
GENETIC VARIABILITY AND ASSOCIATION AMONG SEED YIELD 

AND YIELD RELATED TRAITS IN BREAD WHEAT (Triticum aestivum L.) 

GENOTYPES AT OFLA DISTRICT, NORTHERN ETHIOPIA 

 

 

 

 

M.Sc. Thesis 

 

 

 

 

 

ADHIENA MESELE RETA 

 

 

 

 

 

 

 

 

 

 

 

March 2015 

Haramaya University



 
 

ii 
 

Genetic Variability and Association among Seed Yield and Yield Related 

Traits in Bread Wheat (Triticum aestivum L.) Genotypes, at Ofla District, 

Northern Ethiopia 

 

A Thesis Submitted to College of Agriculture and Environmental Sciences, 

School of Plant Sciences,  

 School of Graduate Studies 

HARAMAYA UNIVERSITY 

 

 

In Partial Fulfillment of the Requirements of the Degree of 

MASTER OF SCIENCE IN AGRICULTURE (PLANT BREEDING) 

 

 

 

Adhiena Mesele Reta 

 

 

 

 

 

 

March 2015 

Haramaya University 



 
 

iii 
 

SCHOOL OF GRADUATE STUDIES 

HARAMAYA UNIVERSITY 

 

I hereby certify that I have read and evaluated this Thesis entitled “Genetic Variability and 

Association among Seed Yield and Yield Related Traits in Bread Wheat (Triticum aestivum 

L.) Genotypes, at Ofla District, Northern Ethiopia” prepared under my guidance by Adhiena 

Mesele Reta. I recommend that it to be submitted as a fulfilling the thesis requirement. 

 

Wassu Mohammed (PhD) _________________     _______________ 

Major Advisor                               Signature                Date 

 

Tadesse Dessalegn (PhD) ___________________     _______________ 

Co-Advisor                                 Signature                   Date 

 

As member of the Board of Examiners of the M.Sc. thesis open defense examination, I certify 

that I have read and evaluated the thesis prepared by Adhiena Mesele Reta and examined the 

candidate. I recommend that the thesis be accepted as fulfilling the thesis requirement for the 

Degree of Master of Science in Agriculture (Plant Breeding). 

 

______________________ _________________     _______________ 

 Chair person                             Signature                       Date 

______________________ _________________     _______________ 

 Internal Examiner                     Signature                      Date 

______________________ _________________    _______________ 

 External Examiner                     Signature                        Date 

 

Final approval and acceptance of the thesis is contingent up on the submission of its final copy to 

the council of graduate studies (SGS) through the candidate’s department or school of graduate 

committee (DCG or SGS). 



 
 

iv 
 

 

 

 

 

 

 

 

 

 

 

 

 

DEDICATION 

To my mother, Shewaga Molla and my father, Mesele Reta 

 



 
 

v 
 

STATEMENT OF THE AUTHOR 

 

By my signature below, I declare and affirm that this thesis is my own work. I have followed all 

ethical and technical principles of scholarship in the preparation, data collection, data analysis 

and completion of this thesis. Any scholarly matter that is included in the thesis has been given 

recognition through citation. 

 

This thesis has been submitted in partial fulfillment of the requirement for M.Sc. degree at 

Haramaya University and is deposited at the University Library to be made available to 

borrowers under rules of the library. I solemnly declare that this is not submitted to any other 

institution any where for the award of anyacademic degree, diploma, or certificate.  

 

Brief quotations from this thesis are allowable without special permission provided that accurate  

acknowledgment of source is made. Requests for permission for extended quotation from or 

reproduction of this manuscript in whole or in part may be granted by the Head of the 

Department of Plant Sciences or the Dean of the School of Graduate Studies when in his or her 

judgment the proposed use of the material is in the interest of scholarship. In all other instances, 

however, permission must be obtained from the author.  

 

Name: Adhiena Mesele Reta   

Signature: ________________ 

Place: Haramaya University 

Date of Submission: __________________ 

 

 

 



 
 

vi 
 

BIOGRAPHICAL SKETCH 

 

The author, Adhiena Mesele Reta, was born in February 1984 G.C. in Alamata town of Southern 

zone of Tigray. He attended his elementary and secondary school education at Edget Fana 

elementary school and Tadagiwa Ethiopia Junior and Secondary School respectively, at Alamata. 

Then he joined the then Debub University, now Hawasa University in 2001 and graduated with 

BSc degree in Plant Science in 2006. Soon after graduation, he was employed by the Bureau of 

Agriculture at Degua Temben Wereda, North East zone of Tigray and served for two years as 

crop production expert. Then he was employed by Tigray Agricultural Research Institute, 

Alamata Agricultural Research Center, where he has served as Junior and Assistance researcher 

from June 2009 until he joined the school of graduate studies at Haramaya University in 

September 2013 to pursue his M.Sc. study in Plant Breeding. 

  



 
 

vii 
 

ACKNOWLEDGEMENTS 

 

I am grateful to my major advisor, Dr. Wassu Mohammed, School of plant science, Haramaya 

University, for his meticulous supervision, guidance, encouragement and valuable suggestions 

from the beginning of the research work to the completion of the write up of the thesis. My 

appreciation goes to my co-advisor, Dr. Tadesse Dessalegn, East Africa Agricultural 

Productivity Project wheat Regional Center of Excellency, Kulumssa Agricultural Research 

Centre, for his valuable comments and suggestions in the thesis manuscript.  

 

I would like to thank Tigray Agricultural Research Institute (TARI) for giving the opportunity to 

upgrade and for funding the thesis work. My gratitude also goes to Alamata Agricultural 

Research Centre (AARC), for the support in facilitating the field work and allocating the 

required labor and materials for field work.  

 

I express my sincere gratitude to Teklay Abebe and Asefa Workneh, Center director and Crop 

Core process director of AARC respectively, for the all-round support during the course of my 

study. My sincere gratitude is due to Researchers of AARC especially: Addis Yirga, Jemal Johar, 

Yemane Nega, Muruts and Birhanu Amare, for their unreserved support in experimental field 

managements and data collection. My appreciation also goes to support staff members of AARC 

specially: Getachew Nigus, Girmay Aregawi, Alemnesh Nigus, and Genet for facilitating the 

required budget and a vehicle for the research field supervision. Drivers of AARC: Hayelom 

Nigus and Asmamaw Ali are dually acknowledge for they provided transport service voluntarily 

even in their rest time. 

 

Muez mehari and Azeb Hailu Cereal breeding researchers in AARC and MARC respectively, 

and my classmet, Getachew Asefa are duly acknowledged for their unreserved support in data 

analysis. My friend, G/Medhen G/Meskel is also acknowledged for his valuable comments on 

the thesis manuscript.  

 

I am also thankful to my friends, Gidena Tassew, Haftamu Hailekiros, and Habtu Kiros, for all 

round cooperation that made the study trouble-free.   



 
 

viii 
 

ABBREVIATIONS AND ACRONYMS  

 

AARC Alamata Agricultural Research Centre  

ANOVA Analysis of variance 

BY Biomass yield per hectare 

CSA Central Statistics Agency 

DAP Diammonium phosphate  

DH Days to heading 

DM Days to maturity 

GA Genetic advance  

GAM Genetic advance as percentage of mean 

GCA Genotypic coefficient of variance  

GFP Grain filling period 

GY Grain yield per hectare  

H
2
 Heritability  

HI Harvest index  

MARC Mekele Agricultural research Centre  

NSt Number of spikelet per spike  

NT Number of effective tillers per plant 

PCV Phenotypic coefficient of variance 

PH Plant height 

SL Spike length  

NKS Number of kernels per spike  

SSAC Sub Saharan African Countries 

TARI Tigray Agricultural Research Institute 

TSW Thousand seed weight  

 



 
 

ix 
 

TABLE OF CONTENT 

 

STATEMENT OF THE AUTHOR v 

BIOGRAPHICAL SKETCH vi 

ACKNOWLEDGEMENTS vii 

ABBREVIATIONS AND ACRONYMS viii 

LIST OF TABLES xii 

LIST OF FIGURE xiii 

LIST OF TABLE IN THE APPENDIX xiv 

LIST OF FIGURES IN THE APPENDIX xv 

ABSTRACT xvi 

1. INTRODUCTION 1 

2. LITRATURE REVIEW 4 

2.1. Origin and Distribution of Bread Wheat 4 

2.2. Uses of Bread Wheat 5 

2.3. Genetic Variability 5 

2.4. Genetic Advance under Selection 6 

2.5. Heritability 7 

2.6. Correlation Coefficients 8 

2.7. Path Coefficient Analysis 10 

2.8. Genetic Divergence 11 

3. MATERIALS AND METHODS 13 

3.1. Experimental Site 13 

3.2. Experimental Materials 13 

3.3. Experimental Design 15 

3.4. Data Collection 15 

3.4.1. Data recorded on plot basis 16 



 
 

x 
 

                                                                                                      Continued 

3.4.2. Data recorded on plant basis 16 

3.5. Data Analysis 17 

3.5.1. Analysis of variance 17 

3.5.2. Phenotypic and genotypic variances 18 

3.5.3. Genotypic and phenotypic coefficient of variations 18 

3.5.4. Heritability and genetic advance 18 

3.5.5. Correlation analysis 19 

3.5.6. Path coefficient analysis 20 

3.5.7. Genetic divergence analysis 20 

4. RESULTS AND DISCUSSION 22 

4.1. Analysis of Variance 22 

4.2. Mean Performance of Genotypes 23 

4.2.1 Crop phenology 23 

4.2.2 Growth characters 24 

4.2.3 Yield and yield components 25 

4.3. Estimates of Variability Components 26 

4.3.1 Phenotypic and genotypic variations 26 

4.3.2 Estimates of heritability in broad sense 27 

4.3.3 Estimates of expected genetic advance 27 

4.4. Genotypic and Phenotypic Correlation Coefficients 30 

4.4.1. Correlation of grain yield with other characters 30 

4.4.2. Correlation coefficient of biomass yield with other traits 31 

4.4.3. Estimat of correlation coefficients among other characters 33 

4.5. Path-coefficient Analysis 34 

4.5.1 Phenotypic path coefficient analysis of grain yield with other traits 34 

4.5.2. Genotypic path coefficient analysis of grain yield with other traits 38 

4.6. Genetic Divergence Analysis 40 

4.6.1 Clustering of genotypes 40 

4.6.2. Cluster mean analysis 42 



 
 

xi 
 

                                                                                                            Continued 

4.6.3. Distance analysis 43 

5. SUMMARY AND CONCLUSION 45 

6. REFERENCES 49 

7. APPENDIX 56 

 



 
 

xii 
 

LIST OF TABLES 

 

Table 1 List and pedigree of the 26 bread wheat genotypes including three released 

varieties 

14 

Table 2 Analysis of variance in randomized complete block design and expected mean 

square 

17 

Table 3 Mean squares from analysis of variances for twelve traits of 26 bread wheat 

genotypes grown at Korem in 2014 

23 

Table 4 Mean and range, phenotypic and genotypic variances and coefficient of 

variations; heritability in broad sense and genetic advance for 10 traits of  26 

bread wheat genotypes studied at Korem in 2014 

29 

Table 5 Estimate of genotypic (above diagonal) and phenotypic (below diagonal) 

correlation coefficients for 10 traits of 26 bread wheat genotypes studied at 

Korem in 2014 

32 

Table 6 Estimates of direct (bold and underlined diagonal) and indirect effect (off 

diagonal) of different traits on grain yield at phenotypic level in 26 bread wheat 

genotypes tested at Korem ( 2014) 

37 

Table 7 Estimates of direct (bold diagonal) and indirect effect (off diagonal) at 

phenotypic level for different traits on grain yield in 26 bread wheat genotypes 

tested at Korem in 2014 

39 

Table 8 Distribution of 26 bread wheat genotypes in to three clusters based on D2 

analysis 

42 

Table 9 Mean values of three clusters for twelve traits of the 26 bread wheat genotypes 

studied at Korem in 2014. 

43 

Table 10 Average inter (bold) and intra (off diagonal), squared distance (D
2
) between 

clusters based on 12 traits of 26 bread wheat genotypes tested at Korem in 

2014. 

44 

 



 
 

xiii 
 

LIST OF FIGURE 

 

Figure 1 Tree diagram of 26 bread wheat genotypes for 12 studied variables based on 

Euclidean dissimilarity distance using Ward's method 

41 



 
 

xiv 
 

LIST OF TABLE IN THE APPENDIX 

 

Appendix table I Mean values of 12 traits of 26 bread wheat genotypes tested at 

Korem in 2014. 

57 

 



 
 

xv 
 

LIST OF FIGURES IN THE APPENDIX 

 

Appendix  figure I Annual rainfall distribution at Korem from 1997-2014 59 

Appendix figure II  Monthly rainfall distribution of the year 2014 at Korem 60 

 



 
 

xvi 
 

GENETIC VARIABILITY AND ASSOCIATION AMONG SEED YIELD 

AND YIELD RELATED TRAITS IN BREAD WHEAT (Triticum aestivum L.) 

GENOTYPES AT OFLA DISTRICT, NORTHERN ETHIOPIA 

 

ABSTRACT 
 

In plant breeding programs knowledge of nature and magnitude of variation existing in 

available plant breeding materials, interrelationships between quantitatively inherited plant 

traits and their direct and indirect effects on grain yield is of great importance. To generate such 

objectives, a field experiment was conducted in 2014 cropping season at Ofla district, Northern 

Ethiopia. 26 bread wheat genotypes were used in Randomized Complete Block Design with three 

replications for the study.12quantitative traits were subjected to analysis of variance and genetic 

analyses. There were significant differences among genotypes for 10 quantitative traits including 

grain yield which ranged from 2.96 (Digalu) to 6.35 t ha
-1

(ETBW7888) with the mean value of 

4.25 t ha
-1

. Genotypic coefficient of variation (GCV) was ranged from 5.68 for Days to maturity 

(DM) to 17.56% for biomass yield (BY). Phenotypic coefficient of variation (PCV) ranged 

between 6.23% (DM) to 32.29% (BY). Heritability in broad sense and genetic advance as 

percent of mean was ranged from 4.57% for Number of tillers per plant (NT) to 96.86% for 

thousand seed weight (TSW) and 3.04% (NT) to 19.74% (BY) respectively. High heritability 

estimates and moderate genetic advance as percent of mean was computed for days to heading, 

DM and TSW. GCV and PCV values had low magnitude of differences. Hence, the traits are 

highly heritable; the influence of environment was less. Selection based on these traits would 

improve the characters. Grain yield (GY) was positively correlated with NT, number of kernels 

per spike (NKS) and BY. BY had strong and positive direct effect on GY, but, NT and NKS had 

low direct effect. Positive and strong genotypic and phenotypic indirect effect on GY via BY 

suggested that selection on BY would lead to increment of GY directly and selection on NT and 

NKS indirectly via biomass yield. The squared distance (D
2
) statistics grouped the 26 bread 

wheat genotypes into three clusters. Cluster I, II and III comprised 6, 14 and 6 genotypes 

respectively. The average inter-cluster distances were highly significant (P<0.01) for all 

between clusters, suggesting the possibility of getting suitable genotypes for hybridization 

program among the tested bread wheat genotypes. The top three genotypes that performed better 

than the released check varieties for grain yield and early maturity were ETBW7888, 

ETBW7892, and ETBW7887 with grain yield of 6.4, 5.6 and 5.5 t ha
-1

 respectively. Grain yields 

of the standard checks were 3.9 t ha
-1

 for Danda, 4.7 t ha
-1

 for Hidase and 3 t ha
-1

 for Digalu. 

Besides, those genotypes were earlier to mature (110-112 days) than the standard checks (119-

129 days). Implies the genotypes had a GY advantage of 17% to 36% over the highest yielder 

standard check in the area (Hidase). Therefore, direct selection of those genotypes can be 

undertaken. Divergence analysis showed the presence high genetic distance between cluster I 

and III. Thus, varieties can be developed from segregating populations of crosses of those 

clusters. Selection and hybridization on those genotypes can be implemented after the results are 

confirmed across locations and over years.  

 

Keywords: bread wheat, Heritability, Genetic Advance, Correlation, Path Coefficient, clustering 



1. INTRODUCTION 

 

Wheat (Triticum spp.) belongs to the family Poacea. It is believed to be orginated in South 

Western Asia, where it has been grown for more than 10000 years. It is one of the small cereals 

used extensively in many parts of the world for the production of bread and many bakery 

products (Fincher and Stone, 1986).  

 

Wheat has been a food for 8,000 years and it is the most cultivated cereal crop in the world and 

quantity produced is more than that of any other crop, feeding about 40% of the world 

population. It was cultivated on an area of 7 million hectares during 2011/2012 with a production 

of 13.8 million tons (FAOSTAT, 2012). Bread wheat (Triticum aestivum L.) and durum wheat 

(Triticum durum desf.) are the world’s two principale commercial types of wheat. However, 

bread wheat covers 90% of world wheat area and makes up about 94% of harvest. Ethiopia, with 

its range of altitudes, soils and climatic conditions provide ecological settings suitable for the 

cultivation of diverse species of wheat (Harlan, 1971). Bread wheat and durum wheat are, 

however, the two most important wheat species grown in the country (Amsal, 2001). Ethiopia is 

consider to be one of the centers of genetic diversity to durum wheat while bread wheat has been 

introduced relatively recently (Tesfaye, 1987). Previously durum wheat accounted for 65 to 70% 

of the total area, while bread wheat occupies the remaining 30 to 35%. However, recently the 

area under bread wheat has surpassed the durum wheat (Alemayehu et al., 2011), This is due to 

its significance as cash crop, high level of production per unit area, its major role in supplying 

the dietary requirements of the society.  

 

Genetic variability, which is due to genetic differences among individuals of a population, is the 

core of palnt breeding because proper management of diversity can produce permanent gain in 

the performance of plant and can buffer against seasonal fluctutations (Welsh, 1981). Estimation 

of the magnitude of variation with in genotype for important plant attributes will enable breeders 

to exploit genetic diversity more efficiently. This is due to the critical role of genetic variability 

in determining the amount of progress to be made by selection. Hence, estimation of the extent 

and pattern of genetic variability existing in the available genotypes is essential to breeders. 

However, the existence of variation alone in the population is not sufficient to improve desirable 
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characters. High heritability is also needed to have better opportunity to select directly for the 

characters of interest. This is mainly because of the opportunity associated with high heritability 

in correct identification and measurement of the genotypes based on phenotypic values and in 

avoiding errors in genotypic classification (Welsh, 1981). 

 

In breeding programs, selection is an integral part by which genotypes with high productivity in 

a given environment could be developed. However, selection for high yield is difficult because 

of its complex nature. Yield per unit area is the end product of components of several 

characteristics, which are polygenic in inheritance and thus are highly influenced by 

environment. Therefore, only little progress could be made over a long span of time through 

direct selection for yield. Indirect selection through yield components has been proved more 

effective. This selection criterion takes into account the information on interrelationship among 

agronomic characters, their relationship with grain yield as well as their direct influence on grain 

yield. Nevertheless, selection for yield based on highly correlated characters becomes easy if the 

contribution of different characters to yield is quantified using path coefficient analysis (Dewey 

et al., 1959). 

 

Morphological traits are commonly used to evaluate genetic variation because their 

measurements are simple. Diversity analysis, based on morphological traits alone, may not be 

completely reliable because the traits are limited in number and influenced by environment (Fufa 

et al., 2005). Despite these limitation, phenotypic characters have been successfully used for 

genetic variation studies and cultivar development. Agronomic, morphological and phenological 

traits are very important for grouping wheat genetic resources, and also are essential and useful 

for plant breeders seeking to improve existing germplasm by introducing novel genetic variation 

for certain traits into the breeding populations (Pagnotta et al., 2009; Zarkti et al, 2010; Najaphy 

et al., 2012). 

 

Analysis by Jayne et al. (2010) confirmed rapid growth in wheat consumption as a consequence 

of urbanization, rising incomes, and dietary diversification in Eastern and Southern Africa. 

While there is variation in the extent to which SSAC (Sub Saharan African countries) meet 

domestic wheat consumption requirements, taken together, their domestic wheat production 
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accounts only for small proportion of wheat consumption in the region. In Ethiopia, cereals 

account for about 85% of the annual grain crop production and wheat is the fourth both in area 

coverage and total production among cereal crops next to maize, sorghum, and tef. Total area 

production during 2013 growing season was 1627647.16 hectares with national average 

productivity of 2.10 tons ha 
-1

 (CSA, 2013). In Southern zone of Tigray Regional State, where 

the trial is conducted, cereal area coverage and production reached 88% and 91% of the total 

annual grain crop area and production, respectively and wheat stands first both in area and 

production among all crops followed by barley, sorghum and tef. In this zone, the area coverage 

and productivity of wheat was 49241.73 hectares and 1.93 tons ha 
-1

 respectively, which is nearly 

the same as the national average productivity (CSA, 2013).  

 

Although the production has been increasing in the last few years in Ethiopia in general and in 

Southern zone of Tigray in particular, the productivity of the crop is still very low. The national 

average yield of wheat in Ethiopia which is about 2.10 t ha 
-1

 is by far below the worlds average 

which is about 3.18 t ha
-1

 (FAO, 2011). The low productivity of the crop is due to many factors 

including biotic (disease, insects, and weeds), abiotic (drought, low soil fertility etc) and not 

using approprate technologies (improved variety and fertilizer). Therefore, developing improved 

varieties is one of the measures to be taken to alleviate these constraits. In this regard, studying 

genetic variability for the characters of interest is the primery precondition when the breeders 

look for the development of varieties (Scossiroli et al., 1963). The study on variability and 

association among traits in bread wheat genotypes has been given little attention or it was not a 

concern in Tigray region and little has been done, but not in Southern zone of Tigray. Therefore, 

the present study was initiated with the following objectives.  

 

Objectives: 

 to assess the extent of genetic variability in bread wheat genotypes 

 to estimate association of traits and the direct and indirect contribution of traits to grain 

yield  

 to investigate the level of genetic divergence among the genotypes. 
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2. LITRATURE REVIEW 

 

2.1. Origin and Distribution of Bread Wheat 

 

Bread wheat (Triticum aestivum L.) has originated from natural hybrids of three diploid wild 

progenitors native to the Middle East. First, Triticum urartu (containing the A genome) and most 

probably Aegilops speltoides (containing the B genome) intercrossed. Second, about 6000 BC, 

the domesticated subspecies Triticum dicoccum, cultivated emmer containing the AB genomes, 

intercrossed with Aegilops tauschii (goat grass, containing the D genome), resulting in hexaploid 

wheat (containing all three genomes, ABD) (Ribaut et al., 2001) 

 

Bread wheat is an annual cool season cereal crop, but it can grow in a wide range of 

environments around the world. Its production is highly concentrated between the latitudes of 

30
o
 and 60

o
 N, and 27

o
 to 40

o
 S (Heyne, 1987), and within the temperature range of 3

o
C to 32

o
 C. 

Wheat can grow best on well drained soil from sea level to about 3000 meter above sea level 

(masl). Due to its high adaptability with various climactic conditions of environment, the 

distribution range of this crop is more than any other plant species and it is the staple food for 

most of the world's increasing population (Kamalhi, 2008).  

 

In Ethiopia, Bread wheat is an introduced crop, although its time of introduction is immemorial 

(Hailu, 1991). This author also mentioned that, this crop is grown between latitudes of 6
o
 to 

16
o
N, and 35

o
 to 42

o
E, with elevation ranging from 1500 to 2800 m.a.s.l. It covers 1.63 million 

hectares (CSA, 2013). Past reports by Nastasi (1964) revealed that the provinces of Begemdir, 

Eritrea, Gojam, Harar, Shewa, Tigray, and Wollo were major wheat producing areas of Ethiopia. 

Currently  bread  wheat covers about 60% of the total wheat area from a 15% in 1967 and  a  

40%  in  1991,  while  durum  wheat  covers  about  40%  from  an 85% in 1967 and a 60% in 

1991 (Alemayehu  et al., 2011).  
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2.2. Uses of Bread Wheat  

 

Wheat, in the form of bread, provides more nutrients to the world population than any other 

single food source. Bread is particularly important as a source of carbohydrates, proteins and 

vitamins B and E (Pomeranz, 1987). Bread consumption particularly that of breads prepared 

from whole grain flours and with multigrain flours tends to increase in developed countries. This 

is mainly due to an increase in a nutritionally conscious population that wants to reduce the 

consumption of simple carbohydrates, fat and cholesterol while increasing the consumption of 

complex carbohydrates, dietary fiber and plant proteins (Seibel, 1995). According to Hailu 

(1991) wheat is one of Ethiopian’s staple foods and the main sources of calorie in the major 

producing regions. 

 

2.3. Genetic Variability 

 

Variability 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 et al., 

1996). If the character expression of two individuals could be measured in an environment 

identical for both, differences in expression would result from genetic control and hence such 

variation is called genetic variation (Welsh, 1990; Falconer et al., 1996). Information on the 

nature and magnitude of genetic variability present in a crop species is important for developing 

effective crop improvement program (Welsh, 1990; Dabholkar, 1999). Because proper 

management of diversity can produce permanent gain in the performance of plant and can buffer 

against seasonal fluctuations (Welsh, 1990; Sharma, 1998). In addition, estimation of the 

magnitude of variation within germplasm collections for important plant attributes will enable 

breeders to exploit genetic diversity more efficiently (Jahufer and Gawler, 2000). 

 

The environment of an individual is the sum total of all factors other than the individual 

concerned. The various factors of environment are called biotic or abiotic depending upon their 

biological and/or non-biological nature (Welsh, 1990; Singh, 1993; Sharma, 1998). Thus, 

environmental deviations, such as differences on fertility level of plots, moisture contents of the 

soil, and seasonal fluctuations contribute to the component of variation. Although proper 
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experimentation can reduce environmental variations, its total elimination is impossible because 

it includes the non-genetic variance. and much of these are beyond experimental control (Gomez 

et al., 1984; Dabholkar, 1999), but Phenotypic variation, which is the observable variation 

present in a character in a population, includes both genotypic and environmental components of 

variation and, as a result, its magnitude differs under different environmental conditions (Singh, 

1993). Phenotypic variation is therefore the result of genotypic variation and environmental 

deviation (Falconer et al., 1996). 

 

Tewodros et al. (2014) reported the presence of heighly significance difference among thrteen 

bread wheat genotypes for grain yield, days to heading, days to maturity, and thousand seed 

weight. Kumar et al. (2009) report also indicated the presence of moderate to heigh variablity 

among the thirty genotypes tested for days to 50% flowering, days to maturity, plant height, 

effective tillers per plant, spike length, number of kernels per spike, thousand seed weight and 

seed yield per plant.  

 

2.4. Genetic Advance under Selection  

 

Improvement in the mean genotypic value of selected families over the mean of the base 

population is commonly termed as genetic advance under selection. It depends on the genetic 

variability among different families in the base population, the heritability of the character under 

selection and the intensity of selection, which is dependent on the proportion of plants or families 

selected (Singh, 1983). Therefore, the genetic advance under selection measures the expected 

genetic progress that would result from selection of the best performing genotypes for a given 

character (Allard, 1960).  

 

Genetic advance with conjunction to heritability can provide the estimate of expected gain for a 

particular character (Johnson et al., 1955a). The product of heritability, phenotypic standard 

deviation and selection differential can estimate it. Burton et al. (1953) indicated that the 

genotypic coefficient of variation together with heritability estimate also gave the best picture of 

expected advances from selection.  
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The expected genetic advance in yield from the simultaneous selection for a number of 

characters, using a selection index technique, was significantly greater than that expected from 

selection for yield alone. Selection indices based either on yield component or vegetative 

character was, at best, only as selecting directly for yield. Several indices including measurement 

of both yield components and vegetative characters were, however, expected to facilitate a 

greater rate of advance in yield than direct selection (Thurling, 1974).  

 

A study on bread wheat genetic variability by (Kumar et al., 2013) indicated a genetic advance 

as percent of mean for 12 bread wheat morphological traits ranged from 2.71% (days to 

flowering) to 58% (grain yield per plant).  

 

2.5. Heritability 

 

In a broad sense, heritability can be defined as the proportion of the genotypic variation to the 

total variance (Allard, 1960). It is a measure of the degree to which a phenotype is genetically 

influenced and can be modified by selection (Schlegel, 2010). In crop improvement, only the 

genetic component of variation is important since only this component is transmitted to the next 

generation. The extent of contribution of genotype to the phonotypic variation for a trait in a 

population is ordinarily expressed as a ratio of genetic variance to the total variance. i.e., 

phenotypic variance, this ratio is known as heritability. Estimation of heritability as a ratio of 

genotypic to phenotypic variance may vary greatly depending up on the unit for which variance 

is considered (Johnson et al., 1955a). The greater the proportion of the total variability (i.e., due 

to environment), the more difficult will it be to select for inherited difference. Conversely, if 

environmental variability is small in relation to genotypic differences, selection will be efficient 

because the selected charachter will be trasmited to its progeny. Generally, heritability indicates 

the effectiveness with which selection of genotypes can be based on the phenotypic performance. 

Heritability by itself cannot provide the amount of genetic progress that would result from 

selection of the best individuals (Singh, 1983). However, genetic progress expected from 

selection increase with an increase in genotypic variance. Therefore, the utility of estimate of 

heritability is increased when they are used in conjunction with the selection differentil leading 

to concomitant estimate of genetic advance expeted from selection. 
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 Awale et al. (2013) reported heritability estimates were very high for days to heading (89.08%) 

and grain yield plot
-1

 (84.64%), indicating the possibility of success in selection. And moderately 

high heritable for grain filling period (62.72%), days to maturity (76.17%), plant height 

(74.04%), number of tillers plant
-1

 (69.23%), number of grains spike
-1

(68.34%), and 1000-grain 

weight (60.23%), indicating these characters, therefore, may respond effectively to selection 

pressure. Similarly Kalimullah et al. (2012) also showed very heigh heritability estimates for 

grain yield per plant (98.93%), thousand seed weight (98.11%), grain yield per spike (97.34%) 

and number of tillers per plant (88.12%). On the other hand Tewodros et al. (2014) indicated 

heritabilitiy values for thousands seed weight (32.8%), grain yield (19%), day to heading (13%) 

and plant height (12.8%), days to maturity (1.19).  

 

2.6. Correlation Coefficients 

 

The various characteristics of crop plants are generally interrelated or correlated. Such 

correlations can be either negative or positive. In plant genetics and breeding studies, correlated 

characters are of prime importance because of genetic causes of correlations through pleiotropic 

action or developmental interactions of genes and changes brought about by a natural or artificial 

selection (Singh, 1993; Falconer et al., 1996; Sharma, 1998). 

 

Generally, there are three types of correlations discussed in quantitative genetics and these are 

phenotypic, genotypic and environmental correlations. The association between two characters 

that can be directly observed is the correlation of phenotypic values or phenotypic correlations 

(rp). Phenotypic correlations measure the extent to which the two observed characters are linearly 

related. It is determined from measurements of the two characters in a number of individuals of 

the populations. Genetic correlation (rg) is the associations of breeding values (i.e. additive 

genetic variance) of the two characters. Genetic correlation measures the extent to which degree 

the same genes or closely linked genes cause co-variation (simultaneous variations) in two 

different characters. The correlation of environmental deviations together with non-additive 

genetic deviations (i.e. dominance and epistatic genetic deviations) is referred to as 

environmental correlations (re) (Singh and chaudry, 1977; Falconer et al., 1996; Sharma, 1998). 
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Studies on genotypic and phenotypic correlations among characters of crop plants are useful in 

planning, evaluating and setting selection criteria for the desired characters for selection in 

breeding program (Johanson et al., 1955b; Amsal, 2001). Correlations between different 

characters of a crop plant may arise either from genotypic factor or environmental factors. 

Environmental correlations arise from the effect of overall environmental factors and that varies 

at different environments. Correlations due to the genetic causes are mainly pleiotropic effects of 

genes and linkage (a phenomenon of genes inherited together) between genes affecting different 

characters. Pleiotropy is the property of a gene, which affects two or more characters; as a result 

it causes simultaneous variations in the two characters when the gene is segregants (Singh, 1993; 

Falconer et al., 1996).  

 

Correlation coefficient analysis helps to determine the nature and degree of relationship between 

any two measurable characters. Characters that are not easily measured or which are largely 

influenced by the environment have low heritability ratio; hence, there is a need to examine the 

relationships among various characters. Knowledge of the correlations that exist between 

important characters may facilitate the interpretations of the results that are already obtained, and 

provides the basis for planning more efficient breeding program. However, as the number of 

independent variables influencing a particular dependent variable increases, a certain amount of 

interdependence is expected (Aryo et al., 1973). Therefore, correlation may be insufficient to 

explain the associations in a manner that will enable one to decide on either a direct or an 

indirect selection strategy (Bhatt, 1970). 

 

Correlation coefficients may range in value from -1 to +1. Phenotypic correlations can normally 

be estimated with a high degree of accuracy. Estimates of genetic correlations, however, usually 

have high standard errors because of difficulties to avoid the directional effects of confounding 

factors (i.e. dominance and epistatic genetic effects) on additive genetic correlation estimates 

(Amsal, 2001). In addition, genetic correlations are strongly influenced by gene frequencies, and, 

therefore, may differ markedly in different populations (Falconer et al., 1996). 
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Estimate of correlations and significance test was previously discussed by several workers 

(Robertson, 1959; Singh et al., 1977; Sharma, 1998). Depending on the sign genetic correlations 

between two characters can either facilitate or impede selection progress. Correlation value (r = 

1) implies perfect (100%) correlation, where both traits vary hand in hand, r = -1 means there is 

100 % correlation between two characters, but they vary in opposite direction, and r = 0 carries 

the implication that there is no correlation at all between the two characters (Falconer., 1996; 

Sharma, 1998). 

 

Kalimullah et al., (2012) reported for bread wheat that grain yield per plant had highly 

significant and positive genotypic and phenotypic correlations with number of tillers per plant 

and number of grains per spike and significant positive correlation with 1000-grain weight. 

which implies Simultaneously more selection pressure could be applied for more number of 

tillers plant
-1

, greater number of grains spike
-1

 and larger grain size in segregating generations to 

maximize grain yield.  

 

Correlation analysis for bread wheat in non-sress condition exhibited a positive significant 

correlation between grain yield with number of kernels per spike, spike density, harvest index, 

thousand seed weight and biomass yield whereas, negative significant correlation was found with 

plant height. Spike Length exhibited a positive significant association with plant height, days to 

heading, and biomass yield. A positive significant correlation of grain yield with number of 

kernels per spike and thousand seed weight were also detected (Ahmadi et al., 2012) 

 

2.7. Path Coefficient Analysis 

 

Path coefficient analysis is a very important statistical tool that indicates which variables 

(causes) exert influence on other variables (effects), while recognizing the impacts of multi 

collinearity (Akanda and Mundt, 1996). A path coefficient is simply a standardized partial 

regression coefficient and, as such, estimates the direct influence of one variable upon another 

(Williams et al., 1990) and permits the separation of correlation coefficients into components of 

direct and indirect effects (Akanda and Mundt, 1996). Partitioning of the cause and effect 

relationship of different traits will help to see what is contributing to the observed correlation. In 
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some conditions, correlation alone does not give the exact picture of direct and indirect effect of 

characters upon each other; thus, path coefficient analysis is preferable, since it can identify the 

direct and indirect causes of associations and can measure the relative importance of each 

(Sharma, 1998). 

 

Awale et al., 2013 report showed path coefficient analysis of bread wheat traits on grain yield 

plot
-1

. High magnitude and maximum positive direct effects on grain yield was exerted by days 

to heading (15.872) followed by grain filling period (10.572), number of grains spike
-1

(0.737), 

tillers plant
-1 

(0.585) and spikelets spike
-1

 (0.119), indicating the true relationship between these 

traits as good contributors to grain yield. As a result, these traits were considered as important 

traits for selection in a breeding program for higher grain yield of the bread wheat advanced 

lines. 

 

2.8. Genetic Divergence 

 

The pattern and level of genetic diversity in a given gene pool can be measured in terms of 

genetic distance. Genetic distances are measures of the average genetic divergence between 

cultivars or populations. Genetic similarity is the converse of genetic distance and it refers to the 

extent of genetic similarities among cultivars (Smith, 1984). Similarly choice of genetically 

divergent parents for hybridization, under transgresive breeding program, is also dependent up 

on categorization of breeding materials based on approprate criteria. To develop a sound 

hybridization program, it is necessary that the varieties should be genetically divergent especially 

for quatitative charachters that contribute towards yield (Singh, 1983). Thus, crosses between 

crops with maximum genetic divergent would be more resposive to improvement since they are 

likely to produce desirable recombination and segrigation in their progenies after hybridization. 

In any breeding program, therefore, genetic diversity must be introduced periodically in to the 

population to provide new recombination and selection potential (Welsh, 1981). 

 

D
2
 stasistic (Mahalanobis, 1936) is one of the important biometrical techniques used for assesing 

genetic diversity present in a jpopulation. It is defined as the statistical distance betwween two 
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points and takes in to account the covariance and correlations among the variables (Sharma, 

1996). The D
2
 values represent the index of genetic divergence among the genotypes both at 

intra-cluster levels. It would, therefore, be logical to affect cross between genotypes belonging to 

the clusters which are separated by greatest generalized distance and show maximum divergence 

(Singh, 1983). Besides, assisting in the selection of divergent present for a breeding program, D
2
 

statistic is useful to determine the relative contribution of each component charachter to the total 

divergence.  

 

Based on squared distance (D
2
) studied by Awali et al. (2013), 26 genotypes were classified in to 

six distinct clusters: 13 bread wheat genotypes in to cluster-I (50%) followed by cluster-II 

(26,92%) with 7 genotypes and cluster-III (11.54%) contain 3 genotypes, and clusters IV, V and 

VI (each 3.85%) and 1 genotype for each of the cluster. 

 

A variability study on 13 bread wheat lines by Singh et al. (2014) showed all bread wheat 

genotypes were divided into four clusters by non-hierarchical Euclidian cluster analysis. 

Maximum number of genotypes (5) grouped in cluster III and cluster II and IV had minimum (2) 

genotypes in each. On the basis of cluster mean values, maximum divergence for effective tillers, 

spike length, grain yield and harvest index was exhibited by cluster II; days to heading and days 

to maturity in cluster I. 
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3. MATERIALS AND METHODS 

 

3.1. Experimental Site 

 

Field experiment was conducted at Ofla district, Korem station of Alamata Agricultural Research 

Center (39
o
33’E longitude and 12 

o
31’N latitude) in Southern part of Tigray region, Northern 

Ethiopia. Korem is located 620km North of Addis Ababa and 160 km South of Mekele at 

altitude of 2490 meters above sea level. The site receives an annual rainfall in the range of 450 to 

1200 mm during summer and 180-250mm during winter season. The mean annual temperature is 

22
o
C with minimum and maximum temperature of 6

o
C and 30

o
C, respectively The soil type of 

the specific trial site is clay type (Teklay et al., 2013). Annual rainfall distribution from 1997 to 

2014 and monthly rainfall distribution for the year 2014 are shown in Appendix figure I and II 

respectively. The experimental genotypes were planted on the last week of July 2014.  

 

3.2. Experimental Materials 

 

Twenty six bread wheat genotypes which were under preliminary variety trial and developed for 

optimum area through different crossing procedures ( Table 1) were used. Besides, three released 

and well adapted varieties (Digelu, Dandaa and Hidase) in the experimental site  were included 

in the experiment.  
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Table 1 List and pedigree of the 26 bread wheat genotypes including three released varieties 

No Genotype Pedgree 

1 ETBW7870  FRINCLIN/ROLFO7 

2 ETBW7884  SERI*3//RL6010/4*YR/3/PASTOR/4/BAV92/5/VORB 

3 ETBW7862  PRL/2*PASTOR 

4 ETBW7888  VORB/4/D67.2PARANA66.270//AE.SQUARROSA(320)/3CUNNINGH

AM/5/D67.2PARANA66.270AE.SQUARROSA(320)/3/CUNNINGHAM 

5 ETBW7881  D67.2/PARANA66.270//AESQURROSA(320)/3/CUNNINGHAM/4/VOR

B 

6 ETBW7879  PVN/5/2/*REH/HARE//2*BCN/3/CROC-

1/AE.SQUARROSA(213)//PGO/4/HUITES 

7 ETBW7868  ROLFO7*2/5/FCT/3/GOV/AZ//MUS/4/DOVE/BUC 

8 ETBW7866  ROLFO7*2/5/REH/HARE//2*BCN/3/CROC-

1/AESQUARROSA(213)//PGO/4/HUITES 

9 ETBW7889  VORB/6CPI8/GEDIZ/3/GOO//ALB/CRA/4/AE.SQUARROSA(208)/5/2*

WESTONIA/7CPI8/GEDIZ/3/GOO//ALB/CRA/4/AE.SQUARROSA(208

)/5/2*WESTONIA 

10 ETBW7864  WBLL1*2/4/BABAX/LR42//BABAX/BABAX/LR42//BABAX 

11 ETBW7891  VORB*2/3/PFAU/WEAVER//KIRITATI 

12 ETBW7867  ATTILA*2/PBW65*2/4/BOW/NKT//CBRD/3/CBRD 

13 Hidase  YANAC/3/PRL/SARA/TSIVEE#5/4 

14 ETBW7875  BECARD/AKURI 

15 ETBW7869  MUNAL#1/FRANCOLIN#1 

16 ETBW7874  ALTAR84/AE.SQUARROSA(221)//3*BORL95/3/URES/JUN//KAUZ/4/

WBLL1/5/MILAN/S87230//BAV92 

17 ETBW7892  VORB*2/3/PFAU/WEAVER//KIRITATI 

18 ETBW7887  VORB/R/D67.2/PARANA66.270//AE.SQUARROSA(320)/3/CUNNING

HAM/5/D67.2/PARANA66.270//AE.SQUARROSA(320)/3/CUNNINGH

M 

19 ETBW7877  UB2338*2/VIVITISI/3/FRET2/TUKURU//FRET2/4/MISR1 
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                                                                                                                                            Continue... 

 No Genotype Pedgree 

20 ETBW7880  D67.2/PARANA66.270//AE.SQUARRPSA(320)/3/CUNNINGHAM/4/V

ORB 

21 Dandaa  KIRITETI//2*BBW65/2*SERI.JV 

22 ETBW7890  KRICHAUFF/2*BASTOR/3/PFAU/WEAVER//KIRITATI/4/PFAU/WE

AVER//KIRITATI 

23 ETBW7873  BECARD/KACHU 

24 ETBW7882  VORB/3/T.DICOCCONP194625/AE.SQURROSA(372)//3*PASTOR 

25 Digelu  SHA7/KAUZ; CM95113-9Y-OM-OE-1Y-1Y-ON-OFC-4FUS 

26 ETBW7876  UB2338*2/VIVITSI/3/FRET2/TUKURU//FRET2/4/MISR1 

 

3.3. Experimental Design 

 

Randomized complete block design (RCBD) with three replications were used. A seed rate of 45 

gram plot
-1

 based on the national seed rate recommendation of 150 kg ha
-1

 was used for each 

genotype. Each genotype was planted in a plot consisting of six rows of 2.5 m long with spacing 

of 20 cm between rows. The distance between plots and replications were 0.5 m and 1.5 m, 

respectively. The source of P2O5 and N were Urea and DAP respectively. 100% DAP was 

applied at planting and urea was applied in split, half at the time of planting and the remaining 

half at tillering stage. 

 

3.4. Data Collection  

 

The data were collected on plot basis from the central four rows left plants grown at both end of 

each row and plant basis from 10 randomly selected plants from the central four rows in each 

plot. 
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3.4.1. Data recorded on plot basis 

 

Days to heading: The number of days from date of sowing to the stage where 50% of the spikes 

have fully emerged.         

 Days to physiological maturity: The number of days from date of sowing to the stage where 

90% of the plants in the plot reached physiological maturity. 

Grain filling period: The number of days from heading to maturity, i.e. the number of days to 

maturity minus the number of days to heading.       

Thousand grain weight (g): The weight of one thousand randomly taken kernels from each 

experimental plot and adjusted to 12.5% moisture content. 

Grain yield plot
-1

(gram plot
-1

): Grain yield in grams obtained from the central four rows of 

each plot and adjusted to 12.5% moisture content. 

 Grain yield ha
-1

 (ton ha
-1

): Grain yield obtained from each plot was used to estimate grain 

yield in tons per hectare. 

Biomass yields (t ha
-1

): The plants with in the four central rows were harvested at the point 

where they are attached to the ground, collected and sun dried until the constant 

weight attained and weighed to obtain the biological yield. 

Harvest index (HI%): Calculated on a plot basis, as the ratio of dried grain weight adjusted to 

12.5% moisture content to the dried total above ground biomass weight and 

multiplied by100. 

 

3.4.2. Data recorded on plant basis  

 

Data for the following characters were recorded on 10 randomly selected plants from each 

experimental plot. The averages of the ten plants in each experimental plot were used for 

statistical analysis. 

 

Plant height (cm): measured from the soil surface to the tip of the spike excluding the awns at 

physiological maturity. 

Fertile titters per plant: The average number of productive tillers per plant  

Kernels per spike: The average number of kernels per spike  
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Spikelet per spike: The average number of spikelet per spike       

Spike length (cm): measured in cm from the base of the spike to the top of the last spikelet 

excluding awns.  

 

3.5. Data Analysis 

 

3.5.1. Analysis of variance  

 

Data was subjected to analysis of variance using the procedures outlined by Gomez and Gomez 

(1984) and SAS Computer Statistical Package. Analysis of covariance was done for each pair of 

characters to obtain the sum of cross products to be used in covariance calculation. The 

randomized complete block design analysis of variance was also used to derive variance 

components as structured in Table 2 (Cochran et al., 1957). 

 

Table 2. Analysis of variance in randomized complete block design and expected mean square 

Source of variation Df Mean square Expected mean square 

Replication r-1 MSr σ
2

e + gσ
2
 r 

Genotypes g-1 MSg σ
2

e + rσ
2

g 

Error (r-1)(g-1) MSe σ
2

e 

Where, r = number of replications; g = number of genotypes; MSr = mean square due to 

replications; MSg = mean square due to genotypes; MSe = mean square of error; σ
2

g, σ
2

r and σ
2

e 

are variances due to genotype, replication and error, respectively. 

 

Analysis of variance in randomized complete block design was computed using the following 

model: 

Yij = +rj+gi+εij 

Where, Yij = the response of trait Y in the i
th

 genotype and the j
th 

replication 

 = the grand mean of trait Y 

rj = the effect of the j
th

 replication 

gi = the effect of the i
th

 genotype 

εij = experimental error effect  
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3.5.2. Phenotypic and genotypic variances 

 

The phenotypic and genotypic variances of each trait were estimated from the RCBD analysis of 

variance and the expected mean squares under the assumption of random effects model 

computed from linear combinations of the mean squares and the phenotypic and genotypic 

coefficient of variations were also computed as per the methods suggested by Burton et al. 

(1953). 

Genotypic variance (σ2g) =  

Environmental variance (σ
2
e) = MSe  

Where, MSg and MSe are the mean sum of squares for the genotypes and error in the analysis of 

variance, respectively. r is the number of replications. Then, the phenotypic variance was 

estimated as the sum of the genotypic and environmental variances.  

 

Phenotypic variance (σ
2
ph) = σ

2
g + σ

2
e 

 

3.5.3. Genotypic and phenotypic coefficient of variations 

 

The genotypic and phenotypic coefficients of variability were undertaken according to the 

formulae of Singh et al. (1977). 

Genotypic Coefficient of Variation (GCV) = ( ) x 100 

Phenotypic Coefficient of Variation (PCV) = ( ) x 100  

Where, σg and σph are genotypic and phenotypic standard deviations, respectively. 

 

3.5.4. Heritability and genetic advance 

 

Broad sense heritability values were estimated based on the formula of Falconer et al., 1996 as 

follows: 

Heritability in broad sense (h
2

b) = (σ
2

g/σ
2

ph) x 100 
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Then, the genetic advance for selection intensity (k) at 5% was estimated by the following 

formula (Allard, 1960): 

EGA = k * σph * h
2

b 

 

Where, EGA represents the expected genetic advance under selection; σph is the phenotypic 

standard deviation; h
2

b is heritability in broad sense and k is selection intensity. 

 

The genetic advance as percent of population mean was also estimated following the procedure 

of Johnson et al. (1955b): 

Genetic advance per population mean = (  ) x 100  

 

3.5.5. Correlation analysis 

 

Estimation of genotypic and phenotypic correlation coefficients were done based on the 

procedure of Dabholkar (1992) 

Genotypic correlation coefficient (rg) =  

Phenotypic correlation coefficient t (rph) =  

Where, COVg (xy) and COVph (xy) are the genotypic and phenotypic covariances of two 

variables (X and Y), respectively. σg (x) and σg (y) are the genotypic standard deviations for 

variables X and Y respectively. σph (x) and σph (y) are the phenotypic standard deviations of 

variables X and Y, respectively. 

 

The calculated phenotypic correlation values were tested for its significance using t-test: 

t = rph/SE (rph) 

Where, rph = Phenotypic correlation; SE (rph) = Standard error of phenotypic correlation obtained 

using the following formula (Sharma, 1998). 

SE (rph) =  

Where, n is the number of genotypes tested, r
2

ph is phenotypic correlation coefficient. 
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The coefficients of correlations at genotypic levels were also tested for their significance by the 

formula described by Robertson (1959) as indicated below: 

t = rgxy/SErgxy 

 

The calculated ''t'' values were compared with the tabulated ''t'' value at (n-2) degree of freedom 

at 5% level of significance. Where, n is number of genotypes. 

SErgxy =   

Where, h
2
x = Heritability of trait x and h

2
y = Heritability of trait y 

 

3.5.6. Path coefficient analysis 

 

The path coefficient analysis was computed using the formula of Dewey et al. (1959) and with 

statistical package developed by Doshi, (1991): 

rij = Pij + Σrik Pkj 

Where, rij is association between the independent variable (i) and dependent variable (j) as 

measured by correlation coefficient, Pij is component of direct effect of the independent variable 

(i) on the dependent variable (j) as measured by path coefficient, Σrik Pkj is summation of 

components of indirect effects of a given independent variable (i) on a given dependent variable 

(j) via all other independent variables. 

 

The residual factor (P
2
R) was also estimated as described in Dewey et al. (1959): 

1 = P
2
R + ΣPij rij 

 

3.5.7. Genetic divergence analysis  

 

Genetic divergence analysis was computed based on multivariate analysis using Mahalanobis’s 

D
2
 statistic (Mahalanobis, 1936) by using SAS computer software program. 
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3.5.7.1. Estimation of squared distances  

 

Squared distances (D
2
) for each pair of genotype combinations were computed using the 

following formula:  

D
2
ij = (Xi- Xj) S

-1
(Xi– Xj)  

Where, D
2

ij= the square distance between any two genotypes i and j, Xi and Xj= the vectors for 

the values for genotype i
th

 and j
th

 genotypes, and S
-1

 = the inverse of pooled variance covariance 

matrix.  

 

3.5.7.2. Clustering of genotypes  

 

Based on the squared distances (D
2
) values, clustering of genotypes was done using  

Ward's method as described by Singh et al. (2001).  

 

3.5.7.3. Estimation of intra and inter cluster squared distances 

 

 Average intra and inter cluster D
2
values was estimated using the formula  , where ∑Di

2
 is 

the sum of distance between all possible combinations of the genotypes included in a cluster. 

Significance of the squared distances for each cluster was tested using SAS computer software. 
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4. RESULTS AND DISCUSSION 

 

4.1. Analysis of Variance 

 

The analysis of variance results for the twelve traits studied are given in Table 3. Highly 

significant (P<0.01) differences among genotypes were observed for days to heading, days to 

maturity, grain filling period, number of tillers per plant, spike length, number of kernels per 

spike, thousand seed weight, biomass and harvest index and significant (P<0.05) difference 

among genotypes was observed for grain yield. However, genotypes exhibited non-significance 

difference for plant height and number of spikelets per plant.  

 

The study result suggested that the presence of considerable variations among genotypes for 

many of the traits measured. This indicated the presence of appreciable level of differences 

among genotypes for most of the characters and justifies carrying out further genetic analysis. 

The result also is suggested ample scope of selection for different quantitative characters for the 

improvement the crop. Asaye et al. (2013) and Ahmadi et al. (2012) also reported considerable 

genetic variability for Grain yield and its component characters in bread wheat. Similar to the 

present study results, other authors also reported considerable genetic variability for grain yield 

and its component characters in bread wheat. (Asaye et al., 2013; Ahmadi et al., 2012; 

Degewione et al., 2013). However, the results of the present study are contrary to the findings of 

Khan (2013) who reported non-significant differences among bread wheat genotypes for days to 

maturity, spike length, number fertile tillers per plant, number of grain per spike and grain yield. 

Ali (2013) also reported non-significant difference for number of tillers per plant, spike length, 

number of spikelet per spike, number of kernels per spike and grain yield. This disparity may be 

due to the differences of genotypes used in the studies and environments used to test the 

genotypes by different authors. For instance, in the present study varieties and lines were used 

whereas F2 bread wheat populations were used in the study conducted by Khan (2013).  
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Table 3. Mean squares from analysis of variances for twelve traits of 26 bread wheat genotypes 

grown at Korem in 2014 

Traits  Rep (2) Gen (25) Error (50) CV (%) 

DH  7.54
**

 38.27
**

 1.45 2.10 

DM 26.32
ns

 135.02
**

 8.61 2.57 

GFP 5.86
**

 52.45
**

 7.05 4.65  

NT  0.32
ns

 0.55
ns

 0.48 31.68 

PH (cm) 34.44
ns

 53.68
ns

 47.83 7.97 

SL (cm) 0.20
ns

 1.08
**

 0.28 7.22 

Splt  6.61
**

 3.82
**

 0.95 7.17 

NKS 17.80
ns

 54.68
**

 17.98 10.60 

TSW (g) 57.64
ns

 223.94
**

 67.70 10.25 

BY (t ha
-1

) 1.99
ns

 17.47
**

 7.72 27.06 

GY (t ha
-1

) 0.97
ns

 2.23
*
 1.08 24.44 

HI (%) 14
ns

 36.27
**

 9.67 7.38 

*, ** and ns, significant difference at P<0.05, P<0.01 and non-significant, respectively. Numbers 

in parenthesis refers to degrees of freedom. Rep = replication, Gen = genotype, CV (%) 

=coefficient of variation in percent, DH=days to heading, DM = days to maturity, GFP = grain 

filling period, NT = number of tillers per plant, PH (cm) =plant height, SL= spike length (cm), 

Splt =number of spikelets per spike, NKS = number of kernels per spike, TSW(g) =thousand 

seed weight in gram, BY=biomas yield t ha
-1

, GY=grain yield t ha
-1

 and HI (%) = harvest index 

in percent. 

 

4.2. Mean Performance of Genotypes  

 

4.2.1 Crop phenology 

 

Range and mean values for 12 characters of 26 bread wheat genotypes evaluated at Korem in 

2014 are presented in Table 4. The mean performances of the genotypes for the characters are 

presented in Appendix Tables I. Genotypes showed variation for days to heading ranged from 49 

to 63 days with a mean of 57 days and days to maturity ranged from 103 to 130 days with a 
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mean of 114 days. The genotypes had mean value of 57 days for grain filling period and the 

range was from 47.67  to 66.67days. The result showed that the presence of wide range of 

variations among the genotypes for maturity. Tewodros et al. (2014) also reported wide range of 

variation among bread wheat genotypes for days to heading and days to maturity. 

 

Among the genotypes, ETBW7868 was early to heading which took 49.33 days while Digalu 

was late heading which took 63 days. Among 26 genotypes, 61.54% exhibited days to heading 

lower than the genotypes mean indicating those genotypes were early heading as compared to the 

others. The genotype ETBW7876 had short period for maturity as well as for grain filling while 

Digalu had long period both for maturity and grain filling. As compared to the early maturing 

check variety (Hidase), 69.23% of the genotypes were early maturing than the check. This 

suggested that the higher chance of selecting early genotypes which can escape the terminal 

moisture stress which is one of the wheat production problems in the study area. In this 

experiment genotypes with early heading also showed early maturity and late maturing were 

coincides to late days of heading. The results are in line with the findings of Mollasadeghi et al., 

2012 that indicated the two (days to heading and maturity) coincides each other. But the current 

study result disagree with the finding of Khan (2013) who reported that the two characters do not 

coincides with each other for most of the studied genotypes. This might be due to the genetic 

factors carried by the genotypes for each character as well as the differences of growing seasons 

and environments under which the materials are evaluated. 

 

4.2.2 Growth characters  

 

Number of productive tillers per plant for tested genotypes ranged from 1.53 for ETWW7890 to 

3.27 for Hidase (the standard check). Hence, the standard variety should be considered when 

selection is made on favor of number of productive tillers per plant. The mean value of spike 

length recorded was 7.29 cm with maximum of 8.87 cm and minimum of 5.87 cm for 

ETBW7864 and Digalu respectively. Maximum and minimum biomass yields were harvested 

from ETBW7882 (16.17 t ha
-1

) and Digalu (6.46 t ha
-1

). Regarding to biomass yield, 46% and 

27% of the genotypes exceeded the overall mean (10.25 t ha
-1

) of the genotypes and the standard 

check, Dandaa (11.28 t ha
-1

) respectively. Accordingly, there is plenty of variability among the 
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genotypes for selection designed for improvement of this trait. This finding is in agreement with 

Mollasadeghi et al. (2012) which stated the existence of variability for biomass yield among 

bread wheat genotypes. 

 

4.2.3 Yield and yield components  

 

The range for number of kernels per spike was from 34.27 for ETBW7875 to 47.6 for 

ETBW7874. Five genotypes: ETBW7874 (47.6 g), ETBW7887 (46.9 g), ETBW7879 (49.9 g), 

ETBW7866 (46.7 g) and ETBW7865 (44.7 g) recorded higher number of kernels per spike than 

the standard check, Dandaa.  Therefore, those genotypes can be considered when increment of 

this parameter is needed. The mean value of thousand seed weight was 57.16 gram; ETBW7874, 

ETBW7879, ETBW7887, ETBW7866 and ETBW7865 showed superiority for thousand seed 

weight than the standard check, Dandaa. Consequently, progress of this trait can be more 

effective when those genotypes are used. The computed harvest index for genotypes ranged from 

32% for ETBW7882 to 48% for ETBW7879. Only three genotypes had greater values of harvest 

index than Digalue. Hence, it is more efficient when the three genotypes are selected so as to 

promote the harvest index. Maximum and minimum grain yield was obtained from ETBW7888 

(6.35) and Digalu (2.96). This result is in opposite to Muez et al. (2015), which stated Digalu and 

Dandaa scored a grain yield of 42 and 40 tons per hectare, respectively, in the same area where 

this experiment was conducted, but at different time. This is because the rainfall distribution in 

the experimental site was short (started last week of July and cease second week of September) 

that disfavored late maturing varieties like Digalu and Dandaa (Appendix figure 2). On the other 

hand, the early maturing genotypes: ETBW7888, ETBW7892, ETBW7887, ETBW7882 and 

ETBW7862 produced higher grain yield than the best performing standard check (Hidase). 

Hence, these genotypes can be considered for grain yield improvement in the study area where 

the distribution of rainfall is for short period of time or in similar areas which suffers with 

terminal moisture stress. 
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4.3. Estimates of Variability Components  

 

4.3.1 Phenotypic and genotypic variations 

 

Estimated phenotypic and genotypic variances; phenotypic coefficient of variation (PCV) and 

genotypic coefficient of variation (GCV) of the traits studied are presented in Table 4. The 

genotypic coefficient of variation (GCV) ranged from 5.68 to 17.56% while phenotypic 

coefficient of variation (PCV) ranged 6.23 to 32.29%, which the lowest and highest values were 

recorded for days to maturity and biomass yield, respectively, for both genetic parameters. 

According to Deshmukh et al. (1986), PCV and GCV can be categorized as low (<10%), 

moderate (10-20%) and high (>20%). Accordingly, PCV values were considered as high for 

biomass yield, number of tillers per plant, and grain yield. While traits with moderate PVC value 

were spike length, number of grains per spike and harvest index. Considering GVC, biomass 

yield and grain yield were categorized as moderate. The rest other characters had low GCV 

values. The phenotypic coefficient of variation was relatively greater than genotypic coefficient 

of variation for all these traits, however, the magnitude of the difference was low for days to 

heading, days to maturity, grain filling period, spike length, thousand seed weight and harvest 

index. This suggested that the marked influence of environmental factors for the phenotype 

expression of genotypes was low and the higher chance of improvement of these traits through 

selection based on the phenotype of genotypes. Similar results were reported by Kumar (2014) 

for biomass yield 
 
and grain yield  that both GCV and PCV were moderate to high.  

 

The magnitude of difference between PCV and GCV was relatively high for number of tillers per 

plant, number of kernels per spike, biomass yield and grain yield. This implies greater influence 

of environmental factors for the phenotypic expression of these characters that make difficult or 

practically impossible to exercise selection based on phenotypic performance of the genotypes to 

improve the characters. This result was in close agreement with the findings of Asaye et al. 

(2013) who reported relatively high environmental variance than genotypic variance for number 

of tillers per plant, number of kernels per spike, biomass yield and grain yield.  
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4.3.2 Estimates of heritability in broad sense 

  

The estimated heritability for the studied traits is presented in Table 4. The heritability values 

ranged from 4.57 for number of tillers to 96.86% for thousand seed weight. High heritability 

(>80%) was computed for days to heading, days to maturity and thousand seed weight. 

According to Singh (2001), heritability of a trait is considered as very high or high when the 

value is 80% or more. The traits which exhibited high heritability suggested selection could be 

fairly easy and improvement is possible using selection breeding. In agreement to this study 

results, Mollasadeghi et al. (2012) also reported high estimates of heritability for days to heading 

(84%) and thousand seed weight (89%). Moderate heritability (>40 and <80) was computed for 

grain filling period, spike length, number of spikelets per plant, seeds per spike and harvest index 

which suggested that selection should be delayed to more advance generations for these traits 

(Singh, 2001). This author considered heritability of a trait as low if the computed values are 

40% or less. According to his suggestion, number of tillers per plant, biomass yield and grain 

yield exhibited low heritability estimates. This implies that selection may be considerably 

difficult or virtually impractical due to the masking effect of the environment. In harmony to this 

investigation, Mollasadeghi et al. (2012) also reported low heritability estimates for grain yield  

(12.27%) and number of tillers per plant (29.78%). Asaye et al. (2013) also reported low 

heritability estimates for biomass yield and moderate heritability for grain filling period, spike 

length, number of kernels per spike and harvest index. In opposite to the current study results, 

Salman et al. (2014) reported high heritability estimates for grain yield, number of kernels per 

spike, spike length and number of tillers per plant. The parity of heritability values reported by 

different authors is because of that heritability of a character was computed for different 

genotypes and refers to a particular population under particular environmental conditions 

(Dabholkar, 1992).  

  

4.3.3 Estimates of expected genetic advance 

 

Genetic advance as percent mean ranged from 3.04% for number of tillers to 19.74% for biomass 

yield. Deshmukh et al. (1986) classified genetic advance as percent of mean as low (<10%), 
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moderate (10-20%) and high (>20%). Based on this classification, none of the characters had 

highest genetic advance as percent of mean in the current study. However, moderate genetic 

advance as percent of mean was computed for days to heading, days to maturity, grain filling 

period, spike length, number of kernels per spike, thousand seed weight, biomass yield, grain 

yield and harvest index. Genetic advance under selection refers to the improvement of characters 

in genotypic value for the new population compared with the base population under one cycle of 

selection at a given selection intensity (Singh, 2001). Therefore, the result suggested that 

selecting the top 5% of the genotypes could result in an advance of 10.09% to 19.74% over the 

respective population mean for the listed traits. 

 

Genetic advance under selection values were low (3.04%) for number of productive tillers per 

plant. This refers to improvement of character in genotypic value for the new population 

compared with the base population under one cycle of selection is 3.04% at 5% selection 

intensity. Kumar et al. (2013) also recorded nearly similar genetic advance for thousand seed 

weight and days to maturity. Nearly similar figures of genetic advance as percent of mean 

reported by Awale et al. (2013) for number of kernels per spike (13.67%), spike length (6%), and 

days to maturity (15.79%). 

  

It was suggested that the importance of considering both the genetic advance and heritability of 

traits rather than considering separately in determining how much can progress be made through 

selection (Johnson et al., 1955a). In this study, high heritability accompanied with moderate 

genetic advance was observed in case of days to heading, days to maturity, and thousand seed 

weight. This indicated that these traits were highly heritable and selection of high performing 

genotypes is possible to the improvement of the characters. Most likely the heritability of these 

traits is due to additive gene effects and selection may be effective in early generations for these 

characters (Ali et al., 2007). Likewise Salman et al. (2014) reported high and moderate 

heritability and genetic advance for days to heading, days to maturity, and thousand seed weight. 

Moderate estimates for both heritability and genetic advance as percent of mean was recorded for 

grain filling period, spike length, seeds per spike and harvest index. Low values for both 

heritability and genetic advance as percent of the mean was computed for number of tillers per 

plant. This suggested that the low heritability of traits due to the influence of environment limit  
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Table 4. Mean and range, phenotypic and genotypic variances and coefficient of variations; heritability in broad sense and genetic 

advance for 10 traits of 26 bread wheat genotypes studied at Korem in 2014  

Traits  Ranges  Mean ± SE   σ
2
g  σ

2
p  PCV (%)  GCV (%)  H

2
 b (%)   GA  GAM (%) 

DH 49.33-63 57.15±0.69 12.27 13.72 6.48 6.13 89.43 6.83 11.96 

DM 102.7-129.7 114.26±1.69 42.14 50.75 6.23 5.68 83.03 12.20 10.68 

GFP 47.67-66.67 57.10±1.53 15.13 22.18 8.25 6.81 68.23 6.63 11.61 

NT 1.53-3.27 2.2±0.40 0.02 0.50 32.23 6.82 4.57 0.07 3.04 

SL 5.87-8.87 7.29±0.30 0.27 0.55 10.15 7.09 48.81 0.75 10.22 

NKS 34.27-47.6 40.02±2.45 12.23 30.21 13.74 8.75 40.49 4.59 11.48 

TSW 68.53-95.20 57.16±4.70 12.34 12.74 6.24 6.15 96.86 7.13 12.48 

BY 6.46-16.17 10.25±1.61 3.25 10.97 32.29 17.56 29.63 2.02 19.74 

GY 2.96-6.35 4.25±0.60 0.38 1.46 28.47 14.56 26.18 0.65 15.38 

HI 32-48 42.12±1.8 8.87 18.53 10.22 7.07 47.87 4.25 10.09 

DH=days to heading, DM=days to maturity, GFP=grain filling period, NT no=no of tillers, PH=plant height(cm), SL=Spike 

length(cm), Splt=spikelet number, NKS=seeds per spike, TSW=thousand seed weight(g), BY=biomas yield, GY= Grain yield t ha
-1

, 

HI=Harvest index, σ
2
g=genotypic variance, σ

2
p=phenotypic variance PCV=phenotypic coeficient of varience, GCV=genotypic 

coeficent of varience, H
2
=broad sense heritability, GA=Genetic advance, GAM=genetic advance as as percent of mean
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the scope of improvement using selection. The low heritability of traits may be due to the 

presence of non-additive type of gene action (Ali et al., 2007). 

 

4.4. Genotypic and Phenotypic Correlation Coefficients 

 

The results of analysis of varience indicated the presence of variability among the genotypes 

tested for 10 traits that allow breeders to make improvement through selection. The analysis of 

the relationship among these characters and their association with seed yield is essential to 

establish selection criteria (Singh et al., 1990). Genotypic and phenotypic correlation coefficient 

estimates between each pairs of characters are presented in Table 5 and 6, respectively. 

 

4.4.1. Correlation of grain yield with other characters 

 

Grain yield showed positive and highly significant (P<0.01) genotypic correlation with biomass 

yield (rg=0.90). Therefore, any improvement of this character would result in a substantial 

increment on grain yield. These results are substantiated with those of Bagrei and Bybordi 

(2015) and Ahmadi et al. (2012), that stated positive and highly significant genotypic correlation 

of grain yield with biomass yield. Besides, grain yield had positive and non-significant genotypic 

correlation (rg=0.1 to 0.34) with grain filling period, number of tillers per plant, spike length, 

number of kernels per spike and thousand seed weight. This suggested that improvement of these 

traits would not affect the increment of grain yield. This is in agreement with the results reported 

by Ahmadi et al. (2012). 

 

Grain yield showed positive and highly signifcant (P<0.01) phenotypic association with number 

of tillers per plant (r = 0.46) and biomass yield (= 0.91). It had significant (P<0.05) and positive 

phenotypic correlation with spike length, number of kernels per spike and days to heading with 

correlation coefficient in the range between 0.25 and 0.26. The perusal of the correlation 

coefficient results suggested that these traits should be given prime importance regarding its 

contribution to grain yield. Other authors also reported positive and signifcant phenotypic 

association of grain yield with number of tillers per plant, spike length and number of kernels per 

spike (Kalimullah et al., 2012; Mohsin et al., 2009; Iftikhar et al, 2012). However, grain yield 
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and days to heading showed negative and significant correlation. The negative association of the 

traits may be due to late set of rainfall, which was a month later than the usual in the study area 

(Appendix figure 1 and 2). This indicated that selection of genotypes for delayed days to heading 

might reduce grain yield. Ahmadi et al. (2012) also revealed negative phenotypic correlation of 

grain yield with days to heading for bread wheat genotypes tested in moisture deficit condition. 

This result is in contradiction with the result reported by Subuhan and Chewdrhy (2000).  

 

4.4.2. Correlation coefficient of biomass yield with other traits 

 

Biomass yield had negative and high significant genotypic correlation with harvest index (rg=-

0.52) (Table 5). This suggested that selection of genotypes for high biomass yield might lower 

harvest index. The rest of other traits had weak genotypic correlation with biomass yield and 

their correlations were not significant. In line with this finding, Kumar et al. (2013) indicated 

insignificant genotypic correlation of biomass yield with days to heading and days to maturity. 

 

At phenotypic level, biomass yield correlation coefficients were positive and highly significant 

with number of productive tillers per plant (r=0.47) and spike length (=0.31) (Table 6). These 

correlation coefficient results suggested the importance of considering these traits due to their 

contribution to biomass yield. Similarly, Ahmadi et al. (2012) reported positive and significant 

phenotypic correlation of biomass yield with spike length. Bagrei and Bybordi (2015) also 

indicated high significant and positive phenotypic correlation of biomass yield with number of 

fertile tillers per plant and spike length. 
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Table 5. Estimate of genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficients for 10 traits of 26 bread 

wheat genotypes studied at Korem in 2014 

Traits  DH DM GFP NT SL NKS TSW BY HI GY 

DH 1 0.84** 0.49* -0.13 0.07 0.02 0.01 -0.13 -0.33 -0.33 

DM 0.80** 1 0.89** 0.17 -0.05 0.08 0.05 0.02 -0.18 -0.11 

GFP 0.43** 0.88** 1 0.38 -0.13 0.1 0.07 0.14 0.00 0.11 

NT -0.04 0.13 0.24* 1 -0.07 -0.24 -0.27 0.38 -0.12 0.34 

SL 0.05 0.01 -0.03 0.20 1 0.26 0.29 0.12 -0.1 0.1 

NKS -0.04 0.02 0.06 0.03 0.2 1 0.99** 0.16 0.03 0.19 

TSW -0.04 0.00 0.03 0.01 0.09 0.98** 1 0.12 0.02 0.14 

BY -0.12 0.06 0.18 0.47** 0.03 0.22 0.18 1 -0.52** 0.90** 

HI -0.26* -0.16 -0.04 -0.07 0.47 -0.01 0.00 -0.45** 1 -0.11 

GY -0.26* -0.04 0.15 0.47** 0.01 0.25* 0.21 0.91** -0.07 1 

*and **, significant at P<0.05 and, P<0.01, respectively, and the rest are not significant. DH=days to heading (days), DM=days to 

maturity (days), GFP=grain filling period (days), NT=no of productive tillers, SL=Spike length(cm), NKS= number of kernels per 

spike, TSW=Thousand seed weight(g), BY=biomas yield (tone per hectare), GY=grain yield (tone per hectare), HI=Harvest index. 
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4.4.3. Estimat of correlation coefficients among other characters 

 

Days to heading had positive and significant genotypic association with days to maturity and 

grain filling period where days to maturity and grain filling exhibited positive and significant 

association each other. Both days to maturity and grain filling had positive but non-significant 

association with other traits except spike length and days to maturity with harvest index where 

these traits exhibited negative, but non-significant correlations.  Spike length and harvest index 

each other and both with number of kernels per spike showed positive non-significant genotypic 

associations (Table 5). The result justify that, early heading genotypes had a probability short 

grain filling period and mature early without affecting most of growth traits except that with the 

probability of reduction spike length and harvest index. Similar results were also reported by 

(Degewione et al., 2013; Ali et al., 2007; Kumar et al., 2013) who showed the presence of highly 

significant association of days to heading with days to maturity on bread wheat. Hafiz and Hafiz 

and Nayeem (2010)  indicated weak genotypic correlation for tillers per plant with spike length, 

number of kernels per spike, thousand seed weight and harvest index. This is in agreement with 

this result. The genotypic correlation for thousand seed weight with number of kernels per spike 

is positive and high significant which is in agreement with Iftikhar et al. (2012). In contradiction 

with this result from Hafiz and Nayeem (2010) that showed significant and positive correlation 

of thousand seed weight with number of kernels per spike.. Those author also showed no 

significant genotypic correlation for thousand seed weight with the rest other traits that is in 

agreement with this finding. 

 

At phenotypic level days to heading, days to maturity and grain filling period had positive and 

significant correlation with each other. Coefficient of correlation for Days to heading with 

harvest index was significant and negative. Harvest index also showed insignificant and negative 

correlation with days to maturity and grain filling period. i.e., early heading genotypes had 

higher harvest index than the late heading varieties. Grain filling period phenotypic correlation 

with number of tillers per plant is positive and significant. Implying genotypes with high grain 

filling period owned higher number of tillers and vise verse. Phenotypic correlation coefficients 

of spike length with number of kernels per spike, harvest index, thousand seed weight, and 

number of tillers per plant are positive and insignificant. This is partially in agreement with Hafiz 
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and Nayeem (2010) who stated insignificant positive correlation of spike length with number of 

kernels per spike, thousand seed weight, but negative and significant correlation with number of 

tillers per plant. 

 

4.5. Path-coefficient Analysis 

 

As correlation does not allow the partitioning of correlation coefficients in to direct and indirect 

effect of characters on grain yield, further analysis was conducted using path coefficient. In this 

study, grain yield was selected as dependent variable and the other nine characters were selected 

as casual variable. The results of path analysis for direct and indirect effects of the characters 

studied both at genotypic and phenotypic level are illustrated in Table 6 and 7.  

 

4.5.1 Phenotypic path coefficient analysis of grain yield with other traits 

  

Phenotypic path coefficient analysis showed that biomass yield (1.09) followed by harvest index 

(0.44) and days to maturity (0.25) exerted highest positive direct effect on grain yield. In 

addition, number of kernels per spike (0.08), plant height (0.06) and spike length (0.02) exerted 

positive and less magnitude direct effect on grain yield. However, grainș filling period (-0.20) 

and days to heading (-0.20) followed by, thousand seed weight (-0.07), number of tillers per 

plant (-0.04), number of spikelets per spike (-0.03) had negative phenotypic direct effect on grain 

yield (Table 6). 

 

Biomass yield exerted highest and positive direct effect on grain yield and it had positive and 

high significant phenotypic correlation. The indirect effects were negligible (Table 6). This 

showed that the correlation it had with grain yield 
 
was largely due to the direct effect. Therefore, 

direct selection through this trait will improve grain yield. This is substantiated by Bagrei and 

Bybordi (2015) path coefficient results on bread wheat in addition Dawit et al. (2012) and 

Abderrahmane et al. (2013) also indicated similar findings on durum wheat, which stated 

biomass yield had highest phenotypic correlation exerted by the direct effect. Days to heading 

correlated significantly and negatively with grain yield and it exerted negative direct effect and it 

has also negative indirect effects through biomass yield and harvest index. Therefore, the 
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phenotypic correlation of this trait with grain yield was due to both the direct effect and the 

indirect effect through biomass yield and harvest index. Therefore, whenever selection is made 

for improved grain yield, days to heading accompanied by biomass yield and harvest index 

should be considered. This is in consistence with Mohammadi et al. (2012) which revealed 

negative correlation of days to heading with grain yield resulted from both the direct and indirect 

negative effects.  

 

Number of tillers per plant and number of kernels per spike exerted positive, but negligble 

phenotypic direct effect on grain yield. On the other hand, they exerted positive and high indirect 

effect on grain yield through biomass yield. Therefore, the observed highly significant 

phenotypic correlations of these traits with grain yield were due to the indirect effects through 

biomass yield. This suggested that selection of genotypes for high mean performance of number 

of tillers per plant and number of kernels per spike may improve grain yield of bread wheat 

through the increased biomass yield, but the traits themselves cannot be regarded as a reliable 

source of getting high yield in wheat, i.e. Selection for number of tillers per plant and number of 

kernels per spike cannot guarantee for high yield. Similar to this finding, the results of path 

coefficient analysis conducted by Bagrei and Bybordi (2015) also showed that the weak direct 

effect of number of tillers per plant on grain yield, but had strong and high indirect effect through 

biomass yield. Days to maturity and harvest index exerted positively high direct effect on grain 

yield, while their indirect effect through grain filling period and biomass yield respectively were 

negatively high. So their direct effects were counter balanced by the indirect effects. Hence, the 

correlation of these traits remained non significant. This suggested that selection of late mature 

genotypes may not result to increased grain yield since they increase for biomass yield and 

harvest index which were negatively correlated with grain yield. 

 

Grain filling period and thousand seed weight had negative direct effect on grain yield. On the 

other hand, their coefficient of correlation was positive and non significant. This is because the 

direct effects were counter balanced by the indirect effects through days to maturity and biomass 

yield for grain filling period and through biomass yield for thousand seed weight. When 

selection is made in favor of these traits, grain yield is disfavored directly. On the other hand, 

days to maturity favored and biomass yield disfavored which had positive association with grain 
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yield are favored. So that, this counter balanced the negative direct effect However, the results of 

the current study contradicted with the findings of Iftikhar et al. (2012). 

 

The residual effect in path analysis determines how best the component (independent) variables 

account for the variability of the dependent variable, grain yield (Singh et al, 1990). Residual 

effect in the present study was 0.056 (Table 6), showing that 94.4% of the variability in grain 

yieldexplained by the component factors. The remaining 5.6% is explained by other traits not 

considered in this studywas. This further elucidated that yield attributing traits chosen for the 

study of the bread wheat genotypes was good. 
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Table 6 Estimates of direct (bold and underlined diagonal) and indirect effect (off diagonal) of different traits on grain yield at 

phenotypic level in 26 bread wheat genotypes tested at Korem ( 2014)  

Traits DH DM GFP NT SL NKS TSW BY HI rp 

DH -0.13 0.20 -0.09 0.00 0.00 -0.00 0.00 -0.13 -0.11 -0.26* 

DM -0.10 0.25 -0.17 -0.00 0.00 0.00 0.00 0.05 -0.07 -0.04 

GFP -0.05 0.22 -0.20 -0.01 -0.00 0.01 -0.00 0.20 -0.02 0.15 

NT 0.01 0.03 -0.05 -0.04 0.00 0.00 -0.00 0.51 -0.03 0.47** 

SL -0.01 0.00 0.01 -0.01 0.02 0.02 -0.02 0.34 -0.07 0.01 

NKS 0.01 0.01 -0.01 -0.00 0.01 0.08 -0.07 0.24 -0.00 0.25* 

TSW 0.01 0.00 -0.01 0.00 0.01 0.08 -0.07 0.20 0.00 0.21 

BY 0.02 0.01 -0.04 -0.02 0.01 0.02 -0.01 1.09 -0.20 0.91** 

HI 0.03 -0.04 0.01 0.00 -0.00 -0.00 0.00 -0.49 0.44 -0.07 

 

Residual = 0.056, DH=days to heading (days), DM=days to maturity (days), GFP=grain filling period (days), NT=no of productive 

tillers, SL=Spike length(cm), NKS= number of kernels per spike, TSW=Thousand seed weight(g), BY=biomas yield (t ha
-1

), 

GY=grain yield t ha
-1

, HI=Harvest index, rp=phenotypic coefficient of correlation. 

 

 

 

 



 
 

38 
 

4.5.2. Genotypic path coefficient analysis of grain yield with other traits 

 

The results of genotypic path coefficient analysis of grain yield with other traits are presented in 

Ttable 7. The maximum positive genotypic direct effect on grain yield t ha
-1

 was exerted by 

biomass yield t ha
-1

 (1.17) followed by harvest index (0.54), days to maturity (0.13). Traits with 

highly negative direct effects on grain yield were grain filling period (-0.16), days to heading (-

0.05) and number of tillers per plant (-0.04). Other traits’ direct effects were insignificant.  

 

Biomass yield that had positive and highly significant (P<0.01) genotypic correlation coefficient 

with grain yield (r = 0.91) had the highest direct effect on grain yield. It had also negative 

indirect effect via harvest index. The result suggested that selection of genotypes with high 

biomass yield will lead to improvement of grain yield, but its negative indirect effect via harvest 

index need to be handled wisely. This result is in line with the finding of Abderrahman et al. 

(2013) on durum wheat. Harvest index and days to maturity exerted high and positive direct 

effect on grain yield. On the other hand, harvest index and days to maturity had negative indirect 

effect via biomass yield and grain filling period respectively. This may be the case that the 

genotypic correlations they had was negative and non significant due to the counter balancing of 

the direct effects with indirect effect.  This is result is in opposite to the finding of Kumar et al. 

(2013) who stated the negative direct effect and negligible indirect through biomass yield on 

grain yield by harvest index and days to maturity. The result suggested that selection of 

genotypes for high performance of these traits might not effective when the breeding objective is 

becoming selection of genotypes for higher grain yield.   

 

Residual effects was 0.116 (Table 7), indicating that all the traits included in the study explained 

high percentage of variation in grain yield t ha
-1

 (88.6%); other factors not included in the study 

can explain only 11.4%. so that, yield components used were good. 
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Table 7 Estimates of direct (bold and underlined diagonal) and indirect effect (off diagonal) of different traits on grain yield at 

genotypic level in 26 bread wheat genotypes tested at Korem ( 2014) 

Traits DH DM GFP  NT SL NKS TSW BY HI rg 

DH -0.05 0.11 -0.08 0.01 0.00 0.00 0.00 -0.15 -0.18 -0.33 

DM -0.04 0.13 -0.14 -0.01 -0.00 -0.00 -0.00 0.02 -0.10 -0.11 

GFP -0.02 0.12 -0.16 -0.02 -0.00 -0.00 -0.00 0.16 0.00 0.11 

NT 0.01 0.02 -0.06 -0.04 -0.00 0.00 0.01 0.45 -0.06 0.34 

SL -0.00 -0.01 0.01 0.00 0.02 -0.00 -0.01 0.14 -0.05 0.10 

NKS -0.00 0.01 -0.02 0.01 0.01 -0.01 -0.03 0.19 0.02 0.19 

TSW 0.00 0.01 -0.01 0.01 0.01 -0.01 -0.03 0.14 0.01 0.14 

BY 0.01 0.00 -0.02 -0.02 0.00 -0.00 -0.00 1.17 -0.28 0.90** 

HI 0.02 -0.02 0.00 0.01 -0.00 0.00 -0.00 -0.61 0.54 -0.11 

 

Residual = 0.116, DH=days to heading (days), DM=days to maturity (days), GFP=grain filling period (days), NT=no of productive 

tillers, SL=Spike length (cm), NKS= number of kernels per spike, TSW=Thousand seed weight(g), BY=biomas yield (t ha
-1

), 

GY=grain yield t ha
-1

, HI=Harvest index, rg=genotypic coefficient of correlation. 
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4.6. Genetic Divergence Analysis  

 

Significant differences among varieties for majority of the characters would justify further 

calculation of D
2
 (Sharma, 1998). In the present study significant correlation coefficient among 

most of the traits justify the need to estimate square distance values for the genotypes (Table 5). 

 

4.6.1 Clustering of genotypes  

 

The D
2 

values calculated based on Euclidean dissimilarity distance using Ward's method from 

the pooled mean of genotypes for the twelve traits resulted in classifying the 26 bread wheat 

genotypes in to three distinct clusters (Figure 1). This indicates that the presence of genetic 

divergence among the tested genotypes. Cluster I consisted of six genotypes (23.1%) including 

two released varieties (Dandaa and Digalu). Cluster II was the largest cluster that contained 

fourteen genotypes (53.8%) including one released variety (Hidase). whereas, six genotypes 

(23.1%), none are released varieties were included in Cluster III (Table 8). Many authors also 

reported the presence of diversity among the bread wheat genotypes classifying in different 

number of distinct clusters. Tewodros et al. (2014) classified 13 bread wheat genotypes in to 3 

distinct clusters, whereas Degeweyni and Alamirow (2013) classified 26 bread wheat genotypes 

in to 6 clusters. Ferdous et al. (2011) classified 24 bread wheat genotypes in to 5 distinct clusters, 

while Salman et al. (2014) classified 65 bread wheat genotypes in to 6 clusters.  
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Figure 1. Tree diagram of 26 bread wheat genotypes for 12 studied variables based on Euclidean 

dissimilarity distance using Ward's method 

Note: 1= Dandaa, 2=Digalue, 3=ETBW7862, 4= ETBW7863, 5= ETBW7864, 6= ETBW7865, 

7= ETBW7866 ,8= ETBW7867 ,9= ETBW7868 ,10= ETBW7869, 11= ETBW78, 12= 

ETBW7873, 13= ETBW7874 ,14= ETBW7875 ,15= ETBW7876, 16= ETBW7877, 17= 

ETBW7879, 18= ETBW7880, 19= ETBW7881, 20=ETBW7882, 21=ETBW7884, 22= 

ETBW7887, 23= ETBW7888, 24= ETBW7890, 25= ETBW7892, 26= Hidase 
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Table 8 Distribution of 26 bread wheat genotypes in to three clusters based on D
2
 analysis 

Cluster Number of 

 Genotypes 

Genotype lists 

I 6 Dandaa, Digalu, ETBW7864, ETBW7873, ETBW7882, 

ETBW7884 

II 14 Hidase, ETBW7862, ETBW7863, ETBW7867, ETBW7868, 

ETBW7869, ETBW7873, ETBW7875, ETBW7876, 

ETBW7877, ETBW7880, ETBW7881, ETBW7890, 

ETBW7892 

III 6 ETBW7865, ETBW7866, ETBW7874, ETBW7877, 

ETBW7887, ETBW7888 

 

4.6.2. Cluster mean analysis 

 

The mean values of the 12 quantitative characters in each cluster are presented in Table 9. 

Relatively maximum days to heading, days to maturity, grain filling period were recorded for 

Cluster-I. Genotypes both at Cluster-II and at Cluster-III showed same and relatively lower 

values regarding the phenological traits. Hence, selection for early maturity can be made more 

effectively from these clusters. 

  

Regarding growth parameters Cluster-I showed higher number of tillers per plant, longer plant 

height and spike length than both other clusters. This suggested that if selection of genotypes is 

made from Cluster-I it is a selection in favor of these growth traits and if selection is from 

Cluster-II and Cluster-III it disfavor these parameters. Concerning yield related parameters 

Cluster-III were superior to the other two clusters for number of spikelet per spike, number of 

kernels per spike, biomass yield, harvest index, thousand seed weight and grain yield. This 

implying that genotypes of Cluster-III could be used when direct selection for increment on grain 

yield and yield components are desired.  
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Cluster-III genotypes showed relatively early maturing and higher for grain yield. Consequently, 

selection for early maturity can be done more effectively from this cluster which can be used for 

environments with shorter duration of rainfall distribution. Salman et al. (2014) identified one 

cluster among six to be used as source of early maturing materials.  

  

Table 9. Mean values of three clusters for twelve traits of the 26 bread wheat genotypes studied 

at Korem in 2014. 

Trait Cluster I Cluster II Cluster III 

Days to heading  61.17 56.33 55.06 

Days to maturity  123.22 112.12 110.28 

Grain filling period  62.06 55.79 55.22 

Number of productive tillers  2.39 2.21 1.98 

Plant height (cm) 90.56 85.49 86.03 

Spike length (cm) 7.47 7.15 7.46 

Number of spikelet per spike  14.78 12.81 14.32 

Number of kernels per spike  41.69 36.79 45.9 

Thousand seed weight (g) 83.39 72.09 91.8 

Biomas yield t ha
-1

 10.66 9.54 11.49 

Grain yield t ha
-1

 4.06 4.06 4.89 

Harvest index  (%) 40 43 43 

 

4.6.3. Distance analysis 

 

Average pair wise square inter and intra square distance (D
2
) among the three clusters of this 

study is given in Table 10. The test of significance showed highly significant (P<0.01) difference 

for all between class distances. Cluster II had smaller with in class distance than clusters I and 

III. That indicates genotypes of Cluster II are less diverse than Cluster I and III.  
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The highest average inter cluster distance was recorded between Cluster I and Cluster III (13.29) 

followed by between Cluster I and Cluster II (12.26) which revealed that these clusters were 

genetically more divergent from each other. According to Ghaderi et al. (1984) increasing 

parental distance implies a great number of contrasting alleles at the desired loci, and then to the 

extent that these loci recombine in the F2 and F3 generation following a cross of distantly related 

parents and the greater will be the opportunities for the effective selection for yield factors. 

Minimum inter cluster distance was observed between Cluster II and Cluster III (8.92) indicating 

that genotypes of these two clusters were relatively less diverse. Thus, crossing of genotypes 

from these two clusters will produce progenies with less amount of heterotic expression in the 

F1’s and narrow range of variability in subsequent segregating (F2) populations.  

 

The magnitude and structure of genetic variation that detected from diversity analysis could be 

used in breeding programs (Koutis et al., 2012). Generally, the more distant the genotypes 

crossed, might end up with obtaining heterotic hybrids and result in varieties with a broad 

genetic base. Hence, crossing of genotypes between clusters I and II will produce wide range of 

variability and high hetrotic expression in F2 generation for parameters: spike length, number of 

kernels per spike and biomass yield, because the mean difference of these traits on the two 

classes is wide (Table 9). Traits such as days to heading, days to maturity, grain filling period, 

number of productive tillers per plant, grain yield and harvest index can be also improved via 

crossing of Cluster I with cluster III. Crossing between cluster II and III can be used to create 

wider range of variability in the F2 progenies for thousand seed weight.   

 

Table 10. Average inter (bold) and intra (off diagonal), squared distance (D
2
) between clusters 

based on 12 traits of 26 bread wheat genotypes tested at Korem in 2014. 

Cluster I II III 

I 2.93 12.26 13.29 

II  1.24 8.92 

III   2.93 
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5. SUMMARY AND CONCLUSION 

 

Knowledge on the extent and pattern of genetic variability in a population, interrelationship 

among different agronomic characters and their direct and indirect contribution to grain yield and 

information of the naturally occurring diversity are essential to design breeding strategies in crop 

improvement. To generate such information 26 bread wheat genotypes which included three 

released varieties (Digalu, Dandaa and Hidase) were tested in randomized complete block design 

under rain fed condition at Korem testing site of Alamata Agricultural Research Centre in 2014. 

The data generated from the experiment were subjected to analysis of variance, and there by 

computation of genotypic and phenotypic coefficients of variations, estimations of heritability in 

broad sense and expected genetic advance, correlation and path analysis and genetic divergence 

analysis. 

 

Results of analysis of variance showed statistically significant difference among the tested 

genotypes for ten of the twelve traits considered. Suggesting the genotypes were phenotypically 

divergent. Therefore, there is higher chance of selecting genotypes for different quantitative 

traits. The genotypic variance took relatively greater proportion of the total variances for days to 

heading, days to maturity, grain filling period, spike length, number of productive tillers per 

plant, number of kernels per spike, thousand seed weight, biomass yield, grain yield and harvest 

index. Implying genetic components of these traits are important. Hence, selection based on 

these traits is effective.  

The range for genotypic coefficient variance (GCV) was from 1.6% for plant height to 17.6% for 

biomass yield. Number of tillers per plant, biomass yield and grain yield  had medium value (10-

20%) and the rest of other traits considered as low GCV (<10%). The phenotypic coefficient of 

variation (PCV) ranged from 6.2% for days to maturity to 32.3% for biomass yield. High PCV 

and GCV with low magnitude of difference were recorded for number tillers per plant, biomass 

yield and grain yield. This suggested that these traits can be improved significantly even with 

one cycle of selection.  
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The heritability values for the traits studied ranged from 3.9% for plant hight to 96.9% for 

thousand seed weight. Days to heading, days to maturity, thousand seed weight showed high or 

very high heritability estimates. suggested that a good progress can be made if these traits are 

considered as selection criteria. Medium heritability estimates were computed for grain filling 

period, spike length, seeds per spike and harvest index. This indicated that selection should be 

delayed to more advance generations for those traits. On the other hand, low heritability estimate 

was registered for number of tillers per plant, biomass yield, and grain yield. Therefore, selection 

of genotypes for their high performance of these traits might not lead improvement of the crop 

due to the higher masking effect of environmental factors and the lower chance of the subsequent 

generations to perform as equal as their ancestors. Therefore, it is vital to consider the influence 

of environment. In general, days to heading, days to maturity and thousand seed weight had 

relatively higher heritability estimates coupled with higher genetic advance as percent of mean 

suggesting improvement of these traits through selection is easier than other traits measured. 

 

Grain yield showed positive and signifcant correlation with biomass yield both at genotypic and 

phenotypic levels and negative significant correlation with days to heading. The perusal of the 

correlation coefficient results suggested that the prime importance of considering these traits and 

selection based on these.  

 

Phenotypic path coefficient analysis showed posetive direct effect of biomass yield, harvest 

index and days to maturity on grain yield. However, grain filling period and days to heading had 

negative direct effect on yield. The remaining traits had neither direct nor indirect effects on 

grain yield at phenotypic level.  

Biomass yield and days to maturity had positive and high significant phenotypic correlation with 

grain yield exerted by direct effect. Days to heading had negative and high significant 

phenotypic correlation exerted by the direct effect. Direct selection through biomass yield and 

days to heading will be effective for grain yield improvement, but number of tillers per plant, 

thousand seed weight and plant height had high significant correlation exerted by the indirect 

effect through biomass yield. Therefore, indirect selection for those traits through biomass yield 

is recommended. At phenotypic level, spike length and number of kernels per spike had positive 

indirect effects on grain yield mainly through biomass yield. Therefore, spike length and number 
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of kernels per spike together with biomass yield should be considered simultaneously in breeding 

programme designed to improve grain yield. While negative indirect effects can be reduced by 

using careful breeding strategies. Biomass yield had positive and highly significant genotypic 

correlation with grain yield due to its direct effect. Thus, selection of genotypes for grain yield 

based on biomass yield is effective. Harvest index and days to maturity had negative genotypic 

correlation exerted from indirect effect via biomas yield and grain filling period respectively. 

Therefore, during selection the harvest index should be considered simultaneously with biomass 

yield, days to maturity and grain filling period.   

 

 Residual effect was 0.056, and 0.114 at genotypic and at phenotypic levels respectively. This 

showed that the twelve traits explained 94.4% at genotypic and 88.6% at phenotypic levels of the 

variability in grain yield. This further indicates that yield attributing traits chosen in the study 

were good.  

 

Genetic divergence of the genotypes was estimated using Squared distance (D
2
) based on 

Euclidean dissimilarity distance using Ward's method from the pooled mean of genotypes. The 

dissimilarity analysis classified 26 genotypes in to three classes. This indicates the presence of 

diversity among the tested genotypes. Clusters II (53.8%) were the largest cluster containing 14 

genotypes and Cluster I and III contained six genotypes each (23.1%). The test of significance 

among the clusters showed highly significant (P<0.01%) difference for all between class 

distances. The highest average inter cluster distance was recorded between Cluster I and Cluster 

III which suggested these clusters were more divergent genetically from each other than the rest 

pairs. Thus, crossing of genotypes from these two clusters may produce heterotic F1’s and wide 

range of variability in subsequent segregating (F2) populations. 

This study revealed that the presence of variability among the tested genotypes that can be 

exploited in wheat improvement program. The top three genotypes that performed better than the 

released check varieties for grain yield and early maturity were ETBW7888, ETBW7892, and 

ETBW7887 with grain yield of 6.4, 5.6 and 5.5 t ha
-1

 respectively. Grain yields of the standard 

checks were 3.9 t ha
-1

 for Dandaa for 4.7 t ha
-1

 for Hidase and 3 t ha
-1

 for Digalu. Besides, those 

genotypes were early maturing which ranged from 110 to 112 days. However, a range for days to 

maturity for the standard checks was from 119 to 129 days. That implies the existence of 
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genotypes with a grain yield advantage of 17% to 36% over the highest yielder standard check 

(Hidase) in the area. Therefore, direct selection of those genotypes can be undertaken. 

Divergence analysis also showed the presence high genetic distance between clusters I and III. 

Thus, varieties can be developed from segregating populations of crosses of clusters I and III. 

Direct selection of genotypes and hybridization between the clusters can be implemented after 

the result is confirmed at different locations and across and years.   
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Appendix Table 1. Mean values of 12 traits of 26 bread wheat genotypes tested at Korem in 2014. 

Genotypes  DH DM GFP NT PH SL NSt NKS TSW BY GY HI 

Dandaa 61.3 121.3 60.0 2.07 93.7 7.3 14.93 44.6 89.20 11.28 3.85 0.34 

Digelu 63.0 129.7 66.7 2.07 89.9 5.9 14.40 43.0 86.00 6.46 2.96 0.45 

ETBW7862 55.7 115.3 59.7 2.27 88.3 7.5 13.00 35.0 70.00 11.65 4.99 0.43 

ETBW7863 55.3 115.7 60.3 2.00 85.1 7.1 13.33 37.1 74.13 8.48 3.87 0.46 

ETBW7864 61.3 121.7 60.3 2.40 83.1 8.9 13.80 42.0 84.00 7.68 3.30 0.43 

ETBW7865 57.0 113.0 56.0 1.87 85.2 7.9 14.67 44.7 89.33 12.05 4.67 0.39 

ETBW7866 54.7 110.3 55.7 2.40 89.8 7.3 15.47 46.7 93.33 10.42 4.50 0.44 

ETBW7867  57.3 111.0 53.7 2.27 85.3 7.9 13.00 39.7 79.33 9.87 4.44 0.45 

ETBW7868 49.3 104.7 55.3 2.67 87.5 7.3 12.47 34.7 69.47 9.95 4.27 0.44 

ETBW7869  59.3 111.7 52.3 1.67 86.0 7.0 13.00 35.8 71.60 9.27 3.66 0.39 

ETBW7870 52.7 103.7 51.0 2.53 85.7 6.8 12.53 36.5 73.07 8.97 3.72 0.41 

ETBW7873 61.3 122.3 61.0 2.40 90.2 8.5 16.47 40.6 81.13 11.05 4.42 0.41 

ETBW7874  56.3 110.7 54.3 1.73 85.8 7.4 13.20 47.6 95.20 8.73 3.80 0.44 

ETBW7875 62.3 117.7 55.3 2.07 78.6 7.1 14.07 34.3 68.53 7.65 3.17 0.42 

ETBW7876 55.0 102.7 47.7 1.87 82.7 6.9 12.33 34.8 69.60 8.23 3.25 0.40 

ETBW7877 56.0 108.0 52.0 1.80 87.9 7.9 12.53 40.7 60.78 7.58 2.99 0.40 

ETBW7879 50.7 106.7 56.0 2.00 79.5 7.0 14.27 46.9 93.87 9.33 4.48 0.48 

DH=days to heading, DM=days to maturity, GFP=grain filling period, NT=number of productive tillers per plant, PH=plant height, 

SL=spike length, NSt=number of spikelet per spike, NKS=number of kernels per spike, BY=biomass yield t ha
-1

, GY=grain yield t ha
-

1
, HI=harvest index.    
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                                                                                                                                                                                    Continued 

Genotypes DH DM GFP NT PH SL NSt NKS TSW BY GY HI 

ETBW7879 50.7 106.7 56.0 2.00 79.5 7.0 14.27 46.9 93.87 9.33 4.48 0.48 

ETBW7880  55.3 113.7 58.3 1.93 87.4 7.3 12.33 39.1 78.13 11.40 4.83 0.43 

ETBW7881 56.7 113.7 57.0 2.27 86.1 6.7 12.87 35.9 71.87 8.90 4.02 0.45 

ETBW7882 60.7 123.3 62.7 3.13 90.3 7.0 14.07 40.1 80.27 16.17 5.06 0.32 

ETBW7884  59.3 121.0 61.7 2.27 96.1 7.2 15.00 39.9 79.73 11.28 4.74 0.42 

ETBW7887 55.7 110.0 54.3 1.93 83.9 7.6 13.60 46.9 93.87 12.48 5.50 0.44 

ETBW7888 56.0 111.0 55.0 1.93 91.9 7.4 14.73 42.6 85.20 15.95 6.35 0.40 

ETBW7890 62.3 120.7 58.3 1.53 79.3 6.9 12.93 37.8 75.60 7.70 3.34 0.43 

ETBW7892 54.3 112.7 58.3 2.87 90.6 6.9 11.87 36.7 73.47 13.63 5.63 0.41 

Hidase  57.0 118.7 61.7 3.27 86.4 6.7 13.00 36.9 73.73 10.28 4.72 0.46 

DH=days to heading, DM=days to maturity, GFP=grain filling period, NT=number of productive tillers per plant, PH=plant height, 

SL=spike length, NSt=number of spikelet per spike, NKS=number of kernels per spike, BY=biomass yield t ha
-1

, GY=grain yield t ha
-

1
, HI=harvest index. 
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Apendix Figure 1. Annual rainfall distribution at Korem from 1997-2014 
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Appendix figure 2. Monthly rainfall distribution of the year 2014 at Korem 


