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Abstract: Wheat (Triticum aestivum L.) is a high-yielding crop with a wide range of adaptability, and it is the world's and
Ethiopia's principal source of food. In Ethiopia, however, wheat productivity has increased in recent years. Due to abiotic like
heat, drought, frost and others and biotic like rusts (Stem, yellow and leaf), Septoria, fusarium and others causes, it is still quite
low when compared to other wheat-producing countries. The objectives were to test variability of genotypic and phenotypic
and also heritability and genetic advance in bread wheat genotypes. Hence, in this studied conducted on 30 bread wheat
genotypes of yield and associated traits was assessed. A trial was undertaken Holetta in Ethiopia in 2018/19 cropping season.
The materials were tested using a three-replication alpha lattice pattern. Data on yield and associated traits were analyzed using
SAS versions 9.3 software. The heritability estimates for 1000 kernel weight were found to be very high, at 81.14 percent. The
trait 1000 kernel weight was also shown to have a high heritability couple with a high genetic advance as a percentage of the
mean. So it concluded that 1000 kernel weight may be targeted as the selection criteria for the grain yield improvement
However, further study needs to be conducted the future bread wheat breeding effort should be focus on varietal development.
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wheat productivity is 2.37 t/ha, which is much lower than the
worldwide average of 3.27 t/ha.

A yield gap was ascribed to a lack of better wheat varieties
for the country's many agro-ecologies, as well as inadequate
cultural practices, poor soil fertility, drought, diseases, and
insect pests, among other factors. These are FEthiopia's
primary wheat production limitations [18]. Hence, to tackle
those limitations it is crucial to create information on the
variance of phenotypic and genotypic, genetic advance as
well as heritability among wheat varieties.

The number of genetic variation available in the
population, as well as the amount to which the desired
characteristics are hereditary, are important factors in the
success of a breeding effort [23]. Heritability is a measure of
how well characteristics are passed on from families to their
offspring. It’s is commonly employed in the breeding
program [15].

The genetic advance is another vital parameter to selection

1. Introduction

Wheat production in the world is virtually the two types of
modern wheat species, viz. Tetraploid (7. turgidum sub sp.
durum, 2n = 4X =28) and hexaploid (7riticum aestivum L.,
2n=6X =42). [31]

Bekele H reported that wheat can be grown in the
Ethiopia’s high lands [6], which have been located from 35°
and 42°E longitude and 6° to 16°N latitude, at altitudes
ranging from 1500 to 3000 meters above sea level. Wheat, on
the other hand, grows best at altitudes ranging from 1900 to
2700 meters above sea level.

Wheat is the most essential and crucial food security crop
in Ethiopia, according to the report, [7, 22] which is grown
by half a million farmers on 1.7 million hectares. It
contributes a substantial amount to the country's food and
nutritional security. [17] reported that the nationwide average
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[32]. The degree of diversity in wheat breeding material has
been assessed using genotypic and phenotypic coefficients of
variation, heritability, and genetic progress, establish suitable
selection techniques, and forecast breeding progress in
improving essential characteristics [37, 32, 10].

The best conditions for selection are provided by high
genetic advancement combined with high heritability
estimates [21].

Several authors have revealed the occurrence of
variability, heritability, and genetic progress in several yield

area as well as throughout the nation. As a result, the present
studies objective was to test variability of genotypic and
phenotypic in bread wheat genotypes, and also heritability
and genetic advance.

2. Materials and Methods

Table 1. Experimental site at Holetta is described in terms of its
geographical location.

Description Location (Holetta)
and associated characteristics of common wheat [4, 11, 19, Altitude (m.a.s.1) 2400 m.
27, 38]. Longitude 38°29'E
In the research region, however, no variability studies have ~ Latitude 09°04' N
been undertaken. Furthermore, genetic information in wheat e il o e @il (mm)o LIk
C . . p L Temperature of mean annual (°C) 14.23
genotypes studied in the nation is confined to grain yield and Sl i Nitosols
related characteristics. Such data is critical for the genetic
variation progress and future wheat enhancement, both in the ~ Souree: 34]
Table 2. Experimental Materials of Bread wheat Genetic improvement Study, 2018.
Plot number Genotype Plot number Genotype Plot number Genotype
1 WANE (Check) 11 ETW17-55 21 ETW17-77
2 ETW17-3 12 ETW17-56 22 ETW17-78
3 ETW17-12 13 ETW17-63 23 ETW17-79
4 ETW17-17 14 ETW17-66 24 ETW17-80
5 ETW17-20 15 ETW17-68 25 ETW17-81
6 ETW17-23 16 ETW17-69 26 ETW17-82
7 ETW17-38 17 ETWI17-71 27 ETW17-84
8 ETW17-44 18 ETW17-74 28 ETW17-86
9 ETW17-49 19 ETW17-75 29 ETW17-88
10 ETW17-50 20 ETW17-76 30 LEMU (Check)

2.1. Experimental Design and Data Collected

The field experiment was carried out with three
replications of the Alpha lattice design. The standard plot was
used 1.2 m length by 2.5 m width of 3 m” area. A fertilizer
rate of 60:69 N,:P,Os per hectare was suggested, with a seed
rate of 150 kg/ha. All additional crop management methods
were similarly implemented to all plots as needed.

Data on agro - morphological traits of wheat genotypes
were collected from the parameters grain Yield, 1000 Kernel
Weight, hectoliter weight, plant height, days to heading, days
to maturity and grain Filling Period.

2.2. Analysis of Statistical

Statistical analysis was done using SAS 9.3 [30] and
Microsoft Excel. Analysis of variance was used to compare the
mean values of all experimental units are presented Table 3.

The ANOVA for individual location followed the model:

Py = p + g+ by (§) + 1+ ejx

Where, Pijk = value of phenotypic it genotype jth
replication plus k™ incomplete block within j replication; p =
grand mean; gi = the effect of i genotype; bk (j) = the effect
of incomplete block k within replication j; rj = the effect of
replication j; and eijk = the residual.

2.3. Estimation of Genetic Parameters

The phenotypic and genotypic variance component and
genotypic and phenotypic coefficient of variation were
predictable based on the method suggested by [9].

Error mean square (MSe) = &%

. . MSg — MSe
Genotypic variance (52g), —e— 2

Where: - MSg: mean square genotype, MSe: Error mean
square and r: replication.
Phenotypic variance (8°p), &p = &’g.d™
GCV% = \8’g/x *100

PCV% = \8%p/X *¥100

According to [13] as specified GCV and PCV values were
classified >20% high, 10 to 20% moderate and 0 to 10% low.

2.4. Heritability (H2B)

Heritability on plot and plant basis was computed for all traits.

Heritability (H2B) = §°g/5°p *100, [16] Where: H = Broad
sense heritability, p = Phenotypic variance, &g = Genotypic
variance.

According to [33], heritability was classified into low:
<40%, medium: 40 to 59%, 60 to 79% moderately high
and >80% very high.
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2.5. Genetic Advance

At 5% selection intensity the estimated genetic advance for
each trait was calculated with method specified by [3].

GA =KH2B6P;

Genetic Advance (GA), the standard selection differential
at 5% (K = 2.063) selection intensity, H2B: heritability
(H2B) and phenotypic standard deviation (5P).

2.6. Genetic Advance as Percent of Mean

GAM = GA/ x *100

Where: GAM: Genetic advance as present of mean, GA:
Genetic advance and X = Grand mean.

Genetic advance as present of mean was categorized into
low: 0 to 10%, medium: 10 to 20% and high: >20% as
suggested by [16].

3. Result and Discussions

3.1. Variance Analysis

Variance analysis revealed that the genotypes were
significant differences for all traits (Table 3). [11, 28, 35]
reported that in line with to this studied.

Table 3. Variance Analysis for yield and associated traits of wheat genotypes grown in the yield potential trial at Holetta.

Characters MSG (29) MSR (2) MSB (P) (15) MSE (43) Mean CV (%) R2 LSD (5%)
DTH 36.45%* 20.08 9.93 10.88 65.98 4.99 0.75 5.43

DTM 10.45%* 1.48 234 2.51 136.42 1.16 0.81 2.61

GFP 29.3% 13.68 9.24 14.53 70.44 5.41 0.67 6.28

PHT 148.29%* 68.42 91.05 75.18 91.37 9.49 0.67 14.28
TKW 59.38** 8.41 3.87 4.27 39.83 5.19 0.94 3.40

HLW 7.54** 0.67 1.48 1.49 78.81 1.55 0.82 2.01
GYLD 1.45%* 1.74* D 0.46 5.35 12.66 0.86 1.12

Parenthesis indicate degree of freedom, MSG = Mean square genotypes, MSR = Mean Square Replications, MSBR = Mean Square Block within replications,
MSE = Error Mean square, CV = Coefficient of Variance, DTH = Days to Heading, DTM = Days to Maturity, GFP = Grain Filling Period, PHT = Plant
Height, TKW = 1000 Kernel Weight, HLW = Hectoliter Weight, GYLD = Grain Yield (t/h).

3.2. The Genotypes of Mean Performance and Range

The mean performance of 30 genotypes with various traits
has been mentioned. The detail information’s are presented
Table 4.

The genotypes for days to 50% flowering were varied
from 57(ETW17-3) to 74 days (Lemu variety) among
genotypes. ETW17-77, ETW17-23, ETW17-79 and ETW17-
56 revealed short list of significantly early in days to
heading. Whereas; Most of the genotypes were late maturing
with range of 133 (ETW17-55) -141 (ETW17-71) days.
ETW17-75, ETW17-17, ETW17-3, ETW17-44, ETW17- 68
and ETW17-88 revealed short list of significantly early in
days to maturity.

The genotypes for grain yield were fluctuated from 3.17

ttha (ETW17-55) to 6.85 t/ha (ETWI17-80) among the
genotypes. ETW17-80, ETW17-77, ETW17-82, ETW17-63,
ETW17-81 and ETWI17-86 revealed statically better
performed than the standard check Lemu in grain yield. The
least grain yield, hectoliter weight, 1000 kernel weight and
days to maturity was recorded from ETW17-55 genotype.
The detail information are presented Table 4.

Therefore, high variability for seven traits of thirty bread
wheat genotypes indicated that there was reasonably
sufficient variety to allow plant breeders to pick superior and
desired genotypes for further improvement. In general, all of
the traits studied had a wide range of variation. [19] reported
similar results on bread wheat study.

Table 4. Variance Analysis of mean performance for yield as well as associated traits of bread wheat genotypes grown in the yield potential trial at Holetta.

plot no. Genotype source DTH DTM GFP PHT TKW HLW GYLD
1 WANE 65.00 137.00 72.00 94.97 41.93 78.30 6.03
2 ETW17-3 57.00 134.00 77.00 85.00 43.99 79.47 5.86
3 ETW17-12 64.67 134.67 70.00 89.97 38.79 76.17 4.39
4 ETW17-17 68.67 133.67 65.00 58.33 37.92 77.87 4.59
5 ETW17-20 65.00 134.67 69.67 95.57 37.53 80.47 5.63
6 ETW17-23 62.33 135.67 73.33 88.33 34.73 81.73 4.08
7 ETW17-38 71.33 135.00 63.67 94.43 35.61 78.00 4.56
8 ETW17-44 65.00 134.00 69.00 88.90 36.76 71.57 3.94
9 ETW17-49 65.00 137.00 72.00 96.70 37.05 78.87 4.11
10 ETW17-50 64.67 138.67 74.00 97.80 41.51 80.40 5.38
11 ETW17-55 64.33 133.33 69.00 89.47 26.88 74.67 3.17
12 ETW17-56 63.33 134.67 71.33 88.90 37.71 79.90 5.05
13 ETW17-63 68.33 137.00 68.67 96.67 42.47 79.17 6.54
14 ETW17-66 65.33 138.67 73.33 97.20 41.18 80.87 5.88
15 ETW17-68 68.67 134.00 65.33 87.10 28.30 75.50 4.57
16 ETW17-69 65.67 138.33 72.67 90.00 46.32 80.20 6.07
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plot no. Genotype source DTH DTM GFP PHT TKW HLW GYLD
17 ETW17-71 72.00 140.67 68.67 100.53 42.85 79.83 5.68
18 ETW17-74 66.33 140.00 73.67 96.10 54.50 77.10 5.67
19 ETW17-75 64.67 133.67 69.00 88.87 36.04 77.43 4.72
20 ETW17-76 64.33 135.00 70.67 94.47 47.73 79.83 5.01
21 ETW17-77 58.33 136.00 77.67 96.10 43.66 80.53 6.64
22 ETW17-78 70.67 139.67 69.00 91.67 41.21 80.97 4.54
23 ETW17-79 62.33 138.00 75.67 90.57 43.94 79.90 591
24 ETW17-80 70.00 139.00 69.00 95.00 39.05 80.07 6.85
25 ETW17-81 68.33 138.00 69.67 96.10 44.22 78.53 6.50
26 ETW17-82 64.00 137.33 73.33 90.57 43.89 77.50 6.58
27 ETW17-84 66.33 135.67 69.33 80.57 37.14 76.23 5.52
28 ETW17-86 64.67 136.33 71.67 93.37 39.46 78.93 6.38
29 ETW17-88 68.67 134.00 65.33 90.57 34.65 78.37 4.56
30 LEMU 74.33 139.00 64.67 97.23 37.90 79.87 6.09
Lsd (5%) 543 2.61 6.28 14.28 3.40 2.01 1.12
Mean 65.98 136.42 70.44 91.37 39.83 78.81 5.35
CV (%) 4.99 1.16 5.41 9.49 5.19 1.55 12.66

#you have to see Table 3. For Abbreviations.
3.3. Estimates of the Variance Components

Estimates of the wvariance components for thirteen
genotypes with seven traits. The detail information’s are
presented in Table 5.

3.3.1. Estimations of Phenotypic and Genotypic Coefficient

According to [13], the phenotypic and genotypic
coefficients of variation revealed that thousand kernel weight
and grain yield had a wide range of PCV and GCV, whereas
plant height had a moderate PCV value (Table 5). Similar
findings were reported by earlier researchers for 1000 grain
weight [1, 2]; for grain yield [24, 25, 35].

Through this studied, low GCV and PCV reported by
earlier researchers for days to heading, [5, 25, 36]; days to
maturity [5, 24, 25, 36]; grain filling period [5, 8, 25, 36];
and hectoliter weight [5, 24, 25].

Days to heading and days to maturity, gain filling period,
and hectoliter weight all had slightly greater phenotypic
coefficients of variation than genotypic coefficients of
variation, indicating that those traits were less impacted by
the environment. Grain yield, thousand kernel weight, and
plant height, on the other hand, were shown to have a higher
phenotypic coefficient of variation than genotypic coefficient
of variation, indicating that they were more influenced by the
environment.

3.3.2. Estimation of Heritability and Genetic Advance

According to [33] heritability estimations, thousand kernel
weights (81.14 %) have a very high heredity estimate,
whereas days to heading (43.93), days to maturity (51.33 %),
hectoliter weight (57.51 %), and grain yield have moderate
heritability estimates (41.77%). Low values of broad sense
heritability were revealed; plant height (24.48%) and grain
filling period (25.31%).

Previous studies [1, 2, 24] found very high estimates of
broad sense heritability. Previous researchers have reported
medium estimates of broad sense heredity for days to
heading [14], days to maturity [38], hector liter weight [11,
25], and grain yield [5, 25, 28]. Low estimates of broad sense
heritability also reported by previous researchers for grain

filling period [1, 14, 26].

Heritability values can be used to forecast the predicted
development of a selection process. Traits with high
heritability estimates might respond effective to selection
since it expected that, environment expression on phenotypic
expression is low. Thus indicates higher relative magnitude
of genotypic variance for the total variations among the
studied genotypes with respective high heritability traits.
Therefore, based on their phenotypic expression selection on
high and very high broad sense heritability may be respond
effective because it is expected that traits with high
heritability estimate have a close correlation between
phenotypic and genotypic appearance.

Heritability does not determine the amount of genetic
improvement that would result from individual genotype
selection. As a result, heredity information combined with
genetic progress is more valuable. Genetic advance (GA)
under selection refers to the improvement of features in
genotypic value for the new population relative to the base
population for one cycle of selection at a certain selection
intensity [33]. Genetic advance (GA) is also important for
estimating the projected genetic gain after one cycle of
selection, according to [20]. The estimated GA values for all
of the characters studied are shown in (Table 5). Comparable
findings also stated by [2, 24].

For grain yield, the genetic advance as a percentage of the
mean projections was moderate (14.32%).

Days to heading (6.05 %), days to maturity (1.76%), plant
height (5.51%), grain filling period (3.27%), and hectoliter
weight all had low estimates of genetic advance as a
percentages (2.82%).

Similar results reported for grain yield [1, 25, 28]; days to
heading [5, 38, 28, 36], days to maturity [5, 11, 14, 24, 26,
28, 38] plant height [5, 11] and grain filling period [5, 14, 26,
38] and hectoliter weight [5, 11, 24, 25].

The features with high heritability and high genetic
progress as a percentage of the mean, such as 1000 kernel
weight, suggest that selection for enhancement of these
characters could be fruitful. Similar agreement with also
reported by previous researchers 1000 kernel weight [12].
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For grain filling period and plant height, low heritability
and poor genetic progress as a percentage of the mean were
identified. The expression of economically importance
characters through additive gene action make selection for

crop improvement might be satisfying. This is supported by a
high wide sene heritability value and a strong genetic
progress as a percentage of the mean [29].

Table 5. Estimates of the Variance Components for different quantitative traits in bread wheat genotypes.

Range

Traits Mean : &g &p GCV (%) PCV (%) H? (%) GA GA (%)
Min Max

DTH 65.98 57.00 74.30 8.52 19.40 442 6.68 43.93 3.99 6.05
DTM 136.42 133.33 140.67 2.65 5.16 1.19 1.66 51.33 2.40 1.76
GFP 70.44 63.67 77.67 4.92 19.45 3.15 6.26 25.31 230 327
PHT 91.37 58.33 100.53 24.37 99.55 5.40 10.92 24.48 5.04 551
TKW 39.83 26.88 54.50 18.37 22.64 10.76 11.95 81.14 7.96 20.00
HLW 78.81 74.67 81.73 2.02 3.51 1.80 238 57.51 222 2.82
GYLD 535 3.17 6.85 0.33 0.79 10.74 16.61 41.77 0.77 14.32

Where: &p = Phenotypic variance, &g =Genotypic variance, PCV = phenotypic coefficient of variance, GCV = Genotypic coefficient of variation, H*=Broad
sense heritability, GA= genetic advance, GAM (%) = Genetic advance as percent of mean. You have to see Table 3. For Abbreviations.

4. Conclusion

Different variables provide genetic heterogeneity among
the studied types, which is useful for direct and indirect
selection. Attention should be paid to traits with moderate to
high variability and genetic advancement in order to produce
an effective response to yield enhancement. The genotypes
examined qualities' variability and heritability confirmed the
likelihood of boosting wheat productivity in the target area.
For further bread wheat yield enhancement in a specific area,
selection and hybridization on genotypes with high GCV,

heritability, and genetic advance on yield can be
recommended.
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