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ABSTRACT 

Barley (Hordeum vulgare L.) is globally an important cereal crop, mainly used for food, animal 

feed and brewing. In Ethiopia, it is the fifth most important cereal crop after teff, wheat, maize 

and sorghum both in terms of area covered and production. In spite of the importance of barley, 

its productivity and production has remained low. Barley shoot fly (Delia flavibasis Stein) has 

been a major constraint to barley production at the seedling stage among other insect pests. 

Infestation levels of up to 100% of D. flavibasis and significant yield losses on susceptible barley 

cultivars were frequently reported in the highlands of Bale, Ethiopia. Host plant resistance is one 

of the most effective methods in managing this insect pest. Resistance to barley shoot fly is 

governed by complex traits that derived from biophysical or morphological and/or genetic 

characters of the plant. The objectives of this study were to identify resistant/tolerant barley 

genotypes against shoot fly, to identify key morphological and agronomic traits responsible for 

resistance selection, assess genetic variability among tested genotypes leading to improving 

resistant barley varieties, and determine resistance categories against barley shoot fly. 

Augmented design with six blocks was used to screen 108 landraces along with 69 exotic and 3 

released varieties at Sinana Agricultural Research Center from August 2022 to December 2023. A 

total of 64 barley genotypes were selected to further investigate morphological and agronomic 

traits related to barley shoot fly damage and to evaluate genetic variability using 8 x 8 simple 

lattice designs with two replications. Additionally, 12 barley genotypes were selected to determine 

category of resistance such as antixenosis test under multi, dual and no-choice conditions, while 

antibiosis test was done under no-choice condition from August 2023 to December 2024. Among 

180 genotypes screened, 4 entries were showed highly resistant, 37 were found resistant, 31 

moderate resistance, 51 susceptible and 57 were highly susceptible to D. flavibasis, based on 

oviposition, infestation and dead heart percent. The landraces showed the highest resistance, 

followed by improved genotypes, while the least resistant was observed in exotic barley 

genotypes. The shoot fly showed preferences for laying eggs on T376, HB-42 and 55, than 

genotypes T281, T506, T524, and T575 as observed in the multi-choice test. In the no-choice test, 

the oviposition preference for the resistant genotypes (T281, T506, T524, and T575) was lower 

and had fewer dead hearts compared to the susceptible genotypes. In the dual-choice test, fewer 

eggs were observed on genotypes T281, T506, T524, T575, and Aruso when compared with the 

susceptible check (HB-42). The shoot fly completed its life cycle within a shorter period on 

susceptible barely genotypes based on the antibiosis and its indices test. Most of the attributes had 

high heritability and genetic gain suggesting a possibility for improvement directly through 

selection, most likely through additive gene action. Nevertheless, some traits such as days to 90% 

maturity and days to 50% heading exhibited high heritability, but low genetic advance indicating 

non-additive gene expression which may require heterosis breeding for its enhancement. In 

general, this study revealed the presence of sufficient variability among the tested barley 

genotypes that can be exploited for genotype enhancement. Furthermore, the defensive characters 

of accessions for shoot fly strongly influence the oviposition and feeding preference. The 

morphological and agronomic traits studied were used to select resistant genotypes that provide 

important insights into developing resistant barley varieties and have potential implications on 

breeding programs aimed at improving resistance against D. flavibasis in barley genotypes.  

Key words: Antibiosis; Antixenosis; Delia flavibasis; Heritability; Genetic diversity; 

Morphological traits; Tolerance, Barley, Ethiopia. 
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1. INTRODUCTION 

Barley (Hordeum vulgare L.) is the fourth most cultivated cereal crop globally, following 

rice, wheat, and maize (FAO, 2021). The global production of barley is approximately 145.40 

million metric tons on an area of cultivation of about 49.82 million hectares, and barley is 

primarily grown for consumption, feed, and malting purposes. The European Union, Russia, 

Australia, Ukraine, Canada, Argentina, Turkey, Morocco, Iran, the United States, Kazakhstan, 

Ethiopia, India, and Algeria are the major barley producers in the world (USDA, 2023). The 

leading African barley producers are Morocco, Ethiopia, Algeria, Tunisia, and South Africa 

(Ephrem, 2024). In relation to barley production, Ethiopia ranks twelfth globally and second 

at the continental level (Daniel & Beyene, 2019). In Ethiopia, it is ranked fifth highest in 

terms of cereal production after teff (Eragrostis tef), wheat (Triticum aestivum), maize (Zea 

mays), and sorghum (Sorghum bicolor) (Yirgu et al., 2022).  

The country cultivates two types of barley, which are food barley and malt barley. Hence, 

around 90% of Ethiopian barley production is accounted for by food barley, while the 

remaining 10% goes to malted production (Daniel and Beyene, 2019). On the other hand, 

injera is mostly made from barley, and other recipes like porridge or bread may also contain it 

(USAD, 2023). At the same time, the beer brewing industry needs malted barley, which plays 

an important role in it as one of the vital components in malting (Mesay, 2020; Alemayehu, 

2024). On top of that, barley is mainly used for animal feed, making malt, and human 

consumption. It is also traditionally used in the preparation of local recipes and beverages like 

Dabo, Kolo, Ganfo, Kinche, Baso, Tela, Borde, etc., among many others. Straw can be 

equally used as a good source of animal feed besides being thatch material for roofing 

(Bedada et al., 2014). 

In Ethiopia, barley is the major cereal crop with its production level being 2.53 tons per 

hectare and it can be grown in a wide range of agro-ecological zones from 1500 to 3500 

meters above sea level particularly in the highlands of Ethiopia (Shiferaw and Tadele, 2022). 

In Ethiopia, the regions which produce barley most include Oromia, Amhara, Southern 

Nations Nationalities and Peoples as well as Tigray who are responsible for 52.7%, 31.2%, 

7.86% and 6.87%, respectively. Oromia is the highest barley producer in Ethiopia. 
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Specifically, Arsi, West Arsi, West Shewa, North Shewa, South West Shewa, and Bale zones 

contribute around 78.94% towards barley production within Oromia region (CSA, 2021). 

Thus, Bale is the key areas of barley production. 

However, barley is widely grown in the Bale Highlands of the Oromia region; its production 

and productivity are greatly impacted by both biotic and abiotic factors. The main abiotic 

factors include drought, cold temperatures, and excessive water in the soil, poor soil quality, 

soil acidity, salinity, hail, and frost. Similarly, the key biotic factors that affect barley 

production include diseases like scald (Rhynchosporium secalis), net spot (Helminthosporium 

spp.), stripe rust (Puccinia spp.), powdery mildew (Erysiphae gaminess), tuber blight 

(Fusarium heterosporium), covered smut (Ustilago hordei), and barley yellow dwarf virus 

(BYDV); insect pests such as barley shoot fly (Delia arambourgi Seguy and Delia flavibasis 

Stein.), Russian aphid (Diuraphis noxia Mordvilko), beetle larva (Melolontha spp.), and 

weeds (Dessie, 2018). 

Among these insect pests, barley shoot fly is one of the most economically important insect 

pests of barley in the Bale Highlands, South Eastern Ethiopia with infestation levels often 

reach up to 100% in susceptible barley genotypes (Mulatu and Grando, 2011; Zeleke et al., 

2017; Allo et al., 2021; Jalata, 2023). This pest causes huge damage to barley by having its 

larvae migrate to the top of the leaf, move along the leaf whorl, and reach the growth point, 

through the leaf sheath. Subsequently, the larva cut off the growing point, leading to wilting 

and drying of the central leaf, known as dead heart, and then feed on rotting plant tissue, 

resulting in an unpleasant smell when the dead heart is easily removed. Typically, damage 

occurs within 1 to 4 weeks after seedling emergence, ultimately leading to reduced barley 

production (Malipatil and Plant Health Australia, 2008; Muluken et al., 2009). 

To reduce damage caused by this insect pest, some efforts have been made by different 

researchers, especially in the area of seed dressings, as evidenced by previous studies 

conducted by Amare (1993) and Tekalign et al. (2017). However, due to limited access and 

high prices, it has not been adopted by farmers (Tafa, 2003). Additionally, insecticides can 

have harmful effects on human health and the environment (Anjaria and Vaghela, 2024; 

Jasrotia et al., 2024). Furthermore, after the barley seedlings are damaged by this pest, it is 
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difficult to control it because the larvae feed in the leaf whorls with a downward head. As a 

result, when chemicals are sprayed on it, they pass down on it without killing (Chamarthi, 

2008). Cultural practices such as early planting was also found suitable to control barley shoot 

fly (Tafa and Bayeh, 2011). But most of the time the rain stops as soon as the barley 

germinates; because of this, the shoot fly damages the barley crop a lot. This is because the 

shoot fly has a relationship with the rain, and when there is no rain, barley shoot fly damage 

the barley extensively in order to obtain moisture from the barley. Therefore, such practices 

need to be integrated with other pest control methods, like host plant resistance (Teshome et 

al., 2015). 

The process of identifying resistant barley genotypes to the barley shoot fly has encountered 

difficulties, with limited success despite efforts to find resistance from Ethiopian barley 

landraces such as the Aruso variety in south Eastern Ethiopia, which is known for its 

resistance to barley shoot fly infestation (Tafa, 2003). In the study area, the development of 

barley genotypes resistant to the barley shoot fly has been hindered by inadequate information 

on resistant sources as well as the limited morphological and agronomic traits needed to 

screen for resistant genotypes. Additionally, there is limited assessment of genetic variability 

to enhance resistance against the barley shoot fly and a lack of understanding about the 

mechanisms of resistance in genotypes. Furthermore, there is limited information available on 

the specific plant traits linked to resistance to this pest infestation. Therefore, screening barley 

genotypes for important traits and knowledge on the resistance categories of barely genotypes 

to shoot fly are important aspects of developing resistant or tolerant varieties as one of the 

best components of integrated pest management. 

General Objective 

To identify barely genotypes with improved resistance against Delia flavibasis 

 

Specific objectives 

 To screen barley genotypes with better  resistant/tolerance against barley shoot fly,  

 To identify morphological and agronomic traits responsible for resistance in barley,  

 To assess genetic variability influencing D. flavibasis damage, and 

 To determine the resistance category of barley genotypes to D. flavibasis 
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2. LITERATURE REVIEW 

2.1. Origin and Distribution of Barley 

Barley (Hordeum vulgare L.) is one of the oldest cereal crop cultivated. The origin of barley 

is believed to be in the Fertile Crescent region of  near- and middle-East, where it was 

domesticated around 8000- 10,000 BC (Harlan and Zohary, 1966; Zohary and Hopf, 2000). 

From these areas, barley distributed to other parts of the world, including the Mediterranean 

basin, highlands of Ethiopia and the Indian subcontinent, the Caucasus and Trans-Caucasus 

regions, and China (Harlan, 1976). The six-rowed types of barley reached Central and 

Northern Europe during the fourth and third millenniums BC, while the two-rowed ear types 

were introduced during the twelfth and thirteenth centuries by the crusaders from the Near-

East (Harlan, 1976). 

Barley was the main cereal food crop of northern Europe until the 16
th

 century, when it was 

gradually supplanted by wheat due to culinary preferences. Barley was introduced into North 

America probably by Columbus in 1492 and later by immigrants and settlers from Europe. 

The crop is believed to have a multi-centric origin and it could have been domesticated along 

a broad area from Morocco to Tibet. However, the evidence from archaeology, genetics, and 

distribution patterns of wild and cultivated barley species available in the Near-East point 

towards a monocentric origin and domestication (Harlan, 1976). 

Barley is widely grown in different regions of the world, including Europe, Asia, Africa, and 

America. In Ethiopia, barley is an important crop in the highlands, where it is used for food, 

animal feed, and malt production (CSA, 2019). The crop is also used for traditional brewing 

and making of injera, flat bread that is a staple food in Ethiopia (Tamiru et al., 2019). Barley 

is adapted to a wide range of environments, from temperate regions to subtropical and tropical 

highlands, and it can tolerate various soil types and stress conditions (Faria et al., 1999; 

Bonjean and Angus, 2001). However, the distribution of barley is limited by its low tolerance 

to high temperatures and drought, which restricts its cultivation in some regions (FAO, 2021). 

In general, barley is an ancient crop that originated in the Near East and spread to other parts 

of the world through trade and migration routes. The crop is adapted to a wide range of 
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environments and is grown in over 100 countries worldwide. In Africa, barley is an important 

crop in the Mediterranean and Sahel regions, and in Ethiopia and Kenya, it is used for food, 

feed, and brewing. However, the distribution of barley is limited by abiotic factors like low 

tolerance to high temperatures, drought, and biotic factors like diseases, insects and weeds 

(Harlan and Zohary, 1966; Harlan, 1976). 

2.2. World and National Barley Production 

Barley production is a significant aspect of global agriculture, with implications for food 

security, trade, and economic development (FAO, 2021). The cultivation of barley plays a 

significant role in food security and agricultural economies globally, providing staple grains 

for human consumption, livestock feed, and brewing industries (Gebru et al., 2019). 

Currently, barley is grown commercially in various countries around the world, with major 

barley-producing nations including European Union, Russia, Australia, Canada, Turkey, 

United Kingdom, Ukraine, Argentina, United States, Iran, Kazakhstan, Ethiopia, China, India, 

Morocco, Azerbaijan (USDA, 2023; Shahbandeh, 2024).  

In Africa, the top barley producers in 2023/2024 are Ethiopia, Morocco, Algeria, South 

Africa, and Tunisia. Ethiopia is expected to produce 2.4 million metric tons, making it the 

largest producer. Morocco and Algeria are forecasted to produce 1.35 million metric tons, and 

1.025 million metric tons, respectively. Tunisia and South Africa are also significant 

producers, with 660,000 and 390,000 metric tons, respectively (Shahbandeh, 2024). 

In Ethiopia, barley is an important staple food crop and a source of livelihood for many 

smallholder farmers, particularly in the highlands where favorable growing conditions exist. 

The country's agro-ecological diversity and cultural practices contribute to the widespread 

cultivation of barley in various regions (Assamere et al., 2021). It is used for human 

consumption, animal feed, and traditional brewing of local beer. Barley is an essential crop 

for food security in country with over 4.5 million farm households producing it, supporting a 

population of about 22 million in the Ethiopian highlands. Barley is grown as a 'meher' (main 

season) crop at higher elevations in the Dega regions and also widely cultivated as a 'belg' 

crop in many areas (Haile, 2018). 
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The major barley-producing regions in Ethiopia are Oromia, Amhara, Tigray, and the 

Southern Nations, Nationalities, and Peoples' Region, accounting for about 99.94% of the 

total national barley production. Barley is also a crucial source of income for farmers, with 

millions of urban and rural dwellers deriving their livelihoods from processing barley into 

local drinks such as ‗tella‘ and ‗areqae‘. Ethiopia Accounts for 25% of the total barley 

productions in Africa where barley is the principal cereal crop among highlanders. Ethiopia is 

also recognized as a center of diversity for barley having global significance due to its 

improved traits, including disease tolerance. In Ethiopia both food and malt barley species is 

cultivated. Approximately, 85 % of land allocated for barley in Ethiopia is used for food 

barley production. On the other hand, nearly 150,000 hectares of land (15% of the total barley 

land) is used for malt barley production, which is the major input for beer production 

(Meseret, 2016; Tadesse and Derso, 2019).  

The crop is grown in diverse rain-fed agro-ecological zones characterized by a wide range of 

climate and altitude, from 1800 to 3000 meters above sea level, and is well-suited for malting 

due to its high enzymatic activity, protective hull for the germinating seedling, and use in 

filtration (Zemede, 2000). However, the barley production and productivity was low 

compared to recently released other crops like wheat varieties due to lack of improved barley 

varieties and less contribution of barley on the markets compared to other cash crops. This 

makes the farmers and other producers to turn their face toward production of cash crops like 

wheat, maize, and teff. Hence, more attention should be given to barley production and 

productivity in Ethiopia. 

2.3. Major Constraints of Barley Production 

Barley (Hordeum vulgare L.) is one of the most widely cultivated cereal crops globally, with 

significant economic and nutritional importance. However, its production is often constrained 

by various biotic and abiotic factors that can significantly impact yield and quality. The major 

biotic factors affecting barley production includes: - Insect pests like corn-leaf aphid 

(Rhopalosiphum maidis), Russian wheat aphid (Diuraphis noxia), Barley shoot fly (Delia 

flavibasis), are major pests of barley worldwide (Weibull et al., 2003; Malik et al., 2013; 

Nyiraguhirwa et al., 2022). In addition, other important insect pests of barley include the 

cereal leaf beetle (Oulema melanopus), the Hessian fly (Mayetiola destructor), and the barley 
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stem borer (Chilo partellus) (Haile and Ali, 1985; Girma et al., 1993; Chamarthi, 2008). 

Aphids can cause significant damage through direct feeding, as well as by transmitting viruses 

like the barley yellow dwarf virus (Rochow, 1979; Straub and Boothroyd, 1980; Irwin and 

Goodman, 1981).  

 

Fungal diseases such as scald, net blotch, and spot blotch are significant biotic factors 

affecting barley production. These diseases can cause significant yield losses and reduce grain 

quality. Research has focused on developing resistant cultivars and using fungicides to 

manage these diseases effectively (Fikir, 2022). Viral diseases like barley yellow dwarf virus 

(BYDV) and barley mosaic virus (BMV) are also important biotic factors and these viruses 

can cause significant yield losses, and reduce grain quality. Research has focused on 

developing resistant cultivars and using integrated pest management (IPM) strategies to 

manage these diseases effectively. Nematodes are microscopic worms that can cause 

significant damage to barley roots, reducing plant growth and yield. Research has focused on 

developing resistant cultivars and using nematicides to manage these pests effectively 

(Vavilov, 1951; Fikir, 2022). 

 

The major abiotic factors affecting barley production includes: - Drought is a significant 

abiotic factor affecting barley production. Drought can cause significant yield losses and 

reduce grain quality. Research has focused on developing drought-tolerant cultivars and using 

irrigation management strategies to manage drought effectively. Additionally, temperature 

stress is another significant abiotic factor and high temperatures can cause significant yield 

losses, and reduce grain quality. Research has focused on developing temperature-tolerant 

cultivars and using heat stress management strategies to manage temperature stress 

effectively. Also, Salinity is another abiotic factor affecting barley production and high levels 

of salt can cause significant yield losses and reduce grain quality. Research has focused on 

developing salt-tolerant cultivars and using irrigation management strategies to manage 

salinity effectively (Von Bothmer, 1992; Tiwari, 2008). Furthermore, soil fertility is a 

significant abiotic factor affecting barley production and poor soil fertility can cause 

significant yield losses, and reduce grain quality. Research has focused on developing 

fertilizers and using soil management strategies to manage soil fertility effectively (Tiwari, 

2008; Yimer, 2021). 
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Barley production faces several significant constraints that impact the yield and quality of the 

crop. One of the primary constraints in barley production is the limited research support and 

inadequate development of improved barley varieties suitable for diverse growing conditions. 

This lack of focus on varietal development hampers the potential for increased yields and 

resilience to biotic and abiotic stresses (Tadesse and Derso, 2019). Major constraints of barley 

production in Ethiopia include poor soil fertility, weed competition, shoot fly incidence, and 

limited access to modern inputs like fertilizer (Tarekegne et al., 1997; Kifle, 2016). 

Additionally, the lack of disease-resistant and high-yield barley varieties, limited availability 

of pesticides and fungicides, challenges in accessing affordable fertilizers, and issues related 

to selling expired products also contribute to the challenges faced by barley farmers in 

Ethiopia (Kifle, 2016). Furthermore, limited market information, lack of market 

infrastructure, and fluctuating prices affect farmers' ability to secure competitive prices for 

their barley produce, highlighting the need for market-oriented agricultural policies 

(Tarekegne et al., 1997).  

Barley production is also constrained by inefficient agronomic practices and management 

approaches. Issues such as poor soil fertility management, inadequate weed control, 

suboptimal irrigation practices, and limited disease and pest management strategies contribute 

to reduced productivity and crop health (Kifle, 2016; Shrestha and Lindsey, 2019). Barley 

cultivation is sensitive to environmental challenges and climate variability, which pose 

significant constraints to production. Factors such as erratic weather patterns, drought, 

flooding, and temperature fluctuations can adversely impact barley yields and quality, 

necessitating strategies for climate risk mitigation and adaptation (Tadesse and Derso, 2019; 

Gardi et al., 2022; Shuai et al., 2023).  

Access to markets and price volatility present challenges for barley producers, particularly 

small-scale farmers. Limited market information, lack of market infrastructure, and 

fluctuating prices affect farmers' ability to secure competitive prices for their barley produce, 

highlighting the need for market-oriented agricultural policies (Murray and Brennan, 2009; 

Samuel Weldeyohanis, 2017; Bezabeh et al., 2022). A constraint often faced by barley 

producers is the lack of access to extension services and training programs that promote best 

practices in barley cultivation. Insufficient technical guidance, limited knowledge transfer on 
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modern farming techniques, and a lack of farmer empowerment initiatives hinder the adoption 

of innovative practices for improved barley production (Boniface et al., 2019). 

Among these factors, the barley shoot fly damage the barley seedling through the larvae 

migrate to the top of the leaf, move along the leaf whorl, and reach the growth point, cutting 

off the growing point and leading to wilting and drying of the central leaf, known as "dead 

heart" (Malipatil and Plant Health Australia, 2008; Muluken et al., 2009). Integrated pest 

management (IPM) approaches, combining cultural practices, host plant resistance, and other 

innovative control methods, have been identified as a promising avenue for more effective 

and sustainable management of barley insect pests (Teshome et al., 2015). 

2.4. Description and Biology of Barley Shoot Fly (Delia flavibasis) 

The biology of barley shoot fly is crucial to understanding its impact on barley production and 

developing effective pest management strategies. Two species of barley shoot fly have been 

identified. The first species, D. arambourgi, was studied by Davidson in 1969 at Holleta 

Agricultural Research Center (HARC), while the second species, D. flavibasis was studied by 

Tafa Jobie in 2003 at Sinana Agricultural Research Center (SARC). Both species are known 

to cause significant yield losses in Ethiopia. They both belong to the order Diptera and the 

family Anthomyiidae. Delia flavibasis is recognized as a major pest of barley in Ethiopia and 

Kenya (Macharia et al., 1986; Tafa, 2003; Mulatu and Grando, 2011). Barley shoot fly 

(D.flavibasis) has complete metamorphosis. 
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Figure 1.Life cycle of barley shoot fly (Picture taken from the laboratory activity) 

Egg is white and elongate-ovoid in shape, resembling rice grains. As observed in both 

laboratory and field, the eggs may be found singly or in groups (Muluken et al., 2009). Most 

eggs are typically found in the soil near the base of the plant, at depths ranging from 1 to 3 

cm, but they are rarely found on plant parts such as leaves (Mallik Malipatil and Plant Health 

Australia, 2008).  

Larva is the damaging stage. When fully matured (third instar), it is yellow in color. The 

young larvae crawl down inside the sheath base of young shoot, where they eat and kill the 

central shoot. Newly emerged larvae are cylindrical and white. They move up the plant and 

use their mouth hooks to chew the tender parts of the new shoot, usually just above the first 

leaf sheath (Tafa, 2003; Muluken et al., 2011).  

Pupa is light brown in color and slowly changes to dark brown with age. In the soil, at a depth 

of 1–3 cm between roots, pupation has occurred. It's similar to D. Arambourgi. Under field 

conditions, it has been observed that pupation is also occurring in the basal stalk of barley 

seed in rare cases. The adult is looks like the small house fly and it has the ability to fly about 

4mm long (SARC, 2004; Mulatu et al., 2011). 
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Egg hatching takes 2.5–3.13 days; the subsequent larval development period is 4.17–5.88 

days. The pupal period lasted 7.75–9 days. The overall developmental period (egg to adult) 

take 14.88–17.67 days. The weights of larvae, pupae, and adults are 3.60–4.02, 3.00–3.63, 

and 2.13–3.11 mg, respectively (Sharma, 1996; Tafa, 2003; Mulatu and Grando, 2011).  

Compared to resistance barley varieties, susceptible barley types had a shorter barley shoot fly 

life cycle. For instance, the researcher utilizes two resistance varieties—Harbu and Dinsho—

and one vulnerable variety, Holker. There was a shorter interval from egg to larval stage on 

the variety ‗Holker‘ than for ‗Dinsho‘ and ‗Harbu‘.  Larvae were quicker to enter the pre-

pupal stage on the susceptible variety compared with the resistant varieties, under both 

laboratory and field conditions. The number of days required for pre-pupal and pupal stages 

on ‗Holker‘ was greater (2.26 days) than on ‗Harbu‘ and ‗Dinsho‘ under laboratory conditions 

(Muluken et al., 2009). 

 

Figure 2. Arrow line shows that barley shoot fly damaging symptoms(Dead heart)(picture 

taken during the field experiment) 

Damage by D.flavibasis is at the seedling stage of barley; which make to the typical dead 

heart symptoms. The young larva migrates to the upper side of the leaf, and moves along the 

leaf whorl until it reaches the growing point where the larvae cut the growing point. As a 

result the central leaf dries up forming a dead heart, which can be pulled out easily (Muluken 

et al., 2009). 
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In general, understanding the biology of the barley shoot fly is crucial for managing its 

impact on barley production. This pest undergoes complete metamorphosis. The larvae, 

damaging the central shoot, lead to dead hearts in barley plants. Pupation occurs in the soil, 

and the adult fly, resembling a small house fly, can fly and is approximately 4mm long. The 

life cycle from egg to adult spans 14.88-17.67 days, with differences in developmental 

periods between resistant and susceptible barley varieties. Susceptible barley types have a 

shorter life cycle, showing significant variations in egg hatching and larval development 

times. Damage by D. flavibasis typically occurs at the seedling stage, manifesting as dead 

heart symptoms in barley plants.  

2.5. Host Range of Barley Shoot Fly 

The Barley shoot fly is associated with plants of the grass family, family, like barley 

(Hordeum vulgare L.), maize (Zea mays), wheat (Triticum spp.), blurish millet (Pennisetum 

americanum) and a few grasses (Hill, 1987). This pest species predominantly infests barley 

crops during their early growth stages. However, recent studies by SARC (2004) have 

documented instances of infestation on other grass species related to barley, such as teff 

(Eragrostis teff), wheat (Triticum spp.), oat, and maize (Zea mays). Among them, barley and 

teff were the most preferred, these alternative hosts may serve as supplementary breeding 

grounds for the barley shoot fly under certain environmental conditions. Additionally, 

observations by Hill (1987) suggest that the season where barley is not cultivated extensively, 

the barley shoot fly may utilize other grass hosts for oviposition and larval development, with 

reduced reproductive success compared to its primary host. To effectively manage barley 

shoot fly infestations, researchers and agricultural practitioners must evaluate the possible 

expansion of the host range to related grass species and adjust control tactics accordingly. 

2.6. Economic Importance of Barley Shoot Fly 

Barley shoots fly causes significant yield loss and is becoming an important constraint in 

barley growing districts of the Bale highlands of Ethiopia (Amare, 1993; Tafa et al., 2004). 

Infestation levels of barley shoot fly in the Bale highlands frequently reach 100% on 

susceptible varieties such as HB 42, Ardu-10-9-60B, Shege, Beka, Holker, and HB 120; the 

Bale highlands have become a hot spot for this pest (Amare, 1993; Tafa, 2003). Because of 
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its devastating effects, especially on improved and exotic genotype of malt barley, the pest is 

considered to be a major constraint to barley cultivation. At the Sinana on station, heavy 

infestation usually results in the failure of several trials, particularly those with malt barley 

and exotic genotypes. In contrast, farmers who grow the local barley cultivar, ‗Aruso‘, often 

experience low infestation of barley shoot fly in their barley fields, perhaps because the 

variety has co-existed with the pest for many years (SARC, 2004). 

2.7. Morphological Traits Associated to Shoot Fly Resistance 

Seedling vigor  

Taneja and Leuschner (1985) established a significant negative correlation between seedling 

vigor and occurrences of dead hearts and oviposition by shoot fly. They found that seedlings 

with higher vigor tended to experience lower rates of shoot fly infestation. Building upon this 

foundation, Singh (1998) conducted further investigations, concluding that rapid seedling 

growth and elongated shoot length can delay larva's access to the base of the shoot, thus 

reducing susceptibility to shoot fly damage. Additionally, Singh noted that seedlings with 

elongated and slender leaves during early growth stages exhibited decreased vulnerability to 

shoot fly attacks. Karanjkar et al. (1992) suggested that seedling vigor can be used to select 

for resistance to shoot fly. However, if the seedling vigor is scored under un-infested 

conditions, there is no direct effect of seedling vigor on expression of resistance to shoot fly. 

Contrary to the initial assumption that vigorous growth inherently confers resistance, Dhillon 

(2004) challenged this notion by demonstrating that vigorously growing plants may 

paradoxically attract more shoot fly oviposition, potentially leading to greater damage. This 

underscores the complexity of the interaction between seedling vigor and shoots fly 

infestation, indicating that while vigor may indirectly influence resistance, its effect depends 

on various factors including oviposition preference. 

Leaf Glossiness  

The leaf glossiness(shininess of leaves), characterized by their pale green and reflective 

surface, likely plays a significant role in influencing the positioning of shoot fly females in 

sorghum during the seeding stage (Chamarthi, 2008). Nevertheless, the manifestation of leaf 

shininess appears to be more pronounced during the post-rainy season than during the rainy 
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season (Gorthy et al., 2017). Sorghum genotypes possessing the trait of leaf shininess 

demonstrate resistance to shoot fly infestation, as evidenced by the prevalence of high leaf 

glossiness among resistant genotypes (Chamarthi et al., 2011). 

Seedling color 

Mehtre (2006) emphasized the role of seedling color in shoot fly resistance, indicating that 

traits like leaf glossiness, plumule pigmentation, and trichome density are crucial factors 

influencing resistance to shoot fly damage. These findings suggest that seedling color, along 

with other physico-chemical traits like tannin content, moisture levels, and magnesium 

concentration, play a significant role in determining the susceptibility or resistance of 

sorghum plants to shoot fly infestation. Recently seedling color was evaluated between 

landrace and improved barley genotypes (Allo et al., 2020).Therefore, the importance of 

seedling color as a potential indicator of shoot fly resistance in sorghum genotypes, with 

specific traits like glossy leaves, pigmented plumules, and high trichome density being 

associated with resistance, while traits like high soluble sugars and leaf surface wetness are 

linked to susceptibility. However, in barley genotypes this trait is not deeply studied. Hence, 

it‘s important to study the relationship between seedling colors and shoot fly resistance or 

susceptible barley genotypes for developing strategies to breed resistant barley genotypes and 

mitigate the impact of this damaging pest on crop yields. 

Leaf Width 

Allo et al., (2020) suggested that the resistance and susceptible barley genotypes showed 

wider ranges of first leaf width and second leaf width between landrace and improved barley 

genotypes. However, leaf width was not deeply studied, and it‘s important to study to it, to 

select barley shoot fly resistance genotypes. 

Seedling Height 

Seedling height plays a significant role in reducing shoot fly damage. Patil & Bagde(2017) 

suggested that taller seedlings are less susceptible to shoot fly. On the other hand, taller plants 

are more resistant to shoot fly damage compared to shorter ones (Arora et al., 2021). This is 
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because taller plants are less attractive to the shoot fly females for egg laying, and the damage 

caused by shoot fly is less severe in taller plants. Therefore, seedling height is a crucial 

morphological trait associated with resistance to shoot fly in sorghum genotypes. 

2.8. Agronomic Traits Associated to Shoot Fly Resistance 

The Agronomic traits related to barley shoot fly plays a crucial role in enhancing crop 

productivity and sustainability. Agronomic traits like days to 50% heading, days to 90% 

maturity, plant height, spike length, seed per kernel, total tillers and productive tillers, 

biological yield, grain yield, and thousand kernel weight were important traits in selecting 

shoot fly resistance genotypes. As described by Allo et al. (2020), the result of the above 

agronomic traits showed a wide range of variations among the tested barley genotypes. 

However, the specific relationship between agronomic traits and shoot fly 

resistance/susceptibility is not widely studied. Therefore, further research is needed to 

establish the relationship between these traits and shoot fly resistance, which could lead to the 

development of more resistant and productive barley genotypes.  

2.9. Genetic Diversity of Barley and Its Use in Breeding 

The genetic diversity of barley plays a crucial role in ensuring the resilience and sustainability 

of barley cultivation, especially in the face of changing climatic conditions and environmental 

degradation (Kumar et al, 2020; Saini et al., 2020; Ghamkhar et al., 2023). Barley genetic 

resources are conserved in various gene banks and research institutions around the world. 

Notable collections of barley germplasm are maintained at institutions such as the 

International Center for Agricultural Research in the Dry Areas (ICARDA) in Lebanon, the 

Nordic Genetic Resource Center (NordGen) in Scandinavia, the National Small Grains 

Collection at the United States Department of Agriculture (USDA), and the Ethiopian 

Biodiversity Institute (EBI) in Ethiopia. These collections are significant for their extensive 

range of accessions, including wild and cultivated varieties, genetic resources for specific 

traits of interest, and collections from various geographical regions. The collections are used 

for research, breeding, and conservation purposes, and they are crucial for maintaining the 

genetic diversity of barley (Munoz-Amatriaín et al., 2014; Getachew et al., 2021; Abebe et 
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al., 2023). Efforts to characterize and evaluate the genetic diversity of barley germplasm have 

been undertaken by various research institutions. For example, the core collection of barley 

germplasm at ICARDA has been extensively characterized using both morphological and 

molecular markers, providing valuable insights into the genetic makeup of the collection 

(Ahmed et al., 2015).  

In Ethiopia, the genetic diversity of barley germplasm has been the subject of research, with 

notable efforts to characterize local landraces and improved varieties using morphological and 

molecular markers (Alemayehu et al., 2012; Bekele et al., 2017). However, there remains a 

need for comprehensive studies that encompass a broader range of barley accessions to fully 

capture the extent of genetic diversity present within the Ethiopian barley germplasm 

collections at EBI. Given the importance of genetic diversity in breeding programs, there is a 

critical need to prioritize the comprehensive characterization of barley germplasm collections, 

both globally and within Ethiopia, to ensure the effective utilization of genetic resources for 

the development of improved barley varieties with enhanced resilience, productivity, and 

adaptability to changing environmental conditions. 

2.10. Phenotypic and Genotypic Variability of Barley 

The study of phenotypic and genotypic variability in barley is crucial for understanding the 

genetic diversity of this crop and its implications for agricultural improvement. Variation is 

the occurrence of differences among individuals due to differences in their genetic 

composition and/or the environment in which they are raised (Allard, 1960; Falconer, 1990; 

Welsh, 1990). Understanding the sources and magnitude of variability among genotypes plays 

a fundamental role in any crop improvement program to exploit gains from selection (Kassa 

et al., 2019). Genetic variability is the heart of plant breeding, and genetic variation is the 

foundation for crop improvement (Welsh, 1990; Sharma, 1998). 

The presence of variability among individuals within a population can be estimated by using 

simple measures of variability, such as range, mean, variance, standard deviation, coefficient 

of variability, and standard error (Singh et al., 2014). Phenotypic variation is observable 

variation present in traits which include both genotypic and environmental components of 
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variation, and its magnitude differs under different environmental conditions (Singh and 

Chaudhary, 1977). The differences between the GCV and PCV indicate the level of 

environmental variations that contribute a major part in the expression of traits (Majumdar et 

al., 1974). 

For successfully selection, information on nature and degrees of variation in populations is 

necessary (Jalal and Ahmad, 2012; Gebru et al., 2018). Genotypic and phenotypic coefficient 

of variations can be categorized as low (<10), medium (10-20%), and high (>20%) 

(Deshmukh et al., 1986; Siva Subramanian and Madhavamenon, 1973). 

In general, the assessment of phenotypic and genotypic variability in barley is crucial for crop 

improvement, with genetic variability serving as the foundation for breeding programs. 

Understanding the sources and magnitude of variability is key to directing selection efforts 

and developing new barley varieties with enhanced traits. 

2.11. Heritability and Genetic Advance in Plant Breeding 

The presence of genetic variability is crucial in selecting superior genotypes, but equally 

important is the heritability of traits, determining their transmission from parents to offspring 

(Falconer and Mackay, 1996). Heritability serves as a measure of selection value for specific 

traits and their transmissibility (Poelman and David, 1995). Broad-sense heritability reflects 

the proportion of total genetic variability to phenotypic variance, while narrow-sense 

heritability represents the ratio of additive genetic variance to phenotypic variance (Allard, 

1960; Falconer and Mackay, 1996). 

Heritability values range from zero (environment-driven variation) to one (genetic-driven 

variation), impacting the efficiency of selection. Traits with heritability above 60% are more 

efficiently selected due to higher genetic variability and genetic advance (Welsh, 1990). 

Heritability guides plant breeders in predicting the behavior of future generations and making 

informed selections. 

Genetic advance estimates the expected gain for a specific trait through selection, depending 

on genetic variability, heritability, and selection intensity (Burton and Devane, 1953; Allard, 
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1960). It measures the difference in genotypic values between selected and overall 

populations, with higher variance leading to increased genetic progress. Combining broad-

sense heritability with genetic advance enhances the predictive power of selection outcomes, 

and the heritability values are low (<30%), moderate (30 – 60 %), high (>60%) and genetic 

advance as percent of mean categorized as low (< 10%), moderate (10–20%) and high (> 

20%) as suggested by Robinson et al. (1955). Overall, understanding heritability and genetic 

advance is essential in plant breeding for effective selection of genotypes based on phenotypic 

performance, guiding breeders in predicting the outcomes of selection and facilitating the 

advancement of desirable traits in succeeding generations. 

2.12. Management of Barley Shoot Fly 

There are many studies have been conducted regarding the management of barley shoot fly, 

including cultural control, host plant resistance(screening of barley genotypes to shoot fly, 

category of resistance), chemical control, and integrated management of barley shoot fly 

(Hussien et al., 1993). 

2.12.1. Cultural control 

Cultural practices (mixed cropping, inter cropping and sowing date) influence insect pests by 

manipulating the field environment making it unfavorable for the pests. This affects the pest 

population by increasing the mortality or adversely affecting the natural reduction; or 

promoting the natural enemies of the pest species (Hill, 1993). Mixed cropping systems 

influence the abundance, diversity and relative importance of pests and their natural enemies 

and the yield performance of component crops. The intercrop systems, thus, vary in the 

structural and spatial relationships between component crops, micro-climatic conditions, their 

influence on pest incidence and activity of natural enemies (Ogenga et al., 1993).  

Sowing (planting) dates are important to determine the effect of barley shoot fly and early 

planting is important to reduce the infestation of barley shoot fly than the late planting. The 

effect of sowing date on infestation by barley shoot fly was  in 2001, 2002 and 2003 in the 

Bona season at Sinana. Four sowing dates, using two barley genotypes (‗Aruso‘ and 

‗Holker‘), were evaluated for their effect on infestation and yield. Infestation varied 

significantly among years, with the heaviest level recorded in 2003. Infestation was 
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significantly higher in the improved variety (‗Holker‘) than in the farmer variety (‗Aruso‘). 

Significant differences were observed among the four sowing dates for two infestation scores 

and grain yield. ‗Aruso‘ gave a lower yield in the early sowing dates of 2001 and 2003, but 

had higher yields than ‗Holker‘ in 2002, when there was severe moisture stress. It was also 

relatively more stable in yield over years and sowing dates. Yield of both the varieties was 

negatively correlated with infestation. Generally, early sowing significantly minimized 

infestation and resulted in higher yields than late sowing (Tafa  & Muluken , 2007). Limited 

work has been done on the area of cultural control to control D.flavibasis Stein. 

2.12.2. Host plant resistance  

Host plant resistance is defined as those a plants which enable to avoid, tolerate, or recover 

from the attacks of insects under conditions that would cause greater injury to other plants of 

the same species(Chekol et al., 2021). Plants respond to herbivore attack through an intricate 

and dynamic defense system that includes structural barriers, toxic chemicals, and attraction 

of natural enemies of the target pests (Karban, 2011). Agro-ecology is important to consider 

the effect of barley shoot fly; due to the barley genotypes stayed in farmer (Landraces) is 

important to control than exotic, improved variety and malt barley genotypes. Many Ethiopian 

barley landraces have been reported to possess relative resistance to D. flavibasis (Tafa, 

2003). Exotic genotypes and malt barley are, in contrast, highly susceptible to the pest. A 

number of improved barley varieties that were released in the past for the Arsi and Bale areas 

(Hailu, 1997) were tested for their response to barley shoofly infestation at SARC, and were 

found to be highly susceptible, with infestations of 85–100% (Amare, 1993; Tesfaye et al., 

1997). As a result, the breeding and host plant screening strategy was shifted from working 

with exotic genotype the utilization of indigenous genotype, particularly local and race 

collections from Bale Zone. Between 1994 and 2006, almost 6000 Ethiopian barley land races 

were screened at Sinana for their resistance to D. flavibasis, and many relatively resistant 

genotypes were promoted to yield trials for the release of improved varieties. Therefore, host 

resistance is one of the principal components in integrated barley shoot fly management 

practices (Tafa & Muluken, 2007). 
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2.12.2.1. Screening of barley genotype for resistance to barley shoot fly 

The screening of barley genotype for resistance to the barley shoot fly plays a crucial role in 

enhancing crop productivity and sustainability. Early efforts in this area, as reported by Tafa 

and Bayeh (2003), 300 landraces obtained from Institute of Biodiversity Conservation and 

Research(IBCR) were screened and 62 relatively barley shoot fly resistant genotypes were 

selected, while more  recent studies by Allo et al. (2020) compared the landrace, and 

improved barley genotypes to barley shoot fly.  

Additionally, comparison of infestation levels in malt barley and food barley to barley shoot 

fly were investigated by Tafa and Bayeh (2003) and they suggested that food barley is less 

susceptible to barley shoot fly than malt barley. The screening process typically involves 

subjecting diverse barley genotype collections to controlled infestation experiments under 

laboratory or field conditions. Furthermore, Allo et al. (2020) compare and evaluated about 

585 barley landraces including 10 improved barley genotypes. Therefore, screening barley 

genotype for shoot fly resistance is importance for enhancing barley crop productivity and 

sustainability.  

2.12.2.2. Category of resistance 

There are three main types of resistance categories in plants: antibiosis, antixenosis, and 

tolerance. These types of resistance can coexist within a plant, and it may exhibit one or more 

of these types to impact insect pest populations (Peterson et al., 2017). These resistances can 

be attributed to the morphological and/or biochemical characteristics of the host plant. The 

mechanisms of resistance includes morphological, physiological, and/or biochemical 

processes, which can range from simply minimizing the impact of insect attack to adversely 

affecting the insects‘ cellular processes, growth, and development (Keneni et al., 2011). 

2.12.2.2.1. Antixenosis resistance to shoot fly 

Non-preference first coined by Painter, later termed as antixenosis by (Kogan and Ortman, 

1978).The ovipositional antixenosis in the resistance of barley to the barley shoot fly was 

studied based on the average number of eggs per plant. The average number of eggs per plant 

for resistance and susceptible genotypes were 5.6 (for ‗Aruso‘) and 11.3 (for HB-42), 

respectively. The susceptible genotype had a significantly greater number of eggs per plant 
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than all the resistant genotypes. The fact that HB-42, compared with the resistant genotypes, 

had the highest number of eggs per plant is apparently due to higher preference by barley 

shoot fly for oviposition, which shows that antixenosis is a component of resistance in barley 

against barley shoot fly(Mulatu and Grando, 2011).  

2.12.2.2.2. Antibiosis resistance to shoot fly 

Antibiosis mechanisms of resistance against shoot fly was identified based on the larval and 

pupal periods, larval survival, pupal mortality percent, adult emergence percent, pupal 

weight(mg), fecundity per female and sex ratio(Male: Female) were collected. The larval 

period for susceptible genotypes was lower and the pupal period was no significant 

difference between the susceptible and resistance genotypes. The larval and adult emergence 

were higher for susceptible than resistance genotypes. The male pupal weight was little 

variation in each tested genotypes and the female pupal weight for resistance genotypes were 

lower as compared to the susceptible genotypes, and the female pupal weight is higher than 

the male pupal weight on all tested genotypes(Dhillon et al., 2005). 

2.12.2.2.3. Tolerance resistance to shoot fly 

The tolerance mechanism refers to the ability of the host plant to with stand an insect 

population sufficiently (Kogan and Ortman, 1978.).The tolerance mechanism of resistance in 

barley genotypes against barley shoot fly was determined based on number of dead seedlings 

due to infestation, crop recovery growth following infestation, and grain yield. The resistant 

genotypes gave a significantly higher yield relative to the susceptible check, due to the heavy 

infestation. The number of dead seedlings following infestation for susceptible genotype (HB-

42) was 170 per plot, and in contrast for the resistant genotypes were 43–62 per plot. The 

difference was statistically significant between HB-42 and the resistant genotypes, but was 

not significant among the resistant genotypes. For visual crop recovery growth following 

infestation, there was no significant variation among the resistant genotypes, but HB-42 had 

significantly lower recovery growth compared with the resistant genotypes. The remarkable 

differences between HB-42 and the resistant genotypes for the number of dead seedlings, crop 

recovery growth and yield suggest that HB-42 is less tolerant compared with resistant 

genotypes when exposed to nearly equal levels of barley shoot fly infestation in the field. This 
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confirms that the resistance of barley genotypes to barley shoot fly is mainly due to 

tolerance(Mulatu & Grando, 2011). 

2.12.3. Chemical control 

Many synthetic insecticides have been reported as effective in controlling field and storage 

insect pests despite their serious environmental consequence (Ogunleye, 2001; Chekol et al., 

2021).There are different insecticides that used to control barley shoot fly were verified and 

released at SARC  like imidacloprid (Gaucho), tubuconazole (Gaucho Raxil), thiamethoxam 

(Apron star) and Savera 30FS and others. An insecticide trial conducted at SARC with 

imidacloprid (Gaucho), tubuconazole (Gaucho Raxil), thiamethoxam (Apronstar) and 

heterahabditis (Cruiser) showed that heterahabditis (at 50, 75 and 100), thiamethoxam (at 250 

and 375) and imidacloprid at 250 g per 100 kg seed were effective as seed dressing against D. 

flavibasis. Imidacloprid reduced infestation and also resulted in excellent control of barley 

shoot fly (Tafa Jobie & Muluken Goftishu, 2007). 

2.12.4. Integrated pest management of barley shoot fly 

As the name implies, integrated pest management is the combination of two or more control 

methods to reduce the pest infestation. It is the best and safe to control pests than other control 

methods. For example: The application of the recommended chemical and optimum planting 

can be recommended for the reduction of barley shoot fly in the highland of Guji zone 

southern Ethiopia and other areas with similar agro-ecological conditions (Yared et al., 2021). 

The early planting dates and the resistant varieties are recommended as principal components 

of integrated barley shoot fly management for Bale highlands and other similar agro-ecologies 

(Tafa Jobie & Muluken Goftishu, 2007).The resistant varieties, recommended fertilizers and 

insecticides application is beneficial for higher grain yield through reduction of barley shoot 

fly infestation (SARC, 2019). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The experiment was conducted at Sinana Agricultural Research Center (SARC) on station, 

which is located in Bale Zone of Oromia National Regional State, South Eastern Ethiopia for 

two consecutive seasons in 2022/23 and 2023/24. The research center is located at a distance 

of about 463 km South East of Addis Ababa at 07
0
 07‘ N latitude and 40

0
 10‘ E longitudes 

and at an altitude of 2400 m.a.s.l. The average annual maximum and minimum temperatures 

are 21
0
C and 9

0
C, respectively. The area is characterized by bimodal rainfall pattern with 

annual precipitation ranging from 750 to 1000 mm. There are two growing seasons locally 

known in the study area Ganna which extends from March to July and Bona, from August to 

December. The soil texture of the area is clay loam having black colour. The soil pH ranges 

between 6.3 - 6.8 (SARC, 2006). Cereal crops are predominantly grown in the area (Taye and 

Yifru, 2010; Amanuel et al., 2022; Belay, 2023). 

 

Figure 3. Map of study area 
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3.2. Experimental Materials 

A total of 180 barley genotypes, including 108 landraces, 3 released varieties, and 69 exotic 

barley genotypes were evaluated in this study (Table 1 &Appendix 1).  

Table 1.Description of barley genotypes used in the experiment 

Types of 

Genotype 

 Source Accession number or name 

 

No. 

Landrace EBETin 

T200,T316,T304,T32,T315,T249,T464,T21,T329,T369,T51,T37

6,T525,T573,T438,T467,T422,T15,T470,T344,T520,T451,T97,

T562,T301,T367,T268,T318,T100,T484,T45,T78,T455,T568,T7

2,T372,T204,T139,T474,T62,T36,T386,T207,T12,T274,T197,T

374,T38,T295,T24,T503,T213,T370,T352,T364,T59,T320,T444

,T519,T336,T258,T528,T281,T184,T332,T1,T447,T401,T548,T

521,T229,T419,T544,T56,T585,T537,T559,T516,T254,T575,T3

07,T289,T272,T208,T346,T271,T514,T511,T11,T497,T90,T134

,T79,T322,T508,T387,T506,T328,T576,T30,T530,T522,T512,T

123,T524,T333,T494,Aruso 

 

 

 

 

108 

Improved 

Variety 

SARC Dinsho and Moata 2 

EBETin HB-42 1 

 

Exotic 

Lines 

8
TH 

GSBYT-2021 17, 15, 4, 6, 9, 12, 2, 3, 4, 1, 7, 11, 19,139 14 
IBON-2021 114, 96, 66, 88, 15, 90, 51, 50, 61, 59, 113, 100, 29, 102, 55,105 16 

ISBYT-HI-2021 17, 21, 20, 4, 3, 15, 19, 2, 1 9 
IEMBSN-2021 5, 17, 19, 20, 24, 29, 34, 46, 48, 56, 62,67, 69,73, 75, 86, 90, 91, 

97, 100, 102, 105, 133, 139, 150, 156, 157, 161, 167, 168 

30 

 Total number of genotypes screened                                                                            180 

SARC= Sinana Agricultural Research Center, BETin= Bio and Emerging Technology Institute, 

ISBYT-HI-21= International Spring Barley Yield Trials for High Input Areas 2021, 8
th
 GSBYT-

21=8th Global Spring Barley Yield Trial 2021, IBON-21= International Barley Observation Nursery 

for HI Input Areas 2021, IEMBSN-21= ICARDA=Ethiopia Malt Barley Special Nursery 2021 

3.3. Experimental Procedures 

3.3.1. Screening of barely genotypes for resistance to shoot fly 

The experiments were laid out in augmented block design consisting of six blocks in which 

the 176 barely genotypes were planted with non- replications and the three improved varieties 

(HB-42, Dinsho and Moata) and one local landrace (Aruso) used as checks were replicated six 

times (ones in each block) to estimate an error variance. The plot area was 0.4 m
2 

(0.4 m 

width * 1m length). The spacing between rows, plots and blocks were 0.2 m, 0.2 m and 1m, 
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respectively with a total area of 235.4 m
2
 (11 m x 21.4m).  Seeds were planted manually with 

a seeding rate of 100 kg ha
-1

at Sinana Research Centre during 2022/23 cropping season. The 

agronomic practices such as fertilizer application and hand weeding were applied to the 

experiments, but plant protection measures (like insecticides, herbicides, fungicides spraying 

etc.) were avoided. During this time, the collected data were number of eggs per seedling, 

infestation and dead heart percent, crop recovery, days to 50% heading, days to 90% maturity, 

plant height, spike length, seed per spike, total tiller, productive tiller, biological yield, grain 

yield and thousand kernel weights. 

3.3.2. Evaluation of morphological and agronomic traits of barley related to barley shoot 

fly damage in field conditions 

Based on the results from screening test, 64 barely genotypes were selected for further 

agronomic and morphological evaluation. These genotypes were selected based on the results 

of dead heart obtained from screening genotypes. Out of 64 barley genotypes selected, 21 

genotypes had < 20% of dead heart (resistance), 4 genotypes had between 20 to 30% of dead 

heart (Moderately resistance), 14 genotypes had between 30 to 50 % of dead heart 

(Susceptible), and the remaining 25 genotypes had > 50 % of dead heart (highly 

susceptible).The experiment was laid out in 8 x 8 simple lattice designs with two replications. 

The distance between row to row, rep to rep, block to block, and plot to plot was, 0.2m, 2m, 

1.5m, and 0.4m, respectively. All other practices were applied as described in section 3.3.1. 

Barley shoot fly damage parameters such as eggs per seedling, percentages of infestation and 

dead heart were collected. Morphological traits like seedling vigor, leaf glossiness, seedling 

color, first leaf width, second leaf width, and seedling stem length were collected. Likewise, 

agronomic traits like crop recovery, days to 50% heading, days to 90% maturity, plant height, 

spike length, seed per spike, total tiller, productive tiller, biological yield, grain yield and 

thousand kernel weight were also collected. 

3.3.3. Category of resistance to shoot fly 

3.3.3.1. Insect culture  

To multiply barley shoot fly, the susceptible barley genotypes (HB-42) was planted on the 

field, before plantation of test genotypes. Barley seedlings with dead heart was carefully 
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collected from the field and put in cages (30cm x 20cm x 20cm) after six days of dead heart 

formation, the dead heart was covered with moistened soil in the cages up to the depth of 14 

cm and kept at room temperature in the laboratory until the emergence of adult fly (Muluken 

et al., 2009).The purpose of adding soil to dead heart in  the cages was to provide the pupae 

with suitable conditions for survival, since in the field pupae normally occurs with  or among 

plant root (Tafa,  2003). The adult of barley shoot fly with an interval of 24h was carefully 

removed by using siphon trap and were released in cage (50 by 50 by 50 cm). The adult 

barley shoot fly's diet was made using glucose, brewer‘s yeast, and distilled water at a ratio of 

4:7:10, respectively (Goftishu et al., 2009).The diet was changed daily. After three days of 

conditioning, the shoot flies were used for studies on antixenosis and antibiosis components 

of resistance to this insect (Chamarthi, 2008).The sex of the shoot fly was identified based on 

their size, that means; males are smaller than the females (Sharma, 1996; Tafa, 2003) and 

color (female is gray and male is blackish) (Hill, 1983; Tafa, 2003). 

3.3.3.2. Antixenosis or non-preference test 

3.3.3.2.1. Multiple choice test  

Based on the shoot fly oviposition, infestation, and dead heart parameter results obtained from 

the first year screening, 12 barley genotypes were selected to study non preference or 

antixenosis category of resistance to shoot fly under multiple choice test in the field. From the 

12 barley genotypes selected, 4 were resistance (T281, T506, T524 and T575), three were 

moderate resistance (T364, 150, and T123), three were susceptible (55, 168, and T376) and 

two were standard check (Aruso- as resistance and HB-42- as susceptible). During 2023/2024 

main cropping season ―Bona‖, the test material was planted in the field. Each genotype was 

planted in two rows per plot with 2 m length. The distance between row to row, plot to plot, 

and block to block was 0.2m, 0.5m and 1.5m, respectively. There were three replications in a 

randomized complete block design (RCBD). Data collected were eggs per seedling, seedling 

with egg in percent, and dead heart percent. 

3.3.3.2.2. Dual and no-choice test  

Antixenosis for oviposition was also studied under dual-choice and no-choice conditions in a 

rectangular woven cloth-screened cage (Figures 4 and 5). The cage was made from a cloth 
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mesh to allow air circulation. The above 12 selected genotypes were also used for the study of 

antixenosis under dual and no-choice conditions. The test genotypes were planted in plastic 

pots with a potting mixture of black soil, sand, and farmyard manure (2:1:1) (Golla et al., 

2020). The recommended fertilizer rates were mixed with the soil before planting. Twelve 

(12) seedlings of each genotype were planted in each plastic pot and thinned to ten (10) 

seedlings before releasing newly emerged adult flies. For no-choice tests, only one genotype 

was planted in each pot and put in one cage. For dual-choice tests, there were a pair of pots, 

one with test genotypes and the other with susceptible control (HB-42) in one cage. A 

completely randomized design (CRD) with three replications was used in both dual and no-

choice tests. A pair of female and male adult barley shoot flies were released into a single pot 

at 7 days after seedling emergence, during the 1.1-growth stage (first leaf unfolded), as 

proposed by Muluken et al. (2009). The flies were provided with a diet consisting of brewers‘ 

yeast, glucose, and water until they were removed from the cages after four days. Numbers of 

eggs per 10 seedlings, percentages of plants with eggs, and, after five days of infestation, 

percent of dead heart plants were recorded, following the procedure of Dhillon et al. (2005). 

3.3.3.3. Antibiosis test 

The antibiosis category of resistance was studied under a no-choice test, and 12 selected 

barley genotypes were planted in the plastic pots covered with net under field conditions to 

make well-suited conditions (Figure 6). The seedling was inoculated with eggs of D. 

flavibasis at the rate of three per seedling before first leaf folded (Tafa, 2003). Camel 

hairbrush was used. The eggs were carefully placed at the base of seedlings in each pot using 

camel hairbrush (Jyoti et al., 2001; Tafa, 2003). After 9 days of eggs inoculation, all the dead 

heart in each genotype was carefully uprooted and put in individual cages (20 cm diameter x 

30 cm height) in the laboratory of SARC (Figure 7). The dead heart collected from the field 

was covered by moistened soil in the plastic cage, up to the depth of 14 cm. The aim of 

adding the soil to cages was to make suitable conditions for the pupae (Bullock, 1965; Tafa, 

2003). The cages were arranged in completely randomized design with four replications. 

Larval and Pupal periods, larval and pupal survival, pupal weight, adult emergence, and 

fecundity or number of eggs laid per female were collected.  
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Figure 4. Rectangular woven cloth (30 cm diameter and 40 cm height) tied to two pegs used 

to recording fecundity Delia flavibasis females reared on different paired genotypes (test 

genotypes vs. HB-42), under dual choice test(From field experiment). 

 

Figure 5. Rectangular woven cloth cages (25 cm diameter and 40cm height) tied to one peg 

used to recording fecundity Delia flavibasis females reared on different genotypes, under no 

choice test(From field experiment). 

 

 

 

 

 

 

Figure 6. Antibiosis category of resistance during eggs inoculated under field conditions and 

covered with net at SARC on station in 2024(From field experiment) 
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3.4. Parameters Recorded 

3.4.1. Barley shoot fly damage and crop recovery 

The barley shoot fly resistance parameters such as number of eggs per plant, number of 

infested plants and number of dead heart plants were collected under field condition. The 

number of eggs was recorded at 10 and 13 days after emergence (DAE) by randomly selecting 

10 plants per plot, and the number of eggs per plant was calculated by summing the total eggs 

recorded for ten plants and dividing by ten (Joshi et al., 2016). 

                
                              

         
 

The data on number of infested plants was recorded at 13 and 16 DAE by counting the 

number of infested plants for 2 rows. After that, the infestation/incidence percent was 

calculated by dividing the number of infected plants by the total plants counted and 

multiplying by 100. Thus, the rating scales are as follows: when infestation percent is ≤ 20% 

(resistant); 21 to 40% (moderately resistant); 41 to 60% (susceptible); and 61 to 100% 

infestation (highly susceptible) (Tafa & Muluken, 2007). 

               
                

                       
      

The dead heart plant was recorded on the 18
th 

DAE by counting the total number of plants per 

2 rows and identifying the number of dead heart plants caused by barley shoot fly. The dead 

heart percentage was calculated by dividing the number of dead heart plants by the total 

plants counted and multiplying by 100. Then, the rating scale for dead heart is as follows: 0 – 

10% is highly resistant, 11 – 20% is resistant, 21 – 30% is moderately resistant, 31 – 50% is 

susceptible, and above 50% dead heart is highly susceptible (Joshi et al., 2016; Allo et al., 

2020). 

               
                  

            
      

Crop recovery was recorded based on a 1–5 scale in the fifth week, where 1 = very low 

recovery growth (0–20%); 2 = low recovery growth (21–40%); 3 = moderate (41–60%); 4 = 
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moderately high recovery growth (61–80%); and 5 = high recovery growth (81–100%) (Tafa 

& Muluken, 2007). 

3.4.2. Morphological traits of barley genotypes associated with resistance to D. flavibasis  

The morphological traits collected included seedling vigor, leaf glossiness, seedling color, 

first leaf width, second leaf width, seedling stem thickness, and seedling stem length. 

Seedling vigor: It was recorded based on a combination of height, leaf growth and 

robustness at 10 DAE on 1–5 rating scale; when 1 = poor seedling vigor , plants showing 

poor growth, and weak seedlings, 2 = less vigorous, less plant height with poor leaf 

expansion, and poor adaptation, 3 = moderately vigorous, moderate plant height with 

moderate number of fully expanded leaves, and fairly good seedling growth, 4 = vigorous , 

good plant height, good number of fully expanded leaves, and good adaptation and seedling 

growth, 5= highly vigorous, plants showing maximum height, more number of fully 

expanded leaves, good adaptation, and robust seedlings (Allo et al., 2020).  

Leaf glossiness: It was evaluated based on a 1 to 5 rating at 10 DAE in the early morning 

hours when there was maximum reflection of light from the leaf surfaces (Figure 8). Thus, 1= 

non-glossy (dark green, dull, broad, and drooping leaves); 2= moderate non-glossy (green, 

pseudo-shine, broad, and drooping leaves); 3 = moderate glossy (fair green, light shining, 

medium leaf width, and less drooping leaves); 4 = glossy (light green, less shining, narrow 

and erect leaves); 5= highly glossy (light green, shining, narrow and erect leaves)(Chamarthi, 

2008). 

                                    

       (A) (B) (C) 

Figure 7.  Leaf glossy (A= highly glossy; B= glossy; C= non-glossy) 

Leaf color was recorded 1 to 3 scales as proposed by Mihret et al., 2022. Therefore, leaf color 

1=Dark green, 2=Medium green, and 3=Light green.  
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Leaf width: First and second leaf width, was measured by centimeter around their center at 

10DAE. 

Seedling stem length: It was measured by centimeter starting from bottom (from the soil) to 

apical meristems or leaf whorl. 

Seedling stem thickness was first measured by tied thread to stem and convert it in to 

centimeter. 

3.4.3. Agronomic traits of barley  

Plot-based data such as days to 50% heading (DTH), days to 90% maturity (DTM), dry 

weight of above ground biomass (kg plot
−1

), and grain yield (GY) (g plot
−1

) were recorded on 

plots basis. Plant-based data such as total number of tiller per plant (TNTPP, in No), 

productive tiller (PT in No, plant height (PH, in cm), spike length (SL, in cm), and number of 

seeds per spike (SPS in No.) were measured on ten (10) randomly sampled plants from the 

rows of each plot (Allo et al., 2020). 

Table 2. Quantitative agronomic traits recorded (Allo et al., 2020) 

Trait                                            Description 

DTH It was recorded  in days when about 50% of the plants in a plot produced spikes 

DTM It was recorded in days when about 90% of the plants reached physiological maturity 

PH It was measured in centimeter at physiological maturity from the soil surface to the top 

of the spike (excluded awns) from 5 randomly selected plants in the central rows 

TT It was determined at maturity by counting all the tillers in numbers from 5 randomly 

selected plants in the central rows 

PT It was determined at maturity by counting all fertile or productive or seed bearing  tillers 

from the total tiller counted in numbers  

SL It was measured in centimeter (cm) from the bottom of the spike to the tip of the spike 

excluding the awns from 5 randomly selected spikes from each plot 

SPS It was determined in numbers by counting the number of kernels per spike from 

randomly selected five spikes per plot  

BY It was recorded as weight of sun-dried of above-ground total plant biomass (grain and 

straw) in kilograms for each experimental unit 

GY It was recorded  in grams plot
-1

at  12.5 % moisture content  

TKW It was determined  in grams based on the weight of 1000 kernels sampled from the grain 

yields of each plot by weighed with an electronic balance 
DTH= Days to 50% heading, DTM= Days to 90% maturity, PH=Plant height, TT=Total Tiller per Plant, 

PT=Productive Tiller, SL=Spike Length, SPS=Seed Per Spike, BY=Biological Yield, GY=Grain Yield, and 

TKW=Thousand Kernel Weight. 
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3.4.4. Antixenosis test  

The data collected during the study of antixenosis test were number of eggs      seedlings, 

percentages of plants with eggs and dead heart percentages of plant. 

Number of eggs      seedlings was counted from 10 randomly taken plants per plot and 

their summation was put in numbers. 

Percentages of seedling with eggs were calculated from the percent of seedling that contains 

eggs from 10 selected plants. 

               
                                  

         
      

3.4.5. Antibiosis test 

Larval and pupal periods in days, pupal weight in milligram, pupation percent in percentages, 

adult emergence in percent and fecundity per female in numbers were collected during the 

antibiosis category of resistance. 

Larval period (days): It was recorded after egg hatching up to pre-pupation. It is equal to the 

number of days from the appearance of the dead heart to pupation plus one day (because the 

dead heart takes one day to realize after the egg hatches). It was recorded separately for each 

larva, and the mean larval period for each genotype was calculated for the surviving larvae 

(Dhillon et al., 2005). 

Larval survival (%): It is the percent of larvae survive out of total dead heart collected for 

each genotype (Dhillon et al., 2005). 

Pupa period (days): Measured from days of pre-pupation until reaching adulthood. For each 

pupa it was measured separately, and for surviving pupae, the average pupal duration of each 

genotype was calculated. 

Pupal weight (mg): It was measured for individual pupa on an electronic balance, within 24 h 

after pupation. After weighing, the pupae were placed in respective cage on moist soils to 

avoid the water loss and pupal mortality because of desiccation (Muluken et al., 2009). 

Adult emergence (%): From the total dead heart collected in each genotype the number of 

adults that emerged was counted and expressed as a percentage of adult emergences (Dhillon 

et al., 2005). 
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Fecundity: Two (2) pair of newly emerged flies, 24 h old, was released into individual cages 

(30 by 20 by 20 cm) having ten newly emerged seedlings per cage of 1.1-growth stage (first 

leaf unfolded) for oviposition. The adult flies were provide the diet prepared from glucose, 

brewer‘s yeast and distilled water at the ratio of 4:7:10, respectively. The cages were 

monitored daily to record the number of eggs laid per female in numbers throughout its adult 

life(Muluken et al., 2009). 

3.4.6. Antibiosis indices 

The antibiosis indices like growth index, relative growth index, developmental index, adult 

emergence index, and fecundity index were also calculated following the procedures of 

Dhillon et al. (2005). 

Growth index =
            

                   
   

Relative growth index =
                                  

                                     
  

Developmental index =
                                            

                                               
   

Adult emergence index =  
                                     

                                        
   

Fecundity index =
                                                          

                                                          
   

3.5. Statistical Analysis 

All the data (except dual-choice test data) collected for each quantitative trait like agronomic 

data were subjected to the analysis of variance (ANOVA) after normality was checked using 

Shapiro-Wilk test. The significance differences between the genotypes were tested by F-tests, 

while the treatment means w compared by Tukey test and least significant differences (LSD) 

at P =0.05. For the dual-choice tests, paired t-test (P = 0.05) was used to test the significance 

of the difference between the test genotype and the susceptible check (HB-42) at P = 0.05 

using R.4.1.3 software. 
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The mathematical model for a simple lattice design is:  Pijk = μ + Gi + Rj+ Bk (j) + eijk, 

Where: - Pijk = phenotypic value of i
th

 genotype under j
th

 replication and k
th

 incomplete block 

within Replication j; μ = grand mean; Gi = the effect of i
th 

genotype; Rj = the effect of 

replication j; Bk (j) = the effect of incomplete block k within replication j and eijk = the 

residual or effect of random error. 

To estimation of variance components the phenotypic and genotypic coefficients of variation 

are calculated according to the procedures suggested by Burton and De Vane (1953). 

           
         

 
     (b). σ2p = σ

2
g + σ

2
e    (c).  PCV=

√   

 ̅
       (d). GCV=

√   

 ̅
           

Where:    = Genotypic variance, MSe= mean square of error, r=number of replications, σ
2
p 

=Phenotypic variance, σ
2
g=Genotypic Variance, σ

2
e= Error variance, PCV= Phenotypic 

coefficient of variation,  ̅   Population mean of a character, GCV=Genotypic coefficient of 

variation. 

Heritability in a Broad Sense (H
2
) was determined as described by Allard (1999)  

H
2
= 

    

   
     ; where H

2
= Broad-sense heritability, σ

2
g= Genotypic variance, σ

2
p= 

Phenotypic variance. The heritability was categorized according to performed by Robinson et 

al. (1949) as low (0–30%), moderate (30–60%), and high (>60%). 

Genetic advance (GA), and genetic advance as percentage of mean (GAM) were estimated as 

devised by Johnson et al., (1955). GA = K  σp  H
2
, where: σp = the phenotypic standard 

deviation of the trait, H
2
 = heritability estimate in the broad sense and k = selection 

differential, where k = 2.063 at 5% selection intensity. 

GAM =
   

 ̅
     , where  ̅ is the population mean of a character.  GAM was categorized 

following the procedure of Johnson (1955) as low (0–10%), moderate (10–20%), and high 

(>20%). 
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4. RESULTS AND DISCUSSION 

4.1. Screening of Barley Genotype for Resistance to the Barley Shoot Fly 

4.1.1. Analysis of variance (ANOVA) of studied characters 

The ANOVA for treatment adjustment and block adjustment is presented in Table 3. In the 

present study, a highly significant (P < 0.01) or significant (P < 0.05) difference in ANOVA 

was observed for both treatment-adjusted and block-adjusted values among genotypes (tests), 

genotypes (tests and checks), checks, and genotypes (tests) vs. checks for all evaluated traits. 

However, in ANOVA-treatment adjustment, there was no significant difference in productive 

tiller number in checks, spike length in treatment and genotypes (test and test vs. check), and 

seed per spike in block (ignoring treatments). Additionally, in ANOVA-block adjustment, 

there was no significant difference among blocks in all parameters tested, except for days to 

50% heading and biological yield (Table 3). The current results are similar to those of Allo et 

al. (2020), who reported significant variations (P ≤ 0.001) in 13 quantitative characters 

evaluated among accessions (tests), genotypes (accessions and checks), checks, and 

accessions (tests) vs. checks. However, the same authors reported no significant difference in 

grain filling period in genotypes and checks, total tillers per plant, productive tillers per plant, 

and spike weight in checks, as well as the number of fertile tillers per plant, spike density, and 

weight in accessions vs. checks. These results indicate a wide range of variations for most 

agronomic traits from year to year. 

4.1.2. Evaluation of different sources of barley genotypes to barley shoot fly 

The minimum, maximum, and mean values for quantitative characters and shoot fly resistance 

components of 107 barley landraces, 69 exotics, and four checks are presented in Table 4. 

Landrace genotypes exhibited oviposition ranging from 0.70 to 6.95 per plant, with infestation 

percentages of 7.14 to 89.14 and dead heart percentages of 5.05 to 81.61, while 2.27 to 6.77 

oviposition per plant, 20.97 and 98.94 percent infestation, and 17.75 to 92.32 dead heart 

percent on exotic genotypes. Meanwhile, the check displayed oviposition levels between 1.59 

and 6.07 per plant, 14.02 to 84.15 percent infestation, and 9.24 and 75.04 percent dead heart 

(Table 4). Additionally, other shoot fly qualitative traits for landraces, exotics, and improved 
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genotypes (checks) showed wider variations (Table 4). The current result is similar to the 

previous reports of Mehtre (2006), Aruna et al. (2011), and Allo et al. (2021). In the present 

study, landrace, improved, and exotic barley genotypes showed the highest, medium, and 

lowest resistance to shoot fly with oviposition, infestation, and dead heart, with mean values 

of 3.25, 3.3, and 4.75 numbers per seedling: 36.16%, 44.4%, and 67.67%, respectively. The 

current result indicates that the barley shoot fly reflects the resistance of different sources of 

barley genotypes found in field conditions very well. This might be due to the genotypically 

diverse cultivar resistance, which contrasts with the genetically uniform varieties in terms of 

shoot fly damage. The results of the current study are consistent with the previous reports of 

Riyazaddin (2015) and Mendesil et al. (2016), who noted that genetically uniform genotypes 

are more likely to be prone to insect pest damage compared to genotypically diverse 

genotypes mixtures. However, the mean of landrace genotypes had a lower grain yield 

compared to other sources of genotype. This might be due to a lower number of tillers per 

plant, lower plant thickness, and other low agronomic traits of landrace genotypes compared 

to the improved and exotic genotypes. 

4.1.3. Category of resistance barley genotypes based on the mean of barley shoot fly 

damage parameters 

In this experiment, 180 barley genotypes, including four checks, were evaluated for their 

resistance to barley shoot fly. Based on the oviposition, infestation percent, and dead heart 

percentage parameters,4 genotypes showed high resistance,37 genotypes exhibited resistance, 

31genotypes demonstrated moderate resistance,51 genotypes were susceptible, and 57 

genotypes were highly susceptible to barley shoot fly within the ranges of 0-10%, >10 to 

20%, >20 to 30%, >30 to 50%, and >50 to 100%, respectively, as per the range defined by 

Allo et al., 2020 (Table 5 and Appendix 2). 
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Table 3. ANOVA for Treatment and Block Adjustment 

ANOVA - treatment adjusted 

Source of variation DF OVI INF DH CR DTH DTM TT 

Block(ignoring Treatments) 5 7.94** 557.8** 534.2** 1.45** 179.5** 385.8** 2.77* 

Treatment(eliminating Blocks) 179 2.50** 647.7** 583.4** 1.03** 163.4** 242.3** 6.47** 

Treatment: Check 3 23.7** 6516.4** 5369** 15.4** 1444.5** 1823.3** 17.9** 

Treatment: Test and Test vs. Check 176 2.14** 547.7** 501.8** 0.78** 141.5** 215.4** 6.27** 

Residuals 15 0.06 10.06 5.13 0.11 11.90 25.70 0.77 

Source of variation DF PT PH SL SPS BY GY TKW 

Block(ignoring Treatments) 5 2.21* 647.6** 4.51* 69.07
ns

 0.39** 4298.7** 65.20** 

Treatment(eliminating Blocks) 179 3.13** 376.0** 1.53
ns

 65.24* 0.29** 2196.4** 42.35** 

Treatment: Check 3 1.33
ns

 1120.1** 9.83** 99.30* 1.95** 7318.9** 91.75** 

Treatment: Test and Test vs. Check 176 3.16** 363.3** 1.39
ns

 64.66* 0.26** 2109.1** 41.51** 

Residuals 15 0.51 26.18 1.02 26.66 0.02 86.89 5.69 

ANOVA - block adjusted 

Source of variation DF OVI INF DH CR DTH DTM TT 

Treatment(ignoring Blocks) 179 2.7** 663.2** 598.1** 1.07** 167.3** 251.3** 6.51** 

Treatment: Check 3 23.7** 6516.4** 5369** 15.4** 1444.5** 1823.3** 17.9** 

Treatment: Test 175 2.4** 564.9** 517.1** 0.81** 145.7** 223.4** 6.35** 

Treatment: Test vs. Check 1 3.2** 295.5** 456.5** 2.06** 123.9** 406.4** 0.62
ns

 

Block(eliminating Treatments) 5 0.12
ns

 3.60
ns

 8.60
ns

 0.08
ns

 38.4* 65.28
ns

 1.13
ns

 

Residuals 15 0.06 10.06 5.13 0.11 11.90 25.70 0.77 

Source of variation DF PT PH SL SPS BY GY TKW 

Treatment(ignoring Blocks) 179 3.17** 392.7** 1.58
ns

 66.80* 0.30** 2311.9** 44.09** 

Treatment: Check 3 1.33
ns

 1120.1** 9.83** 99.30* 1.95** 7318.9** 91.75** 

Treatment: Test 175 3.22** 381.8** 1.44
ns

 61.85* 0.27** 2097.2** 43.28** 

Treatment: Test vs. Check 1 0.13
ns

 131.4* 0.63
ns

 835** 0.35** 24868** 43.39* 

Block(eliminating Treatments) 5 0.49
ns

 47.5
ns

 2.86
ns

 13.30
ns

 0.08* 161.14
ns

 3.01
ns

 

Residuals 15 0.51 26.18 1.02 26.66 0.02 86.89 5.69 
ns

 P > 0.05; * P <= 0.05; ** P <= 0.01; DF=Degree Freedom, OVI=Oviposition, INF=Infestation, DH=Dead heart, CR=Crop 

Recovery, DTH=Days to 50% Heading, DTM=Days to Maturity, TT=Total Tiller, PT=Productive Tiller, PH=Plant Height, 

SL=Spike Length, SPS=Seed Per Spike, BY=Biological Yield, GY=Grain yield and TKW=Thousand kernel weight. 
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Table 4.Minimum, maximum, mean, coefficient of variation and standard error of means (SE) for quantitative characters and shoot 

fly resistance components of different source of barley genotypes 

Traits 
Landrace genotypes Exotic genotypes Standard check 

Min Max Mean CV SE Min Max Mean CV SE Min Max Mean CV SE 

Eggs seedling
-1

 0.7 6.95 3.25 18.19 0.16 2.27 6.77 4.75 17.47 0.14 1.59 6.07 3.3 5.26 0.31 

IINF (%) 7.14 89.84 36.16 19.67 1.86 20.97 98.94 67.67 9.18 2.96 14.02 84.15 44.4 7.4 5.42 

DH (%) 5.05 81.61 30.15 21.69 1.76 17.75 92.32 59.58 11.76 2.89 9.24 75.04 36.5 5.42 4.99 

CR(1-5) 0.56 4.48 2.72 22.02 0.1 1.38 4.82 3.23 10.59 0.13 0.85 4.76 3.23 7.79 0.27 

DTH(days) 50.87 88.87 67.8 11.24 1.18 53.13 94.88 80.7 11.41 1.38 51.33 90.08 68.5 4.63 2.64 

DTM(days) 94.3 143.04 116.35 7.42 1.55 98.29 144.54 131.72 9.21 1.39 90.08 139.83 115.3 4.51 3.19 

TT(no) 1.12 10.58 5.22 34.48 0.19 4.45 13.22 8.59 31.58 0.32 3.64 9.46 6.19 8.36 0.35 

FT(no) 1.08 8.1 4.28 33.68 0.16 3.31 10.08 6.29 27.43 0.25 2.84 6.24 4.85 6.75 0.18 

PH(cm) 37.21 124.99 79.7 14.54 2.54 43.07 124.52 82.61 12.46 2.54 62.8 108.7 84.7 2.92 2.7 

SL(cm) 4.77 10.58 8.18 15.17 0.11 4.57 12.03 8.2 17.52 0.24 5.21 11.5 8.39 13.3 0.32 

SPS(no) 21.64 65.99 40.03 14.92 0.94 24.9 64.54 43.04 17.28 1.33 36.09 60.79 48.08 9.44 1.15 

BY(Kg/plot) 0.32 2.58 1.2 27.98 0.06 0.56 2.24 1.41 42.64 0.06 0.43 2.00 1.38 8.89 0.1 

GY(gram plot
-1

) 0 192.94 88.98 34.67 5.18 52.97 230.17 126.43 12.29 5.69 86.21 191.86 140.24 5.27 5.96 

TKW(grams) 20.98 55.18 35.49 15.37 0.61 29.22 54.94 42.17 13.2 0.89 33.85 51.69 39.48 3.5 0.84 

Min=Minimum, Max=Maximum, CV=Coefficient of Variation, SE=Standard Error, OVI seedling-1= Number of Eggs Laid Per Seedling, 

IINF (%) =Infestation in Percentages, DH(%)=Dead Heart in Percentages, CR(1-5)=Crop Recovery 1 to 5 Scoring Scale, DTH(Days)=Days 

to 50% Heading in Days, DTM(Days)=Days to 90% Maturity in Days, TT(no)=Total Tiller in Number. PT(no)=Productive Tiller in 

Number, PH(cm)=Plant Height in Centimeters SL(cm)=Spike Length in Centimeter, SPS(no)=Seed Per Spike in Numbers, 

BY(Kg/Plot)=Biological Yield in Kilogram Per Plot, GY(gram plot-1)=Grain Yield in gram per plot, TKW(grams)=Thousand Kernel 

Weight  in Grams. 
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Table 5. Resistance category of barley genotypes based on the mean of dead heart of shoot fly 

S.No Genotypes No. RC 

1 T249,T62,T506,T524 4 HR 

2 

T200,T32,T464,T329,T369,T438,T467,T562,T301,T367,T318,T482,T45,T78

,T455,T568,T72,T372,T204,T374,T24,50,T281,T401,149,T544,T575,T208,T

11,T90,T328,T576,139,T512,T333,Dinsho,Aruso 

37 R 

3 
20,T315,2,T21,T51,T525,T573,6,T15,9,T520,T97,T36,T38,T370,T352,T364,

T521,T56,T537,T289,T497,T134,T322,T508,T387,T522,150,T123,157,T494 
31 MR 

4 

T316,T304,3,15,T422,T470,T344,2,3,T100,19,96,T139,T474,T386,88,T207,

T12,T274,T197,90,T503,T213,113,T519,29,T528,T332,T1,T447,T548,T29,T

419,20,T559,T516,T254,T307,T272,T346,T271,T514,T79,T30,T530,156,167

,Moata 

51 S 

5 

17,21,4,19,17,4.T376,12,T451,4,T268,1,7,11,114,66,15,T295,51,61,59,T59,T

320,100,T444,T336,T258,T184,102,55,105,5,17,19,24,29,34,46,48,56,62,67,

69,73,75,86,T511,90,91,97,100,102,105,133,161,168,HB-42 

57 HS 

S.No=Sequence number, No. =Amount in number, RC=Resistance Category, HR=highly 

resistance, R=Resistance, MR=Moderately resistance, S=Susceptible, HS=Highly susceptible 

4.2. Evaluation of Shoot Fly Damage, Morphological, and Agronomic Traits of 

Resistance to D. flavibasis 

4.2.1. Analysis of variance 

The results of mean squares and coefficient of ANOVA are presented in Table 6. The analysis 

of variances showed that there were highly significant (P<0.001) differences for all traits 

among the 64 barley genotypes evaluated. This finding is in line with the previous report of 

Allo et al. (2020). This suggested that there is variation of genotype under field conditions in 

order to identify better performing genotypes for barley shoot fly resistance. 
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Table 6. Mean squares and coefficient of variability for 21 traits of 64 barley genotypes 

evaluated at SARC during the 2023/2024 Bona season 

Characters Rep 

(DF=1) 

Block(Rep) 

(DF=14) 

Genotypes 

(DF=63) 

Error 

(DF=49) 

CV 

(%) 

Oviposition 0.37 0.27 6.894e-12 *** 1.40 19.1 

Infestation 0.27 0.26 6.455e-12 *** 2.42 24.2 

Dead heart 0.10 0.36 1.219e-09 *** 2.19 29.7 

Crop recovery 0.57 0.45 4.249e-05 *** 0.10 25.1 

Seedling vigor 0.01 ** 0.52 7.14e-10 *** 0.12 24.9 

Leaf glossiness 0.26 0.41 2.163e-12 *** 0.11 19.9 

Seedling color 0.79 0.59 <2e-16 *** 0.08 19.4 

First leaf width 0.01** 0.27 < 2.2e-16 *** 0.01 8.3 

Second leaf width 0.21 0.08 < 2e-16 *** 0.01 5.7 

Seedling stem length 0.47 0.27 <2e-16 *** 0.11 8.8 

Seedling stem thickness 0.02* 0.46 1.167e-09 *** 0.01 11.6 

Days to heading 0.21 0.20 3.11e-12 *** 0.36 2.8 

Days to maturity 0.48 0.82 3.133e-08 *** 0.47 2.7 

Total tiller 0.50 0.64 <2e-16 *** 0.14 8.8 

Productive tiller 0.74 0.15 1.154e-13 *** 0.12 10.7 

Plant height 0.55 0.03 * 2.425e-10 *** 1.23 7.5 

Spike length 0.17 0.86 2.528e-08 *** 0.13 10.9 

Seed per spike 0.02 * 0.07 4.295e-09 *** 0.96 13.7 

Biomass 0.31 0.41 <2e-16 *** 0.05 12.7 

Grain yield 0.44 0.013 * 1.603e-14 *** 1.80 6.1 

Thousand kernel weight 0.38 0.36 5.36e-09 *** 0.33 5.5 

** = Highly Significant (P <0.01); * = Significant (P<0.05), and NS=Non-Significant 

(P>0.05); Rep=Replication; DF=Degree Freedom; CV=Coefficient of Variation. 

 

4.2.2. Mean comparison of barley shoot fly damage parameters 

The mean performances of 64 barley genotypes for shoot fly damage parameters evaluated are 

presented in Appendix Table 3 and Table 7. The barley shoot fly damage parameters were 

highly significantly different (p = 0.001) among the 64 barley genotypes evaluated (Appendix 

3). The genotype mean values for shoot fly oviposition, infestation, dead heart, and crop 

recovery ranged from 14.06 (T11) to 62.46 (T376), 15.90 (T467) to 91.31 (HB-42), 11.86 

(T369) to 81.09 (T376), and 0.63 (90) to 4.78 (T281), respectively. Among the evaluated 

barley genotypes, the five lowest mean shoot fly oviposition, percentage of infestation, dead 

heart percentage, and highest crop recovery scale were recorded on T11, T464, T506, T62, 

and T123 genotypes with the values 14.06, 19.72, 16.32, and 4.12; 16.35, 15.90, 14.97, and 

4.01; 16.51, 18.71, 15.78, and 4.00; 17.44, 18.76, 16.99, and 4.78; 18.42, 25.18, 19.12, and 
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4.00, respectively. Likewise, the five highest shoot fly with oviposition, infestation, dead 

heart, and lowest crop recovery recorded were T376, 21, 11, 2, and 66 barley genotypes with 

the values of 62.46, 87.63, 81.09, and 0.75; 61.63, 89.19, 80.07, and 2.50; 61.26, 80.01, 

65.20, and 3.10; 60.76, 90.61, 79.74, and 1.74; 60.01, 83.50, 76.84, and 2.00, respectively. 

These results show that there is variation in barley genotypes for barley shoot fly with 

oviposition, infestation percentage, dead heart percentage, and crop recovery scoring scale. 

This finding is in line with the previous report of Allo et al. (2020). The genotypes with the 

lowest number of oviposited, percentage of infestation, dead heart percentage, and highest 

crop recovery are important traits of barley shoot fly resistance genotypes (Tafa and Bayeh, 

2011; Yogeswari et al., 2019; Allo et al., 2020). 

4.2.3. Morphological traits of barley genotypes associated to Delia flavibasis 

The mean performances of 64 barley genotypes for morphological traits evaluated at SARC in 

2023/24 are presented in Appendix 4 and Table 8. Seedling vigor, leaf glossiness, seedling 

color, first leaf width, second leaf width, seedling stem length, and seedling stem thickness 

were highly significant differences (p<0.001) among the genotypes evaluated (Appendix 4, 

Table 8). 

Seedling vigor and leaf glossiness 

The genotypes T11, T123, T524, T249, and T90 exhibited the highest seedling vigor, while 

genotypes 168, 11, 17, HB-42, and 90 showed the lowest seedling vigor in the current study. 

This might be due to resistance genotypes have longer internodes, longer stems, and faster 

initial plant growth. As a result, the first instar larvae are delayed in reaching the growing tip 

due to the quick growth of barley seedlings and decreasing the probability of dead heart 

formation. The present investigation are similar with previous results of Satish et al. (2009); 

Gorthy et al. (2017); Abinaya et al. (2019); Allo et al., 2020.  

Similarly, T249, 6, Aruso, T24, and T575 displayed the highest leaf glossiness, whereas 2, 

HB-42, T258, 168, and 12 exhibited the lowest leaf glossiness. This is also might be due to 

the glossy leaves have high light reflected from leaves and influences the orientation of shoot 

flies toward their host plants, reducing the oviposition, reduce infestation percent, and reduce 

dead heart percentages. This result is aligning with the earlier findings of Sharma, 1993; 

Kiranmayee et al. (2016). Significantly, higher leaf  
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In general, the result of the current study indicates that, there is a negative association 

between barley shoot damage parameters and seedling vigor and leaf glossiness. This might 

be due to the fact that high leaf glossiness and seedling vigor was decrease oviposition, 

infestation, and dead heart. This result is in agreement with the findings of Abinaya et al. 

(2019), who reported that genotypes that have a low oviposition, infestation, and dead heart 

percentage exhibit high seedling vigor and leaf glossiness. This suggests that genotypes with 

lower barley shoot fly resistance component parameters and high leaf glossiness and seedling 

vigor are resistant barley genotypes. 

Seedling Color 

Among the evaluated barley genotypes, most of the seedling colors for resistant, moderate, 

and susceptible genotypes were light green, medium green, and dark green, respectively. This 

might be due to influencing the behavior and preferences of insects, and through releasing 

chemical defenses. That means, the high green brightness have been low ovipositional 

preferences by barley shoot fly than other colors. While the dark green colors have been high 

moisture content and preferred by shoot fly than others. In addition, many of the green plants 

release tannin chemicals; which is used to detect insect herbivores. In this study the tannin 

concentration might be different based on their capacity of green. This result is similar to the 

previous finding in the main bona season report (Tafa, 2003). Therefore, this result shows that 

seedling color can indeed play a key role in attracting or deterring shoot fly in barley 

genotypes. 

The leaf width 

T364, T11, T506, T62, and T45 were the top five resistant barley genotypes, based on the 

results of the first leaf width and second leaf width, with values of 0.51 cm, 0.52 cm, 0.50 cm, 

0.52 cm, and 0.54 cm, and 0.34 cm, 0.38 cm, 0.35 cm, 0.36 cm, and 0.37 cm, respectively. 

Similarly, the top five susceptible barley genotypes screened were 66, 19, 17, 90, and 21 for 

both first and second leaf width, with values of 1.02 cm, 1.01 cm, 1.02 cm, 0.99 cm, and 0.99 

cm, and 0.94 cm, 0.93 cm, 0.93 cm, 0.94 cm, and 0.93 cm, respectively (Table 8). The results 

observed for leaf width were similar to the results in previous studies (Kiranmayee et al., 

2016; Allo et al., 2020). This result confirms that wider leaves are more susceptible than 

narrower leaves to barley shoot fly. This could be due to the lack of moisture content on the 
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narrower leaves and upright leaves of barley genotypes being associated with reduced shoot 

fly infestation, making it more difficult for the shoot fly to lay eggs and for the larvae to feed 

on the plant tissues. 

Seedling stems length  

The tallest and shortest seedling stem lengths were recorded for the T281 and 24 genotypes, 

with mean values of 7.01 cm and 3.39 cm, respectively (Table 8). In the current study, a taller 

seedling stem length was found to reduce barley shoot fly infestation. This result is consistent 

with the previous findings of Patil and Bagde (2017), who reported that entries with greater 

seedling height were observed to be less susceptible to shoot fly infestation than those with 

lower seedling height. Similar results were also reported by Nadeem et al. (2005); Balikai 

(2011).  This is because the insect lays its eggs mainly under the seedling; when it turns into a 

larva, it leaves the ground and climbs the plant, entering the plant through the apical 

meristem, by the head. During this time, various events, such as rain, wind, and other factors, 

prevent it from entering the apical meristem because the longer the stem length, the longer it 

takes to enter the plant. Therefore, seedling stem length can also play a key role in controlling 

barley shoot infestation. 

4.2.4. Agronomic traits of barley genotypes 

The mean performances of 64 barley genotypes for various agronomic traits, such as days to 

50% heading, days to 90% maturity, plant height, total tiller, productive tiller, spike length, 

seed per spike, biomass yield, grain yield, and thousand kernel weights, exhibited highly 

significant differences (p<0.001) among the evaluated genotypes. These results are detailed in 

Appendix Table 5 and Table 9. 

Days to 50 % heading 

The study revealed highly significant differences (P<0.001) in days to 50% heading among 

the genotypes, as documented in Appendix 5. The range for days to 50% heading was from 

61.00 to 78.00 days, with a mean value of 70.11 days (Table 9). The values observed for days 

to 50% heading in the current study were found to be similar to those reported in previous 

studies (Chamarthi, 2008; Allo et al., 2020). The lowest and highest mean days to 50 % 
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heading were observed for Dinsho and T45, in the resistant and susceptible barley genotypes, 

with values of 61.56 days and 76.12 days, respectively (Table 9). This indicates that resistant 

genotypes flowered early; while susceptible barley genotypes took more days. This is 

because, barley genotypes affected by barley shoot fly, replace themselves by tillering itself, 

may increase the days to 50% flowering. 

Days to 90% maturity  

Days to 90% maturity ranged from 105.00 days to 131.00 days with a mean value of 114.60 

days (Table 9). The results showed that the barley shoot fly susceptible genotypes like HB-42, 

4, T451, T519, and T45 were significantly higher number of days than all other varieties to 

reach physiological maturity. On the other hand, genotypes T90, T123, 6, Aruso and T575 

were significantly lower number of days than all other varieties to reach physiological 

maturity (Table 9). The present result showed a wide range of variations for days to maturity. 

The results in the current study are in line with the previous findings (Mohammed et al., 

2018; Allo et al., 2020). This might be associated with the shorter days to 90 % maturity 

among evaluated genotypes, resulting lowest infestation percentage and highest grain yield. 

Therefore, breeders have managed to reduce the time of maturity by selecting early cultivars 

in order to develop shoot fly resistance genotypes. 

Plant height 

Most of the resistant genotypes produced significantly taller plants than susceptible 

genotypes. This result is in line with the findings of Chamarthi (2008); Satish et al. (2009), 

who reported that shoot fly resistance lines have rapid initial plant growth. Hence, plant 

height can play a key role in reducing the impact of barley shoot fly infestation. Therefore, by 

maintaining taller genotypes through appropriate cultivation practices or using barley varieties 

that naturally have long heights, researchers and farmers can help reduce the risk of barley 

shoot fly infestation. 

Spike Length  

In the present study, most of the susceptible genotypes produced shorter spikes than the 

resistance genotypes. The current result is consistent with the findings of Mengesha et al. 

(1990) who reported that the susceptible millet genotype to ergot was shorter spikes than the 
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resistance genotypes. The differences in the spike length by the barley genotypes could be 

attributed to shoot fly infestation. This shows that evaluated barley genotypes responded 

differently to the infestation level in terms of spike length. 

Seed per kernel 

Seeds per spike ranged from 21.53 to 69.80 numbers with a mean value of 43.41 numbers 

(Table 9). The genotypes showed a wide range of variation for seed per kernel. Number of 

kernels spike
-1 

increased with decreasing infestation percentage of barley shoot fly. 

Total tillers and productive tillers 

Analysis of variance showed significant results (P < 0.001) indicating differences in the 

numbers of total tillers and productive tillers (Appendix Table 5). In the current study, it was 

observed that most susceptible genotypes produced a higher number of total tillers and fertile 

tillers compared to the resistant genotypes. This may be attributed to the presence or absence 

of rainfall. If the affected plants by barley shoot fly, receive sufficient rainfall or moisture, the 

susceptible barley genotypes show a significant increase in the number of tillers. That means 

if there enough rainfall, there is high tiller; but if not, it can damaged 100%. Therefore, the 

tiller capacity of susceptible barley genotypes is positively associated with rainfall (Tafa 

2003). This finding is also consistent with Abinaya et al. (2019), who reported that the 

number of tillers is higher in plants with high shoot fly infestation. However, in comparison to 

resistant genotypes, susceptible genotypes produced lower values for other agronomic 

parameters related to yield. Therefore, it‘s important to develop barley genotypes resistance to 

barley shoot fly with low moisture percentages. 

Biological yield 

Biomass yield ranged from 0.50 to 2.50 kg per plot with a mean value of 1.33 kg per plot 

(Table 6). A decreasing infestation percentage resulted in higher biomass production for most 

barley genotypes. The major genotypes with higher biomass yield were T506, T524, T464, 

T467, T11, T369, T575, T281, and T249. On the other hand, genotypes 161, 90, 66, 96, 150, 

51, T301, T45, and T268 had lower mean values of biomass yield (Table 9). These results 

indicate that the shoot fly damage parameters were negatively associated with biomass 
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production. This result is in agreement with the findings of Reddy et al., 2012; Arora et al., 

2021.  

Grain yield 

The analysis of variance indicated a highly significant difference (P < 0.001) among 

genotypes evaluated in grain yield (Appendix Table 5 and Table 9). The grain yield ranged 

from 91.75(161) to 192.50(T281) grams per plot, with a mean value of 138.86 grams per plot 

(Table 9). Among the evaluated barley genotypes, T281, 157, T576, T90, and T524 were the 

top five in grain yields, with values of 189.57, 178.05, 176.61, 175.13, and 171.70 grams per 

plot, respectively. On the other hand, 161, HB-42, 66, 167, and 105, with average values of 

91.75, 93.40, 104.99, 113.64, and 115.68 grams per plot, were the five genotypes with the 

lowest grain yields (Table 9). 

In the present study, resistant genotypes showed the highest grain yield, while susceptible 

ones showed the lowest grain yield. This result is in agreement with the findings of Tafa 

(2003); Mulatu et al. (2011), who reported that the resistant genotypes produced a 

significantly higher, yield. This confirms that the highest grain yield of the barley genotype is 

mainly due to the lowest shoot fly damage parameters. 

Thousand Kernel weight (TKW) 

The analysis of variance showed that the genotypes differed significantly (P < 0.001) in 

thousand kernel weight (Appendix Table 5). The average number of thousand kernel weight 

ranged from 29.10(HB-42) grams to 50.80(T281) grams, with a mean value of 37.78 grams 

(Table 6). The results of the study showed that there is genetic variation among the tested 

genotypes concerning the thousand kernel weight. This result is in agreement with the 

findings of Rachon (2002). 
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Table 7. Mean performance of 64 barley genotypes for shoot fly resistance component 

parameters and crop recovery evaluated at SARC in 2023/24 
Entry Eggs 10 Seedling

-1
 Infestation (%) Dead Heart (%) Crop Recovery(1-5) 

T11 14.06 
u
 19.72 

p-u
 16.32 

p-q
 4.12 

a-c
 

T123 18.42 
r-u

 25.18 
n-u

 19.12 
o-q

 4.00 
a-d

 

1 53.20 
a-h

 73.62 
a-i

 62.25 
a-j

 3.01 
b-g

 

T208 20.85 
o-u

 24.83 
n-u

 18.00  
p-q

 3.89 
a-d

 

2 60.76 
a-c

 90.61 
a
 79.74 

a-c
 1.74 

g-j
 

T213 34.46
j-p

 47.25 
i-o

 31.83 
l-q

 3.99 
a-d

 

3 49.85 
a-j

 58.54 
e-l

 47.42 
g-n

 3.76 
a-e

 

T24 40.36 
h-n

 53.76 
h-m

 14.41  
p-q

 2.25 
e-i

 

4 52.91 
a-h

 83.05 
a-f

 62.20 
a-j

 2.99 
b-g

 

T249 19.09 
p-u

 16.86 
t-u

 48.55 
e-m

 3.99 
a-d

 

T258 44.91 
d-l

 63.08 
b-k

 49.81 
d-m

 3.24 
a-g

 

5 52.25 
a-h

 81.18 
a-g

 68.96 
a-g

 2.00 
f-j

 

6 25.61 
n-u

 18.54 
q-u

 15.72 
p-q

 4.00 
a-d

 

T268 53.81 
a-h

 76.74 
a-h

 62.47 
a-j

 1.75 
g-j

 

Aruso 23.00 
o-u

 16.24 
u
 14.74 

p-q
 4.00 

a-d
 

T281 17.99 
r-u

 20.59 
o-u

 16.90 
p-q

 4.78  
a
 

12 52.46 
a-h

 73.75 
a-i

 59.54 
a-k

 3.25 
a-g

 

T295 49.81 
a-j

 78.91 
a-h

 67.32 
a-h

 2.75 
c-g

 

15 42.66 
f-l

 57.46 
f-l

 47.90 
f-n

 2.88 
b-g

 

T30 32.49 
k-r

 34.333 
l-u

 27.56 
m-q

 3.26 
a-g

 

T301 34.18 
j-q

 45.55 
j-q

 34.28 
k-q

 3.10 
b-g

 

17 56.51 
a-g

 85.19 
a-e

 74.70 
a-f

 2.75 
c-g

 

T364 35.93 
i-o

 44.44 
k-r

 31.20 
l-q

 3.51 
a-f

 

19 54.54 
a-h

 72.05 
a-j

 63.08 
a-j

 2.75 
c-g

 

T369 20.56 
o-u

 16.97 
s-u

 11.86 
q
 4.38 

a-b
 

20 32.19 
k-s

 43.96 
k-s

 38.57 
i-q

 3.25 
a-g

 

T372 20.64 
o-u

 25.54 
n-u

 18.42 
p-q

 3.99 
a-d

 

21 61.63 
a-b

 89.19 
a-b

 80.07
a-b

 2.50 
d-h

 

T376 62.46 
a
 87.63 

a-c
 81.09 

a
 0.75 

i-j
 

HB-42 52.09 
a-h

 91.31 
a
 80.14 

a-b
 2.74 

c-g
 

T401 26.72 
m-u

 28.31 
m-u

 20.68 
n-q

 3.50 
a-f

 

T45 40.17 
h-n

 55.28 
g-m

 47.29 
g-n

 2.76 
c-g

 

29 30.88 
l-t

 43.81 
k-t

 32.69 
k-q

 3.74 
a-e

 

T451 52.96 
a-h

 66.09 
a-k

 50.82 
d-m

 3.38 
a-f

 

51 58.47 
a-e

 85.81 
a-d

 74.94 
a-f

 0.87 
i-j

 

T464 18.76 
q-u

 18.28 
r-u

 16.80 
p-q

 3.90 
a-d

 

55 53.04 
a-h

 79.95 
a-h

 70.21 
a-g

 2.16 
f-i

 

T467 16.35 
t-u

 15.90  
u
 14.97 

p-q
 4.01

a-d
 

59 57.40 
a-f

 84.24 
a-f

 76.38 
a-d

 1.74
g-j

 

T506 16.51 
s-u

 18.71 
q-u

 15.78 
p-q

 4.00 
a-d

 

66 60.01 
a-d

 83.50 
a-f

 76.84 
a-d

 2.00 
f-j

 

90 50.28 
a-i

 79.54 
a-h

 67.59 
a-h

 0.63 
j
 

96 42.98 
e-l

 68.19 
a-k

 46.14 
g-o

 2.50 
d-h
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T519 41.34 
g-m

 60.17 
d-l

 46.88 
g-n

 2.90 
b-g

 

Dinsho 24.19 
o-u

 18.37 
r-u

 16.98 
p-q

 3.75 
a-e

 

105 53.93 
a-h

 78.93 
a-h

 64.60 
a-j

 2.49 
d-h

 

T524 19.82 
p-u

 19.65 
p-u

 18.01 
p-q

 4.00 
a-d

 

T562 32.50 
k-r

 46.28 
j-p

 33.72 
k-q

 3.37 
a-f

 

113 45.39 
c-l

 57.68 
f-l

 50.79 
d-m

 3.26 
a-g

 

114 46.38 
b-l

 64.66 
a-k

 52.98 
b-m

 1.06 
h-j

 

139 47.57 
a-k

 62.74 
b-k

 52.78 
c-m

 2.75 
c-g

 

150 40.96 
g-n

 49.66 
i-n

 38.140 
i-q

 3.10 
b-g

 

T575 19.11 
p-u

 19.06 
q-u

 16.96 
p-q

 4.01  
a-d

 

157 40.72 
h-n

 48.21 
i-n

 37.96 
j-q

 3.38 
a-f

 

161 52.88 
a-h

 78.05 
a-h

 68.42 
a-h

 1.18  
h-j

 

Moata 47.38 
a-k

 62.20 
c-k

 41.28 
h-p

 3.01 
b-g

 

168 50.26 
a-i

 83.66 
a-f

 75.53 
a-e

 2.25 
e-i

 

T576 24.24 
o-u

 26.58 
n-u

 16.58 
p-q

 3.24 
a-g

 

11 61.26 
a-b

 80.01 
a-h

 65.20 
a-i

 3.10 
b-g

 

100 57.60 
a-f

 84.35 
a-f

 74.50 
a-f

 2.75 
c-g

 

T62 17.44 
r-u

 18.76 
q-u

 16.99 
p-q

 3.99 
a-d

 

24 53.25 
a-h

 73.80 
a-i

 62.70 
a-j

 3.12 
b-g

 

167 42.83 
e-l

 69.32 
a-k

 55.54 
a-l

 2.25 
e-i

 

T90 21.65 
o-u

 19.55 
p-u

 16.36 
p-q

 3.99 
a-d

 

Mean 39.92 54.15 44.97 3.02 

CV (%) 19.1 24.2 29.7 25.1 

a, b, c,….u  means with different letters in a row are significantly different; 

CV(%)=Coefficient of Variation 
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Table 8. Mean performance of 64 barley genotypes for morphological traits  
Entry SV LG SC FLW SLW SSL SST 

T11 5.02 
a
 4.49 

a-b
 3.03 

a
 0.52 

o-q
 0.38 

q-u
 6.46 

a-e
 0.60 

i-m
 

T123 5.01
a
 3.99 

a-d
 3.01 

a
 0.62 

k-q
 0.43 

o-r
 6.30 

a-e
 0.56 

k-m
 

1 1.98 
e-g

 2.01 
h-j

 0.99 
d
 0.95 

a
 0.63 

a-f
 3.91 

o-u
 0.89 

a-b
 

T208 3.01
c-e

 2.98 
d-h

 2.01 
b-c

 0.54 
o-q

 0.43 
o-r

 6.11 
a-g

 0.63 
h-m

 

2 1.51 
f-g

 0.98 
j
 1.00 

d
 0.79 

b-i
 0.58 

f-j
 4.65 

k-p
 0.79 

a-h
 

T213 2.50 
d-f

 2.00 
h-j

 1.00 
d
 0.82 

a-i
 0.51  

k-n
 4.49 

k-s
 0.81 

a-e
 

3 2.00 
e-g

 3.73 
b-e

 1.49 
c-d

 0.92 
a-b

 0.63 
a-f

 3.51 
t-u

 0.87 
a-c

 

T24 2.50 
d-f

 2.24 
g-i

 1.51 
c-d

 0.61 
k-q

 0.40 
p-t

 6.20 
a-f

 0.59 
j-m

 

4 2.01 
e-g

 2.99 
d-h

 1.51 
c-d

 0.89 
a-d

 0.61 
a-g

 3.99 
o-u

 0.78 
a-h

 

T249 5.01 
a
 5.01 

a
 3.02 

a
 0.52 

o-q
 0.39 

q-u
 6.68 

a-d
 0.50 

m
 

T258 1.53 
f-g

 1.48 
i-j

 1.02 
d
 0.84 

a-h
 0.53 

j-m
 4.06 

n-u
 0.87 

a-c
 

5 1.99 
e-g

 1.97 
h-j

 0.97 
d
 0.77 

d-i
 0.54 

h-k
 3.66 

q-u
 0.68 

e-l
 

6 4.5 
a-b

 5.02 
a
 2.97 

a
 0.58 

o-q
 0.42 

o-r
 6.24 

a-f
 0.56 

k-m
 

T268 2.51 
d-f

 1.49 
i-j

 1.49 
c-d

 0.91 
a-c

 0.65 
a-b

 3.94 
o-u

 0.92 
a
 

Aruso 4.99 
a
 5.02 

a
 3.00 

a
 0.59 

m-q
 0.42 

o-r
 6.40 

a-e
 0.57 

j-m
 

T281 4.5 
a-b

 4.52 
a-b

 2.49 
a-b

 0.51 
p-q

 0.40 
p-t

 7.01 
a
 0.53 

l-m
 

12 2.01 
e-g

 1.49 
i-j

 1.02 
d
 0.93  

a
 0.66 

a
 4.01 

o-u
 0.88 

a-b
 

T295 2.5 
d-f

 3.27 
c-g

 0.99 
d
 0.90 

a-d
 0.60 

b-i
 4.02 

o-u
 0.78 

a-h
 

15 2 
e-g

 2.49 
f-i

 1.03 
d
 0.90 

a-e
 0.65 

a-c
 3.77 

p-u
 0.86 

a-c
 

T30 3.98 
a-c

 3.00 
d-h

 2.01 
b-c

 0.63 
k-p

 0.40 
p-t

 5.91 
c-h

 0.58 
j-m

 

T301 2.51 
d-f

 2.50 
f-i

 0.99 
d
 0.52 

o-q
 0.47 

m-o
 5.80 

d-i
 0.51 

m
 

17 1.50 
f-g

 1.99 
h-j

 1.02 
d
 0.93 

a
 0.62 

a-f
 3.95 

o-u
 0.88 

a-c
 

T364 2.48 
d-f

 4.25 
a-c

 3.01 
a
 0.51 

p-q
 0.34 

u
 6.26 

a-f
 0.51 

m
 

19 1.98 
e-g

 2.01 
h-j

 1.01
d
 0.93 

a
 0.63 

a-f
 3.82 

p-u
 0.87 

a-c
 

T369 4.98 
a
 4.50 

a-b
 3.00 

a
 0.60 

l-q
 0.40 

p-t
 6.12 

a-g
 0.61 

i-m
 

20 3.00 
c-e

 2.51 
f-i

 0.99 
d
 0.64 

j-o
 0.44 

o-q
 5.37 

f-k
 0.54  

l-m
 

T372 3.00 
c-e

 3.02 
d-h

 1.47 
c-d

 0.58 
n-q

 0.46 
n-p

 6.41 
a-e

 0.53 
l-m

 

21 1.51 
f-g

 1.49 
i-j

 0.99 
d
 0.93 

a
 0.62 

a-f
 4.50 

k-r
 0.84 

a-e
 

T376 1.51 
f-g

 1.49 
i-j

 1.02 
d
 0.90 

a-d
 0.62 

a-f
 4.01 

o-u
 0.82 

a-e
 

HB-42 1.50 
f-g

 1.00 
j
 0.98 

d
 0.89 

a-e
 0.43 

o-r
 3.67 

q-u
 0.80 

a-g
 

T401 3.51 
b-d

 4.00 
a-d

 2.50 
a-b

 0.55 
o-q

 0.42 
o-r

 6.86 
a-b

 0.50 
m

 

T45 2.99 
c-e

 3.50 
b-f

 1.52 
c-d

 0.54 
o-q

 0.37 
r-u

 6.93 
a
 0.57 

j-m
 

29 3.51 
b-d

 2.50 
f-i

 1.50 
cd

 0.72 
g-l

 0.55 
g-k

 5.22 
g-l

 0.69 
d-l

 

T451 1.99 
e-g

 3.52 
b-f

 0.99 
d
 0.79 

c-i
 0.55 

h-k
 5.04 

h-m
 0.79 

a-g
 

51 1.51 
f-g

 2.01 
h-j

 1.01 
d
 0.85 

a-g
 0.66 

a
 4.32 

l-t
 0.80 

a-g
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T464 4.99 
a
 4.99 

a
 2.98 

a
 0.63 

k-p
 0.41 

p-s
 6.90 

a
 0.59 

j-m
 

55 0.98 
g
 2.51 

f-i
 1.00 

d
 0.94 

a
 0.58 

d-j
 4.15 

m-u
 0.84 

a-e
 

T467 4.98 
a
 4.51 

a-b
 2.99 

a
 0.61 

k-q
 0.41 

p-s
 6.78 

a-c
 0.58 

j-m
 

59 2.51 
d-f

 1.99 
h-j

 0.99 
d
 0.90 

a-c
 0.59 

b-i
 3.75 

p-u
 0.76 

a-i
 

T506 3.98 
a-c

 4.99 
a
 3.00 

a
 0.50 

q
 0.35 

s-u
 6.28 

a-f
 0.56 

k-m
 

66 2.02 
e-g

 1.99 
h-j

 1.02 
d
 0.94 

a
 0.63 

a-f
 3.57 

s-u
 0.73 

b-j
 

90 1.50 
f-g

 1.50 
i-j

 0.99 
d
 0.94 

a
 0.62 

a-f
 3.69 

q-u
 0.89 

a-b
 

96 2.00 
e-g

 2.75 
e-h

 1.018 
d
 0.89 

a-e
 0.63 

a-f
 4.07 

n-u
 0.80 

a-f
 

T519 2.51 
d-f

 2.48 
f-i

 1.50 
c-d

 0.76 
e-j

 0.54 
i-m

 5.18 
h-l

 0.77 
a-i

 

Dinsho 4.99 
a
 4.97 

a
 2.98 

a
 0.51 

p-q
 0.63 

a-f
 6.77 

a-c
 0.58 

j-m
 

105 2.50 
d-f

 2.25 
g-i

 1.00 
d
 0.90 

a-c
 0.64 

a-e
 4.01 

o-u
 0.88 

a-c
 

T524 5.01 
a
 4.99 

a
 3.00 

a
 0.56 

o-q
 0.34 

t-u
 6.32 

a-e
 0.54 

l-m
 

T562 2.53 
d-f

 3.49 
b-f

 2.53 
a-b

 0.60 
l-q

 0.41 
p-s

 6.92 
a
 0.53 

l-m
 

113 1.98 
e-g

 1.51 
i-j

 1.00 
d
 0.86 

a-f
 0.54 

i-k
 3.98 

o-u
 0.84 

a-e
 

114 2.48 
d-f

 2.01 
h-j

 0.99 
d
 0.93 

a
 0.55 

h-k
 4.48 

k-s
 0.92 

a
 

139 2.01 
e-g

 2.99 
d-h

 2.02 
b-c

 0.71 
i-n

 0.48 
m-o

 5.95 
b-h

 0.71 
c-k

 

150 2.50 
d-f

 3.02 
d-h

 0.97 
d
 0.83 

a-i
 0.48 

l-o
 4.52 

k-r
 0.77 

a-i
 

T575 4.98 
a
 4.99 

a
 3.02 

a
 0.55 

o-q
 0.41 

p-s
 6.13 

a-g
 0.58 

j-m
 

157 3.49 
b-d

 2.99 
d-h

 1.97 
b-c

 0.71 
h-m

 0.42 
o-r

 4.79 
j-o

 0.64 
g-m

 

161 1.98 
e-g

 2.51 
f-i

 0.99 
d
 0.89 

a-c
 0.54 

i-l
 3.93 

o-u
 0.85 

a-d
 

Moata 2.48 
d-f

 2.51 
f-i

 0.99 
d
 0.90 

a-c
 0.59 

d-j
 4.93 

i-n
 0.86 

a-c
 

168 1.50 
f-g

 
1.49 i-j 

0.98
d
 0.85 

a-f
 0.59 

c-j
 4.00 

o-u
 0.76 

a-i
 

T576 2.52 
d-f

 3.01 
d-h

 2.00 
b-c

 0.73
 f-k

 0.44 
o-q

 5.63 
e-j

 0.64 
f-m

 

11 1.50 
f-g

 1.99 
h-j

 0.98 
d
 0.92 

a-b
 0.65 

a-d
 3.60 

r-u
 0.83 

a-e
 

100 2.99 
c-e

 2.76 
e-h

 1.01 
d
 0.87 

a-e
 0.51 

k-n
 4.57 

k-q
 0.82 

a-e
 

T62 3.49 
b-d

 3.50 
b-f

 2.50 
a-b

 0.52 
o-q

 0.36 
s-u

 6.82 
a-c

 0.50 
m

 

24 2.01 
e-g

 2.51
 f-i

 1.49 
c-d

 0.95 
a
 0.61 

a-h
 3.39 

u
 0.88 

a-b
 

167 1.99 
e-g

 2.49 
f-i

 1.00 
d
 0.89 

a-e
 0.58 

e-j
 4.01 

o-u
 0.86 

a-c
 

T90 5.00 a 4.52 
a-b

 2.98 
a
 0.58 

o-q
 0.42 

o-r
 6.45 

a-e
 0.51 

m
 

Mean 2.84 2.95 1.68 0.75 0.51 5.08 0.71 

CV (%) 24.9 19.9 19.4 8.3 5.7 8.8 11.6 

a, b, c,….u  means with different letters in a row are significantly different; 

CV(%)=Coefficient of Variation; SV=Seedling Vigor; LG=Leaf Glossiness; SC=Seedling 

Color;  FLW=First Leaf Width; SLW=Second Leaf Width; SSL=Seedling Stem Length; 

SST=Seedling Stem Thickness 
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Table 9. Mean performance of 64 barley genotypes for agronomic traits  
Entry DTH DTM PH TT PT SL SPS BM GY TKW 

T11 65.95 
p-s

 110.51 
n-v

 113.03 
a-f

 6.17 
k-t

 4.97 
m-v

 9.38 
a-e

 56.05 
a-f

 2.20 
ab

 150.00 
f-m

 43.30 
b
 

T123 63.27 
rst

 106.21 
v
 110.62 

a-g
 6.56 

g-q
 5.46  

i-s
 9.56 

a-d
 56.04 

a-f
 1.93 

b-e
 134.12  

j-v
 39.88 

b-j
 

1 69.64 
g-p

 114.76 
g-q

 99.46  
d-q

 6.84 
e-n

 5.97  
e-n

 5.58 
u-x

 44.60 
e-s

 0.80  
p-s

 135.20 
j-u

 38.04 
d-o

 

T208 74.24 
a-e

 116.74 
e-m

 102.87 
b-n

 3.29 
z
 3.08 

A
 9.22 

a-g
 42.75 

h-u
 1.44 

g-l
 151.81 

f-j
 38.12 

c-o
 

2 72.39 
a-m

 114.37 
g-r

 77.71 
xyzAB

 7.35 
c-i

 7.05
def

 5.88 
s-x

 42.96 
h-t

 0.80 
p-s

 139.43 
h-r

 37.80 
d-p

 

T213 72.55 
a-l

 116.07 
f-o

 91.11 
l-z

 7.68 
c-g

 6.11 
e-m

 7.91 
e-p

 36.44 
m-w

 1.50 
f-k

 137.20 
i-t

 38.72 
c-n

 

3 69.44 
h-p

 110.23 
o-v

 94.09 
i-v

 9.25 
ab

 6.04  
e-n

 7.63 
h-r

 37.88 
l-w

 1.50 
f-k

 151.04 
f-k

 39.53
b-k

 

T24 70.73 
c-n

 119.52 
d-g

 108.67 
a-i

 4.92 
vwx

 4.46  
q-z

 7.76 
f-r

 54.77 
a-h

 1.01 
n-q

 133.75 
j-w

 36.44
f-s

 

4 72.62 
a-l

 130.10 
a
 93.05 

j-w
 9.50 

a
 6.75 

d-h
 7.43 

i-s
 30.23 

uvw
 1.20 

k-o
 130.93 

n-x
 36.25

h-s
 

T249 61.81 
t
 108.39 

s-v
 95.04 

h-t
 7.31 

c-k
 3.84 

v-zA
 9.91 

ab
 31.63 

t-w
 2.00 

bcd
 150.54 

f-k
 40.52 

b-g
 

T258 69.22 
j-p

 116.42 
f-n

 86.86 
o-z

 7.17   
d-l

 6.38 
e-j

 5.60 
t-x

 42.99  
g-t

 1.00 
n-q

 132.39 
l-w

 36.34 
g-s

 

5 74.49 
a-d

 115.81 
g-o

 92.26  
k-x

 6.72 
f-p

 6.32 
e-k

 7.85 
e-p

 35.76 
n-w

 0.90 
o-r

 121.42 
r-y

 34.13
o-t

 

6 62.98 
r-t

 107.54 
u-v

 114.30  
a-d

 5.63  
o-w

 4.58 
q-y

 9.73 
ab

 57.12 
a-d

 2.00 
bcd

 143.48 
g-q

 39.86 
b-j

 

T268 72.32 
a-m

 113.94 
g-s

 77.44 
yzAB

 6.93 
e-n

 5.66 
g-q

 6.12 
r-w

 32.22 
r-w

 0.80 
p-s

 122.97 
r-y

 33.78 
p-t

 

Aruso 62.85 
r-t

 107.83 
u-v

 101.68 
b-o

 5.60 
p-w

 5.22 
i-t

 9.81 
ab

 61.33 
ab

 1.80 
c-f

 159.17 
c-g

 39.94 
b-i

 

T281 71.92 
b-m

 110.30 
o-v

 110.62 
a-g

 4.98 
uvw

 4.23 
s-zA

 8.74 
a-k

 56.91 
a-e

 2.10  
bc

 189.57 
a
 50.59 

a
 

12 69.07 
k-q

 119.11 
d-g

 89.66 
m-z

 9.20 
ab

 8.66 
ab

 8.35 
b-n

 42.77  
h-u

 1.40 
h-m

 149.08  
f-n

 39.17 
b-n

 

T295 73.09 
a-j

 115.46 
g-p

 83.95 
r-A

 7.64 
c-h

 5.82 
f-p

 6.80 
n-v

 31.75 
t-w

 0.90 
o-r

 116.63 
v-y

 36.51 
f-s

 

15 70.07 
f-o

 117.25 
e-l

 83.65 
s-zA

 8.2-2 
bcd

 5.40 
i-s

 7.19 
k-t

 32.69 
q-w

 1.30 
i-n

 130.31 
o-x

 37.52 
d-p

 

T30 68.92 
l-q

 116.87 
e-m

 97.98 
f-t

 9.21 
ab

 5.88 
f-o

 8.15 
c-o

 41.66  
i-u

 1.40 
h-m

 154.22 
e-i

 39.81 
b-j

 

T301 70.73 
c-n

 121.83 
c-f

 94.44 
i-u

 6.18 
j-t

 5.29 
i-s

 6.34 
p-w

 38.53 
l-w

 0.70 
qrs

 124.59 
r-x

 33.79 
p-t

 

17 73.46 
a-g

 116.38 
f-n

 79.01 
v-zAB

 9.41 
ab

 7.62 
bcd

 8.41 
a-m

 50.89 
b-k

 1.50 
f-k

 164.52 
b-f

 37.18 
d-

r 

T364 73.87 
a-f

 111.68 
l-v

 99.03 
e-r

 6.41 
i-s

 5.57 
h-r

 8.76 
a-j

 54.31 
a-h

 1.50 
f-k

 144.20 
g-q

 38.40 
c-n

 

19 69.32 
j-p

 113.19 
h-u

 93.52 
j-w

 7.72  
c-f

 6.24 
e-l

 7.41 
i-s

 34.30 
q-w

 0.81 
p-s

 129.74 
p-x

 36.61
e-s

 

T369 66.67 
o-r

 109.18 
q-v

 114.23 
a-e

 5.14 
t-w

 4.55  
q-z

 9.82  
ab

 57.54 
abc

 2.20  
ab

 137.99 
i-s

 40.58 
b-f

 

20 70.52 
d-o

 116.60 
e-m

 76.90 
yzAB

 5.38 
r-w

 4.64 
p-y

 7.56 
i-r

 38.66  
k-w

 0.90 
o-r

 148.12 
f-o

 37.95 
d-p

 

T372 69.12 
j-q

 112.92 
i-u

 103.84 
a-m

 5.32 
s-w

 4.66 
o-y

 8.50 
a-l

 44.97 
d-q

 1.49 
f-k

 155.82 
e-h

 37.64 
d-p

 

21 74.50 
a-d

 114.38 
g-r

 70.07 
AB

 9.51 
a
 6.45 

d-i
 6.68 

o-v
 47.38 

c-o
 1.00 

n-q
 139.43 

h-r
 38.23

c-o
 

T376 74.07  
a-f

 113.74 
g-t

 65.02 
B
 7.03 

e-m
 5.13 

k-u
 5.42 

vwx
 35.83 

n-w
 1.10 

m-p
 137.03 

i-t
 33.00 

r-u
 

HB-42 69.19 
j-q

 122.29 
c-e

 104.94 
a-l

 5.56 
q-w

 4.02 
t-zA

 6.27 
q-w

 29.11 
vw

 0.90 
o-r

 93.40 
z
 29.10  

u
 

T401 72.34 
a-m

 111.37 
m-v

 116.75 
ab

 3.63 
yz

 3.32 
zA

 8.72 
a-k

 47.26 
c-p

 1.69 
d-h

 150.12 
f-l

 37.66 
d-p

 

T45 76.12 
a
 128.29 

a-b
 101.90 

b-o
 5.33 

s-w
 4.99 

m-v
 6.21 

r-w
 38.93  

j-w
 0.80 

p-s
 134.72 

j-v
 36.80 

d-r
 

29 72.03 
b-m

 112.21 
j-u

 104.72 
a-l

 6.78 
f-o

 5.35 
i-s

 8.90 
a-i

 44.21 
f-t

 1.25
 j-n

 147.68 
f-p

 38.14 
c-o
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T451 73.28  
a-i

 125.88 
a-c

 96.08  
g-t

 7.96 
cde

 6.42 
d-i

 6.77 
o-v

 44.79  
e-r

 1.31 
i-n

 143.93 
g-q

 40.26 
b-h

 

51 72.49 
a-l

 117.85 
d-j

 78.84 
w-zAB

 10.29 
a
 8.96 

a
 7.194 

k-s
 33.42  

q-w
 0.70 

qrs
 121.83 

r-y
 35.67 

j-s
 

T464 69.43  
i-p

 112.49 
j-u

 107.98 
a-j

 5.67  
o-w

 5.03 
l-v

 9.70 
abc

 62.57 
ab

 2.25  
ab

 148.10 
f-p

 39.43 
b-l

 

55 72.53 
a-l

 117.56 
d-k

 97.85 
f-t

 7.11 
e-m

 5.82  
f-p

 7.50  
i-r

 43.05 
g-t

 1.10 
l-p

 133.63 
j-w

 36.03 
i-s

 

T467 61.83 
t
 111.37 

m-v
 114.09 

a-e
 7.32 

c-j
 6.38 

e-j
 9.95 

a
 55.68 

a-f
 2.20 

ab
 147.39 

f-p
 42.33 

bc
 

59 70.67 
d-n

 113.18 
h-u

 89.26  
m-z

 5.64 
o-w

 4.89  
n-w

 6.90 
m-v

 36.12 
m-w

 1.19 
k-o

 132.17 
m-w

 37.34 
d-q

 

T506 62.24 
st
 110.30 

o-v
 107.00 

a-k
 5.46 

q-w
 5.15 

j-t
 9.66 

abc
 55.31 

a-g
 2.45 

a
 155.75 

e-h
 40.82 

b-e
 

66 74.62 
a-c

 115.01 
g-q

 85.27
q
-
zA

 8.33 
bc

 6.69 
d-h

 6.93 
m-v

 35.26 
o-w

 0.59 
rs
 104.99 

yz
 33.14 

q-u
 

90 74.19 
a-e

 114.18 
g-s

 77.07 
yzAB

 7.17 
d-l

 6.70 
d-h

 7.01  
l-u

 34.82 
p-w

 0.51 
s
 119.42 

t-y
 34.05 

o-t
 

96 68.86 
l-q

 118.82 
d-h

 86.06 
p-z

 9.34 
ab

 8.39 
abc

 6.68 
o-v

 34.68  
p-w

 0.60 
rs
 127.69 

q-x
 35.35 

k-s
 

T519 67.39 
n-q

 123.24 
b-d

 95.01 
h-t

 5.54 
q-w

 3.65
xyzA

 7.8 
e-q

 29.26 
vw

 1.10 
m-p

 124.69 
r-x

 34.97 
n-s

 

Dinsho 61.56 
t
 108.84 

r-v
 115.03 

abc
 6.01 

m-v
 4.68 

o-y
 9.50 

a-d
 57.91 

abc
 1.75 

d-g
 139.38 

h-r
 39.58 

b-k
 

105 68.42 
m-q

 117.99 
d-j

 76.90 
yzAB

 8.32 
bcd

 6.25 
e-l

 7.73 
g-r

 35.63 
o-w

 0.80 
p-s

 115.68 
wxy

 37.85 
d-p

 

T524 65.26 
q-t

 111.92 
k-v

 106.83 
a-k

 7.64 
c-h

 7.16
cde

 9.31 
a-f

 64.15 
a
 2.25 

ab
 171.70  

a-e
 40.86 

bcd
 

T562 74.07 
a-f

 114.30 
g-s

 101.18  
c-o

 4.96
vwx

 3.50
yzA

 8.75 
a-k

 50.45 
b-l

 1.54 
f-j

 158.08 
d-g

 37.93 
d-p

 

113 73.40 
a-h

 119.38 
d-g

 98.03 
f-s

 5.79 
n-w

 4.86 
n-x

 7.70 
g-r

 29.33 
vw

 1.60 
e-i

 133.91 
j-v

 37.52 
d-p

 

114 72.34 
a-m

 115.23 
g-p

 83.39 
s-zA

 5.46 
q-w

 4.36 
r-z

 4.34 
x
 40.14 

i-v
 1.20  

k-o
 162.46  

b-f
 36.83 

d-r
 

139 75.50
ab

 110.29 
o-v

 92.12 
k-y

 9.54 
a
 6.90 

def
 9.16 

a-h
 48.11  

c-n
 1.55  

f-j
 133.28  

k-w
 39.36

b-m
 

150 74.29 
a-e

 115.52 
g-p

 85.50 
q-z

 4.97  
u-x

 4.57 
q-y

 8.02 
d-o

 37.74 
m-w

 0.70 
qrs

 117.23 
v-y

 35.19 
m-s

 

T575 61.57 
t
 107.85

t-v
 115.46

abc
 6.03 

l-v
 3.94 

u-zA
 9.86

ab
 54.94  

a-h
 2.10

bc
 159.81 

b-g
 40.34 

b-h
 

157 68.86 
l-q

 112.73 
i-u

 96.88 
g-t

 5.36 
r-w

 4.98 
m-v

 8.91 
a-i

 48.64 
c-m

 1.61 
e-i

 178.05 
ab

 40.18 
b-i

 

161 70.47 
e-o

 112.75 
i-u

 79.47 
u-zAB

 7.35 
c-i

 7.02 
def

 7.24 
j-s

 27.50   
w
 0.50 

s
 91.75 

z
 30.17 

tu
 

Moata 70.84 
c-n

 118.43 
d-i

 90.89 
l-z

 6.12 
l-u

 4.83  
n-x

 7.76 
f-r

 44.16 
f-t

 1.10 
m-p

 120.68 
s-y

 36.63 
d-s

 

168 68.93 
l-q

 114.19 
g-s

 82.82 
t-zA

 6.50 
h-r

 5.26 
i-s

 4.79 
wx

 44.26 
f-t

 1.20 
k-o

 132.06 
m-w

 38.83 
c-n

 

T576 72.02 
b-m

 111.70 
l-v

 103.26 
b-m

 3.81 
xyz

 3.72
w-zA

 8.78 
a-
j 51.08 

b-j
 1.40 

h-m
 176.61 

abc
 48.04 

a
 

11 72.43
a-l

 116.94 
e-m

 94.15  
i-v

 7.67 
c-h

 5.91 
f-n

 7.45  
i-s

 39.93 
i-w

 1.20  
k-o

 121.93 
r-y

 36.33 
g-s

 

100 72.36 
a-m

 113.75 
g-s

 106.63 
a-k

 6.35  
i-s

 5.12  
k-u

 6.99 
l-u

 32.12  
s-w

 1.30 
i-n

 118.20 
u-y

 35.14 
n-s

 

T62 72.98 
a-k

 109.83 
p-v

 100.89 
c-p

 4.81
wx

 3.89 
v-zA

 8.96 
a-i

 51.66 
a-i

 1.75 
d-g

 147.56 
f-p

 38.83 
c-n

 

24 71.07 
c-n

 113.99 
g-s

 88.18  
n-z

 7.18 
c-l

 6.05  
e-n

 7.47 
i-r

 33.22 
q-w

 1.09 
m-p

 119.45 
t-y

 35.27 
l-s

 

167 70.53 
d-o

 109.28 
q-v

 88.07 
o-z

 7.34 
c-j

 6.82 
d-g

 6.85
m-v

 36.01 
n-w

 0.80 
p-s

 113.64 
xy

 32.55
stu

 

T90 63.06 
r-t

 105.90 
v
 118.23 

a
 4.76 

wxy
 4.58 

q-y
 9.63 

a-d
 55.79 

a-f
 2.00 

bcd
 175.13 

a-d
 39.52 

b-k
 

Mean 70.11 114.57 95.41 6.71 5.50 7.86 43.41 1.33 138.86 37.78 

CV (%) 2.8 2.7 7.5 8.8 10.7 10.9 13.7 12.7 6.1 5.5 

a, b, c,….z  means with different superscripts in a row are significantly different; CV(%)=Coefficient of Variation; DTH=Days to Heading in Days; DTM= 

Days to Maturity in Days; PH=Plant Height in Centimeter; TT=Total Tiller Plant
-1

 in Numbers; PT=Productive Tiller Plant
-1

 in Number; Spike Length in 

Centimeter; Seed Spike
-1

 in Numbers; BY=Biological Yield in Kilogram Plot
-1

; GY=Grain Yield in Gram Plot
-1

; TKW=Thousand Kernel Weight in Gram. 
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4.3. Genetic Variability Analysis of Barley Genotypes to Shoot Fly 

The 64 barley genotypes were evaluated at SARC in 2023/24 for variance components, 

heritability percentages, and genetic parameters for 21 quantitative traits related to shoot fly 

resistance, morphological traits, yield, and yield components. The results of this evaluation 

are presented in Table 10. 

4.3.1. The estimation of phenotypic and genotypic coefficients of variation 

In the current study, the phenotypic variance (σ2
p) ranged from 0.0107 for the second leaf 

width to 753.25 for infestation, while the genotypic variance (σ2
g) varied from 0.0097 for the 

second leaf width to 570.86 for infestation (Table 10). GCV and PCV were categorized as low 

(<10%), moderate (10 to 20%), and high (>20%) (Sivasubramaniam and Menon, 1973; 

Deshmukh et al., 1986.  

The GCV and PCV values were notably high for several traits, including the first leaf width 

(20.62 and 22.32), the number of total tillers per plant (22.7 and 24.3), seedling stem length 

(22.72 and 24.44), productive tiller (21.86 and 24.6), seed per spike (20.06 and 24.94), crop 

recovery (25.44 and 35.81), biological yield (37.04 and 39.2), oviposition 10 Seedling
-1

 

(34.73 and 39.88), leaf glossiness (37.51 and 42.5), seedling vigor (39.46 and 46.6), 

infestation (44.13 and 50.7), seedling color (47.1 and 50.84), and dead heart (46.1 and 55.09), 

respectively. For the second leaf width (19.23 and 20.2) and seedling stem length (18.02 and 

21.43), the GCV was moderate while the PCV was high. Additionally, the GCV and PCV 

values were moderate for spike length (15.5 and 18.7), grain yield (13 and 14.75), and plant 

height (11.97 and 14.6); respectively (Table 10). This suggests that the genotype may be 

manifested in the phenotype and that the success of selection based on the phenotypic 

performance of these traits. Conversely, it suggests the presence of significant variability, 

providing abundant opportunity for improvement through selection. The current result is 

similar to the outcomes reported by Fikre et al. (2015); Garome et al., 2022. 

The traits with the lowest GCV and PCV values were days to heading (5.12 and 5.86), days to 

90% maturity (3.84 and 4.7), and thousand kernel weight (8.12 and 9), respectively. This 

shows that environmental factors had a greater influence on these traits compared to genetic 

factors, suggesting that the potential to improve these traits through direct selection of better 
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performing genotypes is limited. The results in the current study are in line with the previous 

findings of Garome et al. (2022) who reported the lowest GCV and PCV were estimated for 

days to 50% heading, and day to 90% maturity. 

4.3.2. Broad sense heritability (H
2
) 

In the current study, the estimated broad-sense heritability values ranged from 50.43 % for 

crop recovery to 90.65 % for second leaf width (Table 10). According to Allo et al. (2020) the 

heritability values were categorized as low (<40 percent), moderate (40–60 percent), and 

moderately high (>60 - 79 percent), and very high heritability (> 80%). 

Based on this range, the findings indicate high heritability for traits such as seedling color 

(86.3%), first leaf width (85.71%), second leaf width (90.62%), seedling stem length 

(86.36%), total tiller (87.22), and biological yield (88.89) as shown in Table 10. This suggests 

that the observed variation is mainly controlled by genetic factors and is less influenced by the 

environment, thus allowing for potential improvement through selection. However, it's 

important to note that high heritability alone does not always guarantee significant genetic 

gain for effective selection and improvement. Instead, higher heritability combined with a 

greater estimate of GCV and GAM is essential for this purpose. This finding aligns with 

previous research by Ali et al. (2002); Garome et al. (2022), suggesting that high heritability 

alone may not be sufficient for effective selection. Additionally, Udeh and Ogbu (2011) 

reported that greater heritability combined with increased GCV and GAM estimates is 

important for significant genetic gain through effective selection and improvement. 

4.3.3. Genetic advance as a percent of the mean (GAM) 

The current study showed that,  genetic advance as a percent of the mean (GAM) ranged from 

6.54 % for days to 90% maturity  to 89.9 % for seedling color, indicating that selecting the top 

5% of the base population could lead to advancements of 6.54 % to 89.9 % over the base 

population mean(Table 10).  

Genetic advance (GA) as a percentage of the mean was higher for all traits, except days to 

90% maturity (6.54%), and thousand kernel weight (13.78)(Table 10). This indicates that 

environmental factors have little impact on these traits, and significant enhancement for these 
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traits could be accomplished through direct selection. These traits are believed to be 

controlled by additive genes.The current result is consistent to the previous findings of Allo et 

al. (2020) who reported high genetic advance for plant height, spike length, seed per spike, 

total tiller per plant, fertile tiller per plant, spike weight, grain yield, 1000 seed weight, dead 

heart, oviposition, seedling vigour, seedling color, and crop recovery.  

Conversely, traits like days to 90% maturity, and 1000 seed weight shows low genetic 

advances as a percentage of the mean. This shows that, non-additive gene expression for 

shoot fly resistance, which may require heterosis breeding for improvement. This result is 

similar to the previous findings of Jilo et al. (2018) who reported low genetic advance for 

days to 50% heading and days to 90% maturity. This indicating that, no additive gene 

expression of these traits. Therefore, selection based on these traits may not be effective, but 

heterosis breeding might be necessary for improving these traits. 

On the other hand, traits such as days to 90% maturity and 1000 seed weight demonstrate 

minimal genetic advance as a proportion of the average. This suggests that non-additive gene 

expression is involved in resistance to shoot fly, which may necessitate heterosis breeding for 

enhancement. This outcome is consistent with the earlier findings of Jilo et al. (2018), who 

observed limited genetic advance for days to 50% heading and 90% maturity, indicating non-

additive gene expression for these traits. Consequently, selecting based on these traits may not 

be effective, but heterosis breeding may be essential for improving them. 

4.3.4. Broad sense heritability (H
2
) and genetic advance as a percent of the mean (GAM) 

In this study, traits such as seedling color (86.30% and 89.90%), first leaf width (85.71% and 

39.25), second leaf width (90.65% and 37.72%), seedling stem length (86.36% and 43.50%), 

total tiller (87.22% and 43.70%), and biological yield (88.89% and 72.12%) show high 

heritability, and genetic advance as a percentage of the mean, respectively(Table 10). This 

suggests that there is minimal influence from environmental factors and potential for 

improvement through direct selection. These traits are likely controlled by additive genes. 

This result was corroborating to the previous findings of Garome et al. (2022) who reported 

that a high level of heritability and a significant genetic advance as a percentage of the mean 

for both thousand seed weight and yield per plant. 
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Conversely, traits such as days to 50% heading (76.09% and 9.20%) and days to 90% 

maturity (68.07% and 6.54%) displayed high heritability but limited genetic progress as a 

percentage of the mean. This implies non-additive gene expression for shoot fly resistance, 

suggesting a potential requirement for heterosis breeding to facilitate improvement. This 

outcome aligns with the findings of Alemu et al. (2016), who similarly observed high 

heritability with minimal genetic advancement as a percentage of the mean for days to 50% 

heading and days to 90% maturity. 

Table 10. Components of variance, heritability, and genetic parameters for 21 quantitative 

traits 
Traits Ranges Mean ± SE σ

2
p σ

2
g 

PCV 

(%) 

GCV 

(%) 

H
2
 

(%)
 

GA 

 

GAM 

(%) 

OVI 12.00 – 64.00 39.9 ± 5.53 253.44 192.18 39.88 34.73 75.83 24.87 62.30 

INF 12.85 - 93.50 54.15 ± 9.5 753.25 570.86 50.70 44.13 75.79 42.85 79.13 

DH 8.60 - 87.10 44.97 ± 9.6 613.73 429.90 55.09 46.10 70.05 35.75 79.50 

CR 0.25 – 4.80 3.02 ± 0.54 1.17 0.59 35.81 25.44 50.43 1.13 37.24 

SV 1.00 – 5.00 2.84 ± 0.50 1.75 1.26 46.60 39.46 72.00 1.96 68.86 

LG 1.00 – 5.00 2.95 ± 0.42 1.57 1.22 42.50 37.50 77.71 2.01 68.20 

SC 1.00 – 3.00 1.68 ± 0.23 0.73 0.63 50.84 47.10 86.30 1.51 89.90 

DTH 61.00 - 78.00 70.11 ±1.42 16.90 12.86 5.86 5.12 76.09 6.45 9.20 

PH 52.40– 126.7 95.41± 5.60 193.61 130.5 14.60 11.97 67.40 19.32 20.25 

SL 3.80 – 10.50 7.86 ± 0.58 2.16 1.50 18.70 15.50 69.44 2.10 26.50 

L1 0.46 – 0.98 0.75 ± 0.05 0.028 0.024 22.32 20.62 85.71 0.29 39.25 

L2 0.33 – 0.68 0.51 ± 0.02 0.0107 0.0097 20.20 19.23 90.65 0.19 37.72 

SSL 3.23 – 70.00 5.08 ± 0.32 1.54 1.33 24.44 22.72 86.36 2.21 43.50 

SST 0.43 -0.94 0.71 ± 0.06 0.0232 0.0164 21.43 18.02 70.69 0.22 31.21 

TT 3.00 – 10.33 6.71 ± 0.41 2.66 2.32 24.30 22.70 87.22 2.93 43.70 

PT 2.87 – 9.00 5.50 ± 0.44 1.83 1.45 24.60 21.86 79.23 2.20 40.00 

SPS 21.53 – 69.80 43.41 ± 4.6 117.30 75.82 24.94 20.06 64.64 14.42 33.23 

DTM 105 – 131 114.6 ± 2.1 28.50 19.40 4.70 3.84 68.07 7.50 6.54 

BY 0.50 – 2.50 1.33 ± 0.12 0.27 0.24 39.20 37.04 88.89 0.96 72.12 

GY 84.50 -195.50 138.9 ± 6.9 419.40 325.50 14.75 13.00 77.61 32.74 23.58 

TKW 27.60 – 50.80 37.8 ± 1.50 13.86 9.41 9.85 8.12 67.89 5.21 13.78 

OVI=Oviposition; INF=Infestation, DH=Dead Heart; CR=Crop Recovery; SV=Seedling 

Vigor; LG=Leaf Glossiness; SC=Seedling Color; DTH=Days To 50% Heading; PH=Plant 

Height; SL=Spike Length; L1=First Leaf Width; L2=Second Leaf Width; SSL=Seedling 

Stem Length; SST=Seedling Stem Thickness; TT=Total Tiller; PT=Productive/Fertile Tiller; 

SPS=Seed Per Spike; Days to Maturity; BY=Biological Yield; GY=Grain Yield: 

TKW=Thousand Kernel Weight; SE=Standard Error; σ
2
p=Phenotypic Variance, 

σ2g=Genotypic Variance; PCV=Phenotypic Coefficient of Variation; GCV=Genotypic 

Coefficient of Variation; H
2
=Heritability, GA=Genetic Advance; GAM= Genetic Advance as 

Percentage of Mean. 
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4.4. Correlation among Barley Shoot Fly Damage Parameters, Morphological and 

Agronomic Traits of Barley Genotypes under Field Conditions 

Correlation between major barley shoot fly damage parameters, morphological and agronomic 

traits of barley genotypes are given in Table 11. Among morphological traits evaluated, 

seedling vigor, leaf glossiness, seedling color, and seedling stem length were negatively and 

highly significant correlated (P<0.001) with shoot fly oviposition, infestation and dead hearts. 

This shows that the barley genotypes with high amount of eggs, infestation and dead hearts 

have low amount of seedling vigor, leaf glossiness, seedling color, and seedling stem length. 

However, (Sekar et al., 2018) reported highly significant and but positive correlation of 

seedling vigor, leaf glossiness with shoot fly oviposition and dead hearts. However, first leaf 

width, second leaf width and seedling stem thickness were positively and highly significant 

correlated (P< 0.001) with shoot fly oviposition, infestation and dead hearts. This revealed 

that, the highest leaf width, and seedling stem thickness of barley genotype have high amount 

of shoot fly oviposition, infestation and dead hearts. In line with this, Allo et al. (2020) 

reported that significant and negative, non-significant and negative, significant and positive, 

significant and negative, non-significant and positive, and significant and positive correlation 

of first leaf width with dead heart, second leaf width with dead heart, first leaf width with 

shoot fly oviposition, second leaf width with shoot fly oviposition, first leaf width with 

infestation, and second leaf width with infestation, respectively. As well as, among various 

agronomic trait like crop recovery, plant height, spike length, seed per spike, biomass, grain 

yield and thousand kernel weight were negatively and highly significant associated (p<0.001) 

with shoot fly oviposition, infestation and dead hearts. In line with previous studies, (Allo et 

al., 2020) reported that negative and significant correlation of majority of these agronomic 

traits. This shows that resistance barley genotypes have high crop recovery, plant height, 

spike length, seed per spike, biomass, grain yield and thousand kernel weight, compared to 

susceptible barley genotypes. On the other hand, days to heading, days to maturity, total tiller, 

and productive (fertile) tiller were significantly and positively associated (p<0.001) with shoot 

fly oviposition, infestation and dead heart. The days to 50% flowering was positively and 

significantly correlated with the expression of barley shoot fly (Mohammed et al., 2015). This 

indicates that, the barley genotypes with long days to heading and maturity have high shoot 

fly oviposition, infestation and dead heart. 
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Table 11. Phenotypic (below the diagonal) and genotypic (above the diagonal) Pearson correlation coefficients of 21 traits in barley 

genotypes tested in SARC during the 2023/2024 growing season 
 OVI INF DH CR SV LG SC DTH PH SL L1 

OVI 1 ** 0.99 ** 1.00 ** -0.85 ** -0.92 ** -0.90 ** -0.94 ** 0.63 ** -0.81 ** -0.90 ** 0.93 ** 

INF 0.96 ** 1 ** 0.99** -0.88 ** -0.93 ** -0.95 ** -0.98 ** 0.64 ** -0.83 ** -0.94 ** 0.93 ** 

DH 0.93 ** 0.98 ** 1 ** -0.92 ** -0.90 ** -0.95 ** -0.98 ** 0.61 ** -0.82 ** -0.94 ** 0.92 ** 

CR -0.73 ** -0.77 ** -0.76 ** 1 ** 0.78 ** 0.98 ** 0.90 ** -0.57 ** 0.86 ** 0.98 ** -0.78 ** 

SV -0.81 ** -0.84 ** -0.80 ** 0.66 ** 1 ** 0.97** 0.99 ** -0.78 ** 0.86 ** 0.93 ** -0.85 ** 

LG -0.72 ** -0.75 ** -0.73 ** 0.55 ** 0.78 ** 1 ** 0.97 ** -0.66 ** 0.91 ** 0.92 ** -0.85 ** 

SC -0.76 ** -0.77 ** -0.71 ** 0.56 ** 0.78 ** 0.83 ** 1 ** -0.69 ** 0.88 ** 0.93 ** -0.88 ** 

DTH 0.55 ** 0.56 ** 0.52 ** -0.45 ** -0.67 ** -0.56 ** -0.58 ** 1 ** -0.58 ** -0.65 ** 0.47 ** 

PH -0.69 ** -0.69 ** -0.67 ** 0.68 ** 0.65 ** 0.57 ** 0.63 ** -0.46 ** 1 ** 0.79 ** -0.78 ** 

SL -0.66 ** -0.69 ** -0.66 ** 0.59 ** 0.63 ** 0.66 ** 0.73 ** -0.43 ** 0.59 ** 1 ** -0.77 ** 

L1 0.83 ** 0.83 ** 0.79 ** -0.59 ** -0.71 ** -0.69 ** -0.76 ** 0.41 ** -0.65 ** -0.61 ** 1 ** 

L2 0.81 ** 0.82 ** 0.78 ** -0.57 ** -0.71 ** -0.71 ** -0.75 ** 0.36 ** -0.65 ** -0.62 ** 0.90 ** 

SSL -0.81 ** -0.80 ** -0.77 ** 0.56 ** 0.72 ** 0.723 ** 0.79 ** -0.37 ** 0.63 ** 0.63 ** -0.90 ** 

SST 0.74 ** 0.75 ** 0.71 ** -0.53 ** -0.66 ** -0.65 ** -0.69 ** 0.36 ** -0.59 ** -0.57 ** 0.90 ** 

TT 0.47 ** 0.46 ** 0.43 ** -0.26 ** -0.34 ** -0.26 ** -0.36 ** 0.10 
NS

 -0.45 ** -0.25 ** 0.50 ** 

PT 0.43 ** 0.43 ** 0.40 ** -0.30 ** -0.33 ** -0.29 ** -0.38 ** 0.12 
NS

 -0.41 ** -0.27 ** 0.46 ** 

SPS -0.61 ** -0.65 ** -0.62 ** 0.54 ** 0.63 ** 0.63 ** 0.76 ** -0.43 ** 0.52 ** 0.59 ** -0.61 ** 

DTM 0.45 ** 0.46 ** 0.41 ** -0.25 ** -0.44 ** -0.43 ** -0.53 ** 0.47 ** -0.26 ** -0.47 ** 0.33 ** 

BM -0.70 ** -0.72 ** -0.67 ** 0.66 ** 0.72 ** 0.72 ** 0.81** -0.53 ** 0.65 ** 0.67 ** -0.63 ** 

GY -0.54 ** -0.57 ** -0.55 ** 0.47 ** 0.45 ** 0.48 ** 0.56 ** -0.21 * 0.42 ** 0.49 ** -0.52 ** 

TKW -0.55 ** -0.58 ** -0.56 ** 0.53 ** 0.49 ** 0.50 ** 0.54 ** -0.28 ** 0.44 ** 0.45 ** -0.47 ** 
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Table 11 (Continued) 
 L2 SSL SST TT PT SPS DTM BM GY TKW 

OVI 0.91 ** -0.92 ** 0.92 ** 0.61 ** 0.63 ** -0.89 ** 0.57 ** -0.84 ** -0.65 ** -0.69 **  

INF 0.91 ** -0.93 ** 0.90 ** 0.59 ** 0.63 ** -0.91 ** 0.62 ** -0.88 ** -0.72 ** -0.75 **  

DH 0.90 ** -0.93 ** 0.87 ** 0.59 ** 0.64 ** -0.87 ** 0.58 ** -0.86 ** -0.71 ** -0.75 **  

CR -0.77 ** 0.79 ** -0.77 ** -0.44 ** -0.56 ** 0.87 ** -0.39 ** 0.94 ** 0.79 ** 0.87 **  

SV -0.83 ** 0.86 ** -0.84 ** -0.47 ** -0.53 ** 0.93 ** -0.71 ** 0.88 ** 0.62 ** 0.70 **  

LG -0.82 ** 0.84 ** -0.84 ** -0.36 ** -0.43 ** 0.94 ** -0.61 ** 0.86 ** 0.61 ** 0.69 **  

SC -0.87 ** 0.87 ** -0.88 ** -0.40 ** -0.43 ** 0.95 ** -0.69 ** 0.90 ** 0.64 ** 0.67 **  

DTH 0.40 ** -0.42 ** 0.43 ** 0.15 
NS

 0.21 
NS

 -0.68 ** 0.57 ** -0.65 ** -0.31 * -0.41 **  

PH -0.76 ** 0.81 ** -0.81 ** -0.62 ** -0.57 ** 0.72 ** -0.29 * 0.81 ** 0.51 ** 0.57 **  

SL -0.76 ** 0.76 ** -0.80 ** -0.35 ** -0.36 ** 0.84 ** -0.61 ** 0.88 ** 0.62 ** 0.68 **  

L1 0.96 ** -0.98 ** 1.01 ** 0.58 ** 0.57 ** -0.78 ** 0.42 ** -0.70 ** -0.64 ** -0.59 **  

L2 1 ** -0.94 ** 0.97 ** 0.63 ** 0.59 ** -0.81 ** 0.41 ** -0.73 ** -0.66 ** -0.60 **  

SSL -0.87 ** 1 ** -0.99 ** -0.56 ** -0.58 ** 0.84 ** -0.42 ** 0.73 ** 0.69 ** 0.64 **  

SST 0.84 ** -0.82 ** 1 ** 0.60 ** 0.61 ** -0.80 ** 0.44 ** -0.69 ** -0.65 ** -0.54 **  

TT 0.54 ** -0.48 ** 0.47 ** 1 ** 0.86 ** -0.32 * 0.18 
NS

 -0.31 * -0.24 
NS

 -0.24 
NS

  

PT 0.48 ** -0.45 ** 0.42 ** 0.85 ** 1 ** -0.28 * 0.13 
NS

 -0.41 ** -0.25 * -0.31 *  

SPS -0.60 ** 0.67 ** -0.57 ** -0.24 ** -0.19 * 1 ** -0.78 ** 0.90 ** 0.79 ** 0.75 **  

DTM 0.33 ** -0.32 ** 0.33 ** 0.16 
NS

 0.13 
NS

 -0.51 ** 1 ** -0.56 ** -0.42 ** -0.46 **  

BM -0.65 ** 0.66 ** -0.55 ** -0.29 ** -0.34 ** 0.75 ** -0.44 ** 1 ** 0.74 ** 0.78 **  

GY -0.53 ** 0.56 ** -0.48 ** -0.20* -0.21 * 0.70 ** -0.348 ** 0.67 ** 1 ** 0.88 **  

TKW -0.49 ** 0.53 ** -0.44 ** -0.18 * -0.20 * 0.68 ** -0.35 ** 0.64 ** 0.78 ** 1 **  

*=(p<0.05); **=(p<0.01); NS=Non significant; OVI=Oviposition; INF=Infestation, DH=Dead Heart; CR=Crop Recovery; 

SV=Seedling Vigor; LG=Leaf Glossiness; SC=Seedling Color; DTH=Days To Heading; PH=Plant Height; SL=Spike Length; 

L1=First Leaf Width; L2=Second Leaf Width; SSL=Seedling Stem Length; SST=Seedling Stem Thickness; TT=Total Tiller; 

PT=Productive/Fertile Tiller; SPS=Seed Per Spike; Days to Maturity; BY=Biological Yield; GY=Grain Yield:TKW=Thousand 

Kernel-Weight.
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4.5. Antixenosis for Oviposition 

4.5.1. Multiple choice test 

The average oviposition preference and damage caused by female barley shoot fly on 12 

barley genotypes during a multi-choice test in the field at SARC in 2023/2024 are shown in 

Table 12. Highly significant differences (p<0.001) were observed for all parameters tested 

among the evaluated genotypes, indicating that the barley shoot fly showed a preference for 

oviposition under multi-choice test conditions (Appendix 6). 

The average number of eggs laid per seedling ranged from 2.03 to 4.43 eggs at 10 days after 

seedling emergence (DAE), and 1.83 to 4.30 eggs at 13 days after seedling emergence (DAE). 

The lowest number of eggs per seedling was recorded on the resistance genotypes T281, 

T506, T524, T575, and Aruso compared to susceptible check, HB-42. Hence, the resistance 

genotypes were less preferred for oviposition by barley shoot fly. On the other hand, 

intermediate amount of eggs per seedling were recorded on the, T364, 150, and T123 

genotypes. While, the highest number of eggs per seedling was recorded on the susceptible 

genotype 55, 168, T376, and HB-42 as compared to resistance check Aruso (Table 12). The 

results demonstrate that during oviposition, female barley shoot fly distinguish between the 

barley genotypes that was studied. Under multi-choice tests, the shoot flies laid less egg on 

the resistance genotypes than the susceptible genotypes. This confirms that, resistant genotype 

is unattractive for oviposition.This result was corroborating the results of Dhillon et al. (2005) 

who reported non-preference genotype by insects is often projected as a property of the plant 

to render it unattractive for oviposition, feeding, or shelter. This might be due to the 

morphological traits of barley genotypes at seedling stage has a strong influence on the 

oviposition of shoot fly females. This result is also, consistent with that of Vikal et al. (2020) 

who reported that plant morphology has a strong impact on shoot fly damage, especially 

seedling characteristics that physically reduce feeding, oviposition, and shelter. Therefore, the 

present results also indicated that oviposition non-preference is the primary component of 

resistance to shoot fly under multi-choice test field conditions. The current result is consistent 

to the previous findings of Dhillon et al. (2005). 
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Likewise, seedlings with eggs were significantly varied (p<0.001) among genotypes. 

Seedlings with eggs ranged from 55.90 to 94.93%, and 47.10 to 96.20 % at 10 and 13 DAE, 

respectively (Table 12). Genotypes T281, T506, T524, and T575 had significantly lower 

proportion of seedlings with eggs as compared to the susceptible check, HB-42, though on par 

with the resistance check, Aruso. Even though, the genotypes 55, 168, and T376 had higher 

proportion of seedlings with eggs as compared to the resistance check, Aruso, but concurrent  

with the susceptible check, HB-42, but there were a few exceptions. This revealed that, there 

is clear significance difference among the genotypes evaluated for shelter under multi choice 

test. In this study, resistance genotypes were less preferred or unattractive for shelter under 

multi choice test than susceptible genotypes. This result is in line with the previous report of 

Dhillon et al. (2005); Vikal et al. (2020). 

As well as, the dead hear percentage was highly significant difference (p< 0.001) under multi 

choice test among genotypes tested (Appendix 6). The dead heart percentages were ranged 

from 17.07(T575) to 56.83% (T376) at 18 DAE (Table 12). The dead heart percentages were 

significantly lower in T281, T506, T524, and T575 genotypes as compared with susceptible 

check, HB-42; while the dead hearts percentages were higher in 55, 168, and T376 genotypes 

as compared to resistance check, Aruso (Table 12).This indicates that, resistance genotypes 

were less damaged than susceptible genotypes. Similarly, genotypes preferred for oviposition 

also show heavy dead heart formation (Rana et al., 1975; Unnithan & Reddy, 1985; Dhillon et 

al., 2005). 
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Table 12. Average oviposition preference and damage by the barley shoot fly females on 12 

barley genotypes under multi-choice test in the field at SARC 2023/2024 

Genotypes 

Eggs seedling
-1

 Seedlings with eggs (%) 

Dead hearts 

(%) 

10DAE 13 DAE 10DAE 13DAE 18DAE 

T281 2.47
d
 2.33

c
 57.83

c
 59.47

c
 17.82

e
 

T506 2.67
d
 2.43

c
 56.20

c
 53.03

cd
 16.14

e
 

T524 2.03
e
 1.83

d
 55.90

c
 47.10

d
 15.80

e
 

T575 2.03
e
 2.23

c
 62.13

c
 58.77

c
 15.07

e
 

T364 3.47
c
 3.40

b
 71.37

b
 70.17

b
 29.23

d
 

150 3.53
c
 3.37

b
 73.30

b
 71.33

b
 29.47

d
 

T123 3.57
c
 3.50

b
 71.47

b
 69.93

b
 29.00

d
 

55 4.00
b
 4.20

a
 93.90

a
 89.67

a
 51.30

b
 

168 4.07
b
 4.00

a
 89.49

a
 88.38

a
 43.57

c
 

T376 4.43
a
 4.30

a
 94.93

a
 96.20

a
 56.83

a
 

HB-42(S) 4.27
ab

 4.10
a
 92.13

a
 93.30

a
 54.80

a
 

Aruso(R) 2.67
d
 2.53

c
 56.30

c
 55.30

cd
 18.03

e
 

Mean 3.45 3.65 78.06 71.05 31.42 

SE + 0.12 0.11 2.77 2.84 1.19 

CV (%) 26 27.09 21.8 24.03 50.11 

LSD(p= 0.05) 0.31401 0.3226847 8.09184 8.278988 3.465931 

Means in a row followed by different letter are significantly different; DAE=Days after 

Emergence; SE=Standard Error; CV=coefficient of variation, LSD=Least Significant 

Differences =Susceptible; R=Resistance 

4.5.2. No-choice test 

The average oviposition preference and damage by the barley shoot fly females on 12 barley 

genotypes under no-choice test in the field at SARC 2023/2024 are presented in Table 13. The 

analysis results indicated that the number of eggs per seedling and percentages of dead heart 

were significantly differences (p<0.001). However, the percentage of eggs with seedling was 

not statistically significant, under no choice condition test; in the cage with pot culture 

(Appendix 7). This shows that non-preference for oviposition is strong resistance components 

under no- choice tests. This result is in contrary to the previous findings of Dhillon et al. 

(2005) who reported that there were no significant differences in number of eggs among the 
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genotypes tested and non-preference for oviposition was no strong resistance components 

under no-choice conditions. 

The mean of oviposition preference was highly significant differences (p<0.001) under no 

choice test conditions. The average number of eggs per seedling on different barley genotypes 

under no choice test in the pot ranged from 2.73 to 4.83 numbers and 2.67 to 4.80 numbers at 

10 and 13 DAE, respectively (Table 13). The lowest mean number of eggs per seedling under 

no choice tested was observed on T281, T506, T524, and T575 genotypes compared to 

susceptible check HB-42; though on par with resistance check, Aruso. On the other hand, the 

highest mean number of eggs per seedling was recorded on 55, 168, and T376 compared to 

resistance check Aruso; though on par with susceptible check, HB-42. Other shows medium 

level of mean number of eggs per seedling. This result indicates that, oviposition behavior of 

the barley shoot fly shows very clear resistance in different barley genotypes in field 

conditions under no choice test. Corroborating the results of this study, Esayas et al. (2016) 

reported that oviposition behavior in the pea weevil reflects very well the resistance of 

different genotypes of field pea found in a field situation. Even though, seedlings with eggs 

were not exhibit significant (p=0.05) among genotypes (Table 13).This finding is in line with 

the previous reports of Dhillon et al. (2005). This shows that there is not clear significance 

difference among the genotypes evaluated for shelter under no-choice test situation.  

However, the dead heart percentage was highly significant varied (p< 0.001) under no- choice 

test (Appendix 7). This result is also in contrary with the result obtained by Dhillo et al. 

(2005). The lowest and highest dead heart percentages were recorded on resistance (T506) 

and susceptible (168) genotypes with the values of 53.23% and 84.03%, respectively. The 

dead heart percentages were significantly lower in T506, T524, T281, and T575 genotypes as 

compared with susceptible check, HB-42; while the dead hearts percentages were higher in 

55, 168, and T376 genotypes as compared to resistance check, Aruso (Table 13).This 

confirms that, resistance genotypes were less damaged than susceptible genotypes. 

Consequently, genotypes preferred for oviposition also show heavy dead heart formation 

(Rana et al., 1975; Unnithan & Reddy, 1985;  Dhillon et al., 2005). Additionally, this result is 

contrasted by Kumar et al. (2008), who reported that, there is no clear evidence of antixenosis 

for oviposition under no choice conditions. 
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Table 13. Average oviposition preference and damage by the D. flavibasis females on 12 

barley genotypes under no-choice test in the field at SARC 2023/2024 

Genotypes 
       Eggs seedling

-1
 Seedlings with eggs (%) 

Dead hearts 

(%) 

10DAE 13 DAE 10DAE 13DAE 18DAE 

T281 3.20
c
 3.17

e
 98.23

a
 99.00

a
 56.63

ef
 

T506 3.17
c
 3.10

e
 98.43

a
 99.60

a
 53.23

f
 

T524 2.73
d
 2.67

e
 99.50

a
 99.10

a
 56.67

ef
 

T575 2.73
d
 2.70

e
 99.00

a
 99.60

a
 55.80

ef
 

T364 3.87
b
 4.07

bcd
 98.57

a
 98.40

a
 68.73

d
 

150 4.00
b
 3.77

d
 99.30

a
 99.53

a
 68.63

d
 

T123 4.07
b
 3.93

cd
 100.00

a
 98.93

a
 69.38

cd
 

55 4.63
a
 4.80

a
 98.40

a
 98.83

a
 74.53

bc
 

168 4.80
a
 4.40

abc
 100.00

a
 100.00

a
 84.03

a
 

T376 4.83
a
 4.53

ab
 98.90

a
 98.73

a
 72.30

cd
 

HB-42(S) 4.57
a
 4.60

ab
 100.00

a
 99.23

a
 79.27

ab
 

Aruso(R) 2.87
cd

 2.83
e
 99.20

a
 99.10

a
 58.73

e
 

Mean 3.79 4.60 99.13 99.17 66.50 

SE + 0.14 0.21 0.66 0.64 1.79 

CV (%) 21.60 22.00 11.50 10.20 15.30 

LSD(P = 0.05) 0.3981892 0.5659193 1.931213 1.85347 5.212016 

Means in a row followed by different letters are significantly different; DAE=Days After 

Emergence; SE=Standard Error; CV=coefficient of variation, LSD=Least Significant 

Differences; S=Susceptible; R=Resistance 

4.5.3. Dual-choice test  

The study examines the average number of eggs per plant, seedlings with eggs, and dead 

hearts under dual choice conditions, in relation to susceptible check (HB-42) are presented on 

Table 14. Dual choice test experiment was conducted in cage with pot culture by pairing each 

of eleventh test genotypes with the susceptible check, HB-42, in order to see the genotype 

influence on ovipositional antixenosis of barley shoot fly.  

The number of eggs per seedling, seedlings with eggs, and dead hearts were ranged from 1.20 

- 2.66eggs, 42.55 – 96.87 % and 20.32 – 54.92 % in test genotypes; and 2.22 to 3.75 eggs, 94 

to 99.57 %, and 53.82 – 85.43% in susceptible check (HB-42), respectively. The average 

number of eggs per seedling was less preferred for the genotypes T281, T506, T524, T575, 

and Aruso, compared with the susceptible genotypes, HB-42. However, the average number 

of eggs per seedling for susceptible genotypes (55, 168, and T376) was on par with 
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susceptible genotypes (HB-42) (Table 14). Under dual choice test, the shoot fly laid more 

eggs on susceptible genotypes than the resistance genotypes. This indicates that the 

susceptible genotype is highly preferred for oviposition under dual choice test. This result is 

similar to the previous report of Dhillon et al. (2005); Mendesil et al. (2016). Likewise, the 

percentage of plants with eggs was less preferred on the genotypes T506, T524, T575, T281 

and Aruso compared to the susceptible check (HB-42). This indicates that there is less 

preference for resistance genotypes compared to susceptible genotypes. However, the 

genotypes like 55,168, and T376 were on par or no statistical significance with susceptible 

check (HB-42). Similarly, the percentage of dead hearts is less preferred for the resistance 

genotypes than susceptible check, HB-42. Even though, the percentage of dead hearts 

genotypes for 55, 168, and T376 were on par with the susceptible check (HB-42). In general, 

the preference for certain traits in the shoot fly may be used to develop pest management 

techniques like intercropping and trap cropping, under dual choice test. The combination of 

resistance and susceptible barley genotypes reduced ovipositional and damage parameters, 

could be used as intercropping and trap cropping. This might be due to reduced result shoot 

fly damage parameters, during combination of resistance (T575, T524, T506 and T281) and 

susceptible check (HB-42). This result is in line with the previous report of Esayas et.al. 

(2016). 
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Table 14. Average oviposition preference and damage by the barley shoot fly females on 12 barley genotypes under dual choice 

conditions, in relation to susceptible check (HB-42) in the cages in the field at SARC 2023/2024 

Genotypes 

Eggs plant
-1

 Percentages of  plants with eggs Dead heart percentages 

Test 

entry 

HB-42 t-value P-value Test 

entry 

HB-42 t-value P-value Test 

entry 

HB-42 t-value P-value 

T281 1.25 3.55 62.99
**

 1.909e-08 52.05 98.75 17.99
**

 9.754e-06 24.40 82.38 30.76
**

 6.813e-07 

T506 1.20 3.75 28.81
**

 9.438e-07 46.48 99.57 28.78
**

 9.482e-07 20.42 83.42 22.12
**

 3.511e-06 

T524 1.25 3.65 65.73
**

 1.544e-08 42.55 99.23 26.24
**

 1.503e-06 20.32 83.12 40.97
**

 1.633e-07 

T575 1.47 3.53 18.33
**

 8.893e-06 53.33 98.75 36.92
**

 2.747e-07 20.70 78.62 44.38
**

 1.096e-07 

T364 1.86 3.07 4.89
**

 0.004527 63.0 99.05 13.53
**

 3.957e-05 39.90 66.68 11.72
**

 7.962e-05 

150 1.76 3.05 7.25
**

 0.0007809 60.98 94.00 6.35
**

 0.001435 38.38 65.12 31.44
**

 6.114e-07 

T123 1.66 2.70 18.09
**

 9.495e-06 60.33 95.4 5.21
**

 0.003436 41.07 64.78 12.84
**

 5.101e-05 

55 2.43 2.32 1.23
ns

 0.2722 96.00 94.47 0.51
ns

 0.6312 54.37 56.77 1.14
ns

 0.3042 

168 2.66 2.22 2.35
ns

 0.06596 96.87 95.15 0.45
ns

 0.6689 53.75 53.82 0.038
ns

 0.9712 

T376 2.23 2.25 0.24
ns

 0.822 91.20 95.87 1.49
ns

 0.1974 54.92 59.10 2.56
ns

 0.05084 

Aruso 1.22 3.52 25.72
**

 1.661e-06 54.80 99.4 17.39
**

 1.154e-05 20.92 85.43 34.26
ns

 3.985e-07 
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4.6. Antibiosis Test for Developmental Period 

The average developmental parameters measured for D. flavibasis life cycle on 12 barley 

genotypes are presented in Table 15. Highly significant genotype difference (p<0.001) were 

noted for all developmental parameters recorded (Appendix 8).  

The larval period was ranged between 6.04 days for T376 to 7.26 days for T524. Larval 

period was longer than one day on T506 (7.25), T524(7.26), and approximately longer one 

day on T575,T281 and Aruso (6.93 to 7.00 days) as comparable to the susceptible check HB-

42(6.19 days). In comparable to the resistance check, Aruso (7.00 days), the larval period was 

also approximately shorter one day in susceptible genotypes of 55, 168, T376, and HB-42. 

The pupal period was ranged from 9.27 days in T376 to 10.23 days in T524. The resistance 

genotypes T281, T524, T506, T575, and Aruso had longer pupal period than other susceptible 

genotypes. This suggests that susceptible genotypes had shorter larval and pupal periods in 

contrast to resistance genotypes. The pupal weights ranged from 3.26 grams to 3.80 grams. 

The highest pupal weights were found in susceptible barley genotypes 55, 168, T376, and 

HB-42, with values of 3.80, 3.78, 3.70, and 3.76 grams, respectively. In contrast, the lowest 

pupal weights were observed in resistant barley genotypes T281, T506, T524, T575, and 

Aruso with values of 3.39, 3.26, 3.28, 3.40 and 3.37 grams, respectively. 

Pupation and adult emergence percentages were ranged from 69.91% to 83.33% and 59.11% 

to 77.78%, respectively. The resistance genotypes T281, T506, T524, T575, and Aruso 

showed lower pupation and adult emergence percentages compared to the susceptible check 

HB-42. Conversely, susceptible genotypes 55, 168, T376, and HB-42 exhibited higher 

pupation and adult emergence percentages compared to the resistance check Aruso. The 

number of fecundity per female was ranged from 16.00(T506) to 18.36(168). More number of 

eggs was laid under the susceptible genotypes than the resistance genotypes. Therefore, based 

on the evidence presented, there is clear indication of antibiosis mechanisms of resistance in 

barley against shoot fly. These findings align with the results of Singh and Verma (1988); and 

Dhillon et al. (2005). However, these results contradict the earlier findings of Tafa (2003), 

who reported no significant differences between resistant and susceptible barley genotypes, 

except for the weight of adult flies (p<0.01). 
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Table 15. The average developmental parameters of D. flavibasis on 12 barley genotypes 

under laboratory condition (SARC, 2023) 

Genotypes Larval 

Period 

(days) 

Pupal 

period 

(days) 

Pupal 

weight 

(mg) 

Pupation 

(%) 

Adult 

Emergence 

(%) 

Fecundity 

Female
-1

 

T281 6.93
b
 10.16

ab
 3.39

cd
 70.37

e
 60.92

e
 16.19

e
 

T506 7.25
a
 10.19

ab
 3.26

e
 69.91

e
 59.11

e
 16.00

e
 

T524 7.26
a
 10.23

a
 3.28

de
 70.20

e
 60.29

e
 16.07

e
 

T575 6.98
b
 10.18

ab
 3.40

c
 70.37

e
 60.54

e
 16.33

e
 

T364 6.54
c
 9.59

c
 3.53

b
 74.07

cde
 66.40

d
 16.96

d
 

150 6.58
c
 9.54

c
 3.53

b
 79.32

abc
 72.38

c
 17.13

cd
 

T123 6.53
c
 9.59

c
 3.54

b
 83.33

a
 77.78

a
 17.40

c
 

55 6.08
de

 9.40
d
 3.80

a
 80.29

ab
 76.63

ab
 18.19

ab
 

168 6.06
de

 9.37
de

 3.78
a
 83.33

a
 77.39

a
 18.36

a
 

T376 6.04
e
 9.27

e
 3.70

a
 77.73

bc
 73.67

bc
 18.07

ab
 

HB-42(S) 6.19
d
 9.37

de
 3.76

a
 76.68

bcd
 76.45

ab
 17.91

b
 

Aruso(R) 7.00
b
 10.09

b
 3.37

cde
 72.22

de
 61.11

e
 16.23

e
 

Mean 6.62 9.75 3.53 75.65 68.56 17.07 

SE+ 0.05 0.04 0.04 1.81 1.24 0.15 

LSD(P=0.05) 0.14 0.10 0.11 5.28 3.62 0.43 

CV (%) 6.81 4.00 5.58 7.44 11.37 5.28 

Means in a row followed by different letters are significantly different; SE=Standard Error; 

CV=coefficient of variation, LSD=Least Significant Differences; S =Susceptible Check; 

R=Resistance Check 
 

4.7. Antibiosis indices 

The average antibiosis indices of barley shoot fly on 12 barley genotypes were presented in 

Table 16. Highly significant genotype differences (p<0.001) were observed for all recorded 

parameters (Appendix 9). The growth, relative growth, developmental, adult emergence and 

fecundity indices were ranged between 9.65(T506) to 13.74(161), 0.78(T506 and T524) to 

1.11(168), 0.98(T376) to 1.12(T506 and T524), 0.77(T506) to 1.02(T123), and 0.89(T506) to 

1.03(168), respectively. The growth, relative growth, adult emergence and fecundity indices 

were lower in susceptible genotypes than the resistance genotypes. However, the 

developmental index was higher in resistance genotypes than the susceptible genotypes. This 

shows that, the barley shoot fly complete her life cycle within a short period of days in 

susceptible genotypes than the resistance genotypes. The results in the current study are in 

line with the previous findings of Chamarthi, 2008; except fecundity index.  
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Table 16. Average antibiosis indices of barley shoot fly on 12 barley genotypes (SARC, South 

Eastern Ethiopia, 2023/2024) 

Genotypes GI RGI DI AEI FI 

T281 10.15
e
 0.82

e
 1.10

b
 0.80

e
 0.90

e
 

T506 9.65
e
 0.78

e
 1.12

a
 0.77

e
 0.89

e
 

T524 9.66
e
 0.78

e
 1.12

a
 0.79

e
 0.90

e
 

T575 10.09
e
 0.81

e
 1.10

b
 0.79

e
 0.91

e
 

T364 11.32
d
 0.91

d
 1.04

c
 0.87

d
 0.95

d
 

150 12.06
cd

 0.97
cd

 1.04
c
 0.95

c
 0.96

cd
 

T123 12.76
bc

 1.03
bc

 1.04
c
 1.02

a
 0.972

c
 

55 13.21
ab

 1.07
ab

 0.99
de

 1.00
ab

 1.02
ab

 

168 13.74
a
 1.11

a
 0.99

de
 1.01

a
 1.03

a
 

T376 12.87
bc

 1.04
bc

 0.98
e
 0.96

bc
 1.01

ab
 

HB-42(S) 12.40
bc

 1.00
bc

 1.00
d
 1.00

ab
 1.00

b
 

Aruso(R) 10.31
e
 0.83

e
 1.10

b
 0.80

e
 0.91

e
 

Mean 11.52 0.93 1.05 0.90 0.95 

SE ± 0.30 0.024 0.004 0.02 0.01 

LSD(P<0.05) 0.86 0.07 0.013 0.05 0.024 

CV (%) 13.13 13.13 5.01 11.37 5.28 

Means with superscripts in a row are significantly different; SE=Standard error; 

CV=coefficient of variation, LSD=Least significant differences; S =Susceptible check; 

R=Resistance check.GI=Growth index, RGI=Relative growth index, DI=Developmental 

index, AEI=Adult emergence index, and FI=Fecundity index. 
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5. SUMMARY, CONCLUSION AND RECOMMENDATIONS 

Barley is the most important cereal crop in the world, primarily grown for food, feed, and 

malting purposes. However, its production is affected by many biotic and abiotic factors and 

among the biotic factors insect pests have been identified as a major limiting factor. Among 

biotic factors, barley shoot fly (D. flavibasis) is the most common and affect barley at the 

seedling stage, and leading to reduction in the production and productivity of barley. The 

present study was conducted to screen barley genotypes, identify morphological and 

agronomic traits for selection and assess genetic variability to this pest, and determine the 

resistance category of barley genotypes to barley shoot fly.  

During the main cropping seasons of 2022 and 2023, a total of 180 barley genotypes were 

screened for resistant to barely shoot fly. Different levels of resistance were recorded with 4 

highly resistant 37 showing resistant, 31 moderately resistant, 51 susceptible and 57 highly 

susceptible genotypes. Landrace genotypes showed the highest resistance to barley shoot fly 

based shoot flies damage parameters including oviposition, infestation percent, and dead heart 

percent. Subsequently, 64 barley genotypes were selected to study for further identification of 

morphological and agronomic traits to select resistant barley genotypes to shoot fly. Traits 

like seedling vigor, leaf glossiness, seedling color, leaf width, seedling stem length, time to 

flowering and maturity, plant height, spike length, seed per spike, total tillers, fertile tillers, 

biomass yield, grain yield, and thousand kernel weight were used for screening and selecting 

resistance genotypes. Genetic variability was also considered important traits for improving 

barley genotypes to shoot fly. Traits with high heritability and genetic advance indicate 

minimal environmental influence, while low genetic advances suggest non additive gene 

expression may need heterosis breeding for improvement. Another study focused on the 

resistance category of barley genotypes against to D. flavibasis examined antixenosis and 

antibiosis. Twelve (12) barley genotypes were selected based on the results of the dead heart 

percentages from the last year screening. In multiple choice tests, there is a significant 

difference in eggs per seedling, seedling with eggs and dead heart percentages. Landrace 

genotypes, T281, T506, T524, T575, and Aruso (resistance check) were less preferred by 

barley shoot fly compared to the susceptible check (HB-42). In no choice test, significant 

differences were found in number of eggs per seedling and dead heart percentages among 
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genotypes, but the percentage of seedling with eggs was not statistically significant. In dual 

choice tests resistance barley genotypes (T281, T506, T524, T575, and Aruso) were less 

preferred for oviposition, shelter, and feeding compared to susceptible genotypes (55, 168 and 

T376). Similarly, the antibiosis test revealed highly significant variations among genotypes 

for all developmental parameters of D. flavibasis. These findings suggests that understanding 

the biology, behavior and  population dynamics of the barley shoot fly is crucial for effective 

resistance breeding program for barely in order to manage the barley shoot fly.  

In conclusion, the present study has shown that the barley shoot fly is becoming an important 

threat to barley production in the South Eastern of Ethiopia. This study also confirms the 

presence of variation in barley genotypes against shoot fly infestation. On the other hand, 

significant variation in infestation was observe among genotypes with different morphological 

and agronomic traits.  These variations suggest that selecting resistant genotypes based on 

shoot fly infestation, morphological, and agronomic traits is important for resistant barely 

genotypes. Additionally, determining genotypic and phenotypic coefficients of variation, 

heritability, and genetic advance is important for understanding genetic diversity and potential 

for improvement through selection. Furthermore, antixenosis and antibiosis resistance were 

found the most prominently functioning of resistance forms to the barley shoot fly.  

Overall, the study identified varying levels of resistance among different sources of barley 

genotypes to the barley shoot fly. Therefore, it is recommended to continue screening a larger 

collection of genotypes to identify and select those with high levels of resistance for further 

breeding programs. In this study the morphological and agronomic traits identified were 

recommended for screening barley genotypes to the barley shoot fly. However, further 

research should focus on understanding other morphological traits like trichome density, 

biochemical traits such as soluble sugar, moisture, protein, tannins, polyphenols, and lignin, 

and nutritional traits like nitrogen, potassium, calcium, magnesium, and other microelements 

and their relation to the barley shoot fly.  

Moreover, genetic variability in barely genotypes was found to be important in improving 

barley genotypes for resistance to the barley shoot fly. Future studies should confirm the 

genes involved for resistant barley genotypes to the barley shoot fly using molecular markers. 

In general, barley genotypes T281, T506, T524, and T575 could be important in breeding 



72 
 

programs aimed at developing resistance to barley shoot fly. Landrace barley genotypes have 

shown superior potential in terms of resistance against barley shoot fly, suggesting the need 

for further systematic screening of barley landraces to exploit their potential for resistance to 

barley shoot fly breeding programs. 
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List of Appendix Table 

Appendix 1. Entry number, source, description and types of screening barley genotypes 
S.No Entry No.  Source Description Barley types 

1 17 ISBYT-HI-20/21 Exotic Line Food Barley 

2 21 ISBYT-HI-20/21 Exotic Line Food Barley 

3 T200 BETin Landrace Malt Barley 

4 20 ISBYT-HI-20/21 Exotic Line Food Barley 

5 4 ISBYT-HI-20/21 Exotic Line Malt Barley 

6 T316 BETin Landrace Food Barley 

7 T304 BETin Landrace Food Barley 

8 3 ISBYT-HI-20/21 Exotic Line Malt Barley 

9 T32 BETin Landrace Food Barley 

10 15 ISBYT-HI-20/21 Exotic Line Food Barley 

11 19 ISBYT-HI-20/21 Exotic Line Food Barley 

12 T315 BETin Landrace Malt Barley 

13 T249 BETin Landrace Food Barley 

14 2 ISBYT-HI-20/21 Exotic Line Malt Barley 

15 T464 BETin Landrace Food Barley 

16 T21 BETin Landrace Malt Barley 

17 1 ISBYT-HI-20/21 Exotic Line Malt Barley 

18 T329 BETin Landrace Malt Barley 

19 T369 BETin Landrace Irregular 

20 17 8TH GSBYT-20/21 Exotic Line Malt Barley 

21 15 8TH GSBYT-20/21 Exotic Line Malt Barley 

22 T51 BETin Landrace Food Barley 

23 4 8TH GSBYT-20/21 Exotic Line Food Barley 

24 T376 BETin Landrace Food Barley 

25 T525 BETin Landrace Malt Barley 

26 T573 BETin Landrace Malt Barley 

27 T438 BETin Landrace Malt Barley 

28 T467 BETin Landrace Malt Barley 

29 T422 BETin Landrace Malt Barley 

30 6 8TH GSBYT-20/21 Exotic Line Food Barley 

31 T15 BETin Landrace Irregular 

32 9 8TH GSBYT-20/21 Exotic Line Malt Barley 

33 T470 BETin Landrace Malt Barley 

34 T344 BETin Landrace Irregular 

35 12 8TH GSBYT-20/21 Exotic Line Malt Barley 

36 2 8TH GSBYT-20/21 Exotic Line Food Barley 

37 T520 BETin Landrace Food Barley 
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Appendix 1(Continued) 

S.No Entry No.  Source Description Barley types 

38 3 8TH GSBYT-20/21 Exotic Line Food Barley 

39 T451 BETin Landrace Malt Barley 

40 T97 BETin Landrace Irregular 

41 4 8TH GSBYT-20/21 Exotic Line Food Barley 

42 T562 BETin Landrace Malt Barley 

43 T301 BETin Landrace Food Barley 

44 T367 BETin Landrace Malt Barley 

45 T268 BETin Landrace Malt Barley 

46 1 8TH GSBYT-20/21 Exotic Line Food Barley 

47 T318 BETin Landrace Food Barley 

48 T100 8TH GSBYT-20/21 Exotic Line Malt Barley 

49 7 8TH GSBYT-20/21 Exotic Line Food Barley 

50 T482 BETin Landrace Irregular 

51 T45 BETin Landrace Food Barley 

52 11 8TH GSBYT-20/21 Exotic Line Malt Barley 

53 T78 BETin Landrace Irregular 

54 T455 BETin Landrace Food Barley 

55 19 8TH GSBYT-20/21 Exotic Line Food Barley 

56 T568 BETin Landrace Malt Barley 

57 T72 BETin Landrace Malt Barley 

58 T372 BETin Landrace Food Barley 

59 T204 BETin Landrace Food Barley 

60 114 IBON-20/21 Exotic Line Food Barley 

61 96 IBON-20/21 Exotic Line Food Barley 

62 T139 BETin Landrace Food Barley 

63 T474 BETin Landrace Malt Barley 

64 T62 BETin Landrace Food Barley 

65 66 IBON-20/21 Exotic Line Food Barley 

66 T36 BETin Landrace Malt Barley 

67 T386 BETin Landrace Malt Barley 

68 88 IBON-20/21 Exotic Line Food Barley 

69 T207 BETin Landrace Malt Barley 

70 T12 BETin Landrace Food Barley 

71 T274 BETin Landrace Food Barley 

72 T197 BETin Landrace Malt Barley 

73 15 IBON-20/21 Exotic Line Malt Barley 

74 T374 BETin Landrace Food Barley 

75 T38 BETin Landrace Food Barley 
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Appendix 1(Continued) 

S.No Entry No.  Source Description Barley types 

76 T295 IBON-20/21 Exotic Line Malt Barley 

77 90 IBON-20/21 Exotic Line Food Barley 

78 T24 BETin Landrace Food Barley 

79 51 IBON-20/21 Exotic Line Malt Barley 

80 T503 BETin Landrace Food Barley 

81 T213 BETin Landrace Malt Barley 

82 50 IBON-20/21 Exotic Line Malt Barley 

83 61 IBON-20/21 Exotic Line Food Barley 

84 T370 BETin Landrace Food Barley 

85 59 IBON-20/21 Exotic Line Food Barley 

86 T352 BETin Landrace Food Barley 

87 113 IBON-20/21 Exotic Line Malt Barley 

88 T364 BETin Landrace Irregular 

89 T59 BETin Landrace Food Barley 

90 T320 BETin Landrace Food Barley 

91 100 IBON-20/21 Exotic Line Food Barley 

92 T444 BETin Landrace Food Barley 

93 T519 BETin Landrace Malt Barley 

94 T336 BETin Landrace Irregular 

95 29 IBON-20/21 Exotic Line Malt Barley 

96 T258 BETin Landrace Irregular 

97 T528 BETin Landrace Irregular 

98 T281 BETin Landrace Food Barley 

99 T184 BETin Landrace Food Barley 

100 102 IBON-20/21 Exotic Line Food Barley 

101 T332 BETin Landrace Irregular 

102 T1 BETin Landrace Food Barley 

103 55 IBON-20/21 Exotic Line Malt Barley 

104 T447 BETin Landrace Irregular 

105 105 IBON-20/21 Exotic Line Food Barley 

106 T401 BETin Landrace Irregular 

107 T548 BETin Landrace Malt Barley 

108 T521 BETin Landrace Malt Barley 

109 5 IEMBSN-20/21 Exotic Line Malt Barley 

110 T229 BETin Landrace Malt Barley 

111 17 IEMBSN-20/21 Exotic Line Malt Barley 

112 19 IEMBSN-20/21 Exotic Line Malt Barley 

113 T419 BETin Landrace Irregular 
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Appendix 1(Continued) 

S.No Entry No.  Source Description Barley types 

114 20 IEMBSN-20/21 Exotic Line Malt Barley 

115 149 BETin Landrace Malt Barley 

116 24 IEMBSN-20/21 Exotic Line Malt Barley 

117 T544 BETin Landrace Food Barley 

118 29 IEMBSN-20/21 Exotic Line Malt Barley 

119 T56 BETin Landrace Food Barley 

120 34 IEMBSN-20/21 Exotic Line Malt Barley 

121 T585 BETin Landrace Malt Barley 

122 46 IEMBSN-20/21 Exotic Line Malt Barley 

123 T537 BETin Landrace Food Barley 

124 48 IEMBSN-20/21 Exotic Line Malt Barley 

125 T559 BETin Landrace Malt Barley 

126 T516 BETin Landrace Malt Barley 

127 T254 BETin Landrace Food Barley 

128 56 IEMBSN-20/21 Exotic Line Malt Barley 

129 T575 BETin Landrace Food Barley 

130 62 IEMBSN-20/21 Exotic Line Malt Barley 

131 T307 BETin Landrace Food Barley 

132 T289 BETin Landrace Food Barley 

133 67 IEMBSN-20/21 Exotic Line Malt Barley 

134 T272 BETin Landrace Malt Barley 

135 T208 BETin Landrace Malt Barley 

136 69 IEMBSN-20/21 Exotic Line Malt Barley 

137 T346 BETin Landrace Irregular 

138 73 IEMBSN-20/21 Exotic Line Malt Barley 

139 T271 BETin Landrace Malt Barley 

140 75 IEMBSN-20/21 Exotic Line Malt Barley 

141 T514 BETin Landrace Food Barley 

142 86 IEMBSN-20/21 Exotic Line Malt Barley 

143 T511 BETin Landrace Malt Barley 

144 T11 BETin Landrace Malt Barley 

145 T497 BETin Landrace Food Barley 

146 90 IEMBSN-20/21 Exotic Line Malt Barley 

147 T90 BETin Landrace Irregular 

148 T134 BETin Landrace Malt Barley 

149 91 IEMBSN-20/21 Exotic Line Malt Barley 

150 T79 BETin Landrace Malt Barley 

151 T322 BETin Landrace Food Barley 
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Appendix 1(Continued) 

S.No Entry No.  Source Description Barley types 

152 97 IEMBSN-20/21 Exotic Line Malt Barley 

153 T508 BETin Landrace Malt Barley 

154 100 IEMBSN-20/21 Exotic Line Malt Barley 

155 T387 BETin Landrace Malt Barley 

156 102 IEMBSN-20/21 Exotic Line Malt Barley 

157 T506 BETin Landrace Malt Barley 

158 T328 BETin Landrace Irregular 

159 105 IEMBSN-20/21 Exotic Line Malt Barley 

160 T576 BETin Landrace Food Barley 

161 T30 BETin Landrace Irregular 

162 133 IEMBSN-20/21 Exotic Line Malt Barley 

163 T530 BETin Landrace Food Barley 

164 T522 BETin Landrace Malt Barley 

165 139 IEMBSN-20/21 Exotic Line Malt Barley 

166 T512 BETin Landrace Malt Barley 

167 150 IEMBSN-20/21 Exotic Line Malt Barley 

168 156 IEMBSN-20/21 Exotic Line Malt Barley 

169 T123 BETin Landrace Malt Barley 

170 157 IEMBSN-20/21 Exotic Line Malt Barley 

171 161 IEMBSN-20/21 Exotic Line Malt Barley 

172 T524 BETin Landrace Food Barley 

173 T333 BETin Landrace Food Barley 

174 T494 BETin Landrace Food Barley 

175 167 IEMBSN-20/21 Exotic Line Malt Barley 

176 168 IEMBSN-20/21 Exotic Line Malt Barley 

177 Dinsho(R. Check) SARC Improved Variety Food Barley 

178 Aruso (R. Check) HARC Local Genotypes Food Barley 

179 Moata (S. Check) BETin Improved Variety Malt Barley 

180 HB-42 (S. Check) HARC Local Genotypes Food Barley 

ISBYT-HI-2021=International Spring Barley Yield Trial for High Input Areas 2021, 

BETin=Biotechnology Emerging Technology Institute, 8TH GSBYT-21= 8
TH

 Global Spring 

Barley Yield Trial 2021, IEMBSN-21=ICARDA Ethiopia Malt Barley Special Nursery 2021, 

IBON-2021=International Barley Observation Nursery for Hi-input Areas 2021, SARC= 

Sinana Agricultural Research Center, HARC= Holleta Agricultural Research Center, R-

Check=Resistance-Check, and S-Check=Susceptible-Check. 
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Appendix 2. Entry number, adjusted means of each trait, and categorization of screening barley genotypes for susceptibility or 

resistance to barley shoot fly, Delia flavibasis Stein based on dead heart recorded during the 2022/2023 

Entry No. OVI INF DH CR DTH TT PT DTM PH SL SPS BY GY TKW RC 

17 4.29 70.47 63.85 3.97 83.08 11.2 8.49 131.12 90.26 9.05 54.17 1.45 143.38 42.37 HS 

21 5.19 88.58 71.35 3.97 73.08 8.31 6.19 120.12 95.26 7.55 45.77 1.35 126.38 40.37 HS 

T200 1.29 19.57 15.65 2.85 50.08 3.51 3.39 91.12 106.46 6.65 35.57 0.75 101.38 40.37 R 

20 2.39 48.47 29.15 4.47 83.08 5.71 4.39 131.13 88.36 9.68 69.17 1.75 184.28 42.37 MR 

4 4.39 68.48 58.15 3.77 54.08 14.4 10.19 90.12 72.46 7.35 42.17 1.55 138.58 46.37 HS 

T316 3.59 36.27 32.25 2.67 51.08 5.91 3.72 88.12 58.36 6.35 35.67 0.7 70.18 30.57 S 

T304 3.59 44.68 40.15 1.77 83.08 7.81 5.63 131.13 55.36 6.26 42.32 0.25 31.28 27.77 S 

3 4.29 52.97 44.95 3.97 71.08 7.31 4.99 117.12 82.56 9.55 35.82 1.75 153.08 45.37 S 

T32 1.29 21.47 14.25 3.47 51.08 3.51 3.42 91.12 101.86 5.59 39.65 1.25 119.48 35.37 R 

15 3.79 51.48 44.15 3.57 79.08 6.16 4.24 127.12 80.36 5.85 46.07 1.25 137.08 39.37 S 

19 4.09 80.98 73.75 3.87 80.08 10.5 7.69 127.13 76.66 6.35 52.9 1.29 145.38 35.37 HS 

T315 2.29 32.97 29.45 2.47 69.08 5.51 4.29 118.12 72.66 7.05 33.82 0.45 66.38 38.57 MR 

T249 0.99 16.18 7.05 3.6 51.08 2.71 2.49 91.13 96.86 7.35 58.07 2 147.21 38.37 HR 

2 2.29 31.77 23.35 3.97 52.08 6.11 4.69 93.12 98.46 11.5 44.57 1.15 169.68 46.37 MR 

T464 1.29 18.78 16.25 3.97 53.08 4.39 4.39 95.12 96.86 6.05 54.17 1.75 137.98 39.37 R 

T21 1.79 31.87 26.15 2.97 83.08 5.71 4.69 131.12 85.16 5.85 43.4 0.65 69.94 35.47 MR 

1 3.19 39.27 37.45 2.97 64.08 7.51 5.19 107.12 92.46 5.93 46.82 1.71 159.05 44.57 S 

T329 1.39 26.07 18.45 3.59 53.08 5.71 5.19 92.12 118.56 7.85 41.9 1.25 103.71 40.37 R 

T369 1.54 21.27 17.55 3.47 53.08 3.41 3.19 93.12 99.86 7.68 44.32 1.62 120.28 40.37 R 

17 4.89 88.48 82.45 2.97 83.08 6.91 5.02 131.12 70.26 7.05 33.77 1.25 95.48 38.87 HS 

15 4.09 54.47 47.65 3.22 80.08 6.51 5.19 130.12 79.66 7.05 39.27 1.49 121.38 40.37 S 

T51 3.09 28.77 22.75 3.37 50.08 6.71 5.69 93.12 85.36 5.88 37.82 1.15 93.38 36.77 MR 

4 4.39 68.47 59.85 2.57 67.08 7.01 4.69 120.12 82.46 5.32 47.99 0.75 94.68 41.37 HS 

T376 4.54 85.57 76.55 0.77 75.08 3.21 2.19 126.12 50.36 7.45 30.9 0.25 15.6 29.97 HS 

T525 2.29 25.07 21.35 1.97 49.08 4.98 4.19 93.12 58.16 7.45 23.9 0.65 59.31 37.97 MR 

T573 1.79 22.27 20.45 2.1 52.08 3.91 3.19 95.12 80.46 6.75 41.57 0.88 79.57 35.47 MR 

T438 0.59 17.47 12.45 3.37 49.08 6.31 6.19 89.12 112.46 7.85 43.77 1.61 117.95 39.07 R 
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Appendix 2(Continued) 

T467 0.59 18.28 11.15 3.22 57.08 5.89 5.89 108.12 117.36 8.45 49.07 2.15 139.53 42.77 R 

T422 3.04 39.98 32.65 1.47 82.08 4.61 3.39 129.12 54.36 7.55 22.07 0.25 32.48 28.87 S 

6 2.09 26.97 20.05 4.17 77.08 6.41 4.32 123.12 110.36 5.57 48.57 1.25 171.18 47 MR 

T15 2.59 35.68 27.18 2.79 78.33 7.01 5.95 125.38 76.5 6.02 33.38 1.1 72.02 31.53 MR 

9 2.49 28.37 20.38 3.79 56.33 9.41 6.95 100.38 118.5 9.12 41.38 1.7 183.99 52.03 MR 

T470 3.69 48.68 39.78 2.29 76.33 10.7 7.95 130.38 73.4 5.12 19.88 1.1 76 33.93 S 

T344 4.19 44.68 35.18 1.54 80.33 5.51 3.95 132.38 50.2 8.15 34.78 0.6 39.89 27.93 S 

12 5.29 62.38 55.98 2.79 74.33 11.2 8.75 131.38 101.3 7.47 41.58 1.85 142.69 51.73 HS 

2 4.19 58.38 40.88 4.04 90.33 8.01 5.95 142.38 102.5 8.72 59.68 1.5 164.09 46.63 S 

T520 2.69 33.78 24.68 2.29 58.33 7.41 5.75 100.38 65.4 8.82 29.38 0.98 67.53 28.73 MR 

3 4.49 44.88 39.08 3.79 89.33 8.81 6.55 141.38 102.5 5.72 47.48 1.9 156.49 47.27 S 

T451 6.19 64.88 55.08 1.79 87.33 9.41 6.95 140.38 60.3 8.92 35.98 1.25 63.09 33.73 HS 

T97 2.89 33.18 22.88 2.79 58.33 4.21 3.67 106.38 82.6 10.3 45.21 0.85 100.82 30.83 MR 

4 4.59 59.38 50.08 2.79 82.33 9.41 6.25 134.38 97.9 7.32 49.88 1 111.19 45.64 HS 

T562 2.19 19.88 17.28 3.19 56.33 3.88 3.45 99.38 106.6 8.17 45.08 1.4 138.49 42.93 R 

T301 1.59 20.38 13.98 4.19 59.33 5.21 4.75 104.38 106.7 8.32 51.38 2.3 262.39 54.03 R 

T367 1.69 21.88 17.08 2.92 61.33 4.41 3.85 106.38 101.25 9.12 36.58 1.3 112.19 35.03 R 

T268 4.39 66.97 54.98 3.29 88.33 10.8 7.95 142.38 88.7 7.74 43.71 2.1 165.12 37.53 HS 

1 5.19 85.78 72.78 3.79 86.33 6.81 4.95 140.38 93.5 7.02 47.71 1.1 149.87 46.83 HS 

T318 1.69 27.17 17.48 3.19 58.33 3.26 3.25 102.38 106.3 8.82 41.13 1.9 111.89 34.53 R 

T100 4.44 51.88 43.68 2.39 88.33 7.61 6.19 141.38 67.6 8.92 37.88 0.85 94.54 30.83 S 

7 4.19 80.38 71.28 2.59 90.33 10.1 6.25 142.38 63.6 5.92 50.18 0.6 87.94 30.73 HS 

T482 2.44 28.88 19.58 2.19 62.33 8.01 6.95 114.38 107.7 8.92 47.08 1.8 118.2 39.23 R 

T45 2.26 20.07 18.93 4.03 53.33 4.82 4.26 102.12 104.54 9.29 59.78 2.08 165.32 40.89 R 

11 6.59 84.38 77.68 2.79 88.33 6.51 3.95 141.38 83.5 6.12 41.38 1.1 128.14 39.03 HS 

T78 1.86 24.48 17.63 3.83 51.33 7.92 6.86 98.13 95.24 7.99 46.83 1.53 134.49 35.49 R 

T455 1.69 24.27 18.48 3.42 54.33 5.01 4.35 106.38 103.7 8.52 39.98 1.6 129.82 36.45 R 

19 4.49 60.68 47.98 3.94 87.33 7.31 4.75 142.38 99.6 7.82 52.68 1.1 156.44 39.23 S 

T568 2.19 26.18 17.88 2.79 56.33 4.01 3.95 102.38 103.7 7.92 33.63 1.35 118.44 34.24 R 

T72 2.59 21.37 18.28 3.04 60.33 5.01 4.35 106.38 91.4 10 36.08 1.35 120.49 38.23 R 
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T372 2.39 25.98 18.28 3.79 58.33 5.01 4.58 102.38 108.5 7.32 35.98 1.53 130.37 38.93 R 

T204 2.19 26.87 15.88 3.29 56.33 6.31 5.45 98.38 103.3 8.72 44.18 1.7 113.04 33.63 R 

114 5.79 78.68 65.28 2.79 89.33 8.01 5.65 143.38 77.6 5.82 42.63 1.9 113.19 40.23 HS 

96 4.56 45.6 37.55 3.92 80.83 8.16 6.87 127.88 85.74 7.93 44.92 1.93 162.93 37.13 S 

T139 6.26 60.7 48.25 0.67 85.83 3.66 2.69 135.88 53.84 9.13 39.42 0.58 27.55 25.03 S 

T474 3.96 40.6 30.35 2.67 78.83 8.16 6.14 124.88 71.64 9.63 37.62 0.98 96.48 37.33 S 

T62 1.36 18.1 8.25 3.92 56.83 2.96 3.34 100.88 103.14 8.13 44.87 1.93 143.45 33.83 HR 

66 6.56 94.1 85.25 1.42 86.83 6.96 4.44 133.88 66.44 6.63 51.12 0.88 106.04 35.33 HS 

T36 2.76 30.6 21.75 3.17 88.83 4.76 4.34 136.88 85.74 8.33 33.82 1.98 94.69 35.43 MR 

T386 4.16 39.6 36.55 2.17 85.83 4.16 3.54 137.88 54.14 9.07 36.37 0.73 62.4 33.33 S 

88 4.76 43.6 37.55 3.92 75.83 6.86 3.84 121.88 106.64 7.33 59.72 1.08 156.64 36.33 S 

T207 4.16 44.4 33.95 1.55 74.83 5.16 4.04 120.88 50.54 10.1 38.45 0.73 40.95 27.53 S 

T12 3.96 39.8 36.55 2.92 84.83 7.16 5.54 136.88 71.74 7.83 32.62 1.08 78.9 29.33 S 

T274 3.96 41.4 33.35 1.17 84.83 5.16 3.67 137.88 48.94 8.63 42.12 0.83 29.48 28.73 S 

T197 5.46 52.6 41.75 1.79 73.83 3.89 3.14 124.88 60.74 8.93 37.95 0.88 42.1 30.13 S 

15 4.96 73.62 56.45 3.67 80.83 8.66 5.54 131.88 88.14 9.03 42.12 0.88 134.01 49.83 HS 

T374 1.86 17.9 15.25 3.52 56.83 5.56 5.39 100.88 104.14 9.13 44.42 1.83 133.7 38.03 R 

T38 2.96 35.2 25.75 2.67 70.83 2.66 2.48 121.88 80.64 8.38 33.2 1.01 71.2 26.93 MR 

T295 4.96 71.8 64.65 1.42 86.83 3.86 2.84 137.88 45.84 10.9 38.32 0.78 37.54 38.83 HS 

90 4.26 57.6 38.95 3.92 70.83 6.86 5.14 124.88 96.94 8.38 63.95 1.94 163.63 37.83 S 

T24 1.56 17.4 10.55 3.92 65.83 5.16 5.17 114.88 113.74 10.2 49.12 2.08 152.53 38.43 R 

51 5.46 81.6 71.05 3.67 86.83 9.76 7.54 137.88 71.84 9.63 40.62 1.68 140.13 39.33 HS 

T503 3.96 44.4 35.95 1.8 86.83 4.16 3.54 137.88 58.74 8.33 50.12 0.88 58.85 32.13 S 

T213 5.46 49.1 40.55 1.42 83.83 5.26 4.14 135.88 51.54 8.88 39.42 0.83 33.1 30.13 S 

50 1.96 27.6 17.05 3.92 64.83 7.56 7.54 112.88 115.74 9.53 46.92 2.08 194.71 37.93 R 

61 5.16 85.6 76.65 2.52 86.83 6.96 4.94 136.88 72.84 6.63 48.92 1.08 92.1 34.53 HS 

T370 2.76 31.9 24.85 1.92 70.83 2.76 2.54 125.88 86.79 8.13 54.12 1.08 90.5 33.43 MR 

59 4.96 69.6 58.25 3.92 84.83 6.56 5.29 136.88 115.84 8.03 58.92 1.08 152.84 40.16 HS 

T352 2.66 32.1 23.95 2.32 60.83 0.76 0.94 105.88 89.59 7.93 37.92 1.08 92.3 27.73 MR 

113 5.46 64.6 49.55 3.42 83.83 3.96 2.54 134.88 111.74 9.93 51.92 1.08 136.41 41.43 S 
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T364 2.16 36.7 24.9 3.52 60.83 5.16 4.67 109.88 84.79 7.63 35.82 0.98 86 32.73 MR 

T59 6.76 91.4 82.35 1.55 76.83 7.76 4.29 127.88 45.74 8.13 51.42 0.78 38.71 33.83 HS 

T320 6.71 63.67 59.98 2.42 75.83 11.5 8.28 127.13 47.04 9.31 36.88 0.83 47.54 29.89 HS 

100 5.41 79.38 76.38 3.87 88.83 7.26 4.78 138.13 79.94 7.81 46.48 0.58 130.11 46.59 HS 

T444 5.71 84.18 78.98 1.62 86.83 3.66 1.98 131.13 39.04 9.61 31.91 0.58 19.61 37.59 HS 

T519 5.91 53.88 48.38 1.85 75.83 6.76 5.08 129.13 47.84 7.86 35.58 0.83 26.68 35.29 S 

T336 6.71 71.08 66.18 1.65 87.83 5.06 3.48 141.13 61.04 8.91 34.33 0.58 37.81 31.29 HS 

29 5.01 48.38 36.48 4.22 74.83 6.66 5.73 127.13 81.84 9.44 42.08 2.08 152.92 41.59 S 

T258 5.21 74.97 67.98 1.55 87.83 6.66 4.58 136.13 52.74 8.61 38.28 0.78 34.73 32.59 HS 

T528 4.21 38.87 33.78 2.22 72.83 5.66 4.28 128.12 56.74 8.01 45.68 0.88 46.59 38.59 S 

T281 2.01 16.12 13.78 4.22 61.83 10.7 9.48 101.12 89.94 9.86 43.58 2.38 191.77 38.19 R 

T184 5.61 68.98 63.28 1.97 87.83 5.46 3.78 136.13 49.94 5.91 42.28 0.58 44.99 34.59 HS 

102 5.21 89.77 85.08 2.22 90.83 6.36 4.48 141.12 69.04 8.21 46.68 0.98 87.89 37.39 HS 

T332 3.71 39.58 37.48 3.1 72.83 4.66 3.48 131.13 70.24 8.61 42.08 1.31 87.32 34.09 S 

T1 6.11 41.38 37.08 2.72 67.83 4.26 3.13 113.13 62.84 8.61 49.88 0.83 77.39 38.99 S 

55 5.81 79.38 77.58 4.22 89.83 9.16 5.61 141.13 80.04 8.85 41.58 0.83 151.3 52.39 HS 

T447 4.71 46.87 42.48 2.97 75.83 5.46 4.08 127.13 53.74 8.81 41.88 1.03 58.99 35.39 S 

105 4.71 82.37 76.38 3.42 77.83 12.1 8.48 131.12 79.44 7.61 59.38 1.28 124.93 34.66 HS 

T401 1.81 17.88 16.48 3.85 61.83 6.66 6.48 105.13 91.54 8.41 54.08 2.08 145.2 36.79 R 

T548 5.21 46.38 42.28 2.35 78.83 6.66 4.88 131.12 51.04 10.6 34.58 0.88 52.03 46.99 S 

T521 2.01 23.27 20.03 4.22 68.83 5.66 4.98 121.13 107.94 10 50.08 2.48 148.25 50.59 MR 

5 4.71 82.58 79.08 3.97 85.83 9.46 7.18 141.13 78.64 9.41 40.08 1.58 134.81 54.79 HS 

T229 5.51 47.37 44.78 1.72 69.83 5.66 3.98 119.13 37.94 9.21 42.28 0.98 34.69 44.69 S 

17 5.21 54.87 51.18 4.22 88.83 11 7.98 140.12 79.04 10.3 42.08 1.83 154.59 41.59 HS 

19 4.41 75.98 70.58 4.22 86.83 8.16 7.08 139.13 83.84 7.31 39.08 2.48 133.69 46.89 HS 

T419 4.21 34.48 33.78 2.02 76.83 3.66 2.78 126.13 59.64 9.21 39.18 0.58 43.84 31.29 S 

20 4.51 52.38 47.28 3.62 84.83 9.06 7.23 136.13 78.94 9.34 40.08 1.08 124.69 40.59 S 

149 2.31 17.68 18.08 3.72 59.83 7.66 6.74 105.13 87.04 8.41 32.08 1.88 107.36 38.99 R 

24 5.51 60.38 55.38 3.92 82.83 5.66 5.48 135.13 72.74 7.91 39.91 2.58 139.75 45.19 HS 

T544 2.21 21.68 16.18 3.72 62.83 3.86 3.33 114.13 93.74 8.61 41.48 1.45 119.86 36.61 R 

29 5.21 58.37 53.38 3.22 87.83 7.36 5.48 141.12 73.84 10.2 40.58 1.38 119.49 39.59 HS 
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Appendix 2(Continued) 

T56 2.36 28.38 23.13 2.78 54.33 3.28 2.76 103.12 101.24 7.19 34.53 1.33 96.39 37.39 MR 

34 4.86 67.67 59.83 2.79 77.33 6.42 4.56 130.13 71.64 9.44 36.95 1.08 107.99 38.89 HS 

T585 4.16 36.98 34.13 2.78 64.33 6.42 4.39 114.13 77.64 10.6 32.53 0.98 92.06 47.09 S 

46 4.66 83.87 75.13 1.59 83.33 11.8 8.51 134.12 75.54 10.2 36.03 1.51 87.65 38.09 HS 

T537 2.36 23.68 20.03 3.66 55.33 6.42 5.66 96.13 103.24 7.59 52.23 1.58 119.75 33.9 MR 

48 5.06 84.88 77.93 2.48 83.33 8.32 5.76 133.13 77.54 9.19 37.86 1.84 114.57 35.19 HS 

T559 4.36 40.38 39.33 1.78 68.33 6.42 4.66 123.13 51.24 8.59 33.73 0.83 51.09 29.69 S 

T516 4.36 44.38 35.28 2.66 70.33 6.42 5.06 126.13 68.34 9.09 31.95 1.08 87.04 37.1 S 

T254 4.06 36.08 33.78 3.03 61.33 5.42 4.26 112.12 83.34 9.59 34.23 0.83 93.93 34.29 S 

56 5.86 84.87 76.13 1.87 82.33 9.82 5.38 135.12 68.54 9.89 32.03 1.08 81.09 46.19 HS 

T575 0.86 18.18 16.43 3.43 51.33 7.42 7.06 93.12 110.64 8.59 53.33 2.08 182.19 41.69 R 

62 5.56 83.38 78.33 2.33 81.33 12.9 9.51 132.12 72.54 8.71 31.13 1.08 96.2 35.59 HS 

T307 2.86 33.18 31.28 3.33 71.33 2.92 2.39 125.13 85.44 7.79 44.83 1.68 98.13 31.99 S 

T289 3.06 36.88 28.73 2.66 62.33 3.12 2.38 114.13 75.24 7.69 44.03 1.31 76.05 26.09 MR 

67 5.86 86.88 79.28 2.43 71.33 11.9 9.26 127.13 56.64 9.59 37.73 1.58 97.29 46.89 HS 

T272 4.36 48.67 43.13 1.43 81.33 6.42 4.52 135.13 60.34 8.81 30.73 0.68 41.5 29.59 S 

T208 2.36 24.88 19.13 4.03 59.33 2.98 2.76 110.13 107.54 7.89 41.53 2.08 145.76 39.29 R 

69 6.36 65.38 58.13 3.03 85.33 8.42 6.76 138.13 74.34 9.29 34.23 2.08 121.69 52.99 HS 

T346 4.36 40.38 35.08 2.16 67.33 5.82 4.46 120.13 58.24 10.2 35.13 0.83 61.66 32.39 S 

73 4.66 90.88 86.88 2.03 85.33 11.9 6.26 136.13 63.64 10.2 45.33 0.83 110.69 43.89 HS 

T271 3.86 36.68 33.83 2.53 67.33 6.42 4.76 120.13 98.54 8.39 35.83 0.58 88.24 40.29 S 

75 5.06 84.37 78.38 2.83 82.33 8.02 6.76 132.12 89.24 7.59 32.93 2.08 119.09 51.19 HS 

T514 4.36 43.87 37.93 2.53 67.33 6.02 4.26 122.12 68.44 9.09 46.33 0.98 63.99 26.99 S 

86 6.26 85.87 82.23 1.53 81.33 10 6.76 135.13 56.64 8.82 30.13 2.33 54.92 28.99 HS 

T511 6.66 83.18 78.68 0.66 84.33 7.29 4.76 135.13 43.44 6.59 20.36 0.58 22.67 19.99 HS 

T11 1.66 19.17 12.88 4.03 54.33 5.42 5.26 98.13 119.54 10.7 37.53 2.08 154.7 54.19 R 

T497 2.76 34.17 28.43 3.33 67.33 5.02 4.11 124.13 87.34 9.74 41.73 1.36 101.57 33.29 MR 

90 5.26 90.78 86.33 2.03 85.33 11.4 8.96 134.13 68.54 9.39 30.53 1.83 91.19 35.09 HS 

T90 1.86 23.88 18.33 3.53 51.33 3.92 3.66 97.13 103.24 8.69 35.53 2.08 171.83 44.09 R 

T134 2.99 25.6 20.6 3.27 57.58 2.64 2.33 99.38 95.43 7.4 34.83 0.91 83.56 32.09 MR 

91 4.59 84.3 75.6 1.94 89.58 12 8.08 141.38 47.83 9.03 41.83 0.81 55.37 29.39 HS 
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T79 3.99 40.4 32.6 1.57 73.58 3.54 2.48 123.38 80.63 8.1 37.83 0.64 50.63 31.59 S 

T322 4.49 33.8 29.6 2.07 71.58 2.64 1.96 125.38 48.53 5.63 35.03 0.51 40.79 28.79 MR 

97 4.79 73.8 65.2 2.82 89.58 5.84 4.08 141.38 75.53 7.2 36.33 0.76 89.16 33.09 HS 

T508 2.69 27.9 20.4 2.57 57.58 3.64 3.08 101.38 56.43 7.9 39.83 0.86 63.93 33.79 MR 

100 5.89 86.8 80.5 2.57 85.58 6.84 4.98 141.38 64.73 7.5 35.83 0.91 86.96 33.19 HS 

T387 3.49 31.6 24.2 2.57 65.58 4.04 3.58 112.38 73.73 8.8 34.63 1.04 82.56 35.69 MR 

102 5.29 82.8 71.2 2.07 71.58 7.04 4.71 126.38 74.03 7.23 32.73 0.81 75.72 38.69 HS 

T506 1.09 3.4 1.5 4.07 58.58 5.04 5.08 106.38 100.63 9 35.83 1.91 137.36 42.29 HR 

T328 0.89 20.8 16.3 3.57 68.58 5.04 4.58 116.38 98.43 8.1 36.03 1.41 104.06 36.79 R 

105 5.39 83.6 76.9 1.57 77.58 9.94 7.28 126.38 60.73 6.3 35.66 1.36 39.7 29.19 HS 

T576 1.99 18.6 11 4.07 66.58 4.04 3.88 119.38 114.03 6.13 54.33 2.11 182.91 45.69 R 

T30 4.69 44.9 36.8 2.47 85.58 6.04 4.58 135.38 58.63 6.5 46.13 0.61 42.61 32.69 S 

133 4.99 83.6 74 1.54 83.58 8.64 6.38 135.38 65.83 6.4 29.83 1.41 48.36 47.59 HS 

T530 4.49 41.9 35.2 2.47 73.58 5.04 3.58 127.38 62.53 6.4 36.33 0.71 58.26 34.29 S 

T522 3.19 34.8 24.2 2.37 56.58 4.04 3.48 111.38 61.73 7.1 35.03 0.96 54.92 42.19 MR 

139 2.39 23.8 18.6 4.57 59.58 14 11.08 106.38 98.43 8 46.33 1.41 190.27 43.19 R 

T512 1.49 26.8 17.1 3.27 67.58 4.04 3.88 119.38 105.83 7.4 40.33 1.66 113.82 36.79 R 

150 2.99 27.2 23.8 3.37 62.58 5.64 4.83 118.38 80.43 9.12 46.33 1.21 123.13 43.69 MR 

156 3.99 54.3 47.3 3.22 79.58 12 9.1 126.38 81.63 7.43 35.33 0.91 110.08 42.39 S 

T123 2.99 27.9 22.8 2.82 71.58 3.44 3.08 127.38 82.53 6.03 31.33 1.41 90.63 37.19 MR 

157 2.19 27.8 22.8 4.67 64.58 8.74 6.88 116.38 104.7 10.6 45.33 0.91 203.07 51.99 MR 

161 5.19 81.3 75.9 3.87 85.58 7.54 5.58 139.38 77.83 7.01 38.03 1.61 133.16 47.09 HS 

T524 1.49 7.5 3.9 4.07 57.58 7.14 6.98 99.38 97.43 6.3 52.83 1.91 173.39 43.69 HR 

T333 1.49 24.8 17.9 3.37 55.58 2.54 2.21 96.38 101.3 7.3 39.75 0.91 106.86 34.59 R 

T494 2.69 27.6 24.1 3.07 71.58 3.24 2.88 123.38 72.63 6.3 41.66 0.86 84.78 28.29 MR 

167 4.39 52.3 44 3.87 88.58 7.74 5.96 139.38 85.83 9.2 44.53 1.31 137.99 43.19 S 

168 5.59 84.3 75.7 3.07 87.58 7.84 4.98 139.38 90.73 6.3 35.53 0.91 102.48 40.09 HS 

Dinsho 1.8 18.9 12.95 3.93 57.5 4.51 4.34 103.17 95.94 9.3 48.67 1.65 149.2 39.49 R 

Aruso 1.68 15.2 10.98 4.53 56.33 5.27 5.2 101.83 93.48 8.86 52.01 1.91 174.12 43.63 R 

Moata 4.32 59.37 49.18 3.6 79.5 7.6 5.43 128.67 75.85 8.68 47.32 1.45 140.93 40.08 S 

HB-42 5.75 83.53 72.8 0.91 87 8.04 4.9 135.83 67.78 6.44 42.22 0.59 90.85 34.16 HS 

OVI=Eggs seedling-1, INF=Infestation Percentages, DH=Dead Heart Percentages, CR=Crop Recovery measured by 1-5 scale, DTH=Days to 50% Heading 

in Days, TT=Total Tiller in Numbers, PT=Productive or Fertile Tillers in Numbers, DTM=Days to 90% Maturity in Days, PH=Plant Height in Centimeters, 

SL=Spike Length in Centimeters, SPS=Seed Per Spikes in Numbers, BY=Biological Yield in KgPlot-1,GY=Grain Yield in Grams Plot-1,TKW=Thousand 

Kernel Weight in Grams, RC=Resistance Category, HR=Highly Resistance, R=Resistance, MR=Moderately Resistance, S=Susceptible and HS=Highly 

Susceptible 
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Appendix 3. Analyses of variance for barley shoot fly damage parameters 
Characters Source DF Sum Sq. Mean of Sq. F value Pr (>F)   

OVI(No.) 

Replications 1 47.8 47.78 0.8228 0.3688 

Genotypes(unadj) 63 28073.8 445.62 7.6746 6.894e-12 *** 

Block in rep(adj) 14 1014.5 72.47 1.2480 0.2735 

Intrablock error 49 2845.1 58.06   

INF (%) 

Replications 1 211 211.02 1.2272 0.2734 

Genotypes(unadj) 63 83419 1324.11 7.7004 6.455e-12 *** 

Block in rep(adj) 14 3065 218.91 1.2731 0.2578 

Intrablock error 49 8426 171.95   

DH (%) 

Replications 1 512 512.20 2.8652 0.09686  

Genotypes(unadj) 63 65749 1043.63 5.8380 1.219e-09 *** 

Block in rep(adj) 14 2822 201.57 1.1276 0.35928   

Intrablock error 49 8759 178.76     

CR(1-5) 

Replications 1 0.185 0.18529 0.3207 0.5738   

Genotypes(unadj) 63 111.137 1.76408 3.0532 4.249e-05 *** 

Block in rep(adj) 14 8.255 0.58964 1.0205 0.4495   

Intrablock error 49 28.312 0.57779     

***= (P<0.001); OVI (No.) = Oviposition in Numbers; INF (%) = Infestation Percentage; DH (%) =Dead Heart 

percentages; CR (1-5) =Crop Recovery with Scoring Rates of 1 to 5 

Appendix 4. Analysis of variance for morphological traits of barley genotypes 
Characters Source DF Sum Sq Mean of Sq F value Pr(>F)   

SV(1-5) 

Replications 1 3.781 3.7813 7.5417 0.008408 ** 

Genotypes(unadj) 63 189.875 3.0139 6.0112 7.14e-10 *** 

Block in rep(adj) 14 6.651 0.4751 0.9475 0.517597 

Intrablock error 49 24.568 0.5014   

LG(1-5) 

Replications 1 0.439 0.43945 1.2801 0.2634   

Genotypes(unadj) 63 176.045 2.79436 8.1396 2.163e-12 *** 

Block in rep(adj) 14 5.114 0.36526 1.0640 0.4114     

Intrablock error 49 16.822 0.34330   

SC(1-3) 

Replications 1 0.008 0.00781 0.0737 0.7872 

Genotypes(unadj) 63 85.367 1.35503 12.7822 <2e-16 *** 

Block in rep(adj) 14 1.298 0.09269 0.8744 0.5896     

Intrablock error 49 5.194 0.10601   

FLW(cm) 

Replications 1 0.0291 0.029101 7.5017   0.008571 ** 

Genotypes(unadj) 63 3.2705 0.051913 13.3824 < 2.2e-16 *** 

Block in rep(adj) 14 0.0680 0.004855 1.2515 0.271281    

Intrablock error 49 0.1901 0.003879   

SLW(cm) 

Replications 1 0.00138 0.0013781 1.6224 0.20876 

Genotypes(unadj) 63 1.28109 0.0203347 23.9393 < 2e-16 *** 

Block in rep(adj) 14 0.02050 0.0014643 1.7238 0.08096  

Intrablock error 49 0.04162 0.0008494   

SSL(cm) 

Replications 1 0.104 0.10351 0.5198 0.4744 

Genotypes(unadj) 63 181.050 2.87381 14.4301 <2e-16 *** 

Block in rep(adj) 14 3.493 0.24953 1.2529 0.2704   

Intrablock error 49 9.759 0.19915     

SST(cm) 

Replications 1 0.03850 0.038503 5.6886 0.02099 *   

Genotypes(unadj) 63 2.49542 0.039610 5.8521 1.167e-09 *** 

Block in rep(adj) 14 0.09574 0.006838 1.0103 0.45874     

Intrablock error 49 0.33166 0.006769   

SV =Seedling Vigor, LG=Leaf Glossiness, SC=Seedling color, FLW=First Leaf Width, SLW (cm) 

=Second Leaf Width, SSL =Seedling Stem Length, SST =Seedling Stem Thickness. 
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Appendix 5. Analysis of variance for agronomic traits of barley genotypes 
Characters Source DF Sum Sq Mean of Sq F value Pr(>F)   

DTH(Days) 

Replications 1 6.13 6.1250 1.6451 0.2057 

Genotypes(unadj) 63 1874.47 29.7535 7.9916 3.11e-12 *** 

Block in rep(adj) 14 71.44 5.1031 1.3707 0.2035 

Intrablock error 49 182.43 3.7231   

DTM(Days) 

Replications 1 4.96 4.961 0.5036 0.4813 

Genotypes(unadj) 63 3016.09 47.874 4.8592 3.133e-08 *** 

Block in rep(adj) 14 88.65 6.332 0.6427 0.8158    

Intrablock error 49 482.76 9.852   

PH(cm) 

Replications 1 18.1   18.10 0.3559 0.55356   

Genotypes(unadj) 63 20418.1 324.10 6.3719 2.425e-10 *** 

Block in rep(adj) 14 1484.4 106.03 2.0846 0.02975 *   

Intrablock error 49 2492.3 50.86   

PT(No.) 

Replications 1 0.039 0.0390 0.1119 0.7395    

Genotypes(unadj) 63 206.630 3.2798 9.4158 1.154e-13 *** 

Block in rep(adj) 14 7.256 0.5183 1.4880 0.1513    

Intrablock error 49 17.068 0.3483   

TT(No.) 

Replications 1 0.163 0.1629 0.4662   0.498 

Genotypes(unadj) 63 313.462 4.9756 14.2372 <2e-16 *** 

Block in rep(adj) 14 4.043 0.2888 0.8264 0.638 

Intrablock error 49 17.124 0.3495   

SL(cm) 

Replications 1 1.438 1.4379 1.9436 0.1696 

Genotypes(unadj) 63 229.332 3.6402 4.9203 2.528e-08 *** 

Block in rep(adj) 14 6.079 0.4342 0.5869 0.8622   

Intrablock error 49 36.252 0.7398   

Appendix 5(Continued) 

Characters Source DF Sum Sq Mean of Sq F value Pr(>F)   

SPS(No.) 

Replications 1 215.4 215.428 6.0742 0.01727 * 

Genotypes(unadj) 63 12163.9 193.077 5.4440 4.295e-09 *** 

Block in rep(adj) 14 872.2 62.302 1.7566 0.07405 

Intrablock error 49 1737.8 35.466   

BY(kg/plot) 

Replications 1 0.030 0.03001 1.0472 0.3112   

Genotypes(unadj) 63 32.524 0.51625 18.0122 <2e-16 *** 

Block in rep(adj) 14 0.428 0.03060 1.0676 0.4083 

Intrablock error 49 1.404 0.02866   

 

GY(gm/plot) 

Replications 1 44 43.68 0.6078 0.43938 

Genotypes(unadj) 63 46925 744.83 10.3633 1.603e-14 *** 

Block in rep(adj) 14 2394 170.97 2.3787 0.01293 *   

Intrablock error 49 3522 71.87   

TKW(gm) 

Replications 1 3.44 3.4420 0.7954 0.3768 

Genotypes(unadj) 63 1465.73 23.2656 5.3766 5.36e-09 *** 

Block in rep(adj) 14 68.18 4.8698 1.1254 0.3610   

Intrablock error 49 212.03 4.3272     

*** = (P<0.001); * = (P<0.05); DTH=Days to Heading in Days, DTM=Days to Maturity in Days, PH=Plant 

Height in Centimeter, PT=Productive or Fertile Tillers Plant
-1

 in Numbers, TT=Total Tillers Plant
-1

 in Numbers, 

SL=Spike Length in Centimeter, SPS=Seed Per Spikes in Numbers, BY=Biomass Yield in Kilogram Plot
-1

, 

GY=Grain Yield in Grams Plot
-1

, TKW=Thousand Kernel Weight in Grams. 
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Appendix 6. Analysis of variance oviposition preference and damage by the barley shoot fly, 

Delia flavibasis females on 12 barley genotypes under multi-choice test in the field 

Traits Sources of variation Df Sum Sq Mean Sq F value Pr(>F) 

Eggs plant-1 

at 10 DAE 

 

Genotypes 11 24.4267 2.22061 73.28 1.035e-14 *** 

Replication 2 0.1667 0.08333 2.75 0.0859 

Residuals 22 0.6667 0.0303 
  

Total 35 25.2601 
   

Eggs plant-1 

at  13 DAE 

 

Genotypes 11 25.2031 2.29119 70.7178 1.509e-14 *** 

Replication 2 0.1672 0.08361 2.5807 0.09844 

Residuals 22 0.7128 0.0324 
  

Total 35 52.23 
   

Seedling 

with eggs 

at 10 DAE 

 

Genotypes 11 8287.7 753.42 30.4928 9.192e-11 *** 

Replication 2 9.8 4.9 0.1982 0.8217 

Residuals 22 543.6 24.71 
  

Total 35 8841.1 
   

Seedling 

with eggs 

at 13 DAE 

 

Genotypes 11 9623.8 874.89 40.7098 4.842e-12 *** 

Replication 2 106.5 53.24 2.4771 0.1071 

Residuals 22 472.8 21.49 
  

Total 35 10203.1 
   

Dead heart 

at 18 DAE 

 

Genotypes 11 8576.5 779.68 169.0767 <2e-16 *** 

Replication 2 0.1 0.04 0.0079 0.9921 

Residuals 22 101.5 4.61 
  

Total 35 8678.1 
   

***=(P<0.001);  DAE=Days After Emergence 

Appendix 7. Analysis of variance oviposition preference and damage by the barley shoot fly, 

Delia flavibasis females on 12 barley genotypes under no-choice test in the field 
Traits Source of variation Df Sum Sq Mean Sq F value Pr(>F) 

Eggs plant
-1

 

at 10 DAE 

Genotypes 11 22.116 2.01051 36.009 3.236e-12 *** 
Residuals 24 1.34 0.05583   

Total 35 23.456    

Eggs plant
-1

 

at 13 DAE 

Genotypes 11 7.7831 0.70755 5.1667 0.0003819 *** 

Residuals 24 3.2867 0.13694   

Total 35 11.0698    

Seedling 

with eggs 

at 10 DAE 

Genotypes 11 13.952 1.2684 0.9658 0.5009
ns

 

Residuals 24 31.520 1.3133   

Total 35 45.472    

Seedling 

with eggs 

at 13 DAE 

Genotypes 11 6.5589 0.59626 0.4929 0.8892
ns

 

Residuals 24 29.0333 1.20972   

Total 35 35.5922    

Dead heart 

at 18 DAE 

Genotypes 11 3393.9 308.535 32.254 1.09e-11 *** 
Residuals 24 229.6 9.566   

Total 35 3623.5    

***= (P<0.001); ns=Non-Significant; DAE=Days after Emergence 
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Appendix 8. Analysis of variance for the average developmental parameters of D. flavibasis 

on 12 barley genotypes under laboratory condition (SARC, 2023) 
Traits Source of variation Df Sum Sq Mean Sq F value   Pr(>F)   

Larval period 

(days) 

Genotypes 11 6.9495 0.63177 96.7 < 2.2e-16 *** 

Residuals 24 0.1568 0.00653   

Total 35 7.1063    

Pupal period 

(days) 

Genotypes 11 4.9241 0.44764 116.95 < 2.2e-16 *** 

Residuals 24 0.0919 0.00383   

Total 35 5.016    

Pupal 

weight(grams) 

Genotypes 11 1.2535 0.113954 26.639 8.738e-11*** 

Residuals 24 0.10267 0.004278    

Total 35 1.35617    

Pupation (%) 

Genotypes 11 873.49 79.408 8.0866 1.086e-05 *** 

Residuals 24 235.67 9.82   

Total 35 1109.16    

Adult 

Emergence 

(%) 

Genotypes 11 2014.71 183.156 39.608 1.122e-12 *** 

Residuals 24 110.98 4.624   

Total 35 2125.69    

Fecundity per 

female 

Genotypes 11 26.8514 2.44104 37.561 2.026e-12 *** 

Residuals 24 1.5597 0.06499   

Total 35 28.4111    

***=(P<0.001) 

Appendix 9. Analysis of variance for the average Antibiosis indices of D. flavibasis on12 

barley genotypes under laboratory condition (SARC, 2023) 

Traits Source of variation Df Sum Sq Mean Sq F value   Pr(>F)   

Growth 

index 

 

Genotypes 11 73.697 6.6997 25.448 1.429e-10 *** 

Residuals 24 6.319 0.2633   

Total 35 80.016    

Relative 

Growth 

Index 

Genotypes 11 0.47958 0.043598 25.448 1.429e-10 *** 

Residuals 24 0.04112 0.001713   

Total 35 0.5207    

Developmental 

index 

Genotypes 11 0.095781 0.0087073 149.95 < 2.2e-16 *** 

Residuals 24 0.001394 0.0000581   

Total 35 0.097175    

Adult  

emergence  

index 

Genotypes 11 0.3447 0.0313361 39.608 1.122e-12 *** 

Residuals 24 0.01899 0.0007911   

Total 35 0.36369    

Fecundity 

Index 

Genotypes 11 0.08371 0.00761 37.561 2.026e-12 *** 

Residuals 24 0.004862 0.0002026   

Total 35 0.088572    

***=(P<0.001) 
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Appendix 10. Temperature and rainfall data of Sinana Agricultural Research Center 
Average monthly temperature and rainfall for the 

2022 

Average monthly temperature and rainfall 

for the 2023 

Month Temperature (
0
C) Total 

Rainfall(mm) 

Temperature (
0
C) Total 

Rainfall(mm) 

 

Maximum Minimum Maximum Minimum 

January 22.7 8.4 4 22.4 7.8 10 

February 24.1 9.7 3 23.9 9.3 1 

March 24.1 10.5 19 21.2 10.7 167 

April 21.7 11 134 20.4 10.1 162 

May  22.4 10.7 27 20.3 11 101 

June 21.8 11 27 21.3 11.5 19 

July 19.3 11 172 21.2 11.9 91 

August 19.3 10.8 179 20.3 11 82 

September 19.7 10.7 92 20.9 11.6 147 

October 18.7 9.6 181 19.4 10.5 147 

November 19.6 7.6 21 18.8 8.9 116 

December 21.4 7.7 2 21.3 7.9 2 

Mean 21.23 9.89 72 20.95 10.2 87 

Total 

  
861 

  
1,045 

Appendix 11. Average daily temperature of the laboratory during 2024 antibiosis test at 

Sinana Agricultural Research Center 

Date 
Month 

Date 
Month 

October October 

1 21.02 17 20.02 

2 20.68 18 26.35 

3 21.02 19 22.02 

4 21.35 20 24.35 

5 21.02 21 19.02 

6 21.68 22 20.02 

7 20.35 23 20.35 

8 19.35 24 21.35 

9 22.68 25 23.35 

10 23.02 26 20.02 

11 21.68 27 21.35 

12 22.68 28 22.02 

13 23.02 29 21.35 

14 20.35 30 18.35 

15 20.02 31 22.02 

16 20.35 

  Mean 

  
21.36 

 


