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ABSTRACT 
 

Wheat is a polygenic inherited trait and the product of several attributing factors for this reason it fluctuates widely as 

a result of its interaction with environment. In Ethiopia a number of bread wheat (Triticum aestivum) varieties have 

been released by the national and regional research centers, however all the varieties were not tested at Axum district.  

Randomized Complete Block Design was used to test twenty bread wheat varieties at three locations namely Hatsebo, 

Tahtay-maichew and Ahferom to see the variation, association, and to select high yielding improved bread wheat 

Variety/varieties. Varieties responded differently across locations, this implied that the varieties should be assessed 

under different locations. The varieties Pavon-76 and Mekelle-03 recorded higher yield than all other varieties with a 

mean grain yield of 4.31 and 4.30 tha-1 respectively across locations. Among all characters, higher GCV and PCV values 

(>10%) were observed for grain yield and harvest index across locations. There was positive and highly significant 

(p<0.01) genotypic correlation of grain yield with harvest index (rg= 0.89) and, phenotypically with above ground 

biomass yield (0.70), harvest index (0.68) and panicle length (0.65). Therefore the above mentioned traits should be 

given due emphasis for future bread wheat improvement because they possess high genetic variation coupled with high 

genetic correlation among themselves which may yield high genetic advance under proper selection. Based on D2 –

Statistics, 20 varieties were grouped into four homogenous clusters.  
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INTRODUCTION 

 

Wheat, a cereal grass of the Gramineae (Poaceae) 

family and of the genus (Triticum aestivum) Is the world’s 

largest cereal crop. It has been described as the ‘King of 

Cereals’ because of the acreage it occupies, high 

productivity and the prominent position (Williams, M E. 

1901). Wheat (Triticum aestivum) is a hexaploid (2n = 6x 

= 42 = AABBDD genomes), annual and self-pollinated 

cereal which is grown worldwide. It belongs to tribe 

"Triticeae" of the family "Gramineae poaceae" and is a 

monoecious plant with perfect flowers, reproducing 

sexually as an autogamous crop although limited (3%) 

cross pollination is possible (Mergoum et al., 2009).  It is 

one of the most important food crops in the world, as it 

provides 20% of the total energy and protein in the human 

diet (FAO, 2016). 

The efficiency of selection largely depends up on the 

magnitude of genetic variability present in the population, 

which means the success of genetic improvement in any 

character depends on the nature of variability present in the 

gene pool for that character. Therefore, Genetic variation 

of plants decides their potential for enhancement of the 

efficiency and consequently their utilization in breeding, 

which finally may lead to increase food production 

(Farshadfar et al., 2013). It is essential for a plant breeder 

to measure the variability with the help of parameters like 

phenotypic and genotypic coefficient of variation, 

heritability and genetic advance, because these parameters 

give the information regarding the availability of genetic 

variability for different characters in available germplasm. 

Thus, study of genetic variability of seed yield and its 

component characters among different varieties 

provides a strong basis for selection of desirable 

genotypes for augmentation of yield and other 

agronomic characters (Rahman et al., 2016). Correlation 

and path coefficient analysis could be used as an 

important  tool  to bring information about appropriate cause  
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and effects relationship between yield and yield Components. 

Path coefficient analysis provides a means to quantify the 

interrelationship of different yield components and indicate 

whether the influence is directly reflected in the yield or 

take some other pathways to produce an effect (Khan et al., 

2003). Different statistical methods have been developed to 

assess the genetic diversity such as D2-analysis. These 

methods determine the genetic divergence using the 

similarity or dissimilarity based on aggregate effect of 

different economic important traits. Thus, clear 

information on the nature, pattern and degree of genetic 

diversity helps breeders in choosing the diverse parents for 

purpose of hybridization and crossing program (Kahrizi et 

al., 2010). In general estimation of GCV and PCV helps to 

choose the potential genotype and heritability along with 

genetic advance would be more useful tool in predicting the 

resultant effect for selection of best varieties for yield and 

some of its component (Kumar et al., 2017). In Ethiopia, 

bread wheat is producing in several parts of the country 

particularly on the central highland areas. Large number of 

bread wheat varieties has been released by the different 

research centers of the country; however most of the 

varieties were not evaluated at Axum district for growth, 

yield and yield components which are important for the 

selection of adaptable varieties for this major wheat 

growing district. Generally the aim of this trial is to select 

adaptable and high yielding bread wheat varieties after 

testing at different environments. The presence of variation 

among wheat genotypes for yield and yield components 

was also reported by Tesfaye et al. (2016); Berhanu et al. 

(2017) and Obsa et al. (2017). 

 

MATERIALS AND METHODS 

 

Climatic condition, soil type, altitude and longitudes 

of the experimental sites are presented in Table 1. 

The experiment was conducted in randomized 

complete block design with three replications. The 

experimental materials were sown during 2014 with a total 

of twenty bread wheat varieties in a plot consisted of six 

rows with 2.5 m long and 20 cm apart. To compare the 

genotypes, ten random plants per genotype per replication 

were tagged to record observations on yield and yield 

components. Planting was done by hand drilling using a seed 

rate of 150 kg/ha for each variety. Nitrogen and phosphorous 

fertilizers were applied at the rate of 100 kg/ha urea in split 

and 100 kg/ ha DAP at planting. All other management 

practices were uniformly applied to all plots at planting. 

 

Data collected   

Data were collected from the four central rows for the 

parameters; days to 50% heading, days to physiological 

maturity, grain yield, bio-mass yield and harvest index and, 

from randomly sampled plants for the characters; plant 

height and spike length. The averages of the ten plants in 

each experimental plot were used for statistical analysis. 

 

Analysis of variance  

The analysis of variance  (ANOVA) was performed 

using the linear model SAS version 9.1.3 (SAS Institute 

Inc, 2004) software for randomized complete block design. 

The Duncan Multiple Range Test (DMRT) was used to 

compare two means at 5 and 1% level of significance. 

The phenotypic and genotypic coefficients of variation 

were estimated according to the methods suggested by 

Burton and De Vane (1953). However, cluster analysis was 

carried out using the Squared Euclidean distance-Ward's 

clustering method and conducted using the statistical 

package for social sciences (SPSS Inc., 2009) software.  

 

Estimation of variance components and association 

among components 

The phenotypic and genotypic variances were 

estimated according to the methods suggested by Burton 

and De Vane (1953). 

2p =2g + 2e 

σ2g =
MSg−MSe

r
 

Where, 2p = phenotypic variance 

σ2g = Genotypic variance 

2 e = Error variance 

 (Error mean square) 

Mg= mean sum square of genotypes 

Me= mean sum square of error 

r=Number of replications 

 

The phenotypic and genotypic coefficient of variation 

was estimated according to the methods suggested by 

Burton and De Vane 1953). 

 

Phenotypic coefficient of variation             

PCV=   
√σ2 p

X̅  
*100 

Where, σ2 p = phenotypic variance and 

X̅= mean of the characters evaluated 

 

Genotypic coefficient of variation 

GCV= 
√σ2 g

X̅
 * 100 

Where, 2g = genotypic variance 

�̅� = mean of the characters evaluated 

Broad sense Heritability was computed for each character 

based on the formula developed by Allard (1960) as: 

H2= σ2g 

σ2p
 * 100 

Where, 2 p = phenotypic variance, 2g = Genotypic 

variance, 

2p =2g +2 e, 

2 e = Environmental (error) variance 

The genetic advance (GA) for selection intensity (K) 

at 5% was calculated by the formula suggested by Allard 

(1960) as: 

GA=K*σ p*H2 

Where, GA= Expected genetic advance, δp = the 

phenotypic standard deviation, H2 = broad sense 

heritability, K= Selection differential (K=2.06 at 5% 

selection intensity). 

GA (as % of the mean) (GAM) =
GA

X̅
 *100 

Where,  �̅� = population mean 

Estimation of genotypic correlation coefficients was 

done based on the procedure of Dabholkar (1992). 

yx

yxg
r

gg

g
22 .

.cov


=

 
Where, rg is genotypic correlation coefficients,  
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Cluster analysis 

Based on the squared distances values, clustering of 

genotypes was done using Ward's method as described by 

Singh (2001). Cluster analysis was conducted using the 

statistical package for social sciences (SPSS Inc., 2009). 
 

RESULTS AND DISCUSSION 
 

The results of combined analysis of twenty bread 

wheat varieties tested over three locations are presented 

in Table 3. Main effects due to locations, treatments and 

their interactions were highly significant (p<0.01) for 

grain yield. The varieties had different response to the 

different locations; this indicated that assessment of the 

varieties under different locations of central Tigray is 

important in order to identify the best genetic make up 

for a particular location. Similar result was reported by 

Tewodros et al. (2014). The relative performance of 

bread wheat varieties over locations are presented in 

Table 2. Varieties had in between 92.33 (Jeferson) to 

100.67 (Tay) days to maturity with a mean 96.33 days. 

The magnitude of genetic variability for plant height 

ranged from 74.73 for ETBW5879 to 90.93 cm for 

Danda’a. Significant differences (P<0.05) observed 

among genotypes for average grain yield ranged from 

2.97 to 4.3 tha-1 with mean value 3.76 t ha-1.This wide 

range for  grain yield may be due to the variability of 

materials used in the experiment and /or due to the 

differences of environments where wheat genotypes were 

evaluated. Such kind of variability for grain yield was 

also reported by Berhanu et al. (2017) in the same 

environment. The average grain yield and its rank of 

twenty varieties tested across three locations are 

presented in Table 4. The highest grain yield (5.4 tha-1) 

recorded from Ogolcho at Hatsebo and the lowest yield 

(2.38 tha-1) from Hogona at Tahtay-maichew. The varieties 

Pavon-76 and Mekelle-03 also out yielded all other 

varieties with a mean grain yield of 4.31 and 4.30 tha-1 

respectively across locations (Table 2). Based on the 

average grain yield and its rank (R) of twenty bread wheat 

varieties tested across three locations in Table 4, the overall 

yield performance of Hatsebo was higher than the other two 

locations this is due to high total annual rain fall (782.8 

mm) as compared with the other locations and also its 

distribution was very nice starting from germination up to 

physiological maturity of the crop. 
 

Genotypic and Phenotypic coefficient of variation, 

broad sense Heritability (H2) and Genetic advance  

Genotypic coefficient of variance (GCV) and 
phenotypic coefficient of variance (PCV), heritability and 
genetic advance (GAM) for the 8 quantitative traits of the 
20 bread wheat varieties tested over three locations are 
presented in Table 5, 6 and 7. 

The PCV values were greater than GCV values across 

environments although the differences were small. This 

indicated that there was environmental effect for the 

expression of the characters. Among all characters, higher 

GCV and PCV values (>10%) were observed for grain 

yield and harvest index across locations. This indicated that 

selection may be effective based on these characters and 

their phenotypic expression would be a good indication of 

genotypic potential. The estimates are in line with the 

findings of Adhiena et al. (2016) and Birhanu et al. (2016). 

Beside this higher GCV and PCV values were observed for 

panicle length at Hatsebo. Medium GCV and PCV values 

(5-10%) were observed for plant height and biomass yield 

at Hatsebo. Days to heading, grain filling period, plant 

height, panicle length and biomass yield at Tahtay 

maichew, and Days to heading, grain filling period, panicle 

length and biomass yield at Ahforom. 

Heritability (H2), and genetic advance as percent of 

mean (GAM) estimates for characters under study are 

presented in Table 5, 6 and 7. The genotypic coefficients 

of variation can estimate large amount of genetic 

variability among the bread wheat varieties for the 

different traits, however it may not indicated the full 

scope of genetic variability which is heritable. 

Therefore, it is the genotypic coefficient of variation 

along with heritability estimates provide reliable 

estimates of the amount of genetic advance to be 

expected through phenotypic selection (Burton and 

Devane, 1953). Robinson et al. (1949) classified 

heritability values as high (>60%), moderate (30-60%) 

and values less than 30% low. Accordingly, the results 

of the present study indicated that high heritability 

values were observed for days to heading (90.87%), 

plant height (69.49%), panicle length (64.60%) and 

harvest index (75%) at hatsebo; days to heading 

(87.41%), plant height (71.73%), panicle length 

(69.85%), grain yield (65.18%) and harvest index (75%) 

at Tahtay maichew and, days to heading (77.31%), 

panicle length (65.12%) and harvest index (86.36%) at 

Ahferom. High heritability values for these characters 

indicated that the variation observed was mainly under 

genetic control and was less influenced by the 

environment and the possibility of progress from 

selection. This is inconsistent with Kumar et al. (2017); 

Rahman et al. (2016), where large heritability values 

showed relative ease with which selection can be made 

based on phenotype, but their practical utility in plant 

breeding is further enhanced if accompanied by 

concomitantly high GA estimates (Johnson et al., 1955).  

In this study, genetic advance expressed as percent of 

mean showed a wide range of variations across the 

environments. It ranged from 5.73% for days to maturity 

22.24% for harvest index, from 5.9% for days to 

maturity to 32.79% for grain yield and from 3.63 for 

days to maturity to 38.14% for harvest index at Hatsebo, 

Tahtay maichew and Ahferom respectively. The 

effectiveness of selection depends upon genetic advance 

of the character selected along with heritability (Manju 

and Sreelathakumary, 2002). High heritability coupled 

with relatively high genetic advance as percent of the 

mean was observed for panicle length and harvest index 

across locations. Similarly, estimates of genetic advance 

as percent of mean and heritability for Plant height at 

Hatsebo; days to heading, plant height and grain yield at 

Tahtay maichew, and days to heading at Ahferom were 

also high. This suggested the involvement of additive 

gene action for the inheritance of these characters and 

selection will be effective. This result is in agreement with 

Tesfaye et al. (2016): Berhanu et al. (2017): Adhiena et 

al. (2016). However heritability along with genetic 

advance as percent of mean is low for the rest characters, 

this may be due to the environmental variances and low 

estimate of phenotypic variance and heritability. 
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Table 1: Altitude, rainfall, temperature, latitude, longitude and soil type of study locations 

Location Altitude 

(m.a.s.l) 

Total annual 

rainfall (mm) 

Temperature(0C min 

max 

latitude logiutude Soil type 

Hatsebo 2118 782.8 10 29 140 06’ 40.2’’ 0380 45’ 45.8’’ Verti soil 

Tahtay maichew 2090 656.6 12.6 25.51 14006’76.2’’ 038039’14.5’’ Clay loam 

Ahferom 2014 618.0 11.3 27.1 14o06’40.2” N 039004’15.6’’E loamy 

Source: National meteorological agency (Mekelle branch). 

 

Table 2: Mean performances of varieties over locations for yield and other agronomic characters 

TRT GY(tha-1) DH DM GFP PH (cm) PL (cm) BM (tha-1) HI 

ETBW5879 3.74 64.00 97.67 32.67 74.73 7.24 10.22 0.37 

ETBW6095 3.86 52.67 93.67 39.00 80.27 7.71 10.44 0.37 

PASTOR 4.00 51.67 92.33 37.67 75.80 6.80 10.67 0.38 

MILLAN 3.41 55.67 94.67 37.67 82.27 7.22 9.44 0.38 

Hidasse 3.66 54.67 95.67 35.00 77.40 6.91 9.03 0.41 

Ogolcho 4.27 57.33 98.33 35.00 90.93 8.26 10.83 0.39 

Hoggana 2.97 64.33 97.33 26.00 75.33 7.82 9.72 0.31 

Hulluka 3.62 55.33 96.67 33.33 79.73 7.80 9.80 0.38 

Mekelle-3 4.30 47.00 92.33 36.33 87.33 7.35 11.89 0.36 

Mekelle-4 4.20 54.33 97.67 33.33 83.53 8.24 10.41 0.40 

Shorima 3.60 52.00 96.67 33.67 87.67 7.40 9.67 0.37 

Kakaba 4.16 41.33 93.33 40.00 86.13 7.42 11.22 0.37 

Danda’a 3.72 57.33 100.33 30.00 90.93 7.84 10.00 0.38 

Gassay 3.64 49.00 98.33 35.33 84.07 7.97 10.67 0.34 

Alidero 3.31 48.67 99.67 36.00 90.67 9.04 10.64 0.32 

Tay 3.97 48.33 100.67 36.33 93.73 7.86 10.56 0.38 

Sofumar 3.77 41.67 96.67 38.00 89.53 7.48 9.76 0.39 

Mada-wolabu 3.31 41.00 98.67 38.67 83.20 7.77 9.67 0.34 

Pavon-76 4.31 38.33 94.67 37.33 83.73 7.15 11.33 0.38 

Jeferson 3.78 30.67 92.33 41.67 79.47 7.13 10.00 0.34 

CV(%) 11.21 2.82 2.22 3.98 4.03 10.33 9.7 13.77 

LSD(0.05) 0.15 0.72 0.77 2.50 1.22 0.73 0.36 0.018 

MEAN 3.76 60.77 96.33 35.56 83.82 7.62 1030 0.37 

R2 0.82 0.92 0.73 0.72 0.82 0.60 0.54 0.76 

DH= days to heading, DM= days to maturity, GFP= grain filling period, PH= plant height, PL= panicle length, BM= biomass yield, 

GY= grain yield, HI= harvest index. 

 

Table 3:  Sum of squares and its percentage (out of total) contribution of the combined analysis of grain yield of 20 bread wheat varieties 

tested over 3 locations. 

Source DF SS MS F value 

Location 2 24.07 12.03 67.73** 

Rep(loc) 6 16.58 2.76 15.56** 

Treatment 19 24.03 1.26 7.12** 

Loc*trt 38 28.22 0.74 4.18** 

Error 114 20.25 0.18  

Total 179 113.15   

CV(%)=  11.21                    R2=0.82 

** Significant at p<0.01; *- significant at 0.05: Where: loc*trt= location by treatment interaction. 

 

Association of grain yield with its components  

The genotypic and phenotypic correlation coefficients 

among different traits in the varieties of bread wheat were 

measured in order to determine the extent of association 

among each component (Table 8). The analysis of the 

relationship among the characters and their association 

with grain yield is essential to establish selection criteria. 

In general the genotypic correlation coefficients were 

higher than the respective phenotypic correlation 

coefficients across environments indicating the 

involvement of genetic factors more than the 

environmental ones. 

There was highly significant positive genotypic 

correlation among grain yield and harvest index (rg= 0.89).  

This indicated that, there would be a substantial increment 

on grain yield by improving harvest index. Similar to this 

result, Adhiena et al., 2016; Obsa et al., 2017 and Berhanu 

et al., 2017 also reported positive and highly significant 

genotypic correlation of grain yield with harvest index. 

Beside this, grain yield have positive and significant 

genotypic correlation with plant height. The positive 

correlation of these characters with grain yield could be 

resulted from the presence of strong coupling linkage of 

genes or the characters may be the result of pleiotropic 

genes that control these characters in the same direction 

(Kearsey and Harpal, 1996). The presence of such genes 

may improve the traits and finally lead to the enhancement 

of grain yield.  At the phenotypic level grain yield have 

highly significant positive correlation with biomass yield 

(0.70), harvest index (0.68) and panicle length (0.65). 

Biomass yield have negative and highly significant 

genotypic correlation (-0.42) with harvest index the result 

indicated that selection of varieties for high biomass yield 

might lower harvest index and then grain yield, as harvest 

index have always a positive correlation with grain yield. 

In  agreement  with  the  current  finding, Obsa et al., (2017) 
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Table 4: Mean grain yield (t ha) and rank of 20 varieties at 3 locations in central tigray, Ethiopia, 2014. 

No Varieties Hatsebo Tahtay maichew Ahferom 

Yield (tha-1) Rank (R) Yield (tha-1) Rank (R) Yield (tha-1) Rank (R) 

1 ETBW5879 5.05 4 2.99 16 3.23 17 

2 ETBW6095 3.88 13 3.69 5 3.98 4 

3 PASTOR 4.43 8 3.64 6 3.96 5 

4 MILLAN 3.85 14 3.08 12 3.30 15 

5 Hidasse 4.93 5 2.81 18 3.21 18 

6 Ogolcho 5.06 3 3.78 4 3.94 6 

7 Hoggana 3.63 18 2.38 20 2.84 20 

8 Hulluka 4.44 7 3.00 15 3.39 14 

9 Mekelle-3 4.15 11 4.32 2 4.41 2 

10 Mekelle-4 5.11 2 3.59 7 3.90 7 

11 Shorima 3.84 15 3.29 11 3.66 11 

12 Kakaba 3.70 17 4.38 1 4.37 3 

13 Danda'a 4.64 6 3.07 13 3.52 12 

14 Gassay 3.61 19 3.49 8 3.81 9 

15 Alidoro 4.16 10 2.68 19 3.08 19 

16 Tay 5.40 1 3.05 14 3.44 13 

17 Sofumar 4.09 12 3.37 10 3.80 10 

18 Mada-Wolabu 3.73 16 2.96 17 3.25 16 

19 Pavon-76 4.36 9 4.12 3 4.43 1 

20 Jeferson 2.83 20 3.46 9 3.84 8 

Mean  4.24  3.36  3.67  

Lsd at 0.05  0.87  0.60  0.56  

CV(%)  12.47  10.80  9.35  

 

Table 5: Genotypic and phenotypic coefficient of variation, braod sence heritability, genetic advance and genetic advance as percent of 

mean for 8 characters of 20 bread wheat varieties at Hatsebo 

Character GCV (%) PCV (%) H2 (%) GA GAM (%) 

Days to heading 4.29 4.51 90.87 4.89 8.45 

Days to maturity 3.67 4.86 57.14 5.82 5.73 

Grain filling periode 5.45 8.51 41.08 3.16 7.21 

Plant height 9.38 11.26 69.49 12.11 16.14 

Panicle length 11.86 14.76 64.60 1.38 19.67 

Biomass yield 8.63 16.49 27.41 0.91 9.33 

Grain yield 13.45 18.33 53.85 0.87 20.36 

Harvest index 12.45 14.37 75.00 0.10 22.24 

 

Table 6: Genotypic and phenotypic coefficient of variation, braod sence heritability (H2), genetic advance and genetic advance as percent 

of mean for 8 characters of 20 bread wheat varieties at Tahtay maichew 

Characters GCV (%) PCV (%) H2 (%) GA GAM 

Days to heading 8.68 9.29 87.41 10.18 16.74 

Days to maturity 2.40 3.27 53.81 5.68 5.90 

Grain filling period 8.96 11.71 58.54 7.51 21.11 

Plant height 6.42 7.58 71.73 11.46 13.67 

Panicle length 8.67 10.38 69.85 1.47 18.71 

Biomass yield 6.94 11.01 39.70 2.09 19.85 

Grain yield 14.68 18.18 65.18 1.10 32.79 

Harvest index 12.45 14.37 75.00 0.11 25.92 

 

Table 7: Genotypic and phenotypic coefficient of variation, broad sence heritability, genetic advance and genetic advance as percent of 

mean for 8 characters of 20 bread wheat varieties at Ahferom 

Character GCV (%) PCV (%) H2 (%) GA GAM 

Days to heading 6.20 7.05 77.31 6.70 11.25 

Days to maturity 2.41 3.31 53.27 3.44 3.63 

Grain filling periode 7.97 11.02 52.20 4.18 11.87 

Plant height 4.02 5.83 47.51 4.57 5.71 

Panicle length 8.52 10.56 65.12 1.02 14.19 

Biomass yield 7.31 12.23 35.71 0.83 9.01 

Grain yield 11.01 14.76 55.68 0.62 16.95 

Harvest index 19.90 21.41 86.36 0.15 38.14 

 

and Kifle et al, (2016) reported that grain yield detected 

positive and significant phenotypic correlation with 

biomass yield and harvest index however, biomass yield 

detected negative correlation with harvest index  

Genetic diversity 

For successful wheat breeding program the presence 

of genetic diversity is required as a prior condition and 

paramount importance. Thus, for the development of sound  
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Table 8: Genotypic (above diagonal) and phenotypic (below diagonal) correlation coefficient of    20 bread wheat varieties using their 

mean over 3 locations. 

Variable DH DM GFP PH PL BM GY HI 

DH 1 0.39** -0.5** -0.002 0.01 0.09 0.04 0.003 

DM 0.83** 1 0.61** 0.18* 0.01 0.07 0.01 -0.01 

GFP -0.91** -0.52* 1 0.17* -0.002 -0.02 -0.03 -0.02 

PH 0.15 0.47* 0.11 1 0.03 0.39** 0.18* -0.02 

PL -0.26 -0.13 0.3 0.46* 1 -0.005 -0.07 -0.07 

BM -0.29 -0.24 0.27 0.31 0.96** 1 0.017 -0.42** 

GY -0.31 -0.22 0.3 0.31 0.65* 0.70* 1 0.89** 

HI -0.13 -0.06 0.15 0.1 -0.07 -0.03 0.68* 1 

DH= days to heading, DM= days to maturity, GFP= grain filling period, PH= plant height, PL= panicle length, BM= biomass yield, 

GY= grain yield, HI= harvest index. 
 

 
 

Fig. 1: Dendrogram depicting the clustering of 20 bread wheat 

varieties using means of 3 locations. 
 

hybridization program, it is necessary that the varieties 

should be genetically divergent, especially for quantitative 

characters that contribute towards yield (Kahrizi et al., 

2010). In this study, 20 bread wheat varieties exhibited 

significant differences for 8 characters (Table 2). The 

presence of significant differences among varieties for all 

the characters would justify further calculation of D2 

(Sharma, 1998). The D2 values based on the pooled mean 

of genotypes resulted in grouping of the 49 bread wheat 

genotypes in to four clusters based on the Wards clustering 

method (Figure 1). Cluster I was the largest cluster which 

consisted of 8 (40%) varieties viz; MILLAN, Hidasse, 

Hulluka, Shorima, Sofumar, ETBW6095, PASTOR and 

ETBW5879. Whereas the other three clusters: Cluster II 

(Ogolcho, Mekelle-04, Dand’a, Tay), Clusters III (Gassay, 

Mada-wolabu, Alidero, Hoggana) and IV (Kakaba, Pavon-

76, mekelle-03, Jeferson) comprised each four varieties 

(20%). Adhiena et al. (2016) also reported the presence of 

diversity among 26 bread wheat genotypes classifying in to 

three different numbers of distinct clusters.  

 

Conclusions 

A total of twenty bread wheat varieties were tested at 

three locations (Hatsebo, Tahtay-maichew and Ahferom) 

of Axum Agricultural Research Center to select adaptable 

and high yielding bread wheat varieties. The results of the 

analysis of variance for individual locations and combined 

analysis indicated that the tested varieties were 

significantly different (p< 0.01) for the studied traits; this 

implied that the varieties contain adequate genetic 

variability. The PCV values were higher than GCV values 

for all the traits; this reflected the influence of the 

environment on the expression of all the traits. Higher GCV 

and PCV values were observed for grain yield and harvest 

index across locations. This indicated that selection may be 

effective based on these characters and their phenotypic 

expression would be a good indication of genotypic 

potential. High heritability coupled with relatively high 

genetic advance as percent of the mean was observed for 

panicle length and harvest index across locations. The 

significant genotypic and phenotypic correlation of grain 

yield with its components indicated that these traits 

contributed positively towards yield, and therefore should 

be considered when selecting for high grain yield. The 

tested varieties were grouped in to four clusters and the 

paired sample t-test for the clustered group indicated 

variability among the groups which is important for genetic 

improvement of bread wheat. Generally, this trial should be 

tested in similar agro-ecologies to select variety with high 

grain yield mean performance and high stability. 
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