Peertechz

Intemnational Journal of
" Agnicultural Science
and Food Technology,
e

INTERNATIONAL JOURNAL OF
%ﬁ Agncultural Science and Food Technolog;

mail.agriculture@peertechz.com

LIFE SCIENCES GROUP

Received: 22 May, 2023
Accepted: 13 July, 2023
Published: 14 July, 2023

Research Article

Genetic variability,
heritability, and genetic
advance for quantitative traits
of sorghum [Sorghum Bicolor
(L.) Moench] genotypes at
Fedis, Eastern Ethiopia

Mohammed Jafar'*, Bulti Tesso? and Girma Mengistu®

*Corresponding authors: Mohammed Jafar, Fedis
Agricultural Research Center, Oromia Agricultural
Research Institute, Harar, Ethiopia,

E-mail: mammejafar@gmail.com

Keywords: Genetic variability; Genetic advance;
Heritability; Sorghum

Copyright License: © 2023 Jafar M, et al. This is an
open-access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and r eproduction in any
medium, provided the original author and source are
credited.

https://www.peertechzpublications.org

'.) Check for updates

'Fedis Agricultural Research Center, Oromia Agricultural Research Institute, Harar, Ethiopia

2School of Plant Sciences, College of Agriculture and Environmental Sciences, Haramaya University,
Haramaya, Ethiopia

30romia Agricultural Research Institute, Finfinne, Ethiopia

Abstract

Sorghum is the second most important food crop after teff in Ethiopia. The objective of the study was to estimate the genetic variations, heritability, and expected
genetic advances in the selected sorghum genotypes. Sixty-four sorghum genotypes were evaluated for 17 quantitative traits in 8x8 simple lattice designs at the Boko
research site. The analysis of variance revealed highly significant differences among genotypes for all traits. The Phenotypic Coefficient Of Variation (PCV) ranged from
4.74% for days to flowering to 24.74% for panicle width, while Genotypic Coefficients Of Variation (GCV) ranged from 3.58% for leaf length to 20.33 % for panicle width. The
highest PCV and GCV values were recorded for panicle width, head weight, and harvest index. Moderate PCV and GCV were recorded for grain filling period, grain filling
rate, plant height, panicle length, and grain yield; indicating the effectiveness of selection based on the phenotypic performance of the genotypes. Broad sense heritability
(H?) ranged from 24.74 % for biomass yield to 96.6% for head weight, whereas GAM ranged from 4.8% for biomass yield to 41.95% for panicle width. High H2coupled with
high GAM was observed for grain filling rate, panicle length, panicle width, head weight, grain yield, and harvest index; indicating that these characters are controlled by
additive gene action and phenotypic selection for these characters will be effective. However, the information generated in the current study it can be useful for breeders
who want to improve yield and yield contributing traits of sorghum.

The global sorghum production is estimated to be 57.89
million tons from 40 million hectares of land. In Africa,

Introduction

Sorghum [(Sorghum bicolor (L.) Moench)] is the fifth most
important cereal crop in the world after wheat, rice, maize,
and barley [1]. It is a widely cultivated cereal crop in the semi-
arid tropical regions of Asia, Africa, and Central America [2].
Sorghum is knownasa “camel of crops” due to its high tolerance
to water and temperature stress [3]. Sorghum is a diploid
(2n=2x=20) tropical origin of C, crop with high photosynthesis
efficiency and a monocotyledon plant belonging to the Poaceae
family [4]. Ethiopia is the center of origin and diversity for
sorghum which indicates the availability of enormous genetic
variability in both cultivated and wild sorghum.

sorghum production is 29.14 million tons from 26.03 hectares
of land. Ethiopia is the third largest sorghum producer in Africa
next to Nigeria and Sudan [5]. Sorghum ranks third in area
coverage, after maize and teff and it accounts for 15.71% of the
total annual cereal (88.52%) grain production. The area covered
with sorghum is 1.8 million hectares and total production is 4.52
million tons and the national average productivity of sorghum
in Ethiopia is 2.69 tons ha [6]. But the potential yield of the
crop can be as high as 6 tons ha [5]. Various biotic factors
(parasitic weed Striga, diseases, and insect pests) and abiotic
factors (drought and low soil fertility) contribute to the low
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productivity of sorghum in Ethiopia [7]. In the lowland areas
of Ethiopia including East Hararghe, the growing season is
short; rainfall is also erratic and unreliable. Due to the limited
number of early-maturing varieties which have good biomass
yield in such areas, the late-maturing sorghum cultivar grown
by farmers is frequently exposed to moisture stress at phases
of growth that result in either low yield or total crop failure [8].

Due to these problems, in the study area, the current
sorghum production per unit area is not sufficient to meet
the demand for human consumption, animal feed, fuel,
and building material requirements of a rapidly growing
population. The development of sorghum varieties for high
yield with desirable traits helps in improving food insecurity
problems in the area. Genetic improvement in sorghum yield
depends on the magnitude of genetic variability, heritability,
and genetic advance in the population. In planning a sorghum
improvement program, knowledge of the variability of traits
could be a key success. Genetic parameters like the genotypic
coefficient of variation, phenotypic coefficient of variation,
heritability, and genetic advance are useful biometric tools
for measuring genetic variability [9]. Success in crop breeding
depends on the isolation of genetically superior genotypes
based on the amount of variability present in the material.
Then, information on genetic variability existing in a set of
populations of sorghum is essential. The progress of selection
is more important in any crop improvement and this progress
depends on the existence of genetic variability for yield and
yield contributing characters and their heritability [10].
Heritability in combination with genetic advance has a greater
role to play in determining the effectiveness of selection of a
character.

Previous studies have indicated the presence of a high
level of phenotypic variation in sorghum for quantitative traits
among the Ethiopian sorghum collections [11-14]. However,
there is limited information on genetic variability in the
Ethiopian lowland sorghum lines developed through crossing
which is a major concern for sorghum improvement programs.
Thus, there is a need for the assessment of genetic variability in
advanced sorghum genotypes to increase the efficiency of the
breeding program for the target area. Therefore, this study was
conducted to estimate the genetic variations, heritability, and
expected genetic advances in the selected sorghum genotypes.

Materials and methods
Experimental site

The study was conducted at the Boko research site of
Fedis Agricultural Research Center, East Hararghe Zone in
the 2021 cropping season. The area is situated at a distance of
about 24 km away from Harar town in the southern direction.
Fedis is located at the latitude of 09°07‘North and longitude
of 042° 04‘East, and altitude of 1702 meters above sea level,
with a prevalence of lowlands. The soil of the experimental
site is black with sand clay loam surface soil texture that
contains 8.20% organic matter, 0.13% total nitrogen, available
phosphorus of 4.99 ppm, soil exchangeable potassium of 1.68
cmol (+) / kg, and a pH value of 8.26. The mean rainfall is

about 801.3 mm for the last seven years (2015 to 2021). The
mean maximum and minimum annual temperatures are 27.7
and 11.3 °C, respectively, for the last seven years (2015 to 2021)
(FARC, 2021).

In this study, 60 sorghum genotypes and two varieties
(Argiti and Melkam) were obtained from Melkassa Agricultural
Research Center and two varieties (Fedis 01 and Erer) were
obtained from Fedis Agricultural Research Center (Table 1).
Four released varieties were used as standard checks. The
description of the materials is presented in Table 1.

Experimental design and management

The field experiment was laid out in an 8x8 simple lattice
design. The experimental plot consisted of 4 rows, 2.2 m
in length with 0.75 m and 0.2 m spacing between rows and
plants, respectively. The gross and net plot sizes were 6.6 m?>
(3 m x 2.2 m) and 3.3 m?> (1.5 m x 2.2 m), respectively. Seeds
were sown by hand drilling at the rate of 12 kg ha as per the
recommendation for row planting in sorghum. Thinning was
done two weeks after emergence to adjust plant pacing. The
recommended NPS fertilizer was applied at the rate of 100 kg
ha during planting and Urea fertilizer was applied as a top
dressing of 50 kg ha at the knee height stage. The field was
kept free of weeds by hand weeding during the whole growing
period and other cultural practices were carried out as per
standard practices recommended for the study area.

Data collection

Ten individual plants were selected randomly per plot
and marked before panicle emergency and used as a sample
for plant height (cm), leaf number per plant, leaf length, leaf
width (cm), leaf area (cm?), panicle length (cm), head weight
(g), panicle width (cm) and biomass yield (kg ha™). Plot base
data such as days to flowering, days to maturity, grain filling
period, grain filling rate (kg/ha/day), stand count at harvest,
thousand seed weight (g), grain yield (kg ha) and harvest
index (%) were collected following the descriptors of sorghum
(15]).

Data analysis

Analysis of variance was computed for all traits as per
the model for simple lattice design by using SAS Computer
Statistical Package version 9.0. Means that show significant
differences were compared using Duncan’s Multiple Range
Test (DMRT) at a 5% significant level. The following model was
used in the analysis of variance.

Pijk = p + gi + rj+ + bk (j) + eijk

Where; Pijk = phenotypic value of i® genotype under j®
replication and k™ incomplete block within replication j; p =
grand mean; gi = the effect of i genotype; rj = the effect of
replication j; bk (j) = the effect of incomplete block k within
replication j and eijk = the residual or effect of random error.

Estimation of coefficients of variation: The phenotypic
and genotypic variations were computed using the formula

suggested by [16] as follows.
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Table 1: List and description of sorghum genotypes used for the study.

I S S ™ S

ETSC16033-20-1

05MI5064/76T1#23

ETSC14225-4-2

Gambella1107/S35

2 ETSC16035-9-1 05MI15064/B35 34 ETSC15357-3-1 ICSV700/Meko-1

3 ETSC16034-10-1 05MI15064/1CSTG2372 35 ETSC16056-11-1 ICSV700/Melkam

4 ETSC16038-7-1 05M15064/M-204 36 ETSC16059-4-1 ICSV93046/Meko-1

5 ETSC16027-14-1 05MW6073/76T1#23 37 ETSC16060-10-1 ICSV93046/Melkam

6 ETSC16032-11-1 05MW6073/M-204 38 ETSC16058-20-1 ICSV93046/Teshale

7 ETSC16026-7-1 06MW6015/M-204 39 ETSC14773-1-3 ICSV96143/13sudanint#11-3
8 ETSC14715-3-1 13MIF5#5024/13sudanint#13-2 40 ETSC16072-2-1 1S38266/Meko-1

9 ETSC15437-2-2 14MILSDT7086/Gambella1107 41 ETSC14799-3-1 Karimtama 1/13sudanint#10-1
10 ETSC16016-14-1 T4MWLSDT7279/1CSTG2372 42 ETSC14325-4-1 Macia/S35

11 ETSC16020-1-1 T4MWLSDT7279/M-204 43 ETSC 300003 Meko-1/SRN39/Meko-1
12 ETSC16002-17-1 14MWLSDT7310/B35 44 ETSC14573-5-4 Melkam/13sudanint#10-1
13 ETSC16001-20-1 14MWLSDT7310/ICSTG2372 45 ETSC14789-3-2 NTJ2/13sudanint#14
14 ETSC16005-35-1 14MWLSDT7310/M-204 46 ETSC15363-1-2 S35/Gambella1107

15 ETSC16006-3-1 T4MWLSDT7324/1CSTG2372 47 ETSC14804-4-2 SILA/13sudanint#10-1

16 ETSC16011-2-1 T4MWLSDT7401/ICSTG2372 48 05MW6073 Teshale/Gobiye

17 ETSC16079-12-1 16040/ICSTG2372 49 ETSC300080 Teshale/SRN39/Teshale
18 ETSC16087-23-1 235421/1CSTG2372 50 ETSC15376-1-2 WSV387/P9404/2372

19 ETSC16091-10-1 235421/M-204 51 ETSC15385-2-2 WSV387/P9405/Meko-1
20 ETSC16101-13-2 245056/M-204 52 ETSC17081 Debir/Gobiye///Debir

21 ETSC15367-6-1 A2267-2/2372 53 ETSC17029 Teshale/Framida///Teshale
22 ETSC15371-4-1 A2267-2/Meko-1 54 ETSC17084 Dekeba/Framida///Dekeba
23 ETSC15312-3-1 Debir/(Hodem/Gobiye) 55 ETSC17075 Debir/Birhan///Debir

24 ETSC14695-1-2 Debir/13sudanint#27 56 ETSC17086 Gambella1107/Birhan///Gambella1107
25 ETSC16045-15-1 ETSL101645-6/Melkam 57 ETSC17111 Wediaker/Birhan///Wediaker
26 ETSC16051-31-1 ETSL101649-6/Meko-1 58 ETSC16221 Melkam/B35///Melkam
27 ETSC16052-27-1 ETSL101649-6/Melkam 59 ETSC16216 Meko-1/B35///Meko-1

28 ETSC16065-1-1 ETSL101848/76T1#23 60 ETSC16212 Macia/B35///Macia

29 ETSC16062-27-1 ETSL101848/Teshale 61 Fedis 01 M-36121XP-9403

30 ETSC16068-2-1 ETSL101851/Melkam 62 Erer 3443-2-0PXP9403

31 ETSC16066-18-1 ETSL101851/Teshale 63 Argiti WSV387XP-9403

32 ETSC16070-4-1 ETSL101853/Melkam 64 Melkam WSV387

K (Msg-Mse) \/@

. . 2
Genotypic variance (o~ g) =| — GCV(%)=——x100
Kr
X

Phenotypic variance (¢°p) = o’g + o’ Where: PCV (%) = Percentage of phenotypic coefficient of

variation
Where: Msg = mean square due to genotypes, Mse = error

mean square, r = the number of replication, k = block size, +°g
= genotypic variance, ¢’¢ = environmental variance, and ¢*p =
phenotypic variance.

PCV (%) = Percentage of genotypic coefficient of variation
X = Mean of the population for the trait.

The PCV and GCV values were categorized as 0% - 10%

Phenotypic and genotypic coefficients of variations were .
yp genotyp = low; 10% - 20% = moderate and > 20% = high values as

calculated according to the formula outlined by [17].

indicated by [18].
/ 02g Estimation of broad sense heritability: Heritability (H?) in a
PCV(%)=——x100 broad sense for all characters was computed using the formula
X adopted by [19].
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2
o
12 (%)= Tg x 100

op
Where; H2= heritability in a broad sense; o°g = genotypic
variance, and ¢p = phenotypic variance. The heritability
percentage was categorized as low = 0 - 30%, moderate = 30 —
60, and high = > 60 suggested by [20].

Estimation of expected genetic advance: Genetic advance
under selection (GA) for each character was computed using
the formula adopted by [21].

Ga=(k)(op) () and

X

GA
GA (as % of the mean) = [:| x100

Where; GA = Genetic advance, k = selection differential
(at 5% selection intensity with value 2.063), op = phenotypic
standard deviation, H? = heritability, % — Grand mean. The GA
as a percentage of the mean was categorized as low (0 - 10%),
moderate (10-20%), and high (>20%) as suggested by [21].

Results and discussion
Analysis of variance

The result of the analysis of variance for 17 traits is presented
in Table 2. The genotypes exhibited highly significant (p < 0.01)
differences for all traits. The observed significant differences
among genotypes for all traits indicated the presence of
variability for each of the characters among the tested sorghum
genotypes and a good opportunity for the breeders since it
allows them to develop varieties of interest through selection
and/or hybridization. The relative efficiency of simple lattice
design was greater than one for most of the quantitative traits
except panicle width, head weight, stand count at harvest, and

Table 2: Mean squares from analysis of variances for 17 traits of 64 sorghum genotypes evaluated at Fedis in the 2021 cropping season.

. Replication |Genotype (Unadj.) Bloc,k w!th
Traits df=1) (df = 63) Re.pllcatlon
(Adj.)(df = 14)
Days to flowering 3.13 17.65%* 16.53
Days to maturity 0.03 57.78** 25.12
Grain filling period 15.82 50.23** 62.23
Grain filling rate 8.32 245.87*%* 107.49
Plant height (cm) 17.38 752.66%* 360.53
Leaf number/plant 0.50 0.64** 0.19
Leaf length(cm) 0.45 18.99** 18.99
Leaf width (cm) 0.16 1.09** 0.40
Leaf area (cm?) 2399.08 7064.34%* 3977.42
Panicle length (cm) 8.91 20.45%* 8.77
Panicle width (cm) 6.37 15.00%* 7.86
Head weight (g) 69.72 1214.53%* 1087.48
Biomass yield (kg ha™) 8935878.4 6845050.8** 8766285.5
Stand count at harvest 0.13 9.68** 5.31
Thousand seed weight(g) 7.36 20.96%** 14.68
Grain yield (kg ha™) 149878.1 678733.82** 302414.90
Harvest index 0.46 14.85 ** 3.43

Intra Block Error| RCBD Error

thousand seed weight indicating a simple lattice design had
an advantage over Randomized Complete Block Design (RCBD).
The coefficients of variation were in the range of 2.34% for
days to maturity and 14.05% for panicle width. The results of
the relative efficiency of designs and coefficients of variation
indicated the lattice design was efficient and reliable data
were collected [22]. Several authors reported highly significant
(p < 0.01) differences for quantitative traits among sorghum
genotypes for days to flowering, days to maturity, plant height,
thousand seed weights, head weight, grain filling period, grain
filling rate, and grain yield similar to the present study findings
[23-26].

Mean performance of genotypes

Phenology and growth traits: The variation for days to
flowering was in the range between 66 and 79 days with a mean
of 71.45 days. The late flowering was recorded for G8 (79 days)
followed by G6 (78.5 days), G5 (78 days), G4 (77 days), and G59
(77 days), whereas the early flowering was recorded for G9 (66
days) followed by G56 (66.5 days), G41 (66.5 days), G54 (67
days) and G49 (67 days). Thirty-two genotypes were below the
grand mean of days to flowering. Days to maturity ranged from
100 to 124 days with a mean of 112.67 days. The latest maturity
date was recorded for Melkam (124 days) followed by G59
and G41 (123.5 days), and G16 (122 days). The early maturing
genotypes were G49 (100 days), G47 (102 days), G44 (102.5
days), G36 (104.5 days), G45 (105.5 days), G23 (105.5 days) and
G22 (106.5 days) and these genotypes were not significantly
different from each other in maturing date (Table 3).

Early flowering and maturity are well-known drought
escape mechanisms. Those early flowering and maturing
genotypes would be appropriate for moisture stress areas
while those genotypes with late flowering and maturity could
be recommended for optimum moisture areas. Similarly, many
authors reported a range of variation among sorghum landraces

Mean square

Efficiency SL relative

Total (df = 127) | CV (%)

(df = 49) (df = 63) to RCBD
3.62 3.58 101.20 11.99 2.67
7.80 7.60 103.43 34.44 2.34
14.52 13.34 108.95 138.64 9.14
15.17 15.03 100.90 139.74 5.04
64.89 64.34 100.38 438.28 412
0.28 0.27 105.25 0.45 6.69
4.93 4.82 102.28 18.05 2.99
0.31 0.30 104.54 0.71 6.87
3619.43 3618.58 100.03 5358.18 13.56
432 4.42 110.32 6.05 8.16
3.18 3.13 97.45 9.69 14.05
23.33 23.03 98.71 731.91 3.75
4320096.4 4320095 101.05 6099108.66 8.16
3.26 3.05 97.98 6.64 5.15
7.37 7.34 99.60 14.80 9.31
98051.29 98048.07 103.05 409042.76 9.46
3.15 3.20 102.03 6.92 13.57

* and ** = significant at 5% and 1% probability levels, respectively. df = degree of freedom, Unadj= Unadjusted, Adj= Adjusted, CV (%) = percentage of Coefficient of Variation,

RCBD= Randomized Complete Block Design, SL= Simple Lattice.
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Table 3: Mean values of phenology and growth traits for 64 sorghum genotypes at Fedis.

ETSC16033-20-1 70.00% 46.00> 116.00%% 80.46% 159.83 7.74%° 77.34% 8.78¢ 507.292¢
2 ETSC16035-9-1 72.50% 49.00°¢ 121.50%¢ 44.69" 185.50%" 8.07am 75.00°" 7.75¢" 433.912"
3 ETSC16034-10-1 73.50>h 46.00> 119.50%¢ 84.17¢¢ 210.50¢ 8.74%¢ 80.34¢2be 8.30cd 498.432¢
4 ETSC16038-7-1 77.00=¢ 39.50%° 116.50°1 94.80" 199.33¢n 8.242k 79.17% 7.75¢" 457.60°f
5 ETSC16027-14-1 78.00%¢ 40.50¢%° 118.50°9 84.48¢¢ 193.84°° 8.60% 70.84™ 8.67%¢ 459.08f
6 ETSC16032-11-1 78.50% 40.50%° 119.00%f 97.80% 191.00% 7.509° 73.00" 8.17¢ 444.68>9
7 ETSC16026-7-1 72.50% 37.50M 110.00/ 89.36°P 181.17™ 7.20% 72.34 8.39%¢ 452.87%f
8 ETSC14715-3-1 79.00° 47.50%9 110.00% 99.9929 210.34% 8.00>™ 72.67™ 9.48% 514.54%
9 ETSC15437-2-2 66.00' 45.00°% 111.00 76.56 164.83 7.40 78.67%9 7.47¢ 437.56%"
10 ETSC16016-14-1 71.00¢ 40.50%° 111.50 74.79% 182.84' 7.07mne 74.34%¢ 9.567 528.39°
11 ETSC16020-1-1 70.00" 41.504° 111.50 69.99m 187.674 7.74% 80.67% 8.47%¢ 509.572¢
12 ETSC16002-17-1 70.00" 40.50%° 112.009° 67.27° 17717 7.509° 76.00°" 8.427¢ 479.023¢
13 ETSC16001-20-1 72.50%4 40.50%° 113.00%° 93.50°™ 213.00°f 8.07am 79.67%¢ 8.280de 492.723¢
14 ETSC16005-35-1 67.504 45.00°* 112.50% 68.52m 235.33° 6.87m 73.842t 7121 392.46°"
15 ETSC16006-3-1 72.50% 46.00> 117.50%" 80.39% 212.34¢f 7.77% 71.34% 8.29cde 438.67°"
16 ETSC16011-2-1 69.509 51.502¢ 122.002¢ 78.22¢ 207.67¢ 8.27% 79.00% 8.832¢ 521.28%
17 ETSC16079-12-1 70.50¢ 40.50°° 111.00"a 82.92¢¢ 201.33¢m 8.50%9 75.34ba 7.78¢" 437.99*"
18 ETSC16087-23-1 70.00% 43.50 113.50°" 92.10>™ 187.67 7.70%° 76.67%! 8.00" 458.48%1
19 ETSC16091-10-1 72.00¢* 38.50% 110.50 90.07¢" 199.67¢n 8.40% 72.83M 7.69¢" 417.90*"
20 ETSC16101-13-2 67.50K 40.50%° 108.00™* 87.51¢¢ 209.50% 7.37° 65.34" 8.22¢f 400.79>"
21 ETSC15367-6-1 71.00¢ 37.00% 108.00™* 103.65%¢ 188.50m 7.30k° 65.67% 6.97" 341.68"
22 ETSC15371-4-1 72.00¢* 35.00'° 106.50°" 96.17%* 160.34 8.242k 69.50 8.12¢9 421.322"
23 ETSC15312-3-1 70.00% 35.50k° 105.50°* 64.93%" 160.84 7.44m0 71.841 6.481 348.25¢
24 ETSC14695-1-2 70.00% 38.009° 108.00™s 99.38h 191.33% 8.70%¢ 73.84°! 8.12¢9 446.16>9
25 ETSC16045-15-1 71.00¢ 37.00% 108.00™s 97.59% 201.50¢m 8.44%h 75.00°" 8.50%¢ 476.302¢
26 ETSC16051-31-1 71.00¢ 38.009° 108.00™s 81.549¢ 173.67°* 8.674f 74.67% 8.527¢ 475.03¢
27 ETSC16052-27-1 72.50% 36.00r° 108.00™s 99.472h 177.84™ 8.20* 72.50" 8.75%¢ 480.57%¢
28 ETSC16065-1-1 75.50% 32.50° 107.00™s 102.427¢ 217.17° 8.50%9 81.17° 8.12¢9 436.60%"
29 ETSC16062-27-1 75.00%f 35.00™ 110.00% 66.29 235.00 8.942bc 81.17° 7.009 42441
30 ETSC16068-2-1 68.00" 38.50" 107.50™s 71.15% 192.34% 7.84¢n 77174 8.55%¢ 493.273k¢
31 ETSC16066-18-1 71.00¢ 42.00°° 113.00%° 67.71°" 188.34" 7.57%° 68.5 6.370 325.989
32 ETSC16070-4-1 68.50™ 40.50%° 109.00™ 112.59¢ 182.84' 7.84¢n 77.34% 8.35¢ 482.4730¢
33 ETSC14225-4-2 74.00%¢ 43.00°™ 117.00> 70.93 211.17¢h 8.374 74.50¢¢ 8.60% 478.60%°
34 ETSC15357-3-1 72.50% 37.00 109.50%a 60.28% 176.33° 7.95¢m 75.500° 8.50% 479.49¢
35 ETSC16056-11-1 73.00% 40.00°° 112.50% 84.79% 185.67% 7.77% 77.00% 8.58%¢ 495.08¢
36 ETSC16059-4-1 72.50% 32.50° 104.507* 75.9291 197.50¢° 8.70%¢ 71.501 8.75%¢ 468.03%¢
37 ETSC16060-10-1 72.50% 40.50%° 112.50% 100.25%f 204.33¢ 9.04° 71.83 8.35%¢ 447814
38 ETSC16058-20-1 72.00¢* 45.50% 117.00" 61.66" 201.67¢m 8.50°9 7817 7.0091 407.512"
39 ETSC14773-1-3 70.00% 44.00> 114.00=™ 76.28" 199.67¢n 7.579° 71.34+ 8.55%¢ 456.34>f
40 ETSC16072-2-1 70.50¢ 45.50% 116.00%¢ 75.76%" 185.50%" 7.67% 7117 6.371 339.92"
41 ETSC14799-3-1 66.50' 56.00° 123.50% 56.93 216.17°¢ 7.70%° 73.84°! 8.00°" 441.32¢"
42 ETSC14325-4-1 73.00% 41.50%° 119.50%¢ 45.15 216.09v¢ 7.37° 76.33*™ 7.69¢" 438.96°"
43 ETSC 300003 73.50h 39.50°° 113.00° 81.65¢° 199.17¢n 7.34° 71.831 8.22¢ 440.47+"
44 ETSC14573-5-4 75.50% 33.00™ 102.50% 75.61" 189.0094 6.84™ 69.00%" 6.97"i 357.134
45 ETSC14789-3-2 72.50% 35.50%° 105.50°t 90.00°? 197.00%° 7.87¢n 73.00™ 8.12¢9 442.54"
46 ETSC15363-1-2 69.00¢" 41.00¢° 110.00% 82.63%¢ 169.679 7.47 69.84% 6.18 322.32"
47 ETSC14804-4-2 68.50™ 41.00¢° 102.00¢ 98.46% 178.00™ 7.97°m 65.67% 8.47%¢ 415.82+"
48 05MW6073 69.00¢" 43.50% 112.50% 64.25% 211.50¢9 8.342 73.179t 8.35¢ 456.40°f
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49 ETSC300080 67.004 33.50mn 100.00! 115.73% 169.33% 6.74° 70.34°Y 8.23¢f 432.71%"
50 ETSC15376-1-2 72.50% 44.50> 117.00* 119.45° 188.34" 8.77¢ 79.34% 7.97¢h 472.27%
51 ETSC15385-2-2 72.00¢* 41.50% 113.00°° 72.44+ 206.67¢* 8.70%¢ 72.50 9.562 515.13%
52 ETSC17081 68.50M 42.00°° 110.50 73.55! 188.67"a 7.579° 68.33" 8.47¢ 431.68"
53 ETSC17029 69.509" 42.50°" 112.009° 77.95% 182.00" 7.37° 72.34 8.42¢ 454.69
54 ETSC17084 67.004 45.000* 111.50" 73.04+ 212.50¢f 7.94°m 73.67% 8.28¢de 455.72%f
55 ETSC17075 70.00% 48.50°¢ 118.50°9 63.849" 207.00¢* 7.549° 79.832¢ 7.12% 224.39
56 ETSC17086 66.50' 50.50%¢ 119.00%f 61.627 275.50° 7.84¢4n 75.00°" 8.29cde 464.41%¢
57 ETSC17111 69.009 45.00* 114.00™ 46.94w 186.67%" 8.17+ 75.67%° 8.00°" 451.874f
58 ETSC16221 70.00% 47.00%" 117.00% 86.6741 197.674° 9.00%® 79.832¢ 8.30c¢ 495.18ae
59 ETSC16216 77.00%¢ 46.50% 123.50% 77.68% 207.50% 8.77%4 76.83%% 8.9500¢ 264.281
60 ETSC16212 75.50% 38.009° 113.50°" 94.23bm 185.67% 8.172 74.83°" 8.67%¢ 484.08
61 Fedis 01 75.00%f 40.50%° 115.00¢ 84.634" 192.67% 8.37% 73.67™ 8.17¢f 449.332f
62 Erer 73.00% 46.00% 119.00°f 73.26% 189.6799 8.442" 75.34ba 8.39%¢ 471.76%¢
63 Argiti 70.50¢ 38.009° 108.50 ' 91.29¢° 191.67% 7.07mn 70.50™ 9.48% 499.94abe
64 Melkam 71.00¢ 53.00% 124.00° 69.09™ 219.717b 8.09am 77.00% 8.932bc 513.65%®
Mean 71.45 41.69 112.67 77.31 195.61 7.95 74.07 8.14 443.82
LSD (5%) 5.07 9.98 6.76 27.78 22.67 1.03 5.63 1.15 1.99

NB. Similar letters indicated that no significant difference among the genotypes. DF = days to flowering, GFP = grain filling period, DM = days to maturity, GFR = grain filling

rate, PH = plant height, LN=leaf number per plant, LL= leaf length, LW= leaf width, LA=leaf area.

for days to flowering and maturity depending on the sorghum
genotypes used and the locations where the genotypes were
evaluated [12,27-29].

The genotypes showed 32.5 to 56 days for the grain filling
period with a mean of 41.69 days and the grain filling rate
ranged from 44.87 to 119.45 kg ha-1 days-1 with a of mean
77.31 kg ha* days™. The result showed the presence of a wide
range of variation among the genotypes for grain filling period
and grain filling rate. This result is in line with [25,26] reported
a wide range of variation among sorghum genotypes for grain
filling rate of 41.7 to 191.4 kg ha day™. [30] also reported
similar results for the grain-filling period that ranged between
34 and 47.50 days with a mean 41.94 of days.

The variation of genotypes for plant height ranged from
159.83 to 275.5 cm with a mean of 195.61 cm. Genotypes G56
(275.5 cm) followed by G14 (233.33 cm) and G29 (233 cm) were
the tallest, whereas G1 (159.83 cm), G22 (160.34 cm) and G23
(160.84 cm) were the shortest genotypes. Most of the advanced
genotypes were taller than the standard checks. The genotypes
which showed tall plant height also produced higher biomass
yield production in the study area (Table 3) [31] reported that
tall genotypes are important genetic resources for fodder
production and for house construction and as a thatching
material in Ethiopia. On the other hand, the presence of
variable plant height would be important for the selection of
genotypes that fit a different purpose. For instance, short plant
height and maturity have been identified as important traits
for drought tolerance [32].

The overall average leaf number per plant was 7.95
ranging from 6.74 to 9.04. The highest number of leaves per
plant (9.04) was produced by G37 followed by G58 (9.00),
G29 (8.94), G59 (8.77), and G50 (8.77). The lowest number of

leaves per plant was recorded from G49 (6.74), G44 (6.84),
and G14 (6.87). Out of the evaluated genotypes, about 33 of
the genotypes showed the highest leaf number per plant than
the overall mean. Leaf length varied between 81.17 cm for two
genotypes (G28 and G29) and 65.34 cm for G20 with an overall
mean value of 74.07 cm. A total of 32 and 15 genotypes showed
the highest leaf length than the overall mean and standard
check (Erer), respectively. The observed variation indicated the
opportunity to select genotypes with maximum leaf number
and leaf length. The genotypes which had high leaf numbers
per plant and leaf length might contribute to higher biomass
yield production. This result is in line with [33] who reported a
wide range of variation among 64 sorghum landraces for leaf
number per plant that ranged from 9 to 15.66 and leaf length
that ranged from 38 to 95 cm.

Leaf width ranged from 6.18 to 9.56 cm. The two genotypes
G10 and G51 showed a maximum leaf width (9.56 cm), whereas
a minimum leaf width was obtained from G46 (6.18 cm),
G40 (6.37 cm), and G31 (6.48 cm). Forty genotypes exceeded
the overall mean (8.14 cm) value of the tested genotypes in
leaf width. The mean leaf area ranged from 224.39 to 528.39
cm? with a grand mean of 443.81 cm? Maximum leaf area
was recorded from genotypes G10 (528.39 cm?) followed by
genotype G16 (521.28 cm?), G51 (515.13 cm?), and G8 (514.54
cm?) while the lowest leaf area was recorded from genotype
G55 (224.39 cm?). Similarly, [29] reported variation among
sorghum genotypes for leaf areas between 351.57 and 390.80
cm?>.

Yield and yield components: Wide ranges were recorded
for yield and yield components (panicle length, panicle width,
panicle weight, stand count at harvest, thousand seed weight,
biomass yield, and grain yield) and harvest index (Table 4).
Panicle length ranged from 20.17 cm for G35 to 31 cm for G17
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with a mean value of 25.47 cm. Among genotypes, 63.33%
showed superiority for panicle length over the mean value of
genotypes. The mean value of panicle width was 12.69 cm with
a maximum of 24 cm for G4 and a minimum of 7.5 cm for the
Melkam variety. A total of 26 genotypes revealed superiority for
panicle width above the overall genotypes mean (Table 4). This
result is in line with [34] who evaluated 117 sorghum accession
and reported a range between 12 and 36.4 cm for panicle length
and 12 and 36.4 cm for panicle width.

The lowest panicle weight was obtained from G22 (85 g)
while the highest was obtained from G4 (230 g) with a mean
value of 128.73 g. Twenty-seven and twenty genotypes had

higher panicle weight than the mean and best checks (Erer and
Argiti) of 64 sorghum genotypes. Stand count at harvest was in
the range of 28.5 for G34 to 40 for G3 with a mean value of 35.1.
The mean thousand seed weight was 29.15 g with a maximum
of 35 g and a minimum of 20.5 Thirty-two genotypes exceeded
the overall mean value (29.15 g) of the tested genotypes, while
22 genotypes showed superiority over the standard check
varieties (Melkam and Erer). Similarly, Kassahun, et al. (2011)
reported thousand kernel weights that varied from 10.8 to 54.0
g. Wide ranges were recorded for panicle weight between 41.1
and 135.34 g with a mean value of 95.37 g and for thousand
kernel weights between 45.58 and 20.60 g with a mean value
of 33.41 g [35].

Table 4: Mean values of yield and yield components for 64 sorghum genotypes at Fedis.

I S T N

ETSC16033-20-1 26.84%9 19.50% 195.00%
2 ETSC16035-9-1 23.174¢h 12.00e" 125.00
3 ETSC16034-10-1 27.84%¢ 15.00°" 160.00°
4 ETSC16038-7-1 22.33¢" 24.00° 230.00°
5 ETSC16027-14-1 24.67°" 11.009" 110.00"m
6 ETSC16032-11-1 27.34%¢ 12.00%" 120.00™
7 ETSC16026-7-1 26.67%9 12.50e™ 125.00¢
8 ETSC14715-3-1 25.67°9 13.00¢ 135.00°k
9 ETSC15437-2-2 23.34¢h 15.00°" 150.00¢°¢
10 ETSC16016-14-1 24.17°h 12.50e™ 127.00¢
11 ETSC16020-1-1 24.50°" 13.00¢ 121.00=™
12 ETSC16002-17-1 2717 13.00¢ 109.00"™
13 ETSC16001-20-1 26.00%9 12.50e™ 125.50¢
14 ETSC16005-35-1 26.349 8.00™ 105.009™
15 ETSC16006-3-1 27.17% 12.00e" 120.00=™
16 ETSC16011-2-1 26.67%9 16.00% 160.00°
17 ETSC16079-12-1 31.00° 12.50e™ 140.00¢
18 ETSC16087-23-1 25.83%9 11.50™ 135.00°%
19 ETSC16091-10-1 27.00% 14.50° 145.00°f
20 ETSC16101-13-2 25.50°9 16.00°" 160.00°
21 ETSC15367-6-1 24.50°" 10.50™ 105.009™
22 ETSC15371-4-1 23.67°" 8.50™n 85.00m
23 ETSC15312-3-1 22.83¢h 13.50% 135.00°%
24 ETSC14695-1-2 26.17°9 12.50e™ 140.00¢
25 ETSC16045-15-1 25.67°9 12.50¢ 150.00¢°¢
26 ETSC16051-31-1 25.0009 11.50 132.50°k
27 ETSC16052-27-1 25.67°9 12.50e™ 142.00°9
28 ETSC16065-1-1 23.00¢" 13.00¢ 137.00%
29 ETSC16062-27-1 26.3309 17.500¢ 141.00¢"
30 ETSC16068-2-1 22.67¢" 10.00™ 100.00™
31 ETSC16066-18-1 22.84¢4h 15.00°" 150.00¢°¢
32 ETSC16070-4-1 26.84%9 13.50% 160.00°
33 ETSC14225-4-2 24.34°h 13.00¢ 128.50¢
34 ETSC15357-3-1 25.50°9 12.00e" 120.00=™
35 ETSC16056-11-1 20.17" 13.00¢ 130.00°%

ovgne)
35.00%¢ 31.50%¢ 2683579 3700% 13.82om
37.50% 22.001 23165%" 2190rd 9.46°°
40.00° 31.00%¢ 278358b° 4040 14.59b3
36.50¢ 27.00% 223309 3650° 16.35°f
36.50¢ 32.00%¢ 24665 3590 14.525
35.00%¢ 28.00v 27335 3955 14.48%
34.50%¢ 26.10% 2666529 3345 12.5594
35.50%¢ 27.30¢ 256659 3250em 12.87%
39.50% 24.009 23335¢h 3445k 14.78"
35.50%¢ 31.502¢ 24170 3030 12.5394
33.00%¢ 29.002" 24500 291QMa 11.87
35.00%¢ 23.00M 27165%¢ 2825 10.42ms
35.00%¢ 32.00%¢ 260009 3795b9 14.65%
35.50%¢ 33.50% 263359 295094 11.265
33.00%¢ 30.50%f 27165%¢ 3550 13.07¢"
39.00%¢ 31.50%¢ 26665%9 3795b9 14.23%*
38.00%¢ 26.50% 310002 3355¢ 10.82ks
37.00%¢ 29.00%" 2583009 4005°< 15.520h
37.00%¢ 30.00%9 27000%f 3465 12.83%
36.502¢ 30.00%9 2550009 3540k 13.86>™m
34.50%¢ 24.0091 24500 38350f 15.6459
34.50%¢ 24.009 23665°" 3315¢ 14.02%
37.50¢ 27.00% 22830¢" 2300 10.08ms
37.50%¢ 30.00%9 261709 37800 14.43%
35.002¢ 33.002¢ 256709 3605 14.05°
31.50% 34.00% 2500009 3005 12.040
33.00%¢ 29.00%" 256659 3970bcd 15.47°h
37.00*¢ 28.75>" 23000¢" 3255¢m 14.27°¢
33.00%¢ 29.00%" 263309 2325 9.0549rs
31.50% 27.25% 22665" 2815 13.12¢n
32.50° 31.00%¢ 22835¢" 2865 12.4794
32.00¢d 34.00% 268359 45002 16.672¢
31.50¢% 33.50% 24335¢h 3050 12.5394
28.50¢ 28.00~ 255009 22354 8.85™
32.50°¢ 26.00¢ 20170" 3345¢ 16.57%¢
070
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36 ETSC16059-4-1 25.489 12.00%" 120.00™ 31.50% 28.00" 254759 2420ma 9.51°°
37 ETSC16060-10-1 24.00°" 14.50¢ 146.00°f 34.00°* 30.00°9 24000°" 401700 16.72%¢
38 ETSC16058-20-1 27.33¢ 10.00™ 102.50™m 33.50¢ 28.00 27330%¢ 2755%a 10.11"s
39 ETSC14773-1-3 27.332¢ 11.50 115.00=™ 34.00°* 30.00°9 27330%¢ 3360°! 12.4294
40 ETSC16072-2-1 23.12¢h 9.80" 115.30™ 36.50%¢ 35.00° 23120¢h 3445k 14.92
41 ETSC14799-3-1 24.33¢h 11.90 115.00=™ 32.00¢°d 33.00°° 24330°" 3245°m 13.45¢"
42 ETSC14325-4-1 26.67%9 11.009" 100.50™ 37.00%¢ 29.00=h 266659 21009 8.15°
43 ETSC 300003 25.8409 10.00™ 102.00™ 37.50%¢ 27.00% 258359 3225¢m 12.571%
44 ETSC14573-5-4 27.34%¢ 10.50"™" 96.504m 35.00%¢ 30.00°¢ 27335%¢ 2500' 9.10ps
45 ETSC14789-3-2 27.34%¢ 9.00%" 91.00™ 36.50%¢ 20.50/ 27335%¢ 3375¢! 12.409"
46 ETSC15363-1-2 26.34"9 14.10% 100.50/™ 36.00%¢ 28.50°" 263359 3375¢! 12.83%
47 ETSC14804-4-2 25.67°9 12.50e™ 125.00+ 32.00c¢ 33.00°° 256709 3640 12.83%
48 05MW6073 26.84%9 12.00e" 120.00°™ 37.002¢ 30.50%f 268359 27851 10.57'
49 ETSC300080 25.00°9 9.80i" 160.00° 36.002¢ 23.00M 25000°¢ 38109 15.33%
50 ETSC15376-1-2 26.17°9 18.50% 165.00% 35.50%¢ 30.00°9 261659 53052 20.15°
51 ETSC15385-2-2 22.50f" 10.30™ 100.30™ 36.502¢ 30.00%f 22500%" 2970% 13.27¢n
52 ETSC17081 25.67°9 10.70™ 105.209™ 35.50%¢ 24.50" 256709 3095¢° 12.03"
53 ETSC17029 27.00% 11.50 115.005™ 36.502¢ 31.50%¢ 270002 3310¢ 12.269°
54 ETSC17084 25.84b9 11.50 115.005™ 36.50%¢ 33.00%° 258359 3245em 12.639°
55 ETSC17075 25.679 11.50 115.00™ 35.00° 32.00%¢ 25670°¢ 3095¢° 12.0997
56 ETSC17086 25.5009 13.50% 135.00°k 32.00¢cd 32.00°¢ 231654 31604" 12.0997
57 ETSC17111 26.3409 10.00™ 100.00™ 35.00°¢ 26.50% 263359 21109 12.41799
58 ETSC16221 23.67°" 15.50°9 150.00¢°¢ 36.00%¢ 35.00° 23665" 40700 8.12¢
59 ETSC16216 26.0009 13.00¢ 130.00°k 34.00°* 29.00=h 26000°9 3485°« 13.40°"
60 ETSC16212 26.67%9 14.50° 145.00°f 34.50°° 28.00% 266659 35200k 13.47¢n
61 Fedis 01 22.84¢4h 12.60¢ 125.10+ 37.00%¢ 27.00¢h 228354 3385°k 13.20°"
62 Erer 23.17¢" 16.50° 135.00°% 37.50%¢ 30.00°¢ 23165 3330°! 14.83
63 Argiti 26.33"9 13.50% 135.00°% 34.50%¢ 27.00% 263309 3455¢% 14.38%
64 Melkam 29.50% 7.50" 115.00=™ 35.50%¢ 30.00°9 295002 3600°* 12.209"
Mean 25.47 12.69 128.73 35.10 29.15 25465 3308.83 12.70
LSD (5%) 4.64 4.54 38.57 7.06 6.00 4627.16 876.84 3.56

Mean values with similar letter(s) had non-significant differences in each row and LSD (5%) =Least significant difference at p < (0.05). PL = Panicle Length, PW= Panicle
Width, PW= Panicle Weight, SCH=Stand Count at Harvest, TSW=Thousand Seed Weight, BM= Biomass Yield, GY= Grain Yield and HI=Harvest Index.

The maximum biomass yield was obtained from G17 (31000
kg ha) while the minimum biomass yield was obtained from
G35 (20170 kg ha™). For this trait, 40 and 22 of 64 genotypes
had higher biomass yield than the mean biomass yield (25465
kg ha) and best check (Argiti). Therefore, there is plenty of
variability among the genotypes for a selection designed for
the improvement of this trait. In line with [36] the current
study reported a higher range of variability in the biomass yield
of sorghum genotypes.

Similarly, [25] reported grain yield ranging between 2085 and
3655.7 kg ha-*with mean values of 3035 kg ha.

The harvest index for genotypes ranged from 8.12% for G57
to 20.21% for G50 with a mean of 12.70%. For this trait, about
37 and 4 genotypes showed superiority for harvest index over
the overall mean and the standard check (Erer), respectively.
In most cases, the improvement of the harvest index had been
a consequence of increased grain yield relative to the increased
biomass. Enhancing the harvest index increases the economic
portion of the plant [37]. The harvest index is considered
a measure of biological success in partitioning assimilated

Grain yield ranged from 2100 to 5305 kg ha~* with a mean
yield of 3308.83 kg ha. The highest grain yield was obtained

from G50 (5305 kg ha) followed by 15 genotypes that gave grain
yield in the range between 4500 and 3640 kg hawith non-
significance difference among them, while G42 (2100 kg ha),
G58 (2110 kg ha™), G2 (2190 kg ha) and G23 (2300 kg ha) had
lower grain yields. Out of the evaluated sorghum genotypes,
about 37 and 16 genotypes showed the highest grain yield over
the grand mean and standard check (Melkam), respectively.

photosynthetic to the harvestable product [38]. Similarly
[39,40], reported a harvest index which ranged from 3.73%
to 24.55% of which 44 sorghum lines out of 100 exceeded the
overall mean.

Estimation of variance components

Estimation of phenotypic variance (¢°p), genotypic
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variance (¢*g) and Phenotypic Coefficient of Variation (PCV),
and Genotypic Coefficient of Variation (GCV) are provided in
Table 5. The PCV ranged from 4.74% for days to flowering to
24.74% for panicle width, while GCV ranged from 3.58% for
leaf length to 20.33% for panicle width. In general, the PCV
values were greater than the GCV values for all characters,
indicating the influence of the environmental effects and
uncontrolled experimental error on the expression of these
traits. High values of PCV and GCV were observed for panicle
width, head weight, and harvest index. These high values of
PCV and GCV revealed that the genotypes have a broad base
genetic background and the existence of substantial variability
to facilitate improvement through selection. Similarly [14],
reported high PCV and GCV values for panicle width, head
weight, and harvest index.

Traits with moderate PCV and GCV values were obtained
for grain filling period, grain filling rate, plant height, panicle
length, and grain yield, indicating substantial improvement
could be obtained through recurrent selection for these traits.
In addition, moderate PCV value was obtained for leaf width,
leaf area, and thousand seed weight. This suggested that these
traits were highly influenced by environmental factors and
selection of genotypes based on the phenotypic mean values
might not be rewarding [40]. Similarly, [41] reported moderate
PCV for grain filling period, plant height, thousand seed
weight, leaf width, and leaf area, and moderate GCV for grain
filling period, plant height, panicle length, panicle width, and
grain yield. Also [25] reported moderate PCV and GCV values
in grain filling period, grain filling rate, plant height, panicle
length, thousand seed weight, and grain yield.

Low values of PCV and GCV were estimated for days to
flowering, days to maturity, leaf number per plant, leaf length,

biomass yield and stand count at harvest. In addition, other
traits such as leaf width, leaf area, and thousand seed weight
had low GCV values. This showed that those traits were more
influenced by environmental factors for their phenotypic
expression and relatively smaller variability. Similarly, low PCV
and GCV were reported for days to flowering, days to maturity,
and leaf length [41-43] in previous studies.

Estimates of heritability and expected genetic advance:
The estimated broad sense heritability and expected genetic
advance are presented in Table 5. The heritability values for
the 17 traits ranged from 24.74 for biomass yield to 96.6% for
head weight. High heritability was estimated for most traits
such as days to flowering, days to maturity, grain filling rate,
plant height, head weight, panicle width, panicle length, grain
yield, and harvest index. This result suggested that selection
could be fairly easy and improvement is possible using these
traits as selection criteria in sorghum breeding programs. The
heritability of these traits is due to additive gene effects and
selection may be effective in early generations for these traits
[44]. This result is in agreement with [35] who reported high
heritability estimates for days to flowering, days to maturity,
plant height, panicle width, panicle length, grain yield, and
harvest index in 100 sorghum genotypes [25] also reported
high heritability for days to flowering, days to maturity, grain
filling rate, plant height, head weight, panicle width, panicle
length, and grain yield in sorghum genotypes.

Moderate heritability was observed for the grain filling
period, leaf number per plant, leaf width, leaf area, stand count
at harvest, and thousand seed weight. [45] suggested that
selection should be delayed until the generations become more
advanced for traits with moderate heritability. Low heritability
was estimated for biomass yield. This implies that selection

Table 5: Mean, range, and estimates of variability component for 17 yield and yield-related traits of 64 sorghum genotypes evaluated at Fedis.

Traits

Days to flowering 66.00-79.00 71.45 7.89
Grain filling period 32.50-56.00 41.69 20.09
Days to maturity 100.00-124.00 112.67 28.11
Grain filling rate 44.87-119.45 77.31 129.78
Plant height (cm) 159.83-275.50 195.61 386.87
Leaf number/plant 6.74-9.04 7.95 0.20
Leaf length(cm) 65.34-81.17 74.07 7.91
Leaf width (cm) 6.18-9.96 8.14 0.44
Leaf area (cm?) 224.39-528.39 443.81 1937.76
Panicle length (cm) 20.20-31.00 25.47 9.10
Panicle width (cm) 7.50-24.00 12.69 6.65
Head weight (g) 85.00-230.00 128.71 670.03
Stand count at harvest 28.50-40.00 35.10 3.70
1000 seed weight(g) 20.50-35.00 29.15 7.64
Biomass yield (kg ha™) 20170-31000 25465 1420287.08
Grain yield (kg ha™) 2100-5305 3308.83 326633.92
Harvest index 8.12-20.15 12.70 6.58

GOV(®) | PCV(®) | H(%) | GA(5%) GAM (5%)

11.51 3.93 4.74 68.55 4.79 6.71
34.61 10.75 13.86 58.04 7.04 16.89
35.91 4.71 5.32 78.28 9.22 8.19
144.44 16.79 18.68 89.44 22.24 28.77
451.76 10.06 10.86 85.64 37.54 19.19

0.48 5.53 8.68 42.19 0.60 7.51
12.84 3.58 4.83 61.60 4.55 6.14
0.75 8.23 10.93 58.60 1.08 13.22
5557.19 9.92 16.80 34.86 53.62 12.08
13.42 11.8 14.38 67.80 513 20.15
9.83 20.33 24.74 82.17 53.23 41.95
693.36 20.11 20.46 96.60 52.15 40.52
6.96 5.47 7.52 53.13 2.89 8.24
15.01 9.47 13.28 50.91 4.06 13.94
5740383.08 4.68 9.41 24.74 1222.94 4.80
424685.20 17.27 19.69 87.71 1179.18 35.64
9.73 20.24 24.57 67.63 4.35 34.28

629 = genotypic variance, 62p=phenotypic variance. GCV (%) =genotypic coefficients of variations, PCV (%) = phenotypic coefficients of variations, H? (%) = broad sense
heritability in percent, GA=genetic advance, and GAM (5%) =genetic advance as percent of mean at 5% selection intensity.
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may be considered difficult or virtually impractical due to the
masking effect of the environment on this trait.

Estimates of genetic advance as a percent of the mean
(GAM) at 5% selection intensity ranged from 4.8% for biomass
yield to 41.95% for panicle width (Table 5). High GAM was
observed for grain filling rate, panicle length, panicle width,
head weight, harvest index, and grain yield indicating the
predominance of additive gene action and high potential for
improvement of the traits under selection. In previous studies,
high genetic advance as a percent of the mean for plant height,
grain yield, grain filling rate, panicle weight, panicle length,
and grain yield were obtained [25]. Also, similar results, high
estimated values of genetic advance, expressed as a percent
of the mean, for panicle width and harvest index have been
reported by [46].

Moderate GAM was calculated for grain filling period,
plant height, leaf width, leaf area, and thousand seed weight
indicating that the traits were less influenced by environmental
factors but governed by both additive and non-additive gene
actions. Hence, a simple selection is suggested for further
improvement in the later generations. Low GAM was estimated
for days to flowering, days to maturity, leaf number per plant,
leaf length, biomass yield and stand count at harvest. This
implies that the improvement of these traits in genotypic value
for the new population compared with the base population
under one cycle of selection is <10% at 5% selection intensity.
Low GAM observed for these traits indicated that the traits
were under high environmental influence, and that selection
based on these traits would be ineffective. The high broad
sense heritability and low GAM of days to flowering, days to
maturity, and leaf length may be due to the presence of a non-
additive type of gene action [47].

High broad sense heritability alone does not always provide
a high prediction of genetic gain to ensure effective selection
for improvement; rather higher heritability coupled with a
higher estimate of GAM [21]. Consequently, high heritability
coupled with high GAM was observed in the case of grain filling
rate, panicle width, panicle length, head weight, grain yield,
and harvest index. This implies it could be very effective in
improving upon selection. Similar results have been reported
by [48].

Conclusion

The genotypes exhibited highly significant differences
for all traits, indicating the presence of variability for each of
the characters among the evaluated sorghum genotypes and
a good opportunity for the breeders to develop varieties of
interest through selection or hybridization. High H> coupled
with high GAM estimates was observed in the case of grain
filling rate, panicle width, panicle length, head weight, grain
yield, and harvest indicating that selection on phenotypic
expression for these traits would be effective. Generally, the
overall study revealed the presence of wide variability among
the 64 sorghum genotypes evaluated which can be exploited

to develop high-yielding varieties with desirable grain yield
and early maturity in the study area where moisture stress is a
critical problem for sorghum production. Based on the current
results, genotypes such as G50, G32, G58, G3, and G37 were
identified as having superior yield whereas G49, G47, G44,
G36, and G23 genotypes were identified for early maturing.
Therefore, the information generated from the current study
can be used in sorghum breeding strategy for developing high-
yielding and early maturing sorghum varieties.
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