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ABSTRACT 
 

The progress made to improved bread wheat varieties through breeding in Ethiopia has not been assessed so far. 

Therefore, in this study conducted on genetic gain in grain yield and yield related characters of 49 bread wheat varieties 

developed by the wheat Research program from 1967 to 2016. The objectives were to assess changes in the grain yield 

of bread wheat brought about by the breeding program and provides valuable information for further improvements in 

grain yield. An experiment was undertaken at two locations viz; Holetta and Kulumsa Agricultural research center in 

Ethiopia in 2016/17 cropping season. The varieties were evaluated in the simple lattice design with 2 replications. Data 

on yield and yield component were collected and analyzed using SAS version 9.3 Software. Results revealed that the 

combined analysis of variance over the two locations highly significant (P ≤ 0.01) variations among the genotypes in 

all studied traits except number of fertile tiller. Based on the regression analysis, the estimated average annual rate of 

gain in grain yield potential was 23.04 kg ha-1year-1 with an annual relative genetic change of 1.03% year-1. The overall 

increase in grain yield over local variety Lakech was estimated to be 1289.23 kg ha-1 (57.42%). The result of this study 

confirmed that bread wheat breeder has made considerable efforts for the last 49 years. Further study needs to be 

conducted the future bread wheat breeding effort should be focus on varietal development with further assessment of 

genetic gain in other bread wheat attributes.  
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INTRODUCTION 

 

Wheat is a self-pollinating annual plant of an important 

cereal crop which is cultivated worldwide and one of the 

first crops to be domesticated 10,000 years ago, World 

wheat production is based almost entirely on two modern 

species: hexaploid bread wheat (Triticum aestivum L, 2n = 

6X = 42, AABBDD and tetraploid wheat (T. turgidum sub 

sp. durum, 2n = 4X = 28, AABB (Sears, 1966).  

Wheat is not only for making bread, biscuit and pastry 

products, but also for the Production of starch and gluten. 

(Hanson et al., 1982). Wheat (Triticum aestivum L.) is the 

staple food for a large part of the world population 

including Ethiopia. It is one of the most important cereals 

cultivated in Ethiopia. According to the  

USDA (2017) report, about 754.31 million metric tons 

of wheat was produced from 222.40 million hectares with 

an average yield of 3.39 metric tons per hectare in the 

world. The average seed yield of wheat in Ethiopia is 2.44 

tons ha-1. In Ethiopia, 3.90 million metric tons of wheat was 

produced from 1.60 million hectares (CSA, 2016).  

Wheat is the stable food for 40% of the world’s 

population (Goyal et al., 2010; Peng et al., 2011). It ranks 

4th after teff (Eragrostis tef), Maize (Zea mays) and 

Sorghum (Sorghum bicolor) in area coverage and 3rd in 

total production (CSA, 2016). Wheat can grow in the 

Ethiopian highlands, which are situated between 6o and 16o 

N and 35o and 42oE, at altitude ranging from 1500 to 3000 

m.a.s.l. However, the most suitable altitude zones of wheat 

fall between 1900 – 2700 m.a.s.l (Bekele et al., 2000).  
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A formal research in the country on bread wheat was 

started during 1949’s. Since then, several efforts have 

been made to identify its major production constraints. 

Although the productivity of wheat has increased in the 

last few years in Ethiopia, it is still very low as compared 

to other wheat producing countries. The national 

average productivity is estimated to 2.44 tons ha-1 

(CSA, 2016). Which is by far below the world’s 

average productivity of 3.39 tons ha-1 (USDA, 2017). The 

low productivity is attributed to the number of factors 
including: Biotic (disease, insect pests, and weeds) and 

abiotic (moisture, drought, soil fertility, etc.) (Tesfaye et 

al., 2001). Among biotic factors, rust are the most 

important diseases of wheat, which cause up to 60% loss 

of wheat yield for leaf or yellow rust and 100% loss for 

stem rust (Park et al., 2007). Therefore, developments of 

new varieties which are resistance to different diseases 

and adaptable to environments with abiotic stress could 

be a solution  for further grain yield improvement in 

wheat. 

Genetic progresses achieved over time from breeding 
of different crops in Ethiopia have also been studied using 

the same procedure and Documented in teff (Fano et al., 

2016), haricot bean (Kebere et al., 2006), maize (Mosisa 

and Zeleke, 2007), and barley (Wendimu et al., 2013). 

Recently, Amsal et al. (1995a) reported the improvement 

in yield bread wheat cultivars released in Ethiopia from 

1949 to 1987. However, information on the amount of 

genetic progresses made over time from breeding of bread 

wheat in Ethiopia is scanty. Therefore; the objective of the 

present study was accomplished to assess changes in the 

grain yield of bread wheat brought about by the breeding 

program and provides valuable information for further 
improvements in grain yield. 

 

MATERIALS AND METHODS 

 

Description of Experimental Sites   

The genotypes were evaluated at two locations 

(Holetta and Kulumsa) in Ethiopia during the year 2017. 

The locations were expected to represent the major and 

potential bread wheat production area of Ethiopia. Holetta 

Agricultural Research (HARC) is situated Oromia 

Regional State in the central highland of West Shewa 
region. HARC is located at 09o04’12” N latitude and 

38o29’45” E longitude with an altitude of 2,400 m.a.s.l. The 

minimum and maximum temperature of the area is 6.05 oC 

and 22.41 oC respectively. The mean annual rainfall of 

HARC is 1102 mm. The soil type is nitosols and vertisols 

with PH of 6.0 (Tamene et al., 2015). Kulumsa Agricultural 

Research Center (KARC) is located in Arsi Zone of Oromia 

Regional state. It is located in latitude of 8o 01’00” N and 

longitude of 39o 09’32’’E. Its altitude and annual rainfall 

are 2,200 m.a.s.l and 832 mm, respectively. The annual 

average temperature of the study area is 17oC with 

maximum and minimum temperatures of 22.8oC and 
10.5oC respectively. The soil type is classified as Luvisols 

with a pH of 6.0 (Tamene et al., 2015). 

 

Experimental Materials  

The experimental materials consist of 49 bread wheat 

varieties. That includes 49 selected varieties in Ethiopia by 

various Federal and Regional Agricultural Research Centers 

until the year 2016 were collected. The varieties were 

collected from Kulumsa and Holetta Agricultural Research 

Center. The detailed descriptions of the conduct genotypes 

are presented in (Table 1). 

 

Experimental Design and Management  

The field experiment was conducted using simple 

lattice incomplete block design (arrangement 7*7) with 

two replications. The plot size was 6 rows of 2.5m length 

with 0.2m row spacing i. e 1.2m * 2.5m = 3m2. After 

preparing the experimental fields, bread wheat seeds were 

sown. Sowing was done by hand drilling at Holetta and 

Kulumsa. The rate of seed was 150 kg ha-1 (45g/plot) with 

recommended fertilizer rate of 60: 69 N2: P2O5 per 

hectare. All other crop management practices were 

applied uniformly to all plots as required, so that the 

test genotype could express their full genetic potential for 

the traits under consideration. Rust and other foliar 

diseases were controlled by periodically spraying the 

fungicides Tilt® at an active ingredient rate of 0.5 kg ha-1 

in 300 liters of water.  

 

Data Collected 

Data on agro morphological traits of wheat varieties 

were collected on plot and plant basis according to Dargicho 

et al. (2015) and descriptors for wheat  

 

Days to heading (DH): The number of days from sowing 

to a stage when 50% of the plants in a plot were produced 

spikes.  

 

Days to maturity (DM): The number of days from 

sowing to physiological maturity were recorded when 

75% of the plants become mature in each plot. 

 

Grain Filling Period (GFP): The grain filling period in 

days was computed by subtracting the number of days to 

heading from the number of days to maturity.  

 

Thousand Kernel Weight (TKW): The grain weight (g) 

of 1000 seeds sampled at random from total grain harvest 

of the experimental plot was recorded, when 12.5% of 

moisture content and measured by using sensitive balance. 

 

Hectoliter weight (HLW) (Kg/hl): Grain weights 

of randomly sample of grain were determined for each 

experimental plot. Test weight is obtained by pouring 

(until it just overflows) a well-mixed sample into a 

Schopper Chondrometer which consists of a half litter 

aluminum measuring cylinder equipped with a cup and a 

striking blade. 

 

Grain yield per plot (GYP): The grain yield per plot was 

measured in grams using sensitive balance after moisture 

of the seed is adjusted to 12.5%. Total dry weight of 

grain was harvested from the middle four rows out of six 

rows. The data were used to calculate grain yield kg ha-1. 

 

Biomass Yield per Plot (BMYP) g/plot: It was 

recorded by weighing the total air dried above ground 

biomass were harvested from the four central rows and 

expressed in kg ha-1. 
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Harvest index (%): It was estimated by dividing grain 

yield per plot to biological yield per plot. It is ratio of grain 

yield to the above ground biomass yield. 

 

 HI% =
𝑮𝒓𝒂𝒊𝒏 𝒚𝒊𝒆𝒍𝒅 𝒑𝒆𝒓 𝒑𝒍𝒐𝒕

𝑩𝒊𝒐𝒎𝒂𝒔𝒔
∗ 𝟏𝟎𝟎 

 

Number of Effective Tiller/plant (NT): Effective 

number of tillers per plant excluding the main plant was 

recorded at maturity and expressed as an average of five 

plants per plot. 

 

Plant Height (PH): It was measured in cm from 
ground level to the top of the spike excluding the awn 

of five randomly taken plants from the middle four rows. 

Spike Length (SL): The main spikes from the five 

sampled plants from the central four rows of each plot were 

measured in cm and averaged to represent the spike length 

in cm (excluding own). 
 

Number of Kernels per Spike (NGS): Total number 
of grains in the main spike was counted at the time of 

harvest from five randomly taken plants and to be 

expressed as an average and recorded from central rows of 

each plot. 
 

Number of spikelet per spike: was recorded by 

counting the number of spikelet on each spike on main 

tiller of each a plant and was expressed as an average of 

five plants in a plot.
 
Table 1: Experimental Materials of Bread wheat Genetic improvement Study, 2017 

Entry Varieties Origin Selected at Pedigree Year of 
release 

1 Lakeck Mexico Debre Zeit PJ"S"/GB55 1967 

2 Enkoy  Kenya/ 
Holetta 

Holetta/D.Zeit (HEBRARD Sel/WIS 245 X SUP51) X FR-
FN/Y)2.A 

1974 

3 DERESELGNE Mexico Debre Zeit CI 8154//2*FR 1974 
4 K6290-Bulk Kenya Kulumsa (AF.MAYOXGEM)XROMANY 1977 
5 K6295-4A Kenya Holetta/Kulumsa Romany X GB-GAMENYA 1980 
6 Et-13 A2 Ethiopia Holetta UQ 105 SEL. X ENKOY 1981 
7 Pavone-76 CIMMYT Werer VCM//CNO"S"/7C/3/KAL/BB 1982 
8 Batu CIMMYT Holetta Sun bird 4, GALLO-CUCKDD X KVZ-5X 1984 
9 Dashen CIMMYT Holetta VEE #17, KVZ/BUHO"S"//KAL/BB 1984 
10 Mitike Ethiopia Kulumsa (FSYR20.6/87 BOW28) X (RBC (ET1297)) 1993 
11 Kubsa CIMMYT Kulumsa ATTILA 1994 
12 Galama CIMMYT Kulumsa 4777(2)//FKN/GB/3/PVN"S" 1995 
13 Tusi CIMMYT Kulumsa COOK/VEE"S"//DOVE"S"/SERI 1997 
14 Katar CIMMYT Kulumsa COOK/VEE"S"//DOVE"S"/SERI/3/BIY"S"/COC 1998 
15 Wetera CIMMYT Kulumsa MON"S"/VEE"S"//SARA 1999 
16 Hawi CIMMYT Kulumsa CHIL/PRL 1999 
17 Meda Welabu ICARDA Sinana  TI/3/Fn/Th/Nar59 *2/4/Bol'S' 1999 
18 Sofumer CIMMYT Sinana  LIRA 'S'/TAN"S" 1999 
19 Sirbo CIMMYT Kulumsa MILAN 2001 
20 Doddota CIMMYT Kulumsa BJY/COC//PRL/BOW 2001 
21 KBG-01 Ethiopia Kulumsa (300/SM+501M)/HAR 1709 2001 
22 Bobicho CIMMYT Kulumsa BURRION  2002 
23 Digelu CIMMYT Kulumsa SHA7/KAUZ 2005 
24 Tay Ethiopia Adet ET12D4/4777(2)//FKN/GB/3/PVN"S 2005 
25 Meraro Ethiopia Kulumsa M/4/HAR 1709/ 3/M//24/E  2005 
26 Alidoro USA Holetta HK-14-R251 2007 
27 Millinium CIMMYT Kulumsa ALD/CEP75630//CEP75234/PT7219/3/BUC/BIY/4/ 2007 
28 Gassay CIMMYT Adet PASTOR 2009 
29 Danda’a CIMMYT Kulumsa KIRITATI//2*PBW65/2*SERI.1B 2010 
30 Kakaba CIMMYT Kulumsa KIRITATI//SERI/RAYON 2010 
31 Hoggena ICARDA Kulumsa PYN/BAU//MILAN 2011 
32 Shorima ICARDA Kulumsa UTQUE96/3/PYN/BAU//MILAN 2011 
33 Huluka ICARDA Kulumsa UTQUE96/3/PYN/BAU//MILAN 2012 
34 Ogolcho CIMMYT Kulumsa WORRAKATTA/2*PASTOR 2012 
35 Jefferson USA Morell PLC  NA 2012 
36 Hidase CIMMYT Kulumsa YANAC/3/PRL/SARA//TSI/VEE#5/4/CROC-1/AE… 2012 
37 Honqolo NA Kulumsa NA 2014 
38 Biqa NA Kulumsa NA 2014 
39 Mandoye NA Sinana NA 2014 
40 Sanate NA Sinana NA 2014 
41 king bird NA NA NA 2015 
42 Liben NA NA NA 2015 
43 Buluk  NA NA NA 2015 
44 Dembel  NA NA NA 2015 
45 Lemu NA Kulumsa WAXWING*2/HEILO 2016 
46 Wane NA Kulumsa SOKOLL/EXCALIBUR 2016 
47 ETBW 8506 NA NA NA Candidate 
48 ETBW 8491 NA NA NA Candidate 
49 ETBW 9027 NA NA NA Candidate 

NA: Not Available 
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Statistical Analysis 
The data were subjected to analysis of variance 

(ANOVA), according to general linear model using SAS 
9.3 (SAS Institute, 2012). Data of mean values of all 
experimental units were subjected to analysis of variance 
(ANOVA) based on (Table 2).  
The ANOVA for individual location followed the model:   

 

Pijk = µ + gi+ bk (j) + rj + eijk 

 
Where, Pijk = phenotypic value of ith genotype under jth 

replication and kth incomplete block within replication j; 
µ = grand mean; gi = the effect of ith genotype; bk (j) 

= the effect of incomplete block k within replication j; rj 

= the effect of replication j; and eijk = the residual or effect 
of random error. 

For pooled analysis of variance over location was 
conducted to measure the total variation among the 

varieties using the following model:      

 

Pijkz = µ + gi+ bk (j) (z) + rj (z) + lz+ (gl) + eijkz 

 

Where, Pijkz = phenotypic value of ith genotype under jth 
replication at zth location and kth incomplete block within 

replication j and location z; µ =grand mean; gi = the 
effect of ith

 genotype; bk(j)(z) = the effect of incomplete 

block k within replication j and location z; rj(z)=the 
effect of replication j within location z; lz = the effect 

of location z; (gl)is = the interaction effects between 
genotype and location; and eijkz = the residual or effect of 

random error. 
For combined analysis of variance over locations, the 

homogeneity of error variance was tested using  F – Max 
test method of Hartley (1950), which is based on the ratio 

of the larger mean square of error (MSE) from the separate 
analysis of variance to the smaller mean square of error 

variance given by the following formula:  
 

F-max = 
𝑳𝒂𝒓𝒈𝒆 𝑴𝑺𝑬

𝑺𝒎𝒂𝒍𝒍 𝑴𝑺𝑬
 ,  

 
If the calculated value of  F-max was less than three, it 

means that the ratio of the highest error mean square is not 
three fold larger than the smallest error mean square, and 

this indicates that the variance was considered homogenous 
thereby making it to possible to proceed with the combine 

analysis of variance (Gomez and Gomez, 1984). Then 
pooled analysis of variance over locations was done using 

SAS Statistical package (SAS Institute, 2012). Mean 
separation was carried out using Least Significant 

Difference (LSD) at 5 % of significance. 

Where, b represent blocks; 2g= genotypic variance, σ2e = 
environmental variance, σ2L =location variance, σ2r = 

replication variance, and σ2gi = genotype x location 
interaction variance, L = number of locations, g =number 

of Genotypes and r = number of replications.  
Linear regression analysis was used to calculate the 

genetic gain for each trait considered in the study. The 
breeding effect was estimated as a genetic gain for grain 
yield and associated traits in bread wheat progress by 
regressing mean of each character for each variety against 
the year of release of that variety using PROC REG and 
Microsoft Excel procedure. The relative gain attained over 
the year of release period for traits under consideration was 

determined as a ratio of genetic gain to the corresponding 
mean value of oldest variety and expressed as a percentage. 
The mean performances of released varieties were 
regressed on years of release starting from 1967, using the 
first released variety as a base (Cox et al., 1988).  
 
Table 2: Analysis of variance model combined over location 

Source of variation Degree  
Freedom 

Mean 
square 
(MS) 

Expected mean 
square (EMS) 

Location (L) L-1 MSL 2e+ rσ2gi+ gσ2L 
Replication(r) r-1 MSR 2 e + g σ2r 
Blocks within 
replication(b)  

r(b-1) MSB 2e + rσ2gi + rσ2 g 

Genotypes (g) g-1  MSG σ e 2 + rσ2gi + 
rLσ2g 

g x L interaction (i) (g-1) (L-1)  MSGL 2 e + r2gi 
Error (e) Lg(r-1)-(rb-1) MSE 2 e 

Where, b represent blocks; 2g= genotypic variance, σ2e = 
environmental variance, σ2L =location variance, σ2r = replication 
variance, and σ2gi = genotype x location interaction variance, L = 
number of locations, g =number of Genotypes and r = number of 
replications. 

 
A linear model was fitted between grain yield as a 

dependent variable Y and Year of release as an independent 
variable X as: represented by the equation (Gomez and 
Gomez, 1984).  
 

Y = β1x + βo 

 
Where: Y = the mean value of the dependent variable, x = 
the mean value of the independent variable, βo = the 
intercept and β1 = the regression coefficient (the slope of 
the line). The degree of dependence of one vitiate on the 
other is measured by regression coefficient (b). This 
regression coefficient of Y on X is the measure of change 
in Y for a unit change in X. Symbolically,  
 

Annual rate of grain (b) =  
𝑪𝒐𝒗(𝒙,𝒚)

𝑽𝒂𝒓 𝒙
 

 
Where, X = the year of variety release, Y = the mean value 
of each character for each variety, Cov (x, y) = covariance 
of x and y and Var (X) = variance of X. The relative annual 
gain achieved over the last 49 years for bread wheat was 
determined as a ratio of genetic gain to the corresponding 
mean value of oldest variety and stated as a percentage. 

 

RESULTS AND DISCUSSION 

 

Analysis of Variance 

Prior to performing analysis of variance, tests were 
made to confirm the homogeneity of error variances. The 
two locations showed homogeneity of error variances. 
Consequently, the data were pooled across locations and 
analyzed. The results of the combined analysis of variance 
across the two locations are presented on (Table 3). The 
pooled analysis of variance over two locations showed 
statistically significant (P ≤ 0.01) differences among 
the locations and genotypes for all phenotypic traits 
considered in this study except number of fertile tillers. 
The signicant of the traits indicated that the existence of 
enormous amount of genetic variability for growth and 
yield attributes. In line with the work of (Alemu, 2016) on 
bread wheat variability studied. 
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Genotype by environment interaction revealed 
significant values for days to heading, days to maturity, 
grain filling period thousand kernel weight, hectolitre 
weight, and harvest index, number of grain per spike and 
grain yield between the two locations and among the 
genotypes (Table 3). This implies that the not performed 
consistently over locations with regard to those traits. On 
the other hand, reveal variety selected for those traits at one 
location may not exhibit a similar relative performance at 
another location. If varieties not perform consistently for 
those traits over locations, breeders may be able to 
extensive varietal evaluation by appropriate testing 
sites and by modifying the breeding programs. To 
effectively assess varietal performance for significant 
traits, it’s essential to consider wide location interaction 
and identify trait performance in relations to location 
effect. These results are similar to the findings of Alemu 
(2016) on bread wheat reported that there was highly 
significant difference variety x location interaction and 
location for most of the traits studied. 

 
Genetic Progress in Grain Yield of Bread Wheat 

A linear regression equation revealed that a positive 
and significant relationship (r = 0.28) exist between mean 
grain yields and year of varietal releases (Fig 1). This 
revealed that the past bread wheat breeding efforts using 
selection and bulk method in Ethiopia have resulted in an 
average grain yield increment of 1289.23 kg ha-1 or an 
annual rate of genetic progress of 23.04 kg ha-1 year-1 
1.03% ha year-1) using the oldest variety, Lakech as a 
reference are presented (Table 4). Generally, the mean 
relative annual gain in grain yield of bread wheat varieties 
since 1967 was 1.03% increase per year (57% improvement 
of yield), for the whole period of 49 years (Table 4). This 
indicated that the bread wheat breeders have made 
significant efforts for the last 49 years.  

The finding of Tahir et al. (2000) on genetic 
improvement on seven released bread wheat varieties in 
Sudan and yield potential increased from 2524 kg ha-1 in 
1960 to 3295 kg ha-1 in 1990 with genetic gain of 26 kg ha-

1year-1 in grain yield. Similarly, Cox et al. (1988) evaluated 
thirty-five hard winter wheat varieties developed between 

1874 and 1987 in Kansas to estimate genetic progress. 
Linear regression of variety means on year of release 
showed increase of 16.2 kg ha-1yr-1 in grain yield. Amsal 
(1994) also reported that yield potential gain of bread wheat 
varieties released since 1949 indicated grain yield potential 
increment at an average rate of 77 kg ha-1 (2.21%) per year 
at Holetta and 50 kg ha-1 (1.77%) per year at Kulumsa. 

The genetic progresses made in annual gain from bread 
wheat breeding in Ethiopia is lower than the progresses in 
grain yields from breeding of other crops like haricot bean 
3.24% ha-1year-1 (Kebere et al., 2006). On the other hand, 
higher than barley 0.88% ha year-1 (Wendimu et al., 2013) 
and Faba bean 0.26% ha year-1 (Tamene et al., 2015). In 
other countries, reports also revealed lower annual yield 
increases of 0.58% ha year-1 from breeding soybean in 
Northeast china (Jin et al., 2010), 0.45% ha year-1 from 
breeding soybean in Canada (Morrison et al., 2000). The 
variety Lakech, as the reference base showed higher yield 
gains of 104.52% for the variety Dashen and 97.68% for 
the variety Hidasse. These values are by far higher than 
82.13% for the variety Dashen and 76.04% for the variety 
Hidasse when Enkoy was used as a reference (Table 5). 

 
Genetic progress in Biomass Yield of Bread Wheat 

Regression analysis releases showed that a positive 
association and significant trend between mean of biomass 
yield and year of varietal releases. Similar results reported 
by Donmez et al. (2001) whereas, contrary with findings 
from soybean reported earlier in Canada (Voldeng et al., 
1997). The annual rate of genetic progress from breeding 
bread wheat was estimated to be 17.469 kg ha-1 as indicated 
(Figure 2). The mean relative annual gain in biomass yield 
of bread wheat varieties since 1967 was 0.30% increase per 
year (31% improvement of yield), for the whole period of 
49 years (Table 4). Hence, it was clearly indicated that 
better genetic progress from breeding bread wheat for 
biomass grain yield than other traits except grain yield. 
Biomass yield was also significantly affected with the 
release of improved variety. Similarly, a significant annual 
increase in biomass grain yield occurred in Ethiopia barley 
released during the period 1973 to 2006 (Wendimu et al., 
2013).

 

Table 3: Combined analysis of variance over locations for grain yield and yield related characters of bread wheat varieties grown in 
the yield potential trials at Kulumsa and Holetta.  

Traits MSL (1) MSG (48) MSLG (48) MS Group 
(loc) (1) 

MS Block 
(Group) (12) 

MSE (85) Mean CV 
(%) 

R2 LSD 
(5%) 

DH 75.94** 133.06** 5.77** 0.33ns 2.52ns 1.34 66.58 1.74 0.99 1.62 
DM 32015.43** 57.33** 12.08** 4.90ns 10.19* 5.19 133.62 1.70 0.99 3.2 
PH 1929.72** 246.86** 22.85** 36.86ns 18.14ns 12.46 99.19 3.56 0.95 4.96 
GFP 28972.90** 70.78** 10.47** 2.69ns 5.39ns 5.39 67.04 3.47 0.99 3.27 
TKW 305.01** 46.79** 21.002** 10.28ns 10.53* 5.12 36.06 6.27 0.91 3.18 

HLW 2486.52** 12.70** 5.54** 5.92* 1.29ns 1.08 76.18 1.36 0.97 1.46 
BMY 7427703.9** 2202267.8** 1060555.4ns 2215130.4ns 1893042.9** 763314.7 7543.3 11.58 0.78 1228.5 
HI 1800.002** 186.53** 99.43** 281.11* 65.16ns 47.86 45.66 15.15 0.83 9.73 
NT 128.98** 128.98ns 1.96ns 1.47ns 4.31* 2.001 5.49 25.74 0.70 1.99 
SL 6.76** 1.89** 0.42ns 0.02ns 0.36ns 0.47 8.11 8.46 0.76 0.97 
NSS 218.62** 6.02** 2.09ns 8.58* 1.80ns 1.62 19.41 6.56 0.84 1.79 
NGS 5476.00** 56.82** 39.99** 39.51ns 14.25ns 14.99 51.81 7.47 0.89 5.44 
GlY 14571953.80** 950202.14** 891217.93** 298039.56ns 146700.06ns 164031.2 3534.33 11.46 0.90 569.51 

*, ** Significant at p ≤ 0.05, and p ≤ 0.01 probability level respectively and ns non-significant, () parenthesis indicate degrees of freedom. 
MSL= Mean Squares of locations, MSG= Mean squares of genotypes, MSLG = Mean square of genotype x location interaction, MSE 
= Mean squares of error, CV = Coefficient of variation. Abbreviations: DH=Days to heading, DM=Days to maturity, PH=Plant Height, 
GFP= Grain Filling Period, TKW= Thousand Kernels Weight, HLW= Hectoliter weight, BMY= Biomass Yield, HI=Harvest Index, 
NT= Number of Tiller/plant, SL=Spike Length, NSS= Number of spikelet per spike, NGS= Number of Kernels per Spike, GlY= Grain 
yield (Kg/ha). 
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Fig. 1, 2: Grain yield (GlY) (kg ha-1) and Biomass yield (BMY) (kg ha-1) against years of variety release starting from 1967-2016 
across locations respectively. 

 
Table 4: Estimates of the mean annual relative genetic gain in (%) of Lakech, coefficient of determination (R2), regression 

coefficient (b), intercept and correlation coefficient of all traits with year of release of the varieties for combined over locations. 

correlation coefficient of all traits with rBMY, rTKW and rGLD) 

Traits 

  

Over all 

means of 

traits 

Mean of 

trait of 

Lakech 

RGG 

(%) year -

1 

Total 

RGG (%) 

R2 B Intercept rYR Correlation coefficient 

rBMY rTKW rGlY 

DH 66.58 63 0.12 5.68 2.62 0.077 -88.182 0.16ns 0.53* 0.02** 0.21** 

DM 133.62 129.75 0.05 2.98 4.29 0.065 4.4206 0.21ns 0.56ns 0.08ns 0.35ns 

PH 99.19 84.25 -0.23 17.73 8.48 -0.194 487.68 0.29** 0.35** 0.04** 0.32** 

GFP 67.04 66.75 -0.02 0.43 0.002 -0.013 92.602 0.04ns 0.24** 0.10** 0.04** 

TKW 36.06 26.02 0.51 38.59 22.88 0.133 -229.78 0.48** 0.23** 1.00 0.64ns 

HLW 76.18 72.31 0.05 5.35 6.38 0.036 4.2606 0.25ns 0.22ns 0.28ns 0.38ns 

BMY 7543.3 5764.5 0.30 30.86 7.25 17.469 -27432 0.27ns 1.00 0.23** 0.25** 

HI 45.66 37.87 0.53 20.57 11.54 0.199 -353.29 0.34* 0.43** 0.44** 0.76** 

NT 5.49 4.5 0.14 22.00 1.09 0.006 -6.8084 0.10ns 0.05** 0.16** 0.06** 

SL 8.11 8.3 -0.02 -2.29 0.12 -0.002 11.648 0.03ns 0.06** 0.13** 0.10** 

NSS 19.41 19.25 0.03 0.83 0.26 0.005 9.2768 0.05ns 0.05** 0.12** 0.20ns 

NGS 51.81 50 0.12 3.62 3.32 0.058 -63.815 0.18ns 0.16** 0.03** 0.35ns 

GlY/ha 3534.33 2245.1 1.03 57.42 28.41   23.04 -170379 0.53** 0.25** 0.64** 1.00 

*, ** significant at 5 and 1% level of probability, respectively; ns Non significant; RGG=Relative Genetic Gain, Abbreviations: 

DH=Days to heading, DM=Days to maturity, PH=Plant Height, GFP= Grain Filling Period, TKW= Thousand Kernels Weight, HLW= 

Hectoliter weight, BMY= Biomass Yield, HI=Harvest Index, NT= Number of Tiller/plant, SL=Spike Length, NSS= 

Numberofspikelet/spike,NGS=NumberofKernels/Spike,GlY=Grainyield(kg/ha). 

 

Grain yield and thousand kernel weight were highly 

significant based on the regression coefficient values with 

their respective year of release. This indicates that varieties 

released starting from 1967 up to 2016 exhibited good 

genetic progress in terms of grain yield and thousand kernel 

weight. The regression coefficient of grain yield was 23.04. 

This indicates that change in grain yield was 28 % due to 

change in their respective year of release. Biomass yield 

and thousand kernel weight were 17.47 and 0.133 

respectively. The lowest the R2 value implies that the lower 

the contribution of years for change in grain yield and other 

important traits. 

Lemu variety, one of most recently released bread 

wheat variety, had the highest grain yield 4267 kg ha-1 at 

combined location, representing an increase in yield of 

90% relative to Lakech (Table 5). The total yield gain from 

the past 49 years was 2021.9 kg ha-1. There was a 

progressive yield increment year after year. In general, 

bread wheat varieties showed progressive increment for the 

last 49 years. 

Conclusion 

The average rate of increase in grain yield of bread 
wheat varieties was 23.04 kg/ha/year from the oldest 

variety Lakech. This revealed that bread wheat breeders 

have made considerable efforts over the last 49 revealed 

that Determination of correlations indicated that the total 

variability accounted by this harvest index was 11.54%. 

Years to improve the yields of bread wheat in the country. 

The present study Regression analysis also indicated 

harvest index effective variable contributing to the grain 

yield. So, it concluded that this trait may be considered as 

the selection criteria for the improvement of grain yield. 
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Table 5: Temporal trends in mean performance and their percentage increments of grain yield (kg ha -1), 1000 seed weight (g) and Bio-

mass yield (kg ha-1) of bread wheat varieties released during 49 years compared to the oldest varieties ‘Lakech and Enkoy 

Variety Year of  
Release 

Grain yield (kg ha-1) 1000 seed weight (g) Bio-mass yield (kg ha-1) 

Mean % over  
Lakeck 

% over  
Enkoy 

Mean % over  
Lakeck 

% over  
Enkoy 

Mean % over  
Lakeck 

% over  
Enkoy 

Lakeck 1967 2245.10    - -10.95 26.02   -     -17.52 5764.50     - -23.04 
Enkoy  1974 2521.10 12.29    -     31.55 21.25     - 7490.20 29.94 - 

DERESELGNE 1974 2473.50 10.17 -1.89 33.03 26.93 4.69 6780.20 17.62 -9.48 
K6290-Bulk 1977 3059.20 36.26 21.34 36.48 40.21 15.64 7647.80 32.67 2.10 
K6295-4A 1980 2395.60 6.70 -4.98 32.65 25.47 3.49 8198.40 42.22 9.46 
Et-13 A2 1981 2458.40 9.50 -2.49 31.82 22.27 0.85 9534.80 65.41 27.30 
Pavone-76 1982 3490.90 55.49 38.47 34.27 31.72 8.64 7300.20 26.64 -2.54 
Batu 1984 3598.60 60.29 42.74 35.13 34.99 11.34 7080.80 22.83 -5.47 
Dashen 1984 4591.60 104.52 82.13 37.50 44.13 18.88 7569.30 31.31 1.06 
Mitike 1993 3013.70 34.23 19.54 29.56 13.60 -6.31 7913.30 37.28 5.65 
Kubsa 1994 4293.90 91.26 70.32 37.63 44.62 19.28 7394.30 28.27 -1.28 

Galama 1995 3449.70 53.65 36.83 33.97 30.56 7.69 7668.00 33.02 2.37 
Tusi 1997 3698.70 64.75 46.71 36.14 38.87 14.54 7267.80 26.08 -2.97 
Katar 1998 3523.20 56.93 39.75 34.94 34.27 10.75 6829.20 18.47 -8.82 
Wetera 1999 3379.50 50.53 34.05 38.50 47.96 22.04 5994.50 3.99 -19.97 
Hawi 1999 3854.70 71.69 52.90 40.69 56.37 28.97 7054.70 22.38 -5.81 
Meda Welabu 1999 3731.00 66.18 47.99 39.29 50.98 24.52 6657.50 15.49 -11.12 
Sofumer 1999 3219.20 43.39 27.69 38.77 48.98 22.88 6908.60 19.85 -7.76 
Sirbo 2001 3953.60 76.10 56.82 35.59 36.77 12.81 7785.30 35.06 3.94 

Doddota 2001 2721.50 21.22 7.95 31.91 22.63 1.14 6393.50 10.91 -14.64 
KBG-01 2001 3571.40 59.08 41.66 28.87 10.95 -8.49 5641.20 -2.14 -24.69 
Bobicho 2002 3935.30 75.28 56.09 36.15 38.91 14.57 7149.60 24.03 -4.55 
Digelu 2005 3134.90 39.63 24.35 34.16 31.30 8.29 7771.30 34.81 3.75 
Tay 2005 3143.90 40.03 24.70 39.79 52.91 26.12 7636.40 32.47 1.95 
Meraro 2005 3895.80 73.52 54.53 32.30 24.15 2.39 7108.30 23.31 -5.10 
Alidoro 2007 3342.50 48.88 32.58 35.45 36.25 12.38 7692.10 33.44 2.70 
Millinium 2007 2991.70 33.25 18.67 35.44 36.18 12.32 7781.20 34.98 3.89 

Gassay 2009 3936.60 75.34 56.15 40.20 54.50 27.42 8036.40 39.41 7.29 
Danda’a 2010 4317.70 92.32 71.26 42.40 62.93 34.38 8113.30 40.75 8.32 
Kakaba 2010 3651.70 62.65 44.85 41.05 57.74 30.10 6377.30 10.63 -14.86 
Hoggena 2011 3422.00 52.42 35.73 34.25 31.63 8.56 7350.80 27.52 -1.86 
Shorima 2011 3776.70 68.22 49.80 35.42 36.11 12.26 7424.00 28.79 -0.88 
Huluka 2012 4300.80 91.56 70.59 34.97 34.41 10.86 8445.50 46.51 12.75 
Ogolcho 2012 4091.40 82.24 62.29 38.58 48.28 22.30 8481.80 47.14 13.24 
Jefferson 2012 2717.20 21.03 7.78 29.28 12.51 -7.20 6892.50 19.57 -7.98 

Hidase 2012 4438.10 97.68 76.04 44.80 72.17 42.00 8072.20 40.03 7.77 
Honqolo 2014 3775.20 68.15 49.74 38.27 47.08 21.31 6998.70 21.41 -6.56 
Biqa 2014 4169.80 85.73 65.40 41.47 59.38 31.45 7901.80 37.08 5.50 
Mandoye 2014 3884.70 73.03 54.09 35.13 35.02 11.36 9588.30 66.33 28.01 
Sanate 2014 3603.90 60.52 42.95 37.48 44.04 18.80 7689.80 33.40 2.66 
king bird 2015 3045.10 35.63 20.78 35.07 34.76 11.15 6489.40 12.58 -13.36 
Liben 2015 3459.80 54.10 37.23 36.49 40.23 15.66 8001.80 38.81 6.83 
Buluk  2015 4168.70 85.68 65.35 37.31 43.37 18.25 8972.70 55.65 19.79 
Dembel  2015 3061.60 36.37 21.44 38.09 46.37 20.72 7794.90 35.22 4.07 

Lemu 2016 4267.00 90.06 69.25 36.01 38.39 14.14 7462.70 29.46 -0.37 
Wane 2016 3688.90 64.31 46.32 38.66 48.58 22.54 8192.10 42.11 9.37 
ETBW 8506  4003.30 78.31 58.79 39.26 50.86 24.43 7049.00 22.28 -5.89 
ETBW 8491   4013.10 78.75 59.18 41.28 58.64 30.84 9206.20 59.71 22.91 
ETBW 9027   3700.60 64.83 46.79 33.99 30.64 7.75 9068.30 57.31 21.07 
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