable grain protein content.  

 

On the other hands, the main factor variety had highly significant (P<0.001 and p<0.01) on 

thousand seed weight and grain protein content but non-significant effect on hectoliter weight 

of malt barley varieties. With respect to this result variety IBONE174/03 and EH1847 

exhibited 49.82and 53.40gm of thousand seed weight which was above the standard grain size 

(thousand-kernel weight) range of 25–35g EQSA and in the range of Anonymous (2012)    

quality standards ;>45gm for 2-rowed barley. In similarly cases, IBONE, 174/03 and EH1847 

varieties exhibited 10.57and12.21% grain protein content  which was within the acceptable 

recommendation ranges of the Ethiopian standard authority EQSA, Assella malt factory and 

Gondar Malt Factory protein level (9-12%) in the case of IBONE174/03 but in unacceptable 

grin protein content in the case of EH1847 variety. 
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Time of nitrogen fertilizer application had also significantly affected thousand seed weight 

and hectoliter weight but non-significant effect on grain protein content of the two varieties 

which exhibited the highest (56.5gm) and the lowest (47.80gm) thousand seed weight at the 

time N fertilizer application T3 and T1, respectively. Similarly, the highest (61.80kghl
-1

) and 

the lowest (57.76kghl
-1

) hectoliter weight also recorded at the time of N fertilizer application 

T3 andT1, respectively within the recommended standard ranges.  

 

From the interaction effects of variety by N rate, it was produced significant effect on days of 

maturity, plant height, total tiller number and number of kernels per spike but it had non- 

significant responses to days of seed emergence, days of head emergence, number of effective 

tillers, spike length, straw yield, thousand seed weight, harvest index, hectoliter weight and 

grain protein content. The interaction effects of N rate with respect to time of application 

played significant influences on days of heading, days of physiological maturity, plant height, 

total tiller number, net effective tiller, number of kernels per spike, thousand seed weight, 

hectoliter weight and harvest index of malt barley varieties while non-significant responses on 

days of seed emergence, straw yield and grain protein contents of the two varieties. The 

highest grain yield with acceptable grain quality was recorded from the interaction effects of 

the highest N rate (110kgha
-1

) at the time of application T3;  which had 128% yield advance 

as compared to the lowest N rate (50kgha
-1

) grain yield (2889.00kgha
-1

) at the time of  N 

fertilizer application T1.Similarly, there was also 44% straw yield increment due to the higher 

rate (110kgh
-1

) of N fertilizer at the time of application T3 in relation to the lower 

rate(50kgha
-1

) of N fertilizer at the time of application T1. 

 

Even if the three way interaction effect had showed non-significant responses to the grain 

yield parameter of the tasted variety, higher amount of grain yield (6916.70kgha
-1

 yield)was 

recorded from the interaction of these three factors at the highest (110kgha
-1

) N rate, at a time 

of application T3 and IBONE 174/03 variety followed by EH1847 (6305.60kgha
-1

 of grain 

yield) with the same phenomena and with acceptable quality standards .With similar senses, 

the interaction effects of time of fertilizer with variety affected significantly days of crops 

physiological maturity, plant height, total number of tillers, spike length, numbers of kernels 

per spike, straw yield and grain protein content malt barley varieties. But it had non-
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significant effect on days of seed emergence, days of heading, number of effective tillers, 

grain yield, thousand seed weight, hectoliter weight and harvest index. Generally the main 

factors, N rate and its time N fertilizer application played a pivotal role for the increment of 

grain yield productivity without affecting grain quality of malt barley variety. The main factor 

variety also revealed significant effect on thousand seed weight and grain protein content but 

had non -significant effects grain yield and hectoliter weight of the grain while interaction 

factors exhibited less effect. 

 

From this study, it is evident that split nitrogen applications (¼ at the time of sowing, ½ at 

mid-tillering and ¼at anthesis) of the highest N-rate (110kgNha
-1

) generally improved grain 

nitrogen uptake, total nitrogen uptake, nitrogen use efficiency of grain, agronomic efficiency 

and nitrogen harvest index  of malt  barley compared to a single and two times application. It 

was also found that the growth stage at which supplementary nitrogen is supplied had a 

significant effect on the biology of the malt barley. Treatment, with three split nitrogen 

applications, significantly increased most of the parameters of nitrogen uptake and nitrogen 

use efficiency of malt barley compared to a single application at sowing. It is therefore, 

evident that the highest values are obtained when supplementary nitrogen applications had 

been done at cardinal growth stages of the crop. Thus, a continued supply of nitrogen insured 

throughout the life of the plant. Generally, the result indicated that N fertilizer rate and time of 

application markedly affected yield performance and N use efficiency of the improved 

variety. 

 

In conclusion, the results of this experiment revealed that, malt barley grain yield were 

increased with increasing N fertilizers rates in three-split application while grain yield 

becomes low at a point of low N-rate but with acceptable protein content in all time of 

application. It is evident that, high nitrogen rates (110kgha
-1

) with three-times  split 

application leads to increasing grain yield without affecting the protein content of the grain 

while low nitrogen rates (50kgha
-1

) leads to decreasing grain yield but still with acceptable 

quality. Among malt barley, IBONE174/03 varieties had good performance. From this study, 

it is possible to conclude that, 110kgha
-1

N-fertilizer rates and Ibon174/03 variety with three-

split application could generate optimum grain yield with the required quality, and 
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economically reasonable based on partial budget analysis. Therefore, integrated application of 

110kgha
-1

N fertilizer rates and IBONE174/03 variety in three-split (¼ at the time of sowing, 

½ at mid-tillering and ¼ at anthesis) nitrogen application were recommended for the location 

of Basonaworana Woreda and nearby areas of similar agro-ecological zone, in the central 

highlands of Ethiopia. However, it is obvious that fertilizer recommendations for crops in 

most cases are based on a soil test for plant available nutrients. Nevertheless, a major 

limitation is that, for the same sites, plant varieties and management systems, the absolute 

plant yields may differ from year to year due to different weather conditions. 

 

Therefore, it would be too difficult to reach at a conclusive recommendation for 

Bassonaworana woreda since the current study was conducted only in one specific site for 

one cropping season. In lined with this, further studies are needed that has to be replicated 

over seasons, across locations to recommend agronomically optimum and economically 

feasible level of N-fertilizer rate, and time of application in order to attain better grain yield 

and quality grain of malt barley, at Bassonaworana Woreda, central highlands of Ethiopia. 
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APPENDIX 

Appendices Table 1. Mean square from analysis of variance (ANOVA) for SE, DH, DM, PH, 

TTN, NET, SL and NK 

SOV Df Mean  square 

https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-19-850357-6
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***Very highly significant (P< 0.001), **highly significant (P < 0.01),*Significant (P < 0.05) 

and ns= non –significant 

 

 

Appendix Table 2. Mean square from analysis of variance (ANOVA) for GY, SY, TSW, 

HLW, HI, and GPC of malt barley 

***Very highly significant (P< 0.001), **highly significant (P < 0.01),*Significant (P < 0.05) 

and ns= non –significant 

 

 

 

Appendix Table 3. Mean square from analysis of variance (ANOVA) for GNU, SNUnd 

TNUof malt barley and NtUp of malt barley 

SE DH DM PH TTN NET SL NK 

T 2 3.25
NS

 840.18
**

* 2020.72
***

 1239.91
***

 102.77
***

 111.92
***

 17.26
***

 199.20.
***

 

Vt 1 60.50
***

 308.35
***

 6536.05
***

 231.77
***

 103.27
***

 17.60
***

 0.00
NS

 1.70NS 

Nr 3 0.94
NS

 606.57
***

 1053.57
***

 498.67
***

 51.55
***

 50.12
***

 13.85
***

 97.90
***

 

T*V 2 0.166
NS

 1.51
NS

 379.05
***

 78.96
*
 12.11

**
 1.4

NS
 1.73

*
 8.11

*
 

T*Nr 6 0.83
NS

 48.46
***

 86.24
***

 97.69
***

 13.98
***

 8.9
***

 2.34
***

 21.51
***

 

Vt*Nr 3 0.20
NS

 6.53
NS

 191.20
***

 54.56
*
 8.88

*
 2.23

NS
 0.05

NS
 5.90

*
 

T*Vt*Nr 6 0.75
NS

 4.97
NS

 NS 6.48
NS

 3.87
NS

 7.39
***

 0.27
NS

 3.78
NS

 

Error  1.66 9.02 11.56 15.50 2.21 1.24 0.45 2.07 

CV  9.72 4.03 2.51 5.17 12.62 13.37 9.30 5.40 

SOV Df 
Mean  square 

GY SY TSW HLW HI GPC 

T 2 25770122.01
***

 7098313.32
***

 481.93
***

 102.87
***

 0.01
*
 0.53

NS
 

Vt 1 1177686.15
NS

 2673828.12
*
 231.62

**
 17.37

NS
 0.00

NS
 48.06

***
 

Nr 3 11714642.81
***

 6025358.47
***

 163.44
**

 94.43
***

 0.0068
*
 1.47

*
 

T*V 2 96975.07
NS

 1622522.42
*
 31.23

NS
 2.35

NS
 0.001

NS
. 7.00

***
 

T*Nr 6 4780452.27
***

 1130519.79
NS

 86.00
**

 35.88
***

 0.0077
**

 0.63
NS

 

Vt*Nr 3 270712.77
NS

 58408.89
NS

 45.74
NS

 0.41
NS

 0.0013
NS

 0.89
NS

 

T*Vt*Nr 6 46844.86.86
NS

 240441.34
NS

 39.29
NS

 2.04
NS

 0.001
NS

 0.76
NS

 

Error  309326.30 525021.60 19.92 4.94 0.001 0.53 

CV  13.60 13.54 8.65 3.73 9.86 6.42 

SOV Df 
 Mean  square 

GNU SNU NtUp 
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***Very highly significant (P< 0.001), **highly significant (P < 0.01),*Significant (P < 0.05) 

and ns= non –significant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Table 4. Mean square from analysis of variance (ANOVA) for ARE, AE, PE 

AgPE  NUtE, NUE and NHI of malt barley 

SOV Df 
Mean  square 

ARE AE PE AgPE NUtE NUE NHI 

T 2 5094.95
***

 406.20
*
 8358.58

***
 

Vt 1 449.05
NS

 33.59
NS

 728.47
NS

 

Nr 3 4893.64
***

 466.51
***

 7537.71
***

 

T*V 2 297.47
NS

 175.65
NS

 919.11
*
 

T*Nr 6 1745.48
***

 94.43
NS

 2212.53
***

 

Vt*Nr 3 128.60
NS

 30.00
NS

 222.21
NS

 

T*Vt*Nr 6 35.63
NS

 100.00
NS

 174.76
NS

 

Error  153.62 91.93 277.32 

CV  16.56 30.87 15.72 
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T 2 1.033
**

 1629.05
***

 174.50
NS

 5.6
NS

 1635.54
***

 56219.71
**

 0.004
NS

 

Vt 1 0.20
*
 21.71

NS
 1916.21

***
 523.74

*
 10.25

NS
 112.35

NS
 0.0004

NS
 

Nr 3 0.26
**

 200.72
*
 59.31

NS
 35.22

NS
 1828.14

NS
 6463.16

NS
 0.016

**
 

T*V 2 0.17
*
 27.47

NS
 374.29

*
 173.00

**
 791.00

NS
 3669.44

NS
 0.0016

NS
 

T*Nr 6 0.21
***

 476.50
***

 59.56
NS

 61.30
*
 3336.20

NS
 11621.26

NS
 0.009

*
 

Vt*Nr 3 0.09
NS

 54.97
NS

 184.92
NS

 9.05
NS

 1261.50
NS

 8018.00
NS

 0.001
NS

 

T*Vt*Nr 6 0.03
NS

 15.27
NS

 111.89
NS

 11.77
NS

 1074.23
NS

 4796.52
NS

 0.002
NS

 

Error  0.04 74.23 103.66 103.66   0.004 

CV  20.14 21.80 13.64 13.64 50.62 79 8.78 

***Very highly significant (P< 0.001), **highly significant (P < 0.01),*Significant (P 

<0.05)and ns= non –significant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix Table 5. Grade requirements for malt Barley  

SN Grading Characteristics 

Grade 

1 2 3 

1 Protein Content, %by mass on dry 9-11 11.1-

11.5 

11.51-12.0 
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2 Test mass kg/hl, min 62 55 48 

3 Yield extraction on dry basis %by mass, min 82 80 77 

4 Viscosity, m Pa. sec 1.51-1.56 1.57-1.6 1.61-1.63 

5 Difference in yield of extract between coarse and fine 

grinding,max 

1.3-1.9 2.0-2.6 2.7-3.3 

6 Saccherification time, in minutes Under10 11 to 15 15.1 to 20.00 

7 Foreign matter,% by mass, max 0.5 1.0 1.5 

8 Kolboch index 42-45 38-41 35-37 

9 Diastatic Power(Linter Value(DK.),min 350 250 200 

10 Wort color 2.5-4 2.5-4 2.5-4 

11 Wort pH 5.6-5.9 2.6-5.9 5.6-5.9 

12 Moisture  content,% dry mass, max 3.0-3.5 3.51-4.5 4.51-5.8 

13 Speed of fiteration, in minutes, max 45 50 60 

14 Mass of 1000grains 35 30 25 

Source; Quality and Standards Authority of Ethiopia (QSAE) (2001) 

 

Appendix Table 6: Gondar Malt Factory Malt barley Quality Standard 

No  Parameters EBC Standard Range 

1 

 

 

 

 

Sieving Test 

 

 

 

 

>2.8 mm 

>2.5 mm  

>2.5 mm &>2.8 mm 

>2.2 mm 

<2.2 mm & other rejects (%) 

- 

- 

60-80% 

25-30% 

Max. 14% 

2 Germination energy (%) Min. 96% 

3 Germination capacity (%) Min. 96% 

4 Varietal purity (%) Min. 97% 

5 Moisture content (%) Max. 13.5% 

6 1000 corn weight >25 g 

7 Mixation (%) <5% 

8 Protein content (%) 9.5-11.5% 

Source:  Gondar Malt Factory, 2015. EBC: Europeans Breweries Convention 

 

 

 

 

Appendix Table 7: Assela Malt Factory Malt barley Quality Standard 
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Parameters Standards Ranges of EBC 

Sieving test: 

>2.8mm 

 

35-45%  

>2.5mm 40-50%  

>2.2mm 5-10%  

<2.2mm 0.1%  

Rejects %  

1000KWt  23-35g  

Germination energy/capacity  96%  

Extracts on dry malt fine  79-82%  

Extract on dry malt coarse  77-80%  

Extract difference  2-2.6  

Physical appearance  Yellowish  

Saccharification time  10-15  

Odor of mash  Normal  

Speed of filtration  Normal  

Color of wort  2.5-4 EBC unit  

pH of wort  5.6-5.9  

Diastatic power  200-300wk  

Protein content on dry malt  9-11.5%  

Soluble protein content on dry malt  2.5-3.5%  

Kolbach index  35-45%  

Friability  78-81%  

Acrospires length 

0—1/4 

 

5 Corns  

1/4-1/2 7 Corns  

1/2-3/4 35 Corns  

3/4-1 50 Corns  

Over 1 Rejects  
 

Source: Assela Malt Factory(2012).EBC: Europeans Breweries Convention 

 
 
 
 
 

 

 

 

Appendix Table 8. Rating for TN and OM 
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OM (%) TN (%) Rating 

< 0.86 < 0.05 Very low 

0.86-2.59  0.05 – 0.12 Low  

2.59-5.17 0.12-0.25 Medium 

>5.17 > 0.25  High  

   Source; Tekalign Tadesse (1991) 

Appendix Table 9. Ratings for organic carbon and CEC 

OC (%) CEC(cmolckg
-1

) Rating 

   

>20 >40 Very high 

10-20 25-40 high 

4-10 15-25 medium 

2-4 5-15 low 

<2 <5 Very low 

Source; Landon (1991) 

 

Appendix Table 10. Soil pH rating (for 1:2.5 soil water suspensions) 

pH Rating  

< 4.5  Very strong acid  

4.5 - 5.2 Strongly acid  

5.3 – 5.9 Moderately acid  

6.0 – 6.6 Slightly acid  

6.7 – 7.3  Neutral  

7.4 – 8.0  Moderately alkaline  

>8.0  Strongly alkaline  

Source ;Tekaligne Tadesse (1991)  

 

Appendix Table 11. Rating for Available Phosphorous 

P)mg/kg) Rating  

< 3 Very low 

4-7 Low 

8-11 Medium 

>11 High 

Source;Olsenet al. (1954) 
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Appendix Table12. Monthly distribution of rainfall (mm) of Bassonaworana from 2008 to 

2018 

Month 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Jan 0.30 47.20 0.00 0.30 0.00 0.80 0.00 0 0.00 0.00 0 48.60 

Feb 1.70 0.00 25.20 7.00 0.00 0.00 16.00 2.2 0.00 18.70 15 85.80 

Mar 0.00 8.20 55.70 76.80 5.20 48.80 46.90 24.9 26.50 31.50 5 329.50 

Apr 34.60 31.40 119.30 38.60 93.30 54.20 43.80 0 101.30 10.90 141.9 669.30 

May 67.90 22.80 52.00 111.20 57.90 23.90 67.20 102.9 19.90 49.52 7.1 582.32 

Jun 66.40 6.70 35.40 84.40 86.80 40.10 16.80 95.8 59.00 37.30 97.9 626.60 

Jul 397.70 423.40 242.30 357.40 351.60 358.50 260.30 117.6 172.22 220.10 278.9 3180.02 

Aug 234.80 273.20 329.20 312.30 404.50 204.40 291.00 248.5 56.10 283.60 285.9 2923.50 

Sep 77.90 31.30 53.80 79.00 55.40 79.60 110.00 151.8 32.50 54.80 47.4 773.50 

Oct 9.90 36.60 0.30 0.00 0.00 63.10 55.90 6.1 11.60 0.00 8.9 192.40 

Nov 51.60 1.20 8.50 4.30 0.00 11.50 0.00 8.8 4.40 0.00 10.2 100.50 

Dec 1.20 24.70 3.90 0.00 0.00 0.00 0.00 7.3 0.00 0.00 0 37.10 

Total 944.00 906.70 925.60 1071.30 1054.70 884.9 907.90 765.9 483.52 706.42 898.2   

Av. 78.67 75.56 77.13 89.27 87.90 73.74 75.66 63.82 40.30 58.87 74.85  868.10 

Source: Debre Birhan Agricultural Research Center (DBARC) Meteorology Station 

 

 

Appendix Table 13.Monthly maximum temperature (
o 

C) of Bassonaworana from 2008 to 

2018 

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Mean 

2008 19.97 20.25 21.95 20.79 21.25 21.22 18.91 19.02 19.41 19.20 18.45 19.10 19.96 

2009 19.30 20.28 21.48 21.68 21.94 23.68 17.91 18.66 19.63 19.01 19.66 18.50 20.11 

2010 19.76 20.88 20.40 20.79 21.28 22.73 18.68 18.12 18.98 19.80 19.21 19.24 19.99 

2011 19.53 21.58 20.09 21.92 21.23 19.25 18.12 18.73 18.75 19.43 19.38 19.40 19.78 

2012 20.26 21.32 22.07 20.62 21.40 22.28 18.40 18.28 19.37 19.82 20.45 20.16 20.37 

2013 20.84 21.94 22.11 22.21 21.99 22.02 17.62 17.44 19.08 18.79 19.22 19.10 20.20 

2014 19.71 19.72 21.27 20.86 21.25 22.76 19.98 18.42 18.69 19.04 20.00 19.60 20.11 

2015 20.57 22.24 21.88 22.54 21.60 22.08 21.18 18.94 19.60 20.94 20.16 19.80 20.96 

2016 21.06 21.72 23.58 21.80 21.71 22.73 20.61 20.55 20.76 20.08 19.40 18.81 21.07 

2017 19.72 20.71 22.67 22.90 22.45 23.75 20.77 20.10 19.76 19.71 19.60 19.72 20.99 

2018 19.97 20.82 21.93 22.73 22.06 20.85 19.00 19.88 19.51 20.51 19.56 20.38 20.6 

Total 220.72 231.48 239.48 238.87 238.20 243.38 211.22 208.16 213.57 216.36 215.10 213.10  

Mean 20.06 21.04 21.77 21.71 21.65 22.12 19.20 18.92 19.41 19.67 19.55 19.44 20.38 

Source: Debre Birhan Agricultural Research Center (DBARC) Meteorology Station (2018) 
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Appendix Table14.Monthly minimum temperature (
o 
C) of Bassonaworana from 2008 to 2018 

Source: Debre Birhan Agricultural Research Center (DBARC) Meteorology Station 

 

 

 

 

 

 

 

 

 

 

 

 

 

Year Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec Mean 

2008 5.45 5.03 5.53 7.72 8.57 8.52 8.61 9.20 7.04 4.18 3.95 4.55 6.53 

2009 6.28 7.58 8.08 7.36 7.53 8.38 9.24 9.31 6.47 4.65 3.07 7.33 7.11 

2010 6.35 9.34 9.23 9.16 9.19 8.10 9.08 9.27 7.24 3.67 4.12 4.82 7.46 

2011 6.54 4.58 7.40 8.75 7.95 7.63 8.66 8.72 7.50 3.44 4.82 1.95 6.50 

2012 3.81 3.48 5.96 8.39 7.55 7.55 8.75 7.93 6.49 1.66 1.86 3.61 5.60 

2013 3.62 5.19 8.55 7.48 7.25 7.92 8.73 8.48 6.30 4.22 3.65 1.49 6.07 

2014 5.59 7.09 8.26 8.34 7.52 7.11 8.50 7.49 6.32 3.90 2.39 2.39 6.24 

2015 1.66 4.80 6.50 4.87 7.84 7.40 7.78 7.90 5.48 3.57 3.41 4.54 5.48 

2016 6.40 7.38 7.43 7.45 6.93 7.22 6.58 7.61 7.03 5.58 4.10 3.26 6.41 

2017 3.39 6.64 7.32 7.91 7.56 7.87 6.20 6.18 6.80 6.97 5.60 3.14 6.30 

2018 4.93 5.87 6.81 7.26 6.97 6.5 7.58 8.11 7.03 6.64 5.78 7.06 6.71 

Total 54.03 67.00 81.10 84.72 84.86 84.21 89.71 90.22 73.71 48.50 42.82 44.15  

Mean 4.91 6.10 7.37 7.70 7.71 7.65 8.15 8.20 6.70 4.41 3.90 4.01 6.4 
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