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ABSTRACT

Barley is one of the most importamultipurpose crops in Ethiopia. However, its productivity

and quality in Ethiopia is mainly constrained by soil fertility problemmsadequate
availability and use of inputs such as fertilizers, lack of high quality and-yigding
varieties and poor gronomic practices. Arexperiment on malt barley was conducted in
Farat District during the main rainy season of 2020/2021. The objective of experiment was to
determine the optimum nitrogen fertilizer rate and its appropriate time of application for
maximum production and better quality of malt barely varieties. Treatmentsconsisted of

three N rates (34.5, 69 and 103.5 kg N*hthree times of N fertilizer applications: T1 (2/3 at
sowing + 1/3 at midtillering), T2 (1/3 at sowing +2/3 at mitllering), T3 (1/3 at sowing

+1/3 at mid tillering + 1/3 at anthesisland two malt barley varieties (Holker and IBON
174/03), a total of 18 treatments were evaluated in factorial arrangement using Randomized
Completely Block Design with three replicatioAdl. necessary data were collected properly

and subjected to analysis of variance using SAS 9.0 version and mean separation for
significant treatments was done by LSD. The result of the study showed that most of the traits
studied were significantly affected the main and interactio effects. Above ground biomass
andgrain yield were significantly affected by the combined effect of variety with nitrogen rate
and N rate with its time of application. The total protein content was significantly influenced
by theinteraction of variety with rate of nitrogen and variety with time of N application.
Generally, the highest graiyield (4.26t ha') was obtained whe($9 Kg N had') wasapplied

with two splits 1/3 at sowing + 2/3 at midlering. The protein content rezded on this
treatment combination was within the acceptable range for malting purgdse.partial
budget analysis showed that the maximum net return ETB 82,627.50 with acceptable MRR
(1824.20%) was obtained from this treatment combinaiidwerefore, aplication of 69kg N

ha with two splits 1/3 at sowing + 2/3 at mtdlering is recommended for Farat District and
similar agro ecologies. Since the current study was conduotadsingle location and only

one year, it is better to repeat this experitnem multilocations andverseasons to come up

with reliable recommendation

Key words: Malt barley, malt quality, optimum nitrogen rate, protein content of malt barley
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Chapter 1.INTRODUCTION

1.1Background and Justification

Agriculture is the dominant sector of Ethiopian econ@ng long term food securityhis
sector maity dependson producing of different cropsAmong cereal cropgategories
barley Hordeum vulgarel..) is one of the most important multipurpose crops which is
believed to be originated in the Fertile Crescent of the -Haat for about 10,00¢ears
ago andecently it is also confirmed that it was grown on the Tibetan plateau in a similar
era based oRBP2gene studiegBadret al, 2000; Wanget al, 2016 aWanget al, 2016

b). Theglobal productiornvolume ofbarleyamounted to 1641 million metric tons(FAO,
2019). Ethiopia isthe first producer in Suisaharan Africaand eleventh in the world in
barley productionln Africa barley production is mainly dominated by Ethiopia, Algeria
and Morocco with an estimated production of 2.38, 1.65 and 1.16 milbos t
respectively FAO, 2019).

Barley is the fifth most important cereal csdp Ethiopia after teff, maize, sorghum, and
wheat in areacoveragewhile it is after maize, teffwheat and sorghum in terms of
production(CSA, 2020).The national area cevage of barleywas950,742.01ha which is
7.39% of the land covered by grain cr¢@SA, 2020). Thetotal productiorof barleywas
estimated 2.38nillion toneswith anaverage yield 02.50t ha® while in Amhara region
the areacoverageand average yieltvas estimated abo®21,515.21ha and 2.34 ha'
respectively(CSA, 2020).Similarly in South Gonda Zone, theaverage harvested area
and grainyield of barley was 25, 810.91 ha and 2.4zt ,respectivelyBarely is grown
in differentenvironments atin altitude of 15003500 neterabove sea levdin.a.s.l.) but
predominantlycultivated with the range 020003500 m.a.s.I(Berhane Lakewet al,
1996.

Barleyis one of the most important crop in the world and it is usually usdédodsfor
human beingand feed for animajgor poultryand it is also used as an input for industries
for extracting malt to be utilized in brewing, distillation, baby foods, cocoa malt drinks and
ayurvedicmedicines(Singh et al, 2014). In Ethiopia barley is one of the nragops

1



grown in the highland area of the country and used in different forms like bread, porridge,
roasted grain (kolo) and for preparing alcoholic and non alcoholic driddgef Mulatu
andBerhane Lakew201]). Barley production in Ethiopia started pryears ago and is
largely grown as a food crop in the central and northern parts of Ethiopiatheithajor
regions of production namelyOromia, Amhara, Tigray, and Southern Nations,
Nationalities, and Peopless Regioffood barley is mainly grown for ssistence
consumption by the rural farm households while malt barley is largely a commercial crop
produced for industrial malt grain productidrhe malting and brewing industry are taking
roots with both international and domestic brands operating in dbetry (Berhane
Lakewet al, 1996).

The demand of malt barley has been increased year after year by brg@eti@shew
Agegnehuet al, 2014).However in Ethiopiathe gap between malt barley production and
demand is high (ICARDA, 2016). This mainly due tothe expansiorof breweries and
beer consumption levels in Ethiopia (Biadge Keftlal, 2016). Thesedaysconsiderable
efforts havebeenmadeto satisfythe ever increasing demand for raw negials by the
beverage industryith domesticproductia, to save significant foreign currency and to
increase farmers incomBespite all efforts bwever, Ethiopia importabout50% of the

malt from international produce(dddisuBezabih 2018).

The low productivity and quality of barley in Ethiopia is mginonstrained by poor soil
fertility, inadequateavailability and use of inputs such as fertilizdexsk of improved
varieties, poor culural practices/crop managemetite influence of several biotic and
abiotic stresspoor access to markessd unattactive malt barley pricéTaye Bekeleet

al., 2002; Bayeh Mulatu and Berharieakew, 2011 Kassu Tadesset al, 2018. Fertilizer
trials conductedn different parts ofEthiopia indicated thaboth grain yield and protein
content increase with incraag nitrogen Derebe Terefet al, 2018; Melaku Tafes, 2019;
Minale Liben et al, 201). Nitrogen is one of the most important and widely used
elements for plant growth and development and crop yield. In addiias a vital
component of nucleon proteins andcleic acids which carry the heredity matrix control

and direct the synthesis of protein and enzyrkiEsvevernitrogen is deficienin most



Ethiopian highland soil§Taye Bekeleet al, 2002; Girma Chala, 2007 On the other
hand the optimumrateof nitrogen varies from location to locatioMoreover,application
of N at appropriatedime of thecrop growth stages also another important agronomic
practiceto enhancenitrogenuse efficiency and increasgeld and quality of malbarley
Thus, splittingnitrogenfertilizer applicationaccording to the need of the croptle best
strategy to achieve high grain yieldgth acceptablemalting quality (Grant Jackson,
2000).

1.2 Statement of the Problem

Malt barley productivity and quality in the study areasiparticularly constrained by varietal
selection problems, poor sdértility and poor agronomic practicgsate and time of N
application) According to the study dfakew Desteet al (2000)land degradation has been

one of the problemsebserved in thdrighlands of Amhara region of Ethiopiacluding the
districts Farta, Fogera and Gondar Zutiaw soil nutrient contents particularly N is one the
most important problem which resuits low productivity on farmlands due to continuous
cropping, high soierosion and removal of crop residuEsll nitrogen application at planting
facilitates the nutrient losses due to excess leachmg off and volatilizationwith an
estimated value of 50940% asthe crop have no well developaddefficient roots thatan
uptake and utilize the applied nitrogen fertilifetodegeet al, 2000) Split application of
nitrogen fertilizer at different growth stage reduces loss of nitrogen and increase supply of N
to the crop throughout its growth stage and finallyndreaes grain yieldRoy and Singh
2006).There is no adequate research finding that showedftbet oftime of N application

on malt barleyin the studyarea.Varietal difference is also another important yield limiting
factors of malt barley as varietiggically differ in responseo the applied nitrogen (Fatbt

al., 1997). The yield attributes and quality of malt barley seed is therefore, dependent on the
type of the variety used, appropriate dose and time of N fertilizer application specé#ichto e
location. Limited researchas been done to evaluate the yield and quality traits of malt barley
varieties in response to different rates of nitrogen fertilizers irFtreadistrict. Generally
producers are still facing several challenges to boosuptimity and increase quality of malt

barley in the area. Further tieeop productiorpackage made by Amhara regional Bureau of



Agriculture and Natural Resource (ABNR) for malt is blanket recommendation, it is not
location specific which is 150 kg Haf urea withtwo split applications 2/3 at sowing and 1/3
at tillering (ABOANR, 2019). While different locations have different fertility status and
demand differentmanagement practiceSurrently, producers are advised to ude lhanket
recommendatiofior malt barleyproduction. Howevennost farmers in the study araeenot
using this package recommendation of yseaperly, rather they are using urea fertilizer only
and that is during the time of sowing, while others use fertilizer whishbelow the
recommendation rat&enerally, there is no common applicatiorucga both interms of rate
and time Due to thisthe average yield of barleg the study area is very low which remained
at2.42t ha' (CSA, 2020), vmereaghe yieldcanreaches up t6 t ha’ on experimental plots
(DerebeTerefeet al, 2019. Further,information on the response of different malting barley
varieties to N fertilization rate and appropriate time of application in this iaraat well

documentedoo. Hence thistudywasinitiated with the following objectives.

1.3 Objective of the Study

1.3.1General objective
The overall objective of the present study wasrithancehe yield and quality malt barley
varietiesthrough the applicationf optimum rates and appropridiene of N fertilizer in
Farta district, Northwestern Ethiopia

1.3.2Specific objectives

09 To evaluatethe response of malt barley varietiesdifferent rates and time of nitrogen

fertilizer application and

0 To determine the optimum nitrogdertilizer rate andts appropriatdime of application

for maximum production ahquality of malt barely varieties.



Chapter 2. LITERATURE REVIEW

2.1Botany, Center of Origin and Description of Barley

Barley Hordeum vulgareL.), is a grass belongingp the family Poaceae the tribe
Triticale (Voltaset al, 1999) The cultivated and wild forms of barley are diploid species,
with 2n=14.The wild barley Hordeum spontaneunms an ancestor of the cultivated barley
(Young, 200). Barley is debatable ingtorigin, possibly originatingn Egypt, Ethiopia,

Near East or TibgiDuke, 1983. Accordingto Badret al (2000)barley was onef the first
domesticategjrain in the Fertile Crescent, an area of relatively abundant water in Western

Asia andnear the Ni riverof North East Africa.

Barleyis an annual, cool season burgrhss that grows, 2 ft tall (Ball et al,, 1996) It has
hollow and jointedstems The leaf surfaces and leaf margio$ barley characterize as
smooth, tapered, and arise on the stepvalground level (Brown, 1979)lits nodes and
internodes of stems are hairless (Radford et al., 138he varietiedack awans but

when present can reach 6 inches in length (Raddbad, 1968).Barley can be confused
with other small grainbefore t reaches to floweringt can bedistinguished from wheat,

rye, and oats by examining the leaf collar when it is pulled away from thelstandition

to this, he leaf collar on a barley plant will have two overlapping appendages that clasp
the stem, déed auricles (Ballet al, 1996).Barley by itself also groupeiah to six-rowed

and twerowed types. These groups refer to the differences in the arrangement of the seed
heads in the spike. When viewing a head ofreixed barley from above, there are six
rows of kernels, three on each side of the rachis (seed head Istem)towed barley, the
threespikeles are fertile anccanable to develop graingdowever,in two-rowed barley,

only the middle spikelet develops a kernel and the other two spikaletssterile
(Komatsudaet al, 2007). The two row varieties are preferalhan six row typesbecause

of its uniform size plump and possess other desirable characteriBkesprotein content,

high diastatic poweand aamylase activity for malt purposéSinghet al, 1974).



2.2 Ecological Requirement of Barley Production

Barley is grown in diverse raifed agreecological zones of Ethiopia characterized with a
wide range of climateEthiopia has suitable agexology to produce malt barley and
sushin the domestic demanBarley is a coekeason crop that is adapted to high altitudes
and grows best in temperature of 130 °C. Based on the study d@@hilot Yirga et al.

(2002 barleycan be grown in differergcologiesas it hadarge number of folkvarieties

and traditional practices existing in Ethiopia, which enables the crop to be more adaptable
in highlands It can be grown in diversified ecologies from1800 to 3400m altitude in
different seasons and production syste(Muluken Bantayehu, 2013Barley can be
grown in wide range of environmentsyen in unfavorable condition thather cereal
crops(AmhaBesufkadet al, 2018) However barley requires a favorable environment to

produce a plump and mealy grain (Berhanu Be&ekd., 2005).

Eventhough, larleycan be grown on many soil typeke ideal soil for barley is a friable
loam or sandy loam, well drained s¢Reid et al, 1979) Fertile soil increased both the
yield and quality of barley as it provides sufficient amount of nutri¢Brashet al,

2020 Growing barley on sandy soils causes uneven plant growth and development
(Hannawayet al, 2004). It grows well when pH values are between, 6805 (Midwest
Cover Crops Council, 20)2Barley generally grows better than any other smagdlirgs in

highly alkaline soils (Reie@t al., 1979).

2.3Importance of Barley

Barleyis one of the mostultipurposecerealcropsusedfor food, feedmalt and income
generation for many smallholder farmers in the highlandstimbpia (Bayeh Mulatu and
Berhanu Lakew, 2011}t is an edible graicommonly used imdifferent formslike bread,
porridge, roasted grain and for preparing alcoholic andatcoholic drinks.Moreover,
the straws are used for animal feed, thatching roofs and bednigy contans 75%
carbohydrates, 9% protein and 2% fat. Each grain contains 3.3 calories. It is rich in Zinc
(50 ppm), Iron (60 ppm), and soluble fibr&a({lberg and Eggum 1981). Barley is



preferred over other cereals for malting purpose because its glumes andrauirmly
cemented to the kernel, which remain attached to the grain after threshing. This hull
protects thecoleoptiles from damage during processing, asleoptiles grows and
elongates under the hull. In addition the hull acts as a filter for separati soluble
materials (Singtet al, 2014).These days, ahe modern malting practice started due to
expansion of breweries and beer consumption levels in Ethiopiais the second largest

use of barely and it is considered as one of the cash ctbp @ountry (Biadge Kefalet

al., 2016).

2.4Barley Production in Ethiopia

Ethiopia is known to be the center of diversity of bafldgrdium vulgare) and it has been

in cultivation for atleast the past 5,000 yeaf&he first Ethiopians have ever tuhted

barley are believed to be the Agew people, in about 300(ZBMede Asfaw, 1996). This

long history of cultivation and the large agroological and cultural diversity in the
country has resulted in a large number of landraces (farmerse vargetcesyh traditional
practicesHowever,malt barley production in Ethiopia has a very short phenomena and its
production is mainly associated with the establishment of the St. George Brewery (Tadesse
Kassahun, 2011)he diversity in the Ethiopian barldgndraces has got an international
recognition for its useful traits such as resistance to diseases and high nutritional quality
which is of great importance to the generation of improved varieties through provision of

genetic materials for breeding (Bened_akewet al, 1996).

Barley is cultivated in all regions of the country. Howevieris largely grown in the
central and northern parts of Ethiopia, with Oromia, Amhara, Tigray, and Southern
Nations, N#onalities, and Peopless Reg{SNNPR) The two egional states Amhara

and Oromia accounted more than 80% of the total barley production in the country (CSA,
2020. Improvements on barley in Ethiopia has been started for more than six decades, it
has passed through different phases and has neveséiitfied the needs of farmers in

the different barley production systems. Research was started at Debre Zeit Agricultural
Research Centi@®zARC) in the 1950s. But more organized research on the crop began in



1966 with the establishment of the Holettariggltural Research Centre (HAR®@)hich

was underinstitute of Agricultural Research (IAR) now the Ethiopian Institute of
Agricultural Research (EIAR), to represent the central highlands of Ethiopia, with barley
being a major focus in crop research (Balilatu andBerhane Lakew2011). From the

very beginningbarleyresearchwas started bygreating nurseries and conducting variety
trials targeting increased yields and identifying genotypes with a high level of disease
resistanceFurther,the research xends its work orletermination of appropriate planting
dates and rates of nitrogen fertilizer application for the highlands at Holetta on red soil.
The first research outcomes were publishedl®68 (IAR, 1968 Optimum cultural
requirements (sowing dateseed and fertilizer rates) for both food and malting barley
under Holetta conditions were determined (IAR, 19A)cording toBull (1987), the
response of barley to the application of fertilizer was found to be very promising from a

countrywide fertilizr response trial conducted on Hadfctare plots at 92 locatians

Based on the base line surveys studied by Chilot Yatgd (1999, five traditional barley
production systems are recognized within the major baylewing agreecologies.
Among theseate barley production systemase of thedominantsystem in highland area

of Ethiopiasuch as South Gondar and North Wollo. This production sygtextticed
during rainy season (June to Octoband it is characterized by twseparate planting
seasonghe first cultivar is planted in May and the second is between Juite and early
Julay. The second production system is soil burning and is mainly practiced in highlands
of North and Northwest Shewa , where water logging is a major constraint duiimg ra
seasonTo alleviate this problem, farmers ugeie (soil burning) and ploughing, 5 times

of fields that have been left fallow for at least five years. Eawdyuring farmer cultivars,

such as fDemoyee and fMagiee, are used in this system (Chilaelral, 1999. Early-

barley production system iee one which is practiced in mid and highland areas of Gojam
and Gondar and some parts of Shewa during the meher s&aslyncultivars are grown

that require 3.54 months to mature, such as fSemeret&@hewa; Gojam and Belga in
North Gonder and Tebele in South Gonder. The cultivars are planted frofagido

June and harvested in early September to early October. Barley is also grown under belg

productionsystem and which is mainly practicedNorth andNorth WestShewa, North



Wollo, Bale and a few areas in Ar8ielg barley is planted in February to early March and
harvested in early JulyResidual barley production system is one of the important systems
which is practicedn someparts of Gojam, Ndh and South Goral, and West Shewa.
Early-maturing cultivars fBelgae in North Gonder and fSemeretae in Gojam are common.
Planting is carried out between September and October, immediately after harvest of the

main-season barley crdiChilot Yirgaet al.,1998).

2.5Production Status, Constraints and Prospects of Malt Barley in Ethiopia

Barleyis one of the major cereal crops with strategic importance in Ethiopia and it ranks
the fifth following teff, maize, sorghum and wheat (CSA, 202During the year
2019/2020 cropping season, the total area under barley cultivation was nearly 1.0 million
hectare, while the production was estimated at 2.38 million tons with averagefy2etD

t hal. Ethiopiabecomeghe firstproducerof barleyin Sub-Saharan Afriaand eleventh in

the world in barley productionin Africa barley production is mainly dominated by
Ethiopia, Algeria and Morocco with an estimated production of 2.38, 1.65 and 1.16
million tons respectivelyRAO, 2019). Even though Ethiopia is the firsbuntry in total
barley production in the continent, but in terms of area coverage it is behind Algeria and
Morocco. In additionjts average yields are significanthehind KenyaEgyptand South
Africa with specifi@l values of 3.90, 3.30 and 2.6 ha’ respectively(FAO, 2019).
Moreover in highperforming ountries of the developed wortdich as Gerany, France

and the Netherlands/erage barley yield is over 6 tons per hecfareO, 2019)

The production and productivity of malt barley in Ethiopianiginly challenged due ta
biotic factors (low soil fertility,inadequatavailability and use of inputs such as fertilizers,
high malting quality and highyielding varieties and other agronomic practices liadic
factors (mainly weeds, insect pests dotlar diseases)poor access to markeend
unattractive malt barleprice (Bayeh Mulatu and Berharieakew, 2011;BerhaneLakew

et al, 2017. On the other handhere are also opportunitiéisat malt barley production

and productivitycan beincreasedin Ethiopia since thereis suitable production agro



ecology potential malt barley producing are@®omingof beer industries anthcreasing
maltdemandAddisu Bezabih, 2018).

2.6 Importance Quality Traits of Malt Barley

2.6.1. Grain protein content

Prokin content is one of the most determinant quality traits of baaley.Application of
optimum rate of nitrogen fertilizer to malt barley is essential to obtain high yields without
affecting malting quality (Thompsoet al, 2004). Bothhigher and loweprotein content

has its own effect on the final quality of malt to be producedghét protein contendf a

grain leads to lowetarbohydrate contemind decrease the extract yi¢kbx et al, 2003).
According to Vermeet al. (2003) higler protein contenin grainreduces the malt extract
level. Lower protein contenbn the other hantimits yeast growthand lowers enzymatic
activity during fermentation periodgmebiriet al, 2005 Pettersson, 2007).

Protein contents one of the important parametensselecting malting barley, which is
affected by genotype, cultural practices/crop management and growing environments
(Riley et al, 1998;Paynter and Van, 2014)According to the study d€henet al. (2006)

grain protein content is affected by both thee and time ofitrogenfertilizer application

In addition to this, different studies have been conducted related to the effect of nitrogen
and variety on quality of malt barley in Ethiopia. Accordingly, a research conducted by
Minale Libenet al (2011) at mid andhigh altitude in Northwest Ethiopia indicated that,
grain protein content increased with increasing nitrogen rates in all varieties at all locations
with the range of (8:41.8 %)when 46 and 115 Kg N Haapplied respectivelySimilar
trendswas also observed b{perebe Terefeet al, 2018 Meharie Kassie and Kindie
Tesfaye 2019 Melaku Tafes 2019) that grain protein content increase with increasing

rate of nitrogen

Based on the study &frzuj et d. (2010) cereal breeders select barfer large grain, thin
husk and low protein content to improve malt quality, aatbct barley for high protein

content on account atnimal feed. The standard of malt barley for protein concentration
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varies from country to country and even from brewerprewery. Based on the Ethiopian

standard authority, the protein content of malt barley grain should be within a rante of 9
12% (EQSA, 2006. Generally, grain protein concentration (GPC) is a key quality criterion
in malting barleyproductionand failue to meet the required GPC specifications leads to

rejection of the crop for malting.

2.6.2 Hectoliter weight

Hectoliter weight is a measure of grain sample density which can be an indicator of pre
harvest sprouting adversely affecting the gr8iifferent countries have their own quality
standards. Based on the Ethiopian quality standard, the acceptablsigea(thousand
kernel weight) and test weight (hectoliter weight) for barley are in the rantge385gram

and 48 td62, respectivelfEQSA, 2006). Different studies indicated that hectoliter weight
was increased with increased nitrogen rakésdle Libenet al, 2011;Amare Aleminew

and Adane legas, 2015; Dereberefe et al, 2018).Furthermore, hectoliter weight of
barley can bediffered among studied varieties, growing seasons amadrosslocations
(Minale Libenet al, 2011; Meharie Kassie and Kindie Tesfaye, 2019). Growing barley
relatively in cooler air temperature increases fihal quality of malt tobe produced
Whereas high temperatusspeciallyin grain filling period reduce the grain size and it

affects the malting quality.

2.6.3 Germination

Germination is theprocess of by which a dormant seed starspoout and become a
seedling under favorable conditioQuality of malt barleygrain must havea minimum
postharvest dormancy and be able to germinate rapidly and uniformly (Woehtah
2005). Germination energys the percentagby which a number of seeds in a given
samplewhich germinatewith a definite period ofie Studies signifies that,optimal
germination performance such as the high vigour and germination capacity or viability of
barley at the time othe malting process is without any doubt the most important quality
criterion for malting barley (Lu et al., 2000; MunakdMoller, 2004) Based on the study
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of Derebe Terefet al. (2018) and Melaku Tafes (2019) germination enavgg affected
by barley genotypes According to European Brewery Convention (EBC, 1998)

germination energy of barely should be greater than 95%.

2.7 Availability and Role of Nitrogen in Crop Production

2.7.1 Availability of nitrogen

Nitrogen comes from the two inorganic ions, N@®&d (NH4 (Torreset al, 2014).
Nitrogen is available in the soil in both organic and inorganic forms. The majganic

forms of nitrogen are N2 gas, nitrate (N)Q nitrite (NQy), and ammonium (NH%
whereas the organic forms include amino acids, proteins, nucleotides and nucleic acids.
Nitrogen in the soil isnostly organically boundedue to this such orgec compounds

are available through the process of mineralization and the intermediate stage of formation
of amino acids and other organic forms occur and they may be used by QGlaratspeet

al., 2009. Most plants can absorb and utilize nitrogen whes available in the forms of

NO; and NH4 (Oh et al, 2008). Galloway and Cowling (2002)eported that mineral
nitrogen can be gained from-Mation, nitrogen fertilization and development of
livestock, as well as wet and dry deposition from the atmosphere.

2.7.2Roleof nitrogen in crop production

Nitrogen isconsidered to be essentraltientsrequired by plants in the largest quantity. It

is the main constituent of essential cellular components such as amino acids, proteins and
nucleicacids. Nitrogenincreases the leaf surface areaproving the succulence of many
crops and plays a greeole in differentphysiologicalprocessesTrreset al, 2014). It
promotes photosynthesis as it increasesatheunt ofchlorophyll (Sedancet al, 201).

Li et al. (2014) reported thatrop productionmainly depeng on the extentof the soil
capacityto supplynitrogen.Similarly Sawan(2006) also noted thaield of an agricultural

crop strongly depends on the supply ohemal nutrients, particularly nitrogen.
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Both excess and deficiency of nitrogen in the soil has its own limitatto@®ssnitrogen
applications reduce nitrogen uptake efficiency, apparent recovery fraction of applied
fertilizer nitrogen, physiological efficiency and decrease the grain y\dng et al,
2011. On the other hand, nitrogen ,dency signi,cantly reduced leaf area, leaf
Chlorophyll content and resulting in lower biomass productiohagZet al, 2005).
Optimum application of nitrogen increaseonomic yield and reduce production cost
(King et al, 2003). However,optimization ofnitrogen use efficiencgnd crop production

is a complex problenand will require a compound sef solutions to gesuitable and
meaningful result§Waqaret al, 2014).This is mainly due to the problem of nitrogen loss
by leaching, denitrication and volatilizationErcoli, 2012).Nitrogen in the form of nitrate

is easily lost through leaching and degé@kion, while ammoniumnitrogenis through
volatilization, thus both are not stable in soibo, improving nutrient usefficiencies in
agriculture plays a great roldor the development of sustainable nutrient management
strategies, more efficient use of mineral fertilizers, increased recovery aydingoof
waste nutrients, anetter exploitation of the substantiabnganic and organic reserves of
nutrients in the soWagqaret al, 2014)

2.8 Effect of Nitrogen on Yield and Quality of Malt Barley

Nitrogen fertilizer applicatioms the mosimportantagronomicpracticewhich determines
bothgrain yield and qualitgpf malting barley(McKenzieet al.,2004; Sainjuet al, 2013).
Many gudieshavebeeninvestigatedso farwith related to ratgof nitrogen fertilizer effect

on yield and grain quality of malt barley varietide field experiments conducted by
Minale Libenet al. (2011)at mid andhigh altitudeof Northwest Ethiopiandicated that
grain yield and itsprotein content increased almost linearly as the N rate increased
Similarly (Castroet al, 2008; Sainjuet al., 2013) reported that barley grain protein
increases with increasing N application rate because barley plants comtinuse

available N even after yield requirements are met.

An experiment which was carried out at Malga disti@authern Ethiopia indicated that

all agronomic parameters exceptrvest index increased in response to N rates up to 98.5
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kg ha'). However, 75kg N ha results optimum grain yield with acceptable protein
content was recommended (Biruk Gezahegn and demelash Kefale, Rott6jield and
laboratory experimentsarried ot by Berhane Getie (2017)ndicated thatusing 150 kg

N ha' of N-fertilizer rategavesatisfactory crop yield and protein content, reduce the costs
of production, and increase profitabilityingh and Singh (2005) at Varanasi observed that
significant ncrease imgrain and straw yield with increased doses of N from 20 to 80 kg ha
! Nitrogen fertilizer application increases yield of malting barley, it may also increase
grain protein above desirable levels if it is applied excessi&hghet al, 2014) Zhang

et al (2001) reported that malt gain having high protein content is associated with low
carbohydrateand low malt extract. Thus it slows malting process and affects malt quality.
On the other hand low protein content has also its own limitatioaisit retardsyeas
growth during fermentatiorEfmebiriet al, 2005).A research conducted by Melaku Tafes
(2019), containing different N rates with malt barley varieties indicated that most of yield
and vyield related traits increase with increasingoggén. However, high nitrogen rate
leads to high grain protein content while low nitrogen rates leads to optimum grain yield
with acceptable qualityrurther, field experiment also carried doyt Meharie Kassie and
Kindie Tesfaye (2019at Arsi (Bekoj expemental site)indicated thatapplication of N
beyond 48kg N ha’ did not increase the net benefliut instead increase cost of
production.

Most of experiments conducteid different areasndicatedthat, barley grain yield and
protein content incre@dalmostwith an increase in N level$ience,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 seasopan adversely affect grain yield, and, in particular, quality characteristics. Thus,
splitting nitrogenfertilizer applicationaccording to the need of the croghg best strategy

to achieve high grain yieldsith acceptablenalting quality (Grant Jacks, 2000) Beside

to this Demisie Egiguet al (2015) reported that determination of optimum rates of
nitrogenandselection ofappropriate varieties are important agronomic decisions for malt

barley production.
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2.9Effect of Time of Nitrogen Application on Yield and Quality of Malt Barley

Effect of nitrogen on yield and quality of malt barely has been investigated by different
researchers however; concerning time adpylication little workshas beemlone.A field
experiment which was conducted in Graishowed that fulapplication of nitrogen at
tillering and split application o half at tillering and the remaining half at booting stage
produced significantly higher grain yield than its application at booting stage alone
(Sardana and Zhang, 200®n the other handpplication ofnitrogen after tillering offers
farmerse advantages, such as better estimates of the overall rate required based on likely
yield potential and it avoids excessive tiller numbers of varieties that respond to early

nitrogen bytillering profusely Hills and Paynter, 2009).

Studies indicatedhat splitnitrogenapplication had its own positiveffect ongrain yield
commonly occurred in situations where wet conditions increased the nskagenloss

early in the growing sean (Roth and MarshallLl987; Gravelleet al, 1988). A research
conducted byArregui and Quemada (2008) indicated th@tit applications of nitrogeare
advantageougo take available soil moisture levels and crop yield potential into
consideration at ame in the growing season when estimates may be more reliable than at
sowing On the other han&asson (198dreportedthat split application of nitrogen had

non significant effect on grain yield and protein content as compared to full application at
sowing, especiaj when topdressing was applied before the crop entered the stem
elongation phase However,if high rainfall occursat the time ofsowing, and before
significant crop uptake, applying alltrogento the seed can increase the riskitfogen

loss by leachingn these situationsplit applications cabe advantageous (Easson, 1984).
Overall many of the studies calucted in different countrigadicated thabothincreasing

rate of nitrogen anthte applicatiors affectthe protein content of ait barley Riley et al,

1998; Jurjescu and Psan 2010; Singh and Singh2005; DerebeTerefe et al, 2018
MeharieKassie and Kindie Tesfay2019.
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2.10Effect of varieties on Yield and Quality of Malt Barley

Barley varieties had significant effeon yield and quality related parametéeFse yield

and quality specifications of a given variety are also determined by its genetic makeup and
the physical conditions during growthdx et al, 2006).Anonymous (2012also reported

that a marked differe@mong the malt barely varieties on grain size and kernel weight due
to genotypic variation. The varieties also showed a consistent difference in grain protein
content due to the genetic makeup and growing environmental condvtimm#caneet

al., 2001). Genotype by environment interact®and stability study conducted using
seven malt barley varieties in North western Ethiopia indicated that varieties showed
significant variation botln grain yield and protein contericcordingly, the highest grain

yield (4.05 t hd) was obtained from Miscal®1 at DebreTabore experimental location
while the lowest (1.00 t hY was recorded from genotype Arna at Lay Gaint. The protein
content of genotypes was also ranged between 9.5% froh33B and 10.8% for Misde

-21 (Muluken Bantayehwet al, 2010). Similarly, a field experiment conducted on
performance evaluation of malt barley varieties in Eastern Amhara indicated that varieties
showed significant variation in both grain yield and quality traits. The pra@ment
recorded on the tested varieties ranged 9.85 to 11% and the maximum grai332€ld

3340 and 335)1(kg ha') was obtained from Bahati, EH 1847 and IBON 174/03 variety,
respectively (Abebe Asse#d al,, 2021).

Malt barley varietiexan be clasified as two and six row, however the two row types are
preferred over sixows due to itsplumpness, uniform size and results higher grain yield
(Singhet al, 1974).According to the study of Wondimu Fekadtial. (2013) the current
Ethiopianmalt barley breeding requires great improvemanid it has to be supported by
modern molecular techniques, small scale micro malting\dR& technology to identify
and develop high yielding as well as high quality genotypes.

2.11 Nitrogen Use Efficiency of Malt Baley and Management

Nitrogen use efficiency (NUE) in barley is often defined as grain produced per unit of
nitrogenfertilizer applied.The cropnitrogen useefficiency depends odifferent factors
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suchasapplicationtime, rate of nitrogen applied, cuér and climatic conditions (Mo#t

al., 1982). Ramot al (1995)observedthat application ofnitrogen in to twoequally
splits at sowingand tilleringandgreater proportion applied at tillering led to higher grain
yield. Based on the study of Mehat@ssie and Kindie Tesfaye (2018}use efficiency,
N-recovery efficiency and Mtilization efficiency of the test varieties decreased with
increasing N fertilizer application rates in all the experimental yedeoy and Singh
(2006) indicated thamitrogen fertilizer strategies for malting barley should ensure
relatively small amount of available off@rd nitrogenat sowingfor crop establishment,
one thirdnitrogen applied at first irrigation (35 days after sowing) and -tmed N at
flowering (70 days féer sowing) gained the highest values of all the yield components,

grain yield and nutrient uptake.

Another study which was carried out ®ysen and Kurtz (1982), indicated that maximum
efficiencywasobservedy the latest possible applicatioh nitrogencorresponding to the
growth stagewhich increasesapid nitrogenuptake thus avoiding unnecessary vegetative
growth, whichable to reduce grain yield Furthermore, the opportunities foitrogen
losses by leaching, denitrificationvolatilization andrunoff are reduceddue to the
presence of active and well developed rostsch can absorb and utilizghe nitrogen
fertilizer when it is appliedEfficient use of nitrogen fertilizers in barley production
systems carresults higher returns for producerand reduce the negativémpact of
excessivenitrogenapplicationon the environment (Anbess al., 2009). It is, therefore,
important tooptimize the efficiency with whichitrogenfertilizer are usedMaximizing

the nitrogenuse efficiency of crop prodtion can beachievedthrough optimizing the
supply ofnitrogento meet the requirements of a crop during growth and develo@mndnt
growing nitrogen efficient crop genotypes (Binghaet al., 2012). Generally different
studies indicated that nitrogen udéagency of barley depends on several factors like rate
of nitrogen, time of application, variety, climatic condition and others. And hence,
genotype selection on the basis ofétovery and Nuitilization efficiency, apply optimum
nitrogen rate in splitdrm will probably the most effective method to improve thedé

efficiency.
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Chapter 3. MATERIALS AND METHODS

3.1 Description of the Study Area

The experiment wasonducted during the main cropping season of 2020/a02toyibla
Selamko kebeleat Fogea National Rice Research and Training Center-staltion of
Debre Tabour experimental site Farta district(Figure 3.1) Thedistrict is located at 645

km far from Addis Ababa which is the capital city of Ethiopiae altitude of the district
ranges froml920 to 4235 m.a.s.l. while the experimental site is located at an altitude of
2581 m.a.s.l. and latitude of 13% 45.503 N and longitude 38° (11.347 E. The major
crops grown in the studgreaare barleyteff, potatqg wheat maizeandfaba bea.

Figure 31: Location nap of the study area
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Based orthe weather data recorded West Amhara Meteorological Agensyation,the
study areais characterized by umodal rainfall distribution and the peakainy season
appearson July and AugustThe total average annual rain fall for ten years da@a(t
2019) of the study area wa$424.2 mm.Similarly, the total average annual rain fall
collected during the experimental yeaas 1739 mm.The annual mean minimum and
maximum terperature of the area recorded within ten years (ZDI®)were 9.4 and
22.6 °CrespectivelyWhile annual mean minimum and maximum temperabfitee main
cropping season wer@6 and23.1 T (Figure 3.2). Over all, the total rain fall received
during theexperimental periotvashigher than ten years average and it is suitablenfdt

barleyproduction.

Before conducting the experimensoil samples were collected at a depth e2@0cm)
randomly from 15 spots five for each replication in diagonadtten using augemlnd
composited in order to produce one representasample. Then soil physical and
chemical properties were analyzed $woil Chemistry and Water Quality Laboratory
Section of Amhara Design and Supervision Works Enterpfiseordingly, soiltexture,

pH, CEC, organic matter, organic carbon, total nitrogen and available phosphorous were

analyzed following their respective standard methods and procedures.

The soil texture was determined by the bouyoucos hydrometer method (Bouyoucos, 1962).
The pH of the soil was measured at 1:2.5 (&wilvater ratio)as described bylLandon,

1991). While organic carbon and organic matter content were determined using wet
digestion method (Walkely and Black, 1934). Total nitrog@asdetermined based on the
principles of Landon (198, while available phosphorwoneusingOlsen methodQ@lIsen,

1954). Electrical conductivity (EC) (1:1 ¥0) was measured by following the methods
described by Van Reeuwijk (1992).

Theresults from soil sample analysis showed thattexture of the soil was found to be
clay loam The pH of the soil was 5.82Tdble 31), which was moderately acidic
(Kanyanjuaet al, 2002). The soil pH value indicates it ismedium for malt barley

production. The organic carbon (OC) and organittendOM) contents were 2.85 % and
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4.902%, respectively, which wasedium based on the rating of (Walkely and Black
1934) The total nitrogenwas 0.286, which is medium (Landon, 1991)(Table 3.1).
Available phosphorousvas 9.83 ppm, which is low (Tabld.1). The low value of
availablephosphorousnight be due to fixation with soil cations such ad"aind Fé". The
CEC of the soil was 24.2 cmal) (kg soil, which was medium (Landon, 1199According
to Landon (199), CEC of the soils greater than 40 cngl/kg is rated as very high and
25 40 cmol ) /kg as high and CEC of soil from 185, 5 15 and < 5 cmol (+)/kg of soil

are classified as medium, low, and very low, respectively.
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Figure3.2: Meanannualrainfall (20102019) annual rainfall (2020and monthly average
minimum and maximum temperatures of the study drem and during the
experimental period 2020
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Table 31. Some of the selected soil physicochemical properties of theiegpeal site

Parameters Mean values  Rating References
pH (H.0) 5.82 Moderately acidic Walkely and Black1934)
Organic C (%) 2.85 Medium Walkely and Black1934)
Organic matter (%)  4.902 Medium Walkely and Black1934)
C: N ratio 10.18 Medium
Total N (%) 0.28 Medium Landon (199)
Ava. P (ppm) 9.83 Low Olsen(1954)
EC (dS/cm) 0.175 Normal Van Reeuwijk (1992)
CEC Cmol (+) / kg 24.2 Medium Landon (199)
Texture %
Sand 28
Silt 36
Clay 36
Textural classes Clay loam Bouyoucos 1962)

3.2 Experimental Planting Materials

Seeds of two malt barley varieties namely Holker BB@N 174/03 which are adapted to
the agreecology of the study areaere used for this studyTable 3.2). Currently, these
two varieties are widglgrown in Farta district by smallholder farmers

Table 32. Description of malt barley varieties

Variety Year of Breeder Grain yield (t ha) Altitudinal
release adaptation

On-station Onfarm (masl)
Holker 1979 HARC 24-31 20-25 23003500
IBON 174/03 2012 HARC 30-57 - 23002800

SourceCrop Varety Registration (MoA, 1972012
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3.3 Experimental Treatments, Design andProcedures

Treatments consisted tifree nitrogen rates (34.5, 69 (blanket recommendation) and 103.5
kg N ha?), three times of N application: T1=2/3 at time of sowing and 1/3 attittédng,
T2=1/3 at time of sowing and 2/3 at ritlering, T3=1/3 at sowing, 1/3 at mitillering

and 1/3at time of anthesidgwo malt barley varieties (Holker an@ON 174/03) The
experiment wasaid in a factorial arrangementith three replications The gross plot size
comprises 3mengthand2.4mwidth while thenet plot size was 2.1 x 1.6 m (8 central
rows of 2.5 m length) leaving the two outer most rows on bilis of each plot and 0.25

m row length at both ends of each plot excludedbasder effects.Spacing between

blocks, plots and rows wasslm and 0.5 m and 0.2mespectively.

Before sowingthe field was cleaned angdreparedproperly to receive treatents. kst
ploughingwas doneby tractor, the % and 3° ploughing by using oxemfter preparing
the experimental field for sowindield lay out was done based on the desifrthe
experimentand treatments were &gsed to each experimental plandmly. Seedsof
malt barely varietiesvere sown in rowst the recommended rate 125 kg ha' in rows
using hand drillingon June 24, 202@Phosphorusas TSP (46% J®s) wasapplied in the

rows atthe time of sowing anditrogen was applied based on theunatof treatments.

3.4 Data Collection
3.4.1 Phenological parameters

Days to 50% headingrhis refers to the number of days from the date of sowing to the
stage when 50% of ears or panicfely emerged. The datavas recordedby visual

observation wthin a plot.

Days to 90%PhysiologicalMaturity: The number of days from sowing to the time when
the plantswere reached 90% maturity based on visual observaltomas taken when
leavestendto senescencend the grains are difficult to break by thartb nail in each net

plot.
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3.4.2 Growthparameters

Plant Height(cm): the plant height was measured from ground level to the tip of the main
stem excluding the awns on ten earlier tagged plants at physiological maturity. The

average height was computediaxpressed in centimeters.

Spike length (cm)the lengths of spikes from ten earlier tagged plants were measured and

the average were worked out and expressed in centimeters

3.4.3 Yield andyield related parameters

Total number of tillersThe totalnumbers of tillers in 1 meter square wemintedfrom
the net plot area at physiological maturity

Number of effective tillers the number of effective tillers accommodated in 1 meter
square quadrant in each experimental unit was recorded as numbkecobetillers per

meter square.

Number of kernels per spik¢he seeds from each spike were separated manually and
counted taking ten plants spike. The average of seeds per spike were calculated and

expressed in numbers.

Aboveground dry biomass vyield ha'): the weight in kilograms of sun dried above
ground parts of the plants obtained from the central 8 rows5ah2ength in each plot
was recorded.

Grain vield ¢ ha’): the net plot (8 rows) was marked by left ove25tn from top and
bottom side s as to avoid boarder effects. The crop in the net plot was harvested
separately and total biomass yield from each net plot was recorded. After threshing, grains
were separated, cleaned and weighed. The grain yield of each plot wetecajul2.%

moisture contenby using moistureorrection factar
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McE ——

Where: Mct Moisture correction factor
Y -Actual moisture content which was measured by moisture tester
X- The standard moisture content of cereal crops whicB.E4

Based on the above equation adjugfein yieldwas calculated in the following manner
Agy= Mcf x Grainyield obtained from each net plo

Grawyieldplot

N _ 0Y
= Graiyieldbtainfedreacmeplotkdplo)too—ror

Findly the yield was converted ito hectarewhereAgy = Adjusted grain yield

Harvest index (%)From the yield of grains and biomass, the harvest index was calculated

by using formula of Donald (1962) as:
HI =Grain yield kg ha?) / Total biomasskg ha) x100

3.4.4 Data for qualitytraits

Thousand kernels weight (gjhe thousand seeds were counted from each plot and
weighed using digital sensitive balance and the data was recorded in grams. The thousand

seed weight foeach plot was adjusted at 12.5 % moisture content

Hectoliter weight - Representative samples (250 g) of malt barley grarewrepared
from eachnet plot and submitted to Adet Agricultural Research Cenftben the flour

density produced in a hectditof the seetvas determing.

Protein contentRepresentative samples of 250 g were prepared from each net plot and
submitted to wards Amhara Regional and Agricultural Research Institute of food science

and nutrition research laboratory. Grain proteimteat was determinedsing Infratec
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1241 grain analyzer flour modeising near infrared transmittance technology. As it
releases light it absorbs protein molecules and can predict the protein content of the grain

and it displays té value in percent.

Geminating energyGE %): It wasdetermined from 100 seeds germinated in a petridish
after 72 hours. Then the germinated kerne&se counted and the result exgssed as

percentage of the total

G : b Numbefgerminakednels 0
erminaetiner gy . X
g:"Totenlumbcxanfsampllﬂasei‘rblgermlnatlon

3.5 Data Analysis
3.5.1 Biological data analysis

The collected datavere subjected to analysis of variance (ANOVA) using SASsier
9.0 Statistical Softwar€SAS, 2002).Whenever the ANOVAresults show significant
differences among treatments, meavere compared usingelst significance difference
(LSD) testat 0.05 probability level of significanCorrelation analysisvasdoneto study

the association between yield, yield components and quality traits of maly.barl

3.5.2 Economic analysis

Economic analysis was performed following the CIMMYT partial budget methodology
(CIMMYT, 1988). Costs offertilizer (urea) and laborwhich show variation between
treatmentsvereconsidered for analysi$he average graiandstraw(yield) of barleywas
adjusted to 10% downwarde narrow the yield gabs between experimental plots and
farmers fields. Thaverage selling price of malt barley grairFartadistrict from January

up to March2020was (Eth- Birr 22.50 kg") and theprice of straw was estimated to be
(Eth- Birr 0.5 kg™) wasused for partial budgesnalysis. The total variableosts of urea
and labor cost werealculatedbased on the current price of the locality during the planting
time. And hence, thprice of ureavas(Birr 14.44 kg™) and theaverage labor cost for urea

application was estimated 100 Ethiopian Birr man per ddahe gross benefit was
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calculated by multiplying the grain and straw yield with its corresponding price that
farmers receive for sale of tloeop. The ret benefits of each treatmewereemployed by
subtracting the sum of all variable costs from the gross benefits of each treathent.
costs and benefitwere calculated on hectare basis in Bifihendominance analysiwas
carried after arrangg the treatments ints increasing ordeof TVC. A treatment
considered as dominated if it has higher TVC but lower NB than a previous treatasent
excluded from marginal rate of return analysis. Marginal rate of return (MRR %) was
estimated the change the net benefit tthe change in total variable costs as it is indicated

below.

MR R%) = 100

According to the CIMYYT (1988) partial budget analysis methodology, treatments
exhibiting the minimum acceptable level oMRR (>100%) was considered for the

comparison of their NBand the one exhibiting the highest MAsrecommended.
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Chapter 4. RESULTS AND DISCUSSION

4.1 Effect of variety, Rate and Time ofNitrogen Application on Phenology of Malt
Barley

4.1.1Days to 50% heading

The resuk of analysis of variance showed thddys to 50%headingwas very highly
significanty (P<0.00) affected by the main effect of varietyitrogen rateandits time of
application. Moreover, theesuls of analysisof variance also indicated thdaysto 50%
headingwashighly significantly (P<0.02 affected by the combined effect wtrogen rate
with its time of application and varietyith nitrogen rate However the interactionof
variety and time of nitrogen application atite three way interactioreffects were not

statistically significant (P>0.05) on days to 50% heading (Appendix Table 1).

Regarding the combined effect of nitrogeate and its time of applicatia, the longest
(74.17) days to 3% heading was recorded when &g N ha" was applied in to two
splits 1/3 at sowing and 2/3 at midlering. This result was statistically on p&om the
application 0f103.5kg N ha' in to three splitapplicationsof 1/3 at sowing, 1/3 at mid
tillering and 1/3 at anthesi¥heshortesi(64.50) days to reach 50% heading whserved
when34.5 kg N hal applied in totwo splits 2/3 at sowing and 1/3 at midllering (Table
41). The prolongeddays to 50% headingbseved at higher rate of nitrogen with
respective split applicatiomight be due tothe vital role of nitrogenwhich promotes
vegetative growtland developmenwhen higher rate is applied different growth stages.
In line with thepresentresult Hiroshiet al. (2008) reported that application of higher rate
of nitrogen at active growth stage delays days to 50% headlibgead wheatDifferent
studiesconducted on barley and wheat indicatiealt, days to 50% heading tends to delay
at higher rate of nitrogefertilizer applications Derebe Terefet al, 2018 Melaku Tafes,
2019 YohannesErkeno and Nigussie Dechas2019) In contrary to this study Demise
Ejigu et al (2015)observedthat nitrogenrate had no significant effect on days to 50%
heading.
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Concening interaction effectsf N rate and varietythelongest (76.67) days to attain%0
heading was exhibitedly Holkervariety withthe application of 103.5 kg N ha Whereas
the shortest (644) number of days taken to %Oheading was recorded frofBON
174/03 varietysowing at 34.%g N ha' applicationg(Table 42). The longest days to 50%
heading recorded from the interaction of 103.5 kg N\nih Holker varietymight be due
to genetic differences between malt barley varietiestaadole of high ével of nitrogen
which increass vegetative growth and thus delays days to headigne with the current
resultDemise Ejiguet al (2015) and Melaku Tafese (201&)servedhat barley genotypes

showed sigriicant variations on days to $9heading.

Table 41. Interactioneffect ofN rates and its time of application on day$0%6 headingof
malt barleyin 2020/2021 main cropping season in Farta district

Days to 50% heading
Time of N application

N rates kg ha T1 T2 T3

345 64.50° 65.83¢ 65.17¢

69 66.67¢ 70.507"¢ 69.33°

103.5 68.1715° 74.17F 72.50°
Mean 68.56
LSD (0.05) 5,72
SE+ 4.01
CV (%) 1.54

Means with the same column followed by the same letter (s) are not significantly different at 5%
significart level. Where NS: Non significant; LSD: Least Significant Difference; CV: Coefficient
of Variation in PercentT1: 2/3 at sowingand 1/3 at mid tillering T2: 1/3 at sowing and 2/3 at

mid- tillering; T3: 1/3 at sowing;l/3at mid- tillering 1/3 at antresis

Table 42. Interaction effects of varieties and N rates on days to 50% heading of mait barl
in 2020/2021 main cropping season in Farta district

Days to 50% heading

N-rate (kgha) Varieties

Holker IBON 174/03
34.5 69.00 61.44
69 72.78 64.89
103.5 76.67 66.57
Mean 68.28
LSD(0.05) 2.02%
SE+ 1.73
CV (%) 1.54
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Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: Non significab8D: Least Significant Difference; CV: Coefficient
of Variation in Percent

4.1.2 Days to 906 physiological maturity

The resuls from analysis olariance showed that days to%®@hysiological maturity was
very highly significantly (P<0.01) affected bythe main effecof variety, N rate and its
time of application. Moreover, the interaction effect of N rated variety, nitrogen rate
with its time of applicationand the three way interactions eve significantly (P<0.05

influendng days to maturity of mabarley However,the interaction of variety with time
of N applicationhad nosignificanteffect (P>0.05)on days to maturityAppendix Table

1).

Concerningthe interactioneffect of variety, nitrogen rate and its time applicatitme
prolonged (128.8) number of days to attaphysiologicalmaturity was observedhen
Holker varietyreceivedhigh level of N rée (103.5 Kg h&) with three split application
1/3 at sowing,1/3 at mitlllering and 1/3 atanthess, while the earliest (109.33) days to
physiological maturity was recorded from a combinationlBON 17403 variety lowest

N rate (34.5 Kg h&) with two split applicatios of 2/3 at sowing and th&/3 at mid
tillering (Table 43). The prolongeddays to maturitymight happened due to the gereti
difference between varietiemherent roleof nitrogenwhich increases/egetative growth
of cropswhen it is applied at different growth stagén line with the current result
Yohannes Erkeno and Nigussi®echassa (2019) observed prolonged days & 90
physiological maturitywhen higher rate of nitrogen applied in to three splits on wheat
crop. Similarly,Negasi Hailesilassiet al. (2020 reported that day to maturity tends to
delaywhen higher rate of nitrogefertilizer was applied on wheat crop coarpd to the

control
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Table 43. Interactioneffect of varieties, N rates and its time of application on days to 90%
physiological maturity of malt barleyn 2020/2021 main cropping season in Farta

district
Days to 90% Physiological maturity
Varieties Time of N- rates (kg h3)
application 34.5 69 103.5
Holker T1 116.67" 118.33°¢ 119.00
T2 117.33° 121.06 124.33
T3 117.33¢ 122.67¢ 128.67
IBON 174/03 T1 109.33 111.67 112.00"
T2 110.33 113.33 116.00°
T3 111.33 115.3% 117.33°
Mean 116.78
LSD(0.05) 1.74*
SE+ 0.85
CV (%) 0.89

Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: Non significant; LSD: Least 8aanit Difference; CV: Coefficient

of Variation in PercentT1: 2/3at sowingand 1/3 at mid tillering T2: 1/3 at sowing and 2/3 at

mid tillering; T3: 1/3 at sowingl/3 at mid tillering 1/3 at anthesis

4.2 Growth Parameters

4.2.1 Plant height

Plant keight washighly significantly (P<0.01)nfluencedby the main effects of variety
and significantly affected(P<0.06) by the main effects of Nate and its time of
application However, all interactions did not show significant difference on plant height
(Appendix Table 2).

The tallest plant height (92.54 cm) was taken from Holkerety whereasthe shortest
(75.06 cm) was recorded frofBON 174/03 variety (Table 4.4). The variation in plant
height probably due to the genetic difference between \e@sie€lhe result was in harmony
with the study ofMinale Libenet al (2011), Amare Alemnew and Adane Legas (2015)
and Demise Ejiget al (2015) who observed that plant height was significantly affected

by the studied barley varieties.
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Regarding e nitrogen rate, the highest value of plant heigli87.06 cm) wasecorded
from treatmats thatreceived maximum rate of M03.5 kg hd followed by69 kg N hd
while the shortest plant height (79.03 cm) was observed from the lowest rat@4fHN\g
ha') fettilizer applied (Table 41). The variation in plant height might be duethe vital
role of N fertilizer in vegetative growtbf crops In line with thepresent stugl Melaku
Tafese (201preportecthatas the rate of Nertilizer increase from 11.5 &7.7 (kg ha') a
significant increase in plant height was obsenvebarley crop Similar findings were also
reported by Demisie Ejigat al. (2015) and Tilahun Chibsat al (2016)who stated that
plant height showed increasing tendency from nil to thédsgate of N application on

barley and wheat crops

Time of N applicationcontributes a significant rolenoplant height of malt barleylhe
highest plant height (86.53 cm) wascordedfrom three split applications of N 1/3 at
sowing, 1/3 at midillerng andthe remaimg 1/3 at anthesis followed by treatment
received two split applications ™ 1/3 at sowing and 2/3 at midlering (Table 44).
Wherasthe shortest plant height (79.64 mas recorded wheN was applied in two
slits 2/3 at sowing ad 1/3 at miekillerng (Table 44). The difference observebtetween
applicationgime of N might be due taufficient availability of N during its active growth
stage of the crop. In line with the current sti8ipghet al (2006 reportedthat highest
plant heightof barleywas observed when N was applied iriteee equal splitdn corntrast
to thepresent studyyohannes Erkenand Nigussie Dechas@019 reported thatthe
tallest plant height (115.20cm) was recorded when highest rate N was apphed i
equalsplits 1/2 at midtillering and 1/2 at antlesis while the shortest plarteight (99.40

cm) was observedhen lowest Nwvas applied in to three equal splits.

4.2.2 Spike length

The result of analysis of variance showed #naignificantly diference (P<0.05) in spike
length was observed due to the main effects of nitrogen rate. However, other main effects
and all interactions did not significantly (P>0.05) affect the spike length of barley
(Appendix Table 2).
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As indicated in Tabld.5 the longest value of spike length (7.41 cm) was recorded at the
highest rate of nitrogen of 103.5 kg happlications and it was statistically the same with
the rate of 69 kg N Ka On the other hand, the shortest spike length (7.12 cm) was
recorded from thdowest rate of nitrogen (34.5 kg Haapplications. Théongest spike
length at the higherate of nitrogen might be due to th@resence sufficient amounof
nitrogenat active growth stage and thereby extend the spike length of barley crop. This
result was in line with the study dflohammadi(2014) and Ketema Niguse and Mulatu
Kassaye (2018) who realize that spike length of barley was significactigased with
increasing N levelln contrast to the present study Demise Egggal (2015) observed

nonsignificant effect of N rates on spike length.

Table 44. Main effects of varieties, N rates and its time of application on plant height of malt
barley in 2020/2021 main cropping season in Farta district

Treatments PlantHeight(cm)
N rates (Kg ha)

34.5 79.02
69 85.32
103.5 87.06'
LSD (0.05) 2.93*
SE+ 3.54
Time of N application

T1 79.64
T2 84.91
T3 86.53'
LSD (0.05) 2.94*
SE+ 3.54
Varieties

Holker 92.54a
IBON-173/04 75.08
LSD (0.09 2.40**
SE+ 3.54
Mean 83.80
CV (%) 5.17

Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: Non significant; LSD: Least Significant Difference; CV: Coefficient of
Variation in Percent;T1: 2/3 at sowingand 1/3 at mid tillering T2: 1/3 at sowing and 2/3 at mid
tillering; T3: 1/3 at sowing;1/3 at mid tillering 1/3at anthesis
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Table 45. Main effects of N rateon spike length of malt barley in 2020/2021 main
cropping season in Farta district

Treatments Spike length (cm)
N rates (kg ha)

34.5 7.12

69 7.3

103.5 7.42

Mean 7.28

LSD (0.05) 0.23*

SE+ 0.27

CV (%) 4.61

Means with the same column followed by the same letter (s) are not significantigndiées%
significant level. Where NS: Non significant; LSD: Least Significant Difference; CV: Coefficient
of Variation in Percent

4 3Yield and Yield Related Parameters

4 3.1 Total number of tillers

The results of analysis of variance showed thatrttain effect of variety, N rate and its
time of application exhibited a very highly significant effect (P<0.001) on the total number
of tillers per m. Moreover, total number of tillers was highly significantly (P<0.01)
influenced by the interactions oitrogen rate and its time of application and variety with
rate of N applicationHowever, the interaction of variety with its time of application, and
the three way interaction did not significantly (P>0.05) affect the total number of tillers
(Appendix Tatlte 2).

Concerning the interaction effect of N rate and its time of applicatmmme number of
tillers (547.33 rif) was recorded when 103.5 kg N~ happlied with two splits 1/3 at
sowing and the remaining 2/3 of N added at -tilidring stage. This resulwas
statistically on par with the application of (69 kg N*'havith similar splits, whereas the
lowest number of total tillers380.00m™) was obtained when 34.5 kg N hwas applied

in two splits of 2/3 at sowing and 1/3 at ntillering (Table 46). The higher number of
tillers m?was observed on such treatment combination might be due to the vital role of N
which encourages tillers population when higher rate was applied during active growth

stage of crops. In harmony with the current stéaiyani and Behzad (2020) observed
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significant difference for the split application of nitrogen in terms of tillefswhen N
was applied 1/3 at sowing and 2/3 at time of tillering on wheat Gwpilarly, Mehtaet
al. (2005) reported thanumber of tillers rif increase in response to increasing rate of

nitrogen on rice.

Analysis of variance also indicated that total number of tillers was influenced by the
combined effect of variety with different rate of N fertilizgpplication. Applying (103.5

kg N her) on IBON 174/03 variety gave the maximum (533.38)mumber of total tillers
followed by the application of (69 Kg N fawith similar variety. Whereas, the minimum
(385.56 nf) number of total tillers was obtained when (34.5 Kg N)haas applied on
Holker varety (Table 4.7). This difference might be happened due to the positive
contribution of increasing nitrogen accelerates vegetative growth, cell division and the
genetic difference between varieties. In line with the present result Ketema Niguse and
Mulatu Kassaye (2018) obtained the maximum number of total tillers when highest rate of
N was applied on EH 1493 variety. The result obtainedvimhammadi (2014) also
indicated that the total number of tillers increase from the application of highesbfevel

nitrogen (150 kg hd) but statistically on par with application of (100 kg N*ha

4.3.2Effective number of tillers

The resul from analysis of variance indicated that main effect of variety, N rate and its
time of application exhibited a very Hily significant effect (P<0.001) on the effective
number of tillers per f Moreover, effective number of tillers was highly significantly
(P<0.01) influenced by the combined effectMfrate with its time of application and
variety with N rates. However, the interaction effect of variety with time of nitrogen
fertilizer application and three way interactions hamhsignificant effect (P>0.05bn

effective number of tiller§Appendix Table 2).

Regarding the interaction effect of N rate and its time ofiegipon, the highest number
of effective tillers 63000 mi?) was countedy the application 0103.5 kg N h& with
two splits 1/3 at sowing and the remaining 2/3 at-tiliring. This wasfollowed bythe

application of69 kg N ha' with similar splitand103.5 kgN ha* applied in to three split
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applicationsof 1/3 at sowing, 1/3 at mitlllering and 1/3 at anthesiFhe lowest number

of effective tillers ($9.15 m?) was recorded whe84.5 kg N ha was used in two split
applications of 2/3 at sowingd 1/3 at midtillering (Table 46). The variation might be

due to the result of propeplit application of nitrogen fertilizer at different growth stage
reduces loss of nitrogen and increase supply of N to the crop throughout its growth stage
and therep increase effective tillers which bearing spik€ke present result was in line

with the result obtained by TilanuChibsaet al (2016) who reported théhe maximum
numbers of tillers were recorded when higher rate of nitrogen was applied in two splits
The current result was also supported by the study of Yohannes Erkeno and Nigussie
Dechassa (2019) who noted that effective numbers of tillers were incnehsadhigher

rate of nitrogerwas appliedn three split applications. Similarlginghet al (2006) also
reported that effective number of tillers of barley was incredsen nitrogen was applied

in to threesplit applications.

Concerningthe interaction effect of N rateith varieties,the highest value5@0.67m™)
was obtained when high rate Nf(103.5 kg la') was applied oiBON 174/03 variety
followed bythe application69 kg N h&) on similar variety. Whereas the lowest number
of effective tillers 867.89m™) was counted when low rate Nf(34.5 kg f&*) was applied
on Holker variety(Talde 4.7). The maximum number of effective tillers observedighh
rate of Napplication on suckiariety mightbe due tothe positive role of nitrogen fertilizer
which enhances tiller population due to the function of Cytokines syntuesithe genetic
varnations between the studied varieties which bearing better effective tillers. In line with
the current studyDerebe Terefet al. 2018; Ketema NigusendMulatu Kassaye2018)
observed thal rate and barley varietyad showednteraction effecbn effetcive number

of tillers per plant The authors further stated ththe maximum number of effective tillers

was obtained when a variety interacts with highest rate of nitrogen.
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.Table 46. Interactioneffectsof N rate and itsitne of application on total and effective
number of tillers of malt barleyp 2020/2021 main cropping season in Farta district

Treatments Total number of tiller§m?) Effzective number of tillers
(m?)

34.5 KgN ha'+ T1 380.00 359.15
34.5 KgN ha' +T2 396.67' 382.17¢
34.5 KgN ha'+ T3 405.17 393.02¢
69 KgN ha + T1 442.17° 423.50¢
69 Kg N ha + T2 525.5G° 516.53
69 Kg N ha+ T3 469.67¢ 461.20°
103.5 Kg N h#+ T1 433.33° 415.33¢
103.5Kg N ha'+ T2 547.33 530.00
103.5 Kg N ha’+ T3 494 .50° 485.17°
Mean 454.93 440.67
LSD (0.05) 46.69° 48.23**
SE+ 32.74 33.81
CV(%) 1.28 1.26

Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: N@ignificant;LSD: Least Significant Difference; CV: Cheient

of Variation in PercentT1: 2/3 at sowing and 1/3 at mid tillering; T2: 1/3 at sowing and 2/3 at
mid tillering; T3: 1/3 at sowing; 1/3 at mid tillering 1/3 at anthesis

Table 47. Interaction effect of varieties and N rate application on total and effective number
of tillers of malt barleyn 2020/2021 main cropping season in Farta district

Total number of tillers (A)  Effective number of tillers (M

Varieties N- rates (kg ha')

34.5 69 103.5 34.5 69 103.5
Holker 385.56 440.78 450.17 367.89 427 .44° 432.00
IBON 402.33 517.44 533.33 388.33¢ 506.67 520.67
174/03
Mean 454.93 440.67
LSD 37.78 39.37°
(0.05)
SEt 32.51 33.82
CV (%) 1.28 1.26

Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: Non significant; LSD: LeastiBagmt Difference; CV: CodiCient
of Variation in Percent
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4.3.3 Number of kernels per spike

The resultof analysis of variance showed that the main effect of nitrogentnaie of N
applicationand varietyhad highly significant effect (P<0.01) oumber of kernels per
spike.However, all two way and thregay interactios had no significant effect (P>0.05)

on this particular yield related trait (Appendix Table 3).

The maximum number of kernels per spike (27.61) was recorded from highestf N
(103.5 Kg hd) application followed by 69 kg N Hawhile the minimum number of
kernels per spike (25.33) was obtained at lowest rate ¢84\6 kg ha') applications
(Table 48). The number of kernels per spike increases with nitrogen laadright be
happened due tsufficient availability nitrogen that crops captake assimilationand
remobilizationof N for the synthesis and development of spikelet duargesisphase
(Demissie Ejiguet al, 2015; MelakuTafese, 2019). Similarly Derebe Terefied. (2018)
also reported that number of kernels per spike was significenttigasedvith increasing

nitrogen.

Concerningthe main effecof time of N application, theéhighest number of kernels per
spike (27.50) wasountedwith split application of N 13 at sowing, 1/3 at midillering

and 1/3 at anthesig his resultwas followedby two split application of nitrogen 1/3 at
sowing am 2/3 at midtillering. The lowest number of kernels per spike (25.8@)s
recorded from split application of N 2/3 at sag and 1/3 at midillering (Table 48). The
highest number of kernels per spike observed on such split application might be due to
sufficient availability of nitrogen due to proper applicatendifferentgrowth stages.In

line with the current resulRoy and Singh (2006pbserved that number of grains was
increased with three split applicatoof nitrogen than one or two applicatiorGlosely
related to this findingingh and Singh (2005) reportdtht number of grains per spike was

increased with twaplit applicatios of N (1/3 at sowing and 2Ja&t tillering.

Regarding thearieties, the highest number of kernels per spike8{dvas recorded from

Holker variety while the minimum number of kernels per spike (25.85) was obtaorad fr
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IBON 174/03 (Table 48). The variation on number of kernels per spike might be due to
the genetic difference between the studied varieties. This result was confirmed by the
study of Biruk Gezahegn and Demelash Kefale (201Bgrebe Terefe et al. (2018)
Melaku Tafese4019) who observed that number of kernels per spike was significantly
affected by the studied varieties. In contrary to thegmefnding Demise Ejigy2015)

observed non significant variation on number of kernels per spike between varieties.

Table4.8. Main effectsof varieties, N rates and its time of applicationmumber of kernels
per spikeof malt barleyin 2020/2021 main cropping season in Farta district

Treatments Number of kernels per spike
N rates (Kg ha)

345 25.3%
69 26.89
103.5 27.6TF
LSD (0.05) 0.79**
SE+ 0.95
Time of N application

T1 25.50
T2 26.83
T3 27.50
LSD (0.05) 0.79**
SE+ 0.95
Varieties

Holker 27.37F
IBON-173/04 25.85
LSD (0.05 0.64**
SE+ 0.95
Mean 26.61
CV (%) 4.36

Mears with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: Non significant; LSD: Least Significant Difference; CV: Coefficient
of Variation in Percent T1: 2/3 at sowing and 1/3 at mid &ling; T2: 1/3 at sowing and 2/3 at

mid tillering; T3: 1/3 at sowing; 1/3 at mid tillering 1/3 at anthesis

4.3.4 Above groundbiomass

The resulof the analysis of variangadicatedthat above ground biomass wasy highly
significantly (P<0.M@1) affeded by the main effects of variety, N rategh its time of

application. Moreover, it was alsohighly significantly (P<0.Q) influenced by the
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combined effect of varietyith rate of nitrogerand N rate and its time of application
However, above groundidmasswas nat significanty (P>0.05) #fected by the other

interactions (Appendix Table 3)

Regarding theeombined effect of variety with rate of nitrogethe highest above ground
biomassyield (10.10t ha') was recordeavhen highest level of nitrogemas applied on
IBON 174/03 variety This was followed by the application 069 kg N ha* on similar
variety. On the other hand theninimum above ground biomagield (6.60kg ha') was
obtainedwhen34.5 kg hd of N was applied on Holker varietyrable4.9). The highest
value of above ground biomass observedpglication ofhigh rate of nitrogeron IBON
174/03variety mightbe due tahe vital role of nitrogen foaccelerating number dillers
and the genetic difference between the studied varietigs mtrogen useefficiency as
well as tiller producing abilitySimilar studies were reported yemisseEgigu et al.
(2015) Ketema Niguseand Mulatu Kassay€2018) and Lake Mekonen (2018) who

observed that increasing above ground with increasing nitnagen

The current finding alssshowed that, above ground biomass exhibits a significant
difference by the combined effect of nitrogen with its time of igppbn. The highest
above ground biomass yie{ti0.13t ha') was recorded when highest level @fogen was
used in two applications/a at sowing and 2/3 at miillering, followed by69 Kg N h&
with similar split appliations. Whereaghe minimum (633t ha') above ground biomass
yield was obtained when lower rate df (34.5 kg h&) was applied with two split
applicationof 2/3 at sowing and 1/3 at mitlering (Table4.10). Increasing abee ground
biomass at highrate of nitrogenin such split application might be due time positive
contribution of nitrogen which accelerates tillers and otgrewth parameters when high
level of N was applied at the time of mtitlering. In line with thepresentstudy Tilahun
Chibsaet al (2016) reported that above ground biomass increases when high rate of
nitrogen was applied at miilering stage of dtum wheat Similarly, Legesse Admassu
and Sakatu Hunduma (2020bserved that above ground biomas$afley wasncrease
when nitrogen was applied 1/3 at sowing and the remaining 2/3 aftd80 2ihys of

emergence.
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4.3.5 Grain yield

The result of analysisf variance showed tharain yield wasvery highly significantly
(P<0001) affected by the main effect of variety, nitrogen rate and its time of application.
In addition, the resuldlsorevealed that grain yield was significantly (P<0.05) influenced
by the combined effect of variety with nitrogeate and nitrogenrate andits time of
application. However, other interactiohad non-significant (P>0.05)effect onthe grain

yield of malt barley (Appendix Table 3).

Concerning the interaction effect of gty with nitrogen, the highegrain yield(4.12 t
ha') was obtained from the combined effect of highest level of nitr@@@8.5 lg ha')
andIBON 174/03 variety followed bthe application 069 ky N ha® with similar variety.
Wherea, the minimum grai yield (2.49t ha') was recorded whe®4.5 kg N h# applied
on Holker variety(Table 49). IBON 174/03 varietygavethe highest grain yield4.12t ha
) when it interactsvith the highest levedf nitrogen while Holker varigtresultedbetter
grain yield of 3.35t ha® when it interacts with 69N ha'. As compared to the highest
grain yield obtained by the two varietidBON 174/03 score®2.9 % additional grain
yield than that of HolkerThe variationin grain yield with increasing rate of nitreg
might be happened due to tbentributionof high level of nitrogerfor increasing effective
tillers and the varietal difference to uptake and utilize the available nutrfemislar
findings were reported byMinale Liben et al 2011; Amare Alemnew2015; Ketema
Niguse and Mulatu Kassaye2018;Melaku Tdese 2019) whoobservedthat significant
increasan grainyield of barleywith increasing rate of nitroge&imilarly, Tilahun Chibsa
et al (2016) andYohannesErkeno(2019) observed increasing grajireld of wheat with
increasing rate of nitrogeithis result was also in harmony withe studyof Patelet al
(2004) who noted that grain yield of barley increasgh increasing N from 60 to 10@k
ha but the grain yield obtained 10@Ha’ was similar with 80 lg ha' application.

Regarding the interaction effect of nitrogen with its time of application, the maximum grain
yield (4.26t ha') was obtained when 63K\ ha' was added in two split applications of 1/3
at sowing and 2/3 at mitllering however, it was statistically on par withtreatment

received103.5 Ig N t ha' with similar split applications. On the other hand, the minimum
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grain yield (240 t ha') was recorded wheB4.5 kg N h& was appliedwith two split
applicatiors 2/3 at swing and 1/3 at midillering. As indicated onTable 4. 10, grainyield

was ranged fron2.40 t ha' to 426 t ha' as a result of different N rates and time of
applications The highest grain yieldbtained at69 kg N ha' with such splitapplication
probally due tothe combined effect obptimum level and its appropriate time of N
applicationrequirad by the plantsto be efficiently utilized andncreasedphoto assimilate
production In line with the present study, Alemayehu Assefaal (2013) observed tht
higher grain yield of rice was obtained when nitrogen was applied in two splits of 1/3 at
sowing and 2/3 at tillering stage of the crop. Beside to this, the result obtained by Legesse
Admassu and Sakatu Hunduma (@pthdicated that grain yield of madarley increases with

two split application of N 1/3 at sowing and 248er 2130 days of emergenc@ similar

effect of nitrogen application on bread wheat grain yield was reportetirbghi et al (2008)

who observed significant grain yield increasdsen higherrate ofnitrogen was applied at
active tillering stageThis resultis also partly in harmony with the study gknonymous
(2001 and Singh (2005) wheoeportedthat two splits of N(1/3 at sowing and 2/3 dirst
irrigation results higher graiyield in barley.In contrary with thepresentresult Turk (2001)

and Roy(2006) reported thahigher grain yield of barley was obtained when nitrogen was

applied in to three equal splits.

The present result was by far higher than the national avgrageyield 2.50 t hal (CSA,
2020). This indicated that there is great potential to increase malt barley prodution
Ethiopia throughproper applicationof agronomic practicesThe present result was also
greater (10.36%) than the averagain yield (3.8 t ha') obtained on a research conducted
by participatory evaluation of malt barley varieties in batggwing highland areas of
northwestern Ethiopi@Misganaw Ferede and Zina Demise, 2020). Beside to this, the present
result was greater (5.97%) théme average grain yieldt (02 t h&) obtained undecluster

based improved ait barley technology demonstration in selected districts of West Arsi zones
of Oromia Regional Stai&intayehu Abebe and Lemlem Abebe, 2021).
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Table 49. The interaction effect of varieties and N rates on above ground bicendsggain
yield of malt barleyin 2020/2021 main cropping season in Farta district

AGB (t hah) GY(t ha')

Varieties
N , rates Holker IBON- Holker IBON- 174/03
(Kg ha?) 174/03
34.5 6.60 7.0 2.49 2.67
69 8.09 9.72 3.39 4.07
103.5 8.28 10.1G 3.2¢ 4.12
Mean 8.30 3.33
LSD(0.05) 0.89" 0.61
SE+ 0.76 0.41
CV (%) 6.75 11.43

Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: Non significant; LSD: Least Significant Difference; CV: Coefficient
of Variation in PercentAGB: above ground biomass; Gytain yield

Table 410. Combined effect of Nateandits time of applicatioron above ground biomass
andgrain yield of malt barleyn 2020/2021 main cropping season in Farta district

Treatments AGB (t ha') GY (thah)
34.5kg N ha+ T1 6.33 2.40
34.5kg N hd +T2 6.97" 2.60¢
34.5 kg N hd+ T3 7.16d" 2.74"
69 kg N hd + T1 8.17 3.3¢¢
69 kg N hd + T2 9.90" 4.26
69 kg N ha+ T3 8.64¢ 3.58
103.5 kg N ha+ T1 8.0g"® 3.20
103.5 kg N ha+ T2 10.13 4.08°
103.5 kg N hd+ T3 9.37° 3.85"°
Mean 8.30 3.33
LSD (0.05) 1.17° 0.61
SE+ 0.82 0.43
CV (%) 6.75 11.43

Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where N8ton significant; LSD: Least Significant Difference; CV: Coefficient

of Variation in Percent; T1: 2/3 at sowing and 1/3 at mid tillering; T2: 1/3 at sowing and 2/3 at
mid tillering; T3: 1/3 at sowing; 1/3 at mid tillering 1/3 at anthe#A$B: above groundiomass;

GY; grain yield

4 3.6 Harvestindex

The resuls of analysis of variance indicated that harvest index was highly significantly
(P<0.01) affected by the main effects of nitrogate However, other main effects and all
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interactions had no signiiant effect on harvest index (Appendi&ble 3). As indicated in
Table4.11, the maximum harvest inde¢d1.55%) was olserved fronthe treatment 069

kg N ha' which is followed by the highest level of nitrogen. Whereas, the minimum
harvest index 37.85%) was recording at the lowest level nitrog¢d4.5 kg hd)
applicationsHigher harvesindex indicates higher proportion of dry matter transformed in
to economic yieldln contrast with the current result, Derebe Teedfal (2018) observed

higher harve®d index at lower rate of nitrogen applications.

Table 411. Harvestindex as influenced by main effect of N rates of malt bare3020/2021
main cropping season in Farta district

Treatments Harvestindex(%)
N rates (Ig ha’")

34.5 37.85°

69 4155°
103.5 4019
Mean 39.86

LSD (0.05) 1.73*

SE+ 2.08

CV (%) 6.40

Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: Non significant; LSD: Lesighificant Difference; CV: Coefficient
of Variation in Percent

4.4 Quality Traits

4.4.1 Thousands kerrelveight

The analysis of varianceevealed thatthousands kernel wght was very highly
significantly (P<0.001) influenced by the main effects vafrieties andsignificantly
(P<0.05 affected by the main effects of nitrogen rate and its time of application
However non significanteffects (P>0.05) were observed &l interactionsof varieties,

nitrogen rate and its time of applicatilppendixTable 4.

The highesthousands kernel weigli5.60 g)wasrecordedfrom IBON 147/03 variety
whereas the lowest (41L4g) was observedfrom Holker (Table 4.2). This might be
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happened due to the genetic variation between the studied varieties. Sesuilés were
reported by Minale Liberet al (2011);Biruk Gezahegn and Demelash Kefale (2016);
Derebe Terefet al (2018);Ketema NiguseandMulatu Kassay€2018); Meharie Kassie
and Kindie Tesfaye (2019) who observed significant differences on thoukanuis
weight between the studied varieties. Accordinyemaet al (2004 thousands kernel
weight for two and six row varieties needs to be greater than 45g anddspgctively.
However,the National Standard Authority of Ethiopia for thousandsngnaight and test
weight (hectoliter weight) specified within the range of 35 to 45 g and 60 to 65%g hl
respectively.While the acceptable (thousakdrnel weight) and test weight (hectoliter
weight) settled in the range of 235 g and 4862, respectigly (EQSA, 2006).

Regarding rate of nitrogemhé maximum kernel weight (44. ¢ was obtained frorthe
application of 6%g N ha'). Whereaghe lowestkernel weight(42.71 § was recorded
from the applicationminimum rate of N(34.5 kg h&) (Table 4.12). The variation on
thousands kernel weight might be dueptoper utilization the given resource as per plant
population and photosynthesis use efficienidye current result wasdosely confirmed by
the study of Biruk Gezahegn and Demelash Kefale (20iB)o observed that highest
value of thousands kernel weighftbarley(44.87 g) was obtained from application of 87
kg N ha') than using 98 kg N HaThe current resullvasalsosupported by the previous
studies ofPaterson and Potts (198%)ho repoted that increasing nitrogen rate decreases
grain weight of barleyHowever,different studies done on wheanhd barleyshaved that
thousand kernel weight increase with increase rate of nitrofEtahun Chibsaet al,
2016 Ketema Niguseand Mulatu Kassge, 2018); Meharie Kasie andKindie Tesfaye
2019.

Concerningapplication time of nitrogen, the highest value 6®4g) of thousands kernel
weight was recordeddm two split application of N 1/3 at sowing ant® 2t midtillering
followed bythree spt applications1/3 at sowing, 1/3 at mitillering and 1/3 at antheses
while the lowest (4B7 g) was obtained fromtwo split application of N where 2/3 at
sowing and 43 atmid-tillering (Table 412). The higher thousands kernel weight obtained

probablydue tosufficient availability of nutrients as per growth stages as a result of split
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application of nitrogenThe current result was in line with the studySihgh and Singh
(2005 who reported that thousands kernel weiginid other yield componentwas
increase with two splits of nitrogeapplicationthat 1/3 at sowing and 2/3 at tillerinBhis
resultwasalsopartly relatedwith the study ofAmani and Behzad (202@yho found that
split application of nitrogen had a significant effect on thodsaterrel weight of wheat
and the highest value was attained when N was applied in two split appkthtbri/3 at
sowing and 2/3 at flowering followed kireesplits of N33% N at basal + 33% N at

till ering +33% N at flowering

4.4.2Hectoliter weight

Basd onthe analysis of variandeectoliter weight was significantly (P<0.05) influenced
by the main effects of nitrogen and its time of application. Moreover, the interaction effect
of nitrogen rate and its time of application highly significantly (P<Oi@flyenced this
quality trait. However, the main effect of variety and other interaction effects had no
significant (P>0.05) effect on hectoliter weight (Appendix Table 4).

The highest hectoliter weight (62.15 kglwas observed from the applicatiofi69 kg

N ha) with two splits of 1/3 at sowing and the remaining 2/3 at-tiflieting. Whereas the
lowest (57.57 kg ) was recorded when 34.5 kg N'havas appliedn two splits of 2/3

at sowing and 1/3 at midillering (Table4.13. The maximum hetoliter weight observed

on respective treatment might be due to the combined effect of optimum nitrogen rate and
proper time of application and thus results plump and uniform grain/izerding tothe

study of Shewry andViorell (2001) barley with highe bulk density have a greater
percentage of starch in the gralinconsistent with th@resentstudy (Biruk Gezabgn and
Demelash Kefale, (20)6 Derebe Terefeet al, (2018) observed slight increase in
hectoliter weigh with increasing nitroge@n the otler hand, Meharie Kassie and Kindie
Tesfaye (2019) observed no significant difference on hectoliter due to the application of
different N rates.The presentresult was within the Ethiopian quality standard that the
acceptable hectoliter weight ranged betwé862 (EQSA, 2006).
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4.43 Germination energy

The analysis of variance showed that germination energy was significantly (P<0.05)
influenced by the main effects of variety. However, other main and interaction effects had
non significant (P>0.05)effect o gemination energy (Appendix Tabk). The hghest
germination energy (96.2%8) was recorded fronlBON 174/03variety as compared to
Holker (Table 4.4). This might be due to the genotypic difference between the studied
varieties in response to dorman@ased on the study of Haet al. (1999) barley grain
dormancy can be affected by genotyple present result was in line with the stuafy
Derebe Terefeet al. (2018) and Melaku Tafes (2019) whobserved a significant
difference between varieties on genation energy.

Table 412. Main effect of varieties, N rates and its time of application on thousands kernel
weight andgermination energgf malt barleyin 2020/2021 main cropping season
in Farta district

Treatments TKW ()
N rates (kg ha)

34.5 42.7F
69 44.78
103.5 43.02
LSD (0.05) 1.72*
SE+ 2.09
Time of N application

T1 41.87
T2 44.60'
T3 44.04
LSD (0.05) 1.72*
SE+ 2.09
Varieties

Holker 41.47
IBON-173/04 45.60'
LSD (0.05) 1.47%**
SE+ 2.09
CV (%) 5.85

Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: Non significant; LSD: Least Significant Difference; CV: Coefficient
of Variation in Percent;T1: 2/3at sowingand 1/3 atmid tillering; T2: 1/3at sowing and 2/3 at

mid tillering; T3: 1/3 at sowingl/3 at mid tillering; 1/3at anthesisTKW: thousands kernel
weight
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Table 413. Interaction effect of nitrogen rate and its time of applicatiomectoliter weight
of malt barleyin 2020/2021 main cropping season in Farta district

Hectoliter weight

N rates kg ha

Time of N application

T1 T2 T3
34.5 57.57 57.59 59.56
69 58.03° 62.15 58.45°
103.5 58.28° 58.32°¢ 58.42°
LSD (0.05) 1.77%
SE+ 1.33
CV (%) 2.78

Means with the same column followed by the same letter (s) are not significantly different at 5%
significant level. Where NS: Non significant; LSD: Least Significant Difference; CV: Coefficient
of Variation in Percent; T1: 2/& sowing and 1/3 at mid tillering; T2: 1/3 at sowing and 2/3 at mid
tillering; T3: 1/3 at sowing; 1/3 at mid tillering; 1/3 at anthesis

Table 414. Main effect of varieties on germination energy of malt barley in 2020/2021 main
cropping season in Farta district

Treatments Germination energgo)
Varieties

Holker 95.23b

IBON 174/03 96.27

LSD (0.05) 0.82*

SE+ 1.21

CV (%) 2.55

Means with the same column followed by the same letter (s) are not significantly diffebént a
significant level. Where NS: Non significant; LSD: Least Significant Difference; CV: Coefficient of
Variation in Percent

4 4.4 Protein content

The resuk of analysis of variance showed thgtain protein content was highly
significantly (P<0.01) affected by the main effect ofariety, N rate and its time of
application. Furthermore, the combined effect of N rate with variety and variety with time
of nitrogen applicatiorwere significantly (P<0.05) influere protein content o barley
grain Howeve, other interaction effects did not significantly influence the grain protein

content Appendix Table %

Regardingthe interaction effect of variety with rate of nitrogen, the maxmmngrain

protein content (12.28) was observed frortihe application ohighest rate of N103.5 kg
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ha') on IBON 174/03 variety. Whereas, tHewest value (9.566) was obtained when
minimum level of N was applied on Holker variety (Tabl&5}. The variation on grain
protein content might be due to the effect of nitrogamch increases the level of protein
content when it was applied at higher rate and the genetic difference between véarieties.
line with the current studilinale Libenet al (2011);Amare Alemnew and Adane Legas
(2015); Derebe Trefeet al (2018); Meharie Kas®e and Kindie Tesfaye (2019) observed
that grain protein content increasetth increasing nitrogemn the studied varietiesn
contrast tothe presentresult, theresearch done bfingh et al (1978) revealedhat
increase in N supply from 0 to 40 kg M*hhas norsignificant efect on protein content
However,nitrogen fertilization ofmalting barley carefully manages it affectdifferent
malting quality characterissooften become unacceptable fasgtilization is increased for
maximum yield(Zubriski et al, 1970. Moreover, protein content and other quality traits

of malt barleywerealso influenced by different agronomic practices (Siegal., 2014).

The higher protein content in thgrain the lower carbohydrate and malt extract content
andthus further prolonging the malting process and affects the final beer qAhiyng

et al, 2001;Vermaet al, 2003. On the other hand, lower protein content of a glianit
yeast growth during fermentatioreriebiri et al, 2005. According to the Etlupian
standards authdy and Assela Malt factorythe raw barley quality standards for malt
protein content ranged between1® %). As shown in Tabld.15 the presentresult
exhibits the standard rangé protein contenexceptthe highest level of NL035 kg ha
interacts withBON 174/03 variety.

Concerning the combined effect of variety with timeNo&pplication, the maximum level

of protein content (12.10 %) was recorded when N was appligdrée splits 1/3 at
sowing, 1/3 atmid- tillering and 1B at anthesis otBON 174/03 variety. On the other
hand, the minimum protein content (10.20 %) was obtaivieehHolker varietyreceiveN

with two split application of 2/3 at sowing and 1/3naid-tillering. This was statistically

on par withthe applicatbn of 1/3 of N at sowing and 2/3 at midlering on similar variety
(Table 416). The protein content of the grain obtained from the interaction of varieties

with different time of N application was with the range of Ethiopian quality standard

48



authority exceptthree split application of N on IBON 174/03 varietjne higher level of
protein observefrom threesplits of N interactedwith IBON 174/03variety might be due
to sequential supply of nitrogen in different growth staged the varietal differenca

nitrogen use efficiencyhat barley plants apparentlgontinued touse availableN even
afteryield requirementsveremet sincegrain proteinncreased, bugield did not (Mcguire

et al, 1979).In harmonywith the current studyingh and Singh (200fevealed that
protein content of malt grain increassith threesplit applicatioss of nitrogen than two
splits. Similarly Jurjescuand Paul 010) reported thahteesplit applicatios of higher

rateof nitrogen increases the protein content beyond tremeended level.

Table 415. Combined effect of varieties and N rates on protein content of malt barley
2020/2021 main cropping season in Farta district

Protein conten{%o)

N, rates(Kgha) Varieties
Holker IBON 174/03
34.5 9.56¢' 10.76
69 10.89 11.60
103.5 11.08 12.18
Mean 11.01
LSD(0.05) 0.48*
SE+ 0.41
CV (%) 2.73

Means with the same column followed by the same letter (s) asagmificantly different at 5%
significant level. Where NS: Non significant; LSD: Least Significant Difference; C\Viickouf
of Variation in Percent

Table 416. Interaction effect of varieties and time of N applicationgprotein content of
malt barleyin 2020/2021 main cropping season in Farta district

Protein conten{%o)

Time of N application Varieties
Holker IBON 174/03

2/3 at sowing+M at MT 10.2¢' 10.93°

1/3 at sowing+2 & MT 10.51¢ 11.5F°

1/3 at sow+1/3 at MT+1/3 at An 10.79* 12.1G

Mean 11.01

LSD(0.05) 0.71%

SE+ 0.62

CV (%) 2.73
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Means with the same column followed by the same lettargs)ot significantly different at 5%
significant level. Where NS: Non significant; LSD: Least Significant Difference; CV: Coefficient
of Variation in PercentMT: midHillering; An: anthesis

45 Correlation Analysis of Growth, Yield and Quality Traits of Malt Barley as
Influenced by Variety, N rate and Time of Application

As indicated in Table 47 grain yield exhibited highly significantly (P<0.001) and
strongly positively associated withiotal number of tillers (r= 0.93 effective number of
tillers (r=0.84, above ground biomas(r= 0.97), thousands kernel weight (r= (.6his
indicated that those traits play a positive contribution for the men¢ of grain yieldThe
present resulivasin line with the study oMeharieKassie and Kindie Tesfay(2019) and
Melaku Tafese(2019) whoobservedthat grain yield wassignificantly andpositively
correlated with most aothe traits studied The resuls from correlation analysis revealed
that, grain yield was nosignificantly and weakly positively corialed with plant height
and spike length. This might be due to the genetic difference of the studied varieties that
IBON 174/03 gave high yield but it is shorter than Holkercontrast tdhe presenstudy,
Ketema Niguseand Mulatu Kassay€018) observedhat plant height and spike length
was significantly associated with grain yield in food barfergtein content was positively
and significantly correlated witkotal number of tillers (r= 0.7%4 effectve numbe of
tillers (r=0.79, above ground biomags= 0.74),grain yield (r = 70)and thousands kernel
weight (r= 48).Theincrementof protein content with grain yield might be due to the role
of nitrogenwhich increases such traitvith similar trendswvhen it is applied in less feril

soil.
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Table 417. Simple correlation coefficient (r) among studied traits as influenced by varieties, N rates and its time application of
malt barleyin 2020/2021 main cropping season in Farta district

TRT PH SL TNT ENT NKPSP  AGB GY  STY HI  TKW PC HCW
PH 1

SL 0.25" 1

TNT 010® 0.18™ 1

ENT 009"  0.17™ 010" 1

Fokk

NKPSP 0.61 0.39° 043 043" 1
AGB 0.06™ 0.07° 0897 089 0.3 1

GY 0.01" 0.12° 087 08 033 0977 1

STY 0.09" 0.03" 0.88°7 087 037 097" 08 1

HI 0.14™ 0.3 048" 048" 015° 058" 0777 036 1

TKW -0.39° 0.09° 0.4 0477 0.003% 0627 06 05 041 1

PC -0.13°  0.14° 0.747 079 030 0.747 0707 0727 043" 048 1

HCW 0.07 -0.31 037 040" 010 0517 057 045 0427 059 022 1

Note: PH= Plant height, SL= Spike lengfiNT=Total number of tillers, ETN= Effective number of tillers, ISP Number of kernels per
spike, AGB=Above ground biomass, GY=Grain yield, STY=Straw yield, HI=Harvest index, TKW=Thousands kernel weight, PC=Protein
content, HCW=Hectoliter weighhs=Non significant, *=significant, **= Highly significant, ***=Very highlgignificant
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4.6 Economic Analysis

The result of partial budget analysis showed that applicatior6® kg N ha® with two
splits 1/3 at sowing and 2/3 at rridlering gavethe highest net return ETB (Ethiopian
birr) 82,627.50with acceptable marginahte of return 1824.20%)(Table 4.D). In case of
nitrogen rate with variefythe highest net benefit (ET80,894.00ha’) with an acceptable
level of MRR @513.5%%) was observed whesd kg N ha® was appliecbn IBON 174/03
variety (Table 420). Application of 69 kg N h& with two splits 1/3 at sowing and 2/3 at
mid-tillering resulted better net benefit advantage of Bji#33.5 over the results obtained
from the application of 69 kg N Haon IBON 174/03 varietyThis might be due to
optimum level and itsaappropriate time of N application required by the plants to be
efficiently utilized, increased photo assimilate productiand this resulted proper and
uniform grains.Similar to the present resultegesse Admassu and Sakatu Hunduma
(2020 observed the ghest net economic benefit when nitrogen was applied in two splits

1/3 at sowing and 2/3 at midl ering on malt barley.
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Table 418. Partial budget analysis of malt barley as influenced by N rates and its timeagpplin 2020/2021 main
cropping season in Farta district

Treatment Mean grain  Mean straw Adjusted gain Adjusted straw Total sales price Gross benefit
combination yield (tha') yield (tha)) yield (tha') vyield (tha) (ETB hal) ETB ha'
GY SY

N1T1 2.40 3.94 2.16 3.55 47520.00 1773.00 49293.00
N1T2 2.60 4.32 2.34 3.89 51480.00 1944.00 53424.00
N1T3 2.74 4.43 2.47 3.99 54340.00 1993.50 56333.50
N2T1 3.30 4.88 2.97 4.39 65340.00 2196.00 67536.00
N2T2 4.26 5.63 3.83 5.07 84260.00 2533.50 8679350
N2T3 3.58 5.06 3.22 4.55 70840.00 2277.00 73117.00
N3T1 3.20 4.89 2.88 4.40 63360.00 2200.50 65560.50
N3T2 4.08 6.05 3.67 5.45 80740.00 2722.50 83462.50
N3T3 3.85 5.52 3.47 4.97 76340.00 2484.00 78824.00

Note:N1= 34.5kg Nha™, N2= 69 kg N ha., N3= 103.5 kg N h§ T1: 2/3at sowingand 1/3 at mid tilleringT2: 1/3at sowing and 2/3 at
mid tillering; T3: 1/3 at sowingi/3at mid tillering; 1/3at anthesisGY: grain yield; SY straw yieldETB ha'=Ethiopian Birr per hectare

Table 419. Total variable cost, gross and net benefit of malt barley under the effect of N rates and its time application
2020/2021 main cropping season in Farta district

Treatments GB Man Labor cost for Cost of TVC Net benefit  Dominance MRR(%)
(ETB ha') power ureaapp.n. urea (ETBha)  (ETB ha)) analysis
(ETB Birr) (ETB ha')
N1T1 49293.00 10 1000 1083 2083.00 47210.00 D
N1T2 53424.00 10 1000 1083 2083.00 51341.00 -
N1T3 56333.50 15 1500 1083 2583.00 53750.50 481.90
N2T1 6753600 20 2000 2166 4166.00 63370.00 D
N2T2 86793.50 20 2000 2166 4166.00 82627.50 1824.20
N2T3 73117.00 25 2500 2166 4666.00 68451.00 D
N3T1 65560.50 25 2500 3249 5749.00 5981150 D
N3T2 83462.50 25 2500 3249 5749.00 7771350 D
N3T3 78824.00 30 3000 3249 6249.00 72575.00 D
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Note:N1= 34.5 kg N hd, N2= 69 kg N ha., N3= 103.5 kg N h§ T1: 2/3 at sowing and 1/3 at mid tillering; T2: 1/3 at sowing and 2/3 at mid
tillering; T3: 1/3 at sowing; 1/3 at mid tillering; 1/3 at anthes&B: gross bendfiTVC: total variable cost; NB: net benefit; MRR: marginal

rate of return%;ETB ha’: Ethiopian Bir per hectarer; D: dominated

Table 420. Partial budget analysis of malt barley as influenced by variety and nitrogennr&@20/2021 main cropping
season in Farta district

Mean Mean Ag Ag GB TVC(ET NB
TRT GYtha' STYtha GYtha'! STYtha® (ETBha)) C.Urea Bha) (ETBha') DA MRR%
N1Vl 2.49 4.11 2.24 3.70 51130.00 1083 1083 50047.00 D
N1V2 2.67 4.34 2.40 3.91 54755.00 1083 1083 53672.00 -
N2Vl 3.35 4.74 3.02 4.27 68575.00 2166 2166 66409.00 D
N2V2 4.07 5.64 3.66 5.08 83060.00 2166 2166 80894.00 2513.57
N3V1 3.28 4.99 2.95 4.49 67145.00 3249 3249 63896.00 D
N3V2 4.12 5.98 3.71 5.38 84310.00 3249 3249 81061.00 15.42

Note:N1=34.5kg N h3a, N2= 69 kg N ha., N3= 103.5 kg N ha V1=Holker, V2= IBON 174/03GY: grain yield; SY straw yieldAg GY t
ha': adjusted grain yield ton per hectarag STY tha™; adjustedstraw yield ton per hectare; GBgross benefit; C.Urea: cost for uréETB
hail); TVC: total variable cost; NB: net benefit; MRR: marginal rate of returi%bB hat: Ethiopian Birrper hectare DA: dominance

analysis; D: dominated
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Chapter 5. CONCLUSION AND RECOMMENDATION

5.1 Conclusim

The resub of the presentfinding indicatedthat most of phonological,growth yield and
quality parameterswere significantly affected by the main and interaction effects of
variety, nitrogen rate and its time of applicatiddoth varieties tend to tey to 50%
heading and 90% physiological maturity when nitrogen rate incre&smdarly, both

plant heightand spike lengtincreasesvith increasing nitrogenate

Regarding yield and yield related parameters, most of therasignificantly affectecoy

both the main and interaction effecBoth total and effectivenumber of tillers rf
increaseswith increasing nitrogen rate at applications of 1/3 at sowing and 2/3 at mid
tillering. More number of tillersvascountedwith IBON 174/03 varietythan Hoker. The
maximum grain yield (26 t ha') wasobtained when 69 kg N Hawvas used in two split
applications 1/3 at sowing and 2/3 at riitering followed by the application 0i.03.5 kg

N ha' on IBON varietywith respective grain yield (4.12 t fja Variety IBON 174/03
was high yielder than that of Holker.

Thousands kernel weight was decreased bothigitest andiowest level of nitrogen
applications Protein content increagden both varieties as they were treated from the
lowest to the highest ndgen rates. Indeed, Holker scored lower protein esdnas
compared to IBON 174/0@ariety. Beside to thislate applications of N increase the total

protein content of the grain.

The overall result othe presentfinding indicatedthat, further increasng nitrogen rate
slightly increase the grain yield but greatly reduces the quality trétseover,
application of higher rate of nitrogext the time of sowingpad minimum contribution on
thegrain yieldas compared to other application timéke resuls obtained from economic
analysis indicated thahe highest net benef@2.627.% and 80,894.00(ETB ha') with
acceptable MRR was obtainethen 69 kg N hd was appliedwith two splits 1/3 at
sowing and 2/3 at midllering and application of 69 kg N Heon IBON 174/03 variety,
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respectively Application of69 kg N h& with two splits 1/3 at sowing and 2/3 at mid
tillering gavethe maximum grain yield and the highest Bebnomicreturn. Therefore
application of optimum level of nitrogen with propeditgpreduces production cosnd
resulted optimum grain yield with acceptable protein content.

5.2Recommendation

Based on the resslobtained in th@resentresearchapplication of 69 Kg N hawith two
splits 1/3 at sowing and 2/3 at miiflering gave the maximum grain yield (4.26 t ijpand

the highest net return of ETB82, 627.% with acceptable marginal rate of return
(1824.20%). So, this treatment combinatiois found to be economicalligasible andtan

be recommendetb the producers in the sty area and similar agro ecologies. Since the
presentresearch was conducted only in one year@md single locationthe experiment
should berepeatedover years and locations to come up a conclusive and well defined
recommendationBeyond this recommelation, future works should include theewly
released varietie® identify their response to different nitrogen ratasd timingunder

diversified locations.
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Appendix Tablel. Mean squares analysis of variarf@&OVA) for phenology traits of malt
barley varieties as influenced by rates and time of nitrogen fertilizer application
during 2020 cropping season

Source of ariation DF DH DM

Rep 2 15.72* 20.06*

N 2 184.72*** 154.17**
T 2 68.17*** 83.39**
Vv 1 979.63*** 785.85***
N*T 4 9.81** 14.72*
N*V 2 8.69** 5.57*
™V 2 0.91ns 1.69ns
N*V*T 4 0.55ns 3.41*
Error 34 1.11 1.09

Where, DF=degree of freedom, DH= days 56% heading DM= days to 90% physiological
maturity *,**,*** significant at £0.05, p€0.01 ang€0.001 probability levels respectivelyS=
non significant

Appendix Table2. Mean squares analysis of variance (ANOVA) for agronomic traits (PH,
SL, TTN, ENT) of malt barley varieties as influenced by rates and timatafgen
fertilizer application during 2020 cropping season

Source ofvariation DF PH SL TNT ETN

Rep 2 23.92ns 0.18ns  2938.07* 2816.16*

N 2 321.37* 0.39* 50918.69** 53258.39**
T 2 210.46* 0.02ns  22929.13** 27054.22**
Vv 1 4125.63** 0.23ns  46816.67** 52640.6F**
N*T 4 2.11ns 0.36ns  4200.52* 3950.78*
N*V 2 19.94ns 0.03ns  6033.39* 6034.72**
™V 2 16.19ns 0.10ns 1684.50ns 1194.00ns
N*V*T 4 1.91ns 0.14ns 1437.22ns 1404.39ns
Error 34 18.77 0.11 33.96 31.05

DF=degree of freedom, PH=plant heigl8L= Spike length TNT= Total number of tillers, ETN=
effective number of tillers, *, ** ***significant at 0.05, p€0.01 and p€0.001 probability levels
respectivelyNS= non significant
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Appendix Table3. Mean squares ahis of variance (ANOVA) for 8PS AGB, GY andHI
of malt barley varieties as influenced by rates and time of nitrogen fertilizer
application during 2020 cropping season

SV DF NKPS AGB GY HI

Rep 2 0.16hs 0.33ns 0.22ns 9.49ns
N 2 24.3%* 30.59*** 7.69%* 63.07*
T 2 18.67* 9.64*** 2.12%** 4.58s
Vv 1 31.13* 22.31%** 4 .54x** 4.9%s
N*T 4 2.56ns 1.34** 0.39* 4.7s
N*V 2 1.7s 2.66** 0.57* 0.62ns
™V 2 1.1:s 0.46ns 0.15ns 2.38s
N*V*T 4 2.35s 0.97ns 0.24ns 4.98s
Error 34 1.34 0.31 0.15 6.51

SvV=source of variation DF=degree of freedom, NKPS=Number of kernels per spike, AGB=
aboveground biomass, GY=grain yieldHI= harvested index, *, ***** significant at £0.05,
p€0.01 and p€0.001 probability levels respectivili$= non significant

Appendk Table4. Mean squares analysis of variance (ANOM&) quality traits (TKW, PC,
HCLW and GE of malt barley varieties

SV DF TKW PC o) HCLW GE %0)
Rep 2 9.40ns 0.71~* 0.28ns 1.95ns
N 2 22.56* 10.73** 9.48* 2.2ns
T 2 37.47* 3.47** 8.93* 5.4ns
Vv 1 237.47*** 13.90** 0.5ns 14.50*
N*T 4 9.19ns 0.03ns 15** 1.33ns
N*V 2 5.36ns 0.33* 1.11ns 1.73ns
™V 2 3.04ns 0.38* 0.22ns 1.29ns
N*V*T 4 1.39ns 0.18ns 1.54ns 1.49ns
Error 34 6.47 0.09 2.65 2.19

SV=source of variationDF=degree of freedomTKW=Thousands kernel weight, PC=protein
content (%), HCLW=hectolitemweight, GE germination energy, **,*** significant at £0.05,
p€0.01 and p€0.001 probability levels respectiyélg= non significant,
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Appendix Figurel. Field lay out preparation and sowing of malt barley

Appendix Figure2. Pictures taken durindatacollecion of agronomic traits of malt bage
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Appendix Figure3 Pictures taken during threshing and winnowing of malt barley
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