RESEARCH ARTICLE AGROBIOLOGICAL RECORDS
ISSN: 2708-7182 (Print); ISSN: 2708-7190 (Online)
Open Access Journal

GENETIC VARIABLE ANALYSIS OF ELITE SORGHUM (SORGHUM BICOLAR (L)
MEONCH) GENOTYPES UNDER DRY LOWLAND AREA OF ETHIOPIA

Temesgen Begna

Ethiopian Institute of Agricultural Research, Chiro National Sorghum Research and Training Center,
P. O. Box 190, Chiro, Ethiopia

Correspondence: tembegna@gmail.com

ABSTRACT

A narrow genetic base and lack of potential drought-resistant sorghum genotypes are the major limiting
factors for sorghum yield improvement under moisture-stress conditions. Therefore, an experiment was
conducted to quantify the genetic variation available among sorghum genotypes for drought tolerance. A
total of 42 sorghum genotypes were evaluated using an alpha lattice experimental design with two
replications at Mieso and Kobo during the cropping season of 2019. The combined analyses of variance
revealed the presence of substantial genetic variation among sorghum genotypes for all the studied traits.
Among the traits with high genotypic coefficients of variation and heritability estimates, plant height, panicle
emergence, and panicle yield were linked with higher values of genetic advance as a percentage of the mean,
reflecting that the variability of these traits is controlled by additive gene action. High heritability and genetic
advancement as percentages of the mean were obtained for plant height (95.63 and 45.39%), 1000-seed
weight (77.98 and 23.86%), panicle exertion (74.87 and 51.88%), and panicle yield (65.43 and 37.32%). The
maximum grain yield was obtained from hybrids 4x14 (6.32tha™?), followed by hybrids 8x15 (5.92tha), 1x15
(5.88that), 13x14 (5.78tha') and 6x15 (5.57that), with an average value of 5.00tha™’ which was greater than
the mean value of the parents and the check (ESH-4). In general, this study revealed genetic variability in
sorghum genotypes for different traits under moisture stress conditions, providing an opportunity to select
several promising genotypes with key traits related to drought tolerance.
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1. INTRODUCTION

Sorghum [Sorghum bicolor (L.) Moench] is the fifth most significant cereal crop in the world after maize, rice,
wheat, and barley (FAOSTAT, 2020). Sorghum is a predominantly self-pollinated diploid species (Poehlman and
Sleper, 1995) with 2n = 2x = 20 chromosomes. It has a small genome relative to other cereal crops, which is about
730 Mbp (Paterson et al., 2009). Sorghum is a tropical C4 crop that belongs to the family Poaceae (Clayton and
Renvoize, 1986). It has a short growth period and is relatively drought tolerant, which makes sorghum a preferred
cereal in arid and semiarid regions (Funnell-Harris et al., 2013). The wider range of environmental adaptations of
grain sorghum has led to the evolution and existence of extensive genetic variation in drought tolerance (Meehl et
al., 2007). Ethiopia is the center of origin for sorghum where the distinct agro-ecological zones significantly
contributed to the genetic diversity of the crops. Ethiopia is considered as one of the centers of origin and diversity
of sorghum due to the presence of wild relatives and diversified forms of the crop in the country (De Wet and
Harlan, 1971).

Sorghum is a key food crop in several poor countries around the world and an important crop for reducing food
insecurity (Hossain et al., 2022). Furthermore, it is regarded as a vital staple grain crop for over 500 million people
in over thirty countries globally (ICRISAT, 2012) and can be used in various food products (Desire et al., 2021).
Global sorghum production in 2020 was 29.8 million metric tons with an average productivity of 1.5 tha™* (FAOSTAT,
2020). The United States, Nigeria, and Ethiopia are the leading sorghum-producing countries in the world with a total
production of 8.6, 6.7, and 5.2 million metric tons respectively (Statista, 2020). In Africa, sorghum is the second most
widely cultivated cereal crop, only surpassed by maize (FAOSTAT, 2019). Sorghum plays a crucial role in global
food security, serving as a vital food crop that feeds billions of people worldwide; mainly in dry and semi-arid regions
where moisture stress is an important impediment (Ejeta, 2005). Sorghum is a multipurpose crop, which is used for
food, feed, and fuel (Stamenkovi¢ et al., 2020).
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Despite its significance, the productivity and production of sorghum is highly limited by number of challenges
but drought at the grain-filling stage is the major production constraint. The growth and development of sorghum is
affected by drought stress, which ultimately results in a substantial reduction in grain yield (Abreha et al., 2022). For
instance, drought stress during the vegetative and reproductive stages reduced the sorghum yield by more than 36%
and 55%, respectively (Assefa et al., 2010). The primary constraint impeding sorghum production in Ethiopia is
drought, which results in significant yield losses each year. Particularly, the sorghum production in dry regions of
Ethiopia is low as compared to the developed countries due to using low yielding long maturing landraces, erratic,
insufficient, uneven distribution and sporadic rainfall (Amelework et al., 2016).

Drought is one of the most significant abiotic stresses that reduces plant growth and agricultural productivity
globally (Abreha et al., 2021). Drought stress reduces normal crop growth and development and limits production by
decreasing cell turgor, stomatal conductance and carbon assimilation (Prasad et al., 2019). To maximize crop yield
under changing climate, there is an increasing desire for crops that can withstand harsh weather conditions such as
drought. Extreme environmental conditions like drought, high temperatures, and other environmental conditions,
including plant diseases, are currently the major issues in agriculture (Nagy et al., 2023). A number of regions across
the globe have become economically unsustainable for agriculture production due to environmental difficulties and
the consequences of climate change (Candau et al., 2022; Datta et al., 2022). Drought stress impacts all stages of plant
development; meanwhile, seed germination, earlier seedling growth and reproductive phases are extremely
susceptible and critical (Prasad et al., 2019). Drought stress often causes a reduction in chlorophyll content of sorghum
plants and promote leaf senescence (Hou et al., 2021), which results in reduced grain yields (Djanaguiraman et al.,
2020).

Sorghum’s ability to withstand drought is a complex trait that depends on both genotype and environmental
factors. This characteristic exhibit variability across different genotypes owing to variations in morpho-
physiological traits, as reported by Borrell et al. (2006). The response of sorghum to drought stress may involve
various mechanisms such as morphological, physiological, and anatomical adaptations that aid in the maintenance
of optimal water balance and enable drought tolerance even at lower leaf water potential. The impact of drought
stress on photosynthesis functions and water relations in various plant species, including sorghum has been
extensively studied and documented (Derese et al., 2018). The mechanisms that enable sorghum to tolerate drought
conditions comprise various physiological adaptations such as leaf waxiness, leaf rolling, stomatal closure, stay-
green, root morphological adjustments, solute accumulation, and osmotic adjustment (Badigannavar et al., 2018)
and is therefore considered one of the most resilient crops to drought stress (Solomon et al., 2023).

The presence of large amounts of cultivated and wild sorghum relatives in Ethiopia is an indicator of substantial
genetic diversity (Ayana et al., 2000). The development of high yielding and stable varieties for the drought prone
area requires a continuous supply of new germplasm as a source of desirable genes. Drought tolerance is a complex
trait, controlled by many genes. In addition, various environmental factors affect drought severity, making sorghum
breeding for drought tolerance challenging (Abreha et al., 2022). Nevertheless, selecting drought-tolerant sorghum
genotypes is crucial for improving the production of sorghum through the application of effective breeding methods.
Selecting sorghum landraces that have drought tolerance-related traits such as stay-green and high chlorophyll content
is a crucial step in sorghum breeding programs. This is because improving such traits, which have moderate to high
heritability (Ochieng et al., 2021) could lead to an increased level of drought tolerance of the crop (Mutava et al.,
2011).

Therefore, sufficient sorghum genetic diversity is required for plant breeding programs to assist in the production
of new improved cultivars against various stresses and to increase yield (Abrams et al., 2007). Studying the variation
in heritable characteristics and biochemical composition of sorghum germplasm is very important for several reasons
(Ayana, 2001). Knowledge of the genetic diversity of genetic material is critical for crop improvement (Warburton
et al., 2008). Genetic diversity has paramount role in the improvement of crop species through offering adaptation
mechanisms to biotic and abiotic environmental stresses and enables change in the genetic composition to cope with
changes in the environment. Eventually, plant genetic diversity is playing a key role in the continuation of
agricultural development with significant improvement in different morphological and agronomical characteristics.
Selection for improvement highly depends on inherent levels of genetic diversity present at the time in the sorghum
species, rate of evolutionary response and adaptation to the environmental conditions (Begna, 2021). The level of
genetic diversity within a species is commonly used to measure the level of species adaptability and survival in
unpredictable environmental conditions (Govindaraj et al., 2015).

Similarly, the level of genetic variation within a population is the basis for germplasm selection in plant breeding
and is vital for crop improvement (Mohammadi and Prasanna, 2003). Genetic variability analysis of sorghum
genotypes for different agronomical and morphological characteristics is critical for providing an opportunity to select
a number of promising genotypes with key traits related to drought tolerance. Generally, sorghum genotypes
characterized by early flowering, early maturity, small numbers of leaves per plant, small leaf areas, erect leaf types,
large stem diameters, small numbers of productive tillers, high grain yields per unit area and short plant heights are
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most suitable for lowland areas with limited rainfall and short growing seasons (Begna, 2021). There were limited
number sorghum varieties developed and released in Ethiopia that can highly adapt drought stress and perform well
in moisture stress areas. Therefore, developing and using drought tolerant or resistant sorghum varieties is one of the
available solutions to cope with the effects of drought (Begna, 2022). Hence, the development of improved sorghum
varieties locally adapted to a particular environment is one solution to overcome the challenges of both local
adaptation and local farmers’ end use requirements. Therefore, the experiment was conducted to quantify the
magnitude of variation in the yield and yield-related characteristics of the genetic components of sorghum genotypes.

2. MATERIALS AND METHODS
2.1. Location of the Experiment

An experiment was conducted across two dry lowland sorghum-growing environments. These were Mieso and
Kobo, where sorghum is predominantly produced and drought is a major limiting factor for productivity. These
locations represent the eastern and northern sorghum-growing parts of the country. Mieso is located 302 kilometers
east of Addis Ababa, the capital city of Ethiopia in the Oromia regional state. Its elevation is 1470 meters above sea
level, and it is located at 8°30'N latitude and 39°21°E longitude and has average maximum and minimum
temperatures of 14.0°C and 30.01°C, respectively, with an average annual rainfall of 763 mm. The dominant soil type
is Vertisols, with a pH of 5.4 (Lemma, 2008). Kobo is located 437 kilometers from Addis Ababa, the capital city of
Ethiopia in the Amhara regional state. Its elevation is 1479 m.a.s.l. and is situated at 12°09'N latitude and 39°38'E
longitude. The average maximum and minimum temperatures are 15.32°C and 30.24°C, respectively, with an average
annual rainfall of 650 mm. The dominant soil type is Vertisols, with a pH of 5.8 (EIAR, 2014).

2.2. Genetic Materials
At both locations, the drought resistance of 42 sorghum genotypes was evaluated (Table 1). The genetic materials
were obtained from different countries around the world to determine their drought resistance.

2.3. Experimental Design and Trial Management

The experiment was conducted using an alpha lattice design at two locations, with two replications per location
during the main cropping season of 2019. Each genotype was planted on a plot with two rows 5m in length, and the
row and plant spacings were 0.75 and 0.20m, respectively, with a plot area of 7.5m2. The experiment included 7 plots
per block and 6 blocks per replicate. Three weeks after sowing, the plants were thinned to 0.20m between plants. All
the recommended management practices with the recommended fertilizer rates of 100kg ha* NPS were applied to the
basal zone at the planting time, whereas 50kg.ha* urea was applied in the form of split application, half of which was
applied together with NPS during planting, and the remaining top was dressed before heading at the knee stage. Weeds
were controlled manually, and pests were controlled using recommended chemicals.

2.4. Data Collection

The data were collected from both plots and plants via random sampling with the use of descriptors for sorghum
(IBPGR/ICRISAT, 1993). The important yield and yield component characteristics associated with drought resistance
were collected using standard procedures.

2.4.1. Days to flowering (DTF): The number of days from emergence until 50% of the plants in a plot flowered
halfway down the panicle.

2.4.2. Days to maturity (DTM): The number of days from emergence to the date when 95% of the plants matured
physiologically.

2.4.3. Plant height (PH in cm): The length of the plant from the ground to the panicle tip at physiological maturity.

2.4.4.  Number of leaves per plant: Total numbers of leaves were taken from 5 plants selected randomly on the
main plant in each plot.

2.4.5. Panicle exertion (PE in cm): The length between the final (the most top) nodes up to the base of the panicle.

2.4.6. Stay green score (1-5): The stay greenness score visually observed at physiological maturity was one for
high greenness and five for low greenness.

2.4.7. Grainyield (GY): The grain yield was obtained from the total harvest of the plot and then converted to ton
ha' after adjusting to the optimum seed moisture content.
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Table I: Description of the genotypes included in the experiment

Entry Genotypes Pedigree Source

I TX-623B TX-623B 2018 MW CAS #8B

2 P-9501B P-9501B 2018 MW CAS #9B

3 P-9505B P-9505B 2018 MW CAS #10B

4 P-9534B P-9534B 2018 MW CAS #14B

5 P-851015B P-851015B 2018 MW CAS #15B

6 P-850341B P-850341B 2018 MW CAS #17B

7 B5 B5 2018 MW CAS #21B

8 B6 B6 2018 MW CAS #22B

9 MARCIB MARCIB 2018 MW CAS #23B

10 MARC2B MARC2B 2018 MW CAS #24B

I MARC3B MARC3B 2018 MW CAS #25B

12 MARCé6B MARC6B 2018 MW CAS #28B

13 P9511B P9511B 2018 MW CAS #32B

14 Melkam Melkam 2018 BS Inc.

I5 ICSR-14 ICSR-14 2018 BS Inc.

16 ESH-4 ESH-4 2018 BS Inc.

17 TX-623A X ICSR-14 TX-623A X ICSR-14 2018 MW CAS #8A X 34R
18 P-9501A X ICSR-14 P-9501A X ICSR-14 2018 MW CAS #9A X 34R
19 P-9505A X ICSR-14 P-9505A X ICSR-14 2018 MW CAS #10A X 34R
20 P-9534A X ICSR-14 P-9534A X ICSR-14 2018 MW CAS #14A X 34R
21 P-851015A X ICSR -14 P-851015A X ICSR -14 2018 MW CAS #15A X 34R
22 P-850341A X ICSR-14 P-850341A X ICSR-14 2018 MW CAS #17A X 34R
23 A5 X ICSR-14 A5 X ICSR-14 2018 MW CAS #21A X 34R
24 A6 X ICSR-14 A6 X ICSR-14 2018 MW CAS #22A X 34R
25 MARCIA X ICSR-14 MARCIA X ICSR-14 2018 MW CAS #23A X 34R
26 MARC2A X ICSR-14 MARC2A X ICSR-14 2018 MW CAS #24A X 34R
27 MARC3A X ICSR-14 MARC3A X ICSR-14 2018 MW CAS #25A X 34R
28 MARC6A X ICSR-14 MARC6A X ICSR-14 2018 MW CAS #28A X 34R
29 P9511A X ICSR-14 P9511A X ICSR-14 2018 MW CAS #32A X 34R
30 TX-623A X Melkam TX-623A X Melkam 2018 MW CAS #8A X 33R
31 P-9501A X Melkam P-9501A X Melkam 2018 MW CAS #9A X 33R
32 P-9505A X Melkam P-9505A X Melkam 2018 MW CAS #10A X 33R
33 P-9534A X Melkam P-9534A X Melkam 2018 MW CAS #14A X 33R
34 P-851015A X Melkam P-851015A X Melkam 2018 MW CAS #15A X 33R
35 P-850341A X Melkam P-850341A X Melkam 2018 MW CAS #17A X 33R
36 A5 X Melkam A5 X Melkam 2018 MW CAS #21A X 33R
37 A6 X Melkam A6 X Melkam 2018 MW CAS #22A X 33R
38 MARCIA X Melkam MARCIA X Melkam 2018 MW CAS #23A X 33R
39 MARC2A X Melkam MARC2A X Melkam 2018 MW CAS #24A X 33R
40 MARC3A X Melkam MARC3A X Melkam 2018 MW CAS #25A X 33R
41 MARC6A X Melkam MARC6A X Melkam 2018 MW CAS #28A X 33R
42 P9511A X Melkam P9511A X Melkam 2018 MW CAS 32A X 33R

2.4.8. Panicle yield (PY in g): The weight of individual panicles was measured using one representative sample
per plot.

2.4.9. Panicle length (PL in cm): The average length of five randomly selected plants from the base of the panicle
to the tip.

2.4.10. Panicle width (PW in cm): The average length of five randomly selected plants at the middle of the panicle.

2.4.11. Total leaf area (LA in cm?): The area of the flag leaf was computed as (leaf length x leaf width x 0.69) as
suggested by (Krishnamurthy et al., 1974).

2.4.12. Thousand seed weight (TSW in g): The weight of 1000 grains sampled at 12.5% moisture content was
recorded in grams from a single plot.

2.5. Statistical Analysis
2.5.1. Analysis of Variances: Analysis of variance (ANOVA) for the alpha lattice design was performed using the
statistical software version 9.4 (SAS, 2018 version 9.4 T1M3) for both the specific and combined analyses across
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locations. Prior to combining the data from the different environments, Bartlett’s test for homogeneity of variance
was performed and checked by using the F test (the ratio of the largest mean square error to the smallest mean square
error was less than 3 or 4) according to Gomez and Gomez (1984), and the test indicated that the error means were
homogeneous for all traits and that the data were combined for further analyses. Mean comparisons among genotypes
were performed by the least significant difference (LSD) test at the 1% and 5% levels of significance. The model for
the alpha lattice design for combined Pijkz = p + gi + bk (j) (z) + 1j (2z) + 1z + (gl)iz + eijkz, where Pijkz is the
phenotypic value of the ith genotype under the jth replication at the zth location and the kth incomplete block within
replication j and location z; p is the grand mean; gi is the effect of the ith genotype; bk (j)(z) is the effect of incomplete
block k within replication j and location z; rj(z) is the effect of replication j within location z; Iz is the effect of location
z; (gl)iz is the interaction effect between genotype and location; and eijkz is the residual or effect of random error.

2.5.2.  Computation of Genetic Parameters: The phenotypic and genotypic variation was computed using the
following formula as suggested by Singh and Chaudhary (1979):

25.3. Genotypic Variance (6°g)
5% = (MSg - MSgl) )
rl , for more than two locations
Where MSg = mean square of genotype, MSgl = mean square due to genotype by environment interaction, | = number
of locations, and r = number of replications.

2.5.4.  Genotype-by-environment Interaction Variance (6°gl)
2] = (MSgl - MSe)

& r , Where MSgl = mean square due to genotype x environment interaction, and MSe = combined error
mean square = (5%).

2.5.5.  Phenotypic Variance (6°p)

8%p = 8g + (8%l/D + (8%¢/r), where 8%g = genotypic variance, d°gl = genotypic by environmental variance, 8% =
environmental variance, I= number of locations and r = number of replications.

The genotypic and phenotypic coefficients of variation (GCV and PCV) were computed according to the method
proposed by Burton and Devane (1953). A < 10% = low, 10% - 20% = moderate, and >20% = high.

2.5.6. Genotypic Coefficient of Variability (GCV)
- <Jng x 100)

X , where GCV=genotypic coefficient of variation, g = genotypic variance, and X= population mean
for the trait.

2.5.7.  Phenotypic Coefficient of Variability (PCV)
by = (M)

X , Wwhere PCV=phenotypic coefficient of variation o2p = phenotypic variation and X= population mean
for the trait.

2.5.8. Environmental Coefficients of Variation (ECVs)
(x/ﬁ x100
ECV=—F—

X > where &% = environmental variance

2.5.9. Genotype-by-environment Interaction Coefficient of Variation (GECV)
Jo%gl x 100)

GECV = — . . -
( X/, where 8%gl = genotypic x environment variance and X = population mean for the trait considered.

2.5.10. Broad Sense Heritability (H?): Broad-sense heritability was computed for each characteristic based on the
formula developed by Allard (1999).
W - <[02g] 2x 100)

o’p /, where H2 = broad-sense heritability, 62g = genotypic variance, and ¢?p =phenotypic. Heritability
percentage was categorized as low, medium or high as suggested by Robinson et al. (1956) as follows: < 50% = low
heritability, 50-70% = moderate heritability, and >70% = high.

2.5.11. Estimation of Genetic Advance: The genetic advance for each trait was calculated by using the formula
Allard (1960).
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GA = (kop * H?)
GAx 100

X ) where k = selection differential (k = 2.06 at 5% selection intensity), op =
phenotypic standard deviation, H? = heritability (broad sense), and X = grand mean.
Genetic advance as a percentage of the mean was classified as low, moderate or high (Johnson et al., 1955) as follows:
0-10% = low, 10-20% = moderate, 20% and above = high

GAM (as a percentage of the mean = (

3. RESULTS AND DISCUSSION
3.1. Analysis of VVariance for Yield and Yield-related Traits

Analyses of variance due to different sources of variations were computed as per the standard procedure of alpha-
lattice design for combining the two locations. The analyses of variance revealed significant differences (P<0.01)
among the genotypes for all the quantitative characteristics (Table 2). The presence of significant differences among
sorghum genotypes for the studied traits ensured that the presence of large genetic variation could be improved
through simple selection. This indicated the presence of considerable variation in the genetic materials for these traits,
and improvement of the genotypes with these traits is possible with simple selection. Plant breeding primarily depends
on the presence of substantial genetic variation to address the maximum genetic yield potential of crops and the
exploitation of this variation through effective selection for further improvement. Hence, the obtained results
encourage the availability of substantial genetic variation among sorghum genotypes for the studied traits.

Table 2: Combined analysis of variance of sorghum genotypes for yield and yield-related traits across locations at Mieso and
Kobo in 2018/2019

Traits MS.(DF=1) MSg(DF=41) MScL(=41) MSe(DF=72) Ccv R2

Days to flowering 1080.2 | *¥* 13.23* 5.51%* 2.62 2.29 091
Days to maturity 1494.05%* 15.10%*% 13.74%* 4.67 1.95 0.89
Plant height 14359.70%* 7615.51%* 332.80%** 70.47 4.43 0.98
Stay green 63.14%* 0.78%** 0.51ns 0.35 22.15 0.83
Panicle length 117.66%* 27.08%* 3.80ns 2.99 6.13 0.87
Panicle width 308.34** 3.86%* I.10% 0.65 9.85 0.92
Leaf area 439598.44** 5662.39** 3919.83 2812.38 16.84 0.8l
Panicle exertion 388.87** 31.36%* 7.47ns 5.31 28.33 0.85
Panicle yield 183467.16%* 2206.42+* 762.70%* 352.03 22.12 0.92
Grain yield 858491.96+* 5106.56** 1708.55%** 869.54 21.75 0.94
Hundred seed weight 7100.60°** 60.4** 13.25%* 6.02 9.37 0.96

Keywords: **, * and ns indicate highly significant (P < 0.01), significant (P < 0.05) and not significant, respectively; MSI = mean
square of location, MSc = mean square of genotype, MSgl = mean square of genotype by location, MSe = mean square of error,
DF = degree freedom, CV= coefficient of variation and R2 = R square

3.2. Mean Performance of Sorghum Genotypes for Yield and Yield-related Traits

Based on the mean performance, superior sorghum genotypes were identified for different traits, as indicated
in Table 3. Interestingly, the numbers 17 (6.32tha™), 8 (5.92tha?), 1 (5.88tha?), 26 (5.78tha*) and 6 (5.57tha™t)
were high yielder, whereas the numbers 34 (2.05that), 31 (2.13tha'), 32 (2.25tha!), 28 (2.34tha™!), and 33 (2.36tha"
1) were low yielder. Generally, among the tested genotypes, twenty-four genotypes had yields greater than the
average yield of the other genotypes (4.29tha?). The average yield performance of the genotypes ranged from 2.05
to 6.32 tha'. In addition to yield performance, considering growth and morphological parameters contributing to
yield performance as selection criteria in the development of drought-tolerant genotypes has been suggested
(Rosenow et al., 1983; Henzell et al., 1992). Days to flowering and maturity are among the most important
attributes that need to be considered when selecting genotypes for drought-affected areas.

In this study, the mean number of days to flowering ranged from 68 days in the early-flowered genotype (35) to
77 days in the late-flowered genotype (31). Similarly, the mean number of days to maturity ranged from 108 to 114
for the same group of genotypes. Both early and late maturation genotypes had the same duration of grain filling.
However, variation in grain yield and related yield components was detected among these genotypes, indicating that
the variation in the other attributes might be associated with factors other than the duration of grain filling. The top
yielder genotypes (17) required 69 days to flower and 108 days to mature, which was close to the average for
genotypes, 70 days for flowering and 111 days for maturity. This indicates that the yield potential is not necessarily
associated with crop phenology provided that genes for high yield potential are incorporated into the genotypes. The
global success in improving sorghum yield by deploying high-yielding early-maturing hybrids also supports this idea.

Similarly, the actual mean values of plant height and leaf area varied among the genotypes. The mean plant
height ranged from 107.50 cm to 271 cm, and the leaf area ranged from 220.36 cm? to 405.63 cm?. Breeding for
shorter plant heights was one of the major goals of the sorghum-breeding program for dry lowland areas where
drought adversely affects the plants that have prolonged vegetative growth and to make commercial genotypes
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suitable for mechanical harvesting. Among the various drought resistance-related traits, leaf area is very relevant
because it decreases leaf length and leaf width when drought becomes severe to limit water loss. Generally, sorghum
genotypes are characterized by early flowering and early maturity, small numbers of leaves per plant, small leaf
areas, erect leaf types (small leaf angles), large stem diameters, small numbers of productive tillers, small leaf areas,
high grain yields per unit area and short plant heights are most suitable for lowland areas with limited rainfall and
short growing seasons (Farshadfar et al., 2013).

Table 3: Estimation of the mean, range and other genetic parameters for yield and yield-related traits across locations at Mieso
and Kobo in 2018/2019

Range
Traits Mean Minimum Maximum olg (o2 02 o2gl
Days to flowering 70.69 67.75 77.00 1.93 3.31 2.62 1.45
Days to maturity 110.58 107.75 114.50 0.34 3.78 4.67 4.54
Plant height 189.38 107.50 271.00 1820.67 1903.88 70.47 131.17
Stay green 2.68 1.25 3.50 0.07 0.20 0.35 0.08
Panicle length 28.20 22.50 3345 5.82 6.77 2.99 0.41
Panicle width 8.23 6.05 10.10 0.69 0.96 0.65 0.23
Leaf area 314.92 220.36 405.68 435.64 1415.60 2812.38 553.73
Panicle exersion 8.13 0.50 14.40 5.60 748 5.31 1.08
Panicle yield 84.8I 39.45 126.30 360.93 551.61 352.03 205.34
Grain yield 4.29 2.05 6.32 849.50 1276.64 869.54 41951
Hundred seed weight 26.18 17.53 34.33 11.79 15.12 6.02 3.62

Key. (32p) = phenotypic variance, (52g) = genotypic variance, (82e) = environmental variance, (32gl) = genotype by environmental
variance.

3.3. Estimation of Coefficients of Variation

The estimated magnitudes of genotypic and phenotypic coefficients of variation for the measured characteristics
are presented in Table 4. The amount of genotypic variation available in a crop species is essential for initiating a
breeding program. The estimated phenotypic coefficient of variation for all studied traits ranged from 1.76 for days
to maturity to 33.64 for panicle exertion, whereas the genotypic coefficient of variation values ranged from 0.52 for
days to maturity to 29.11 for panicle exertion. High values were obtained for both the PCV and GCV for plant height,
panicle e exertion and panicle yield, and medium values were obtained for panicle width and thousand seed weight,
whereas low values were recorded for days to flowering, days to maturity, panicle length and grain yield. The lower
PCV and GCV suggested that the traits are susceptible to high environmental influences; hence, there is less
opportunity for improvement of these traits through simple selection of the tested genotypes. For traits such as plant
height, panicle length, panicle width, panicle exertion, panicle yield and 1000-seed weight, the genotypic variance
was greater than the error variance, which indicated that genetic variance is more important and that it is possible to
improve these traits through selection.

Table 4: Estimation of genetic parameters for major morphological traits across locations at Mieso and Kobo in 2018/2019

Traits GCV PCV ECV GECV H2 GA GAM (%)
Days to flowering 1.97 2.57 2.29 1.71 58.31 218.54 3.09
Days to maturity 0.52 1.76 1.95 1.93 8.99 36.00 0.33
Plant height 22.53 23.04 443 6.05 95.63 8595.70 45.39
Stay green 9.87 16.69 22.07 10.55 35.00 32.24 12.03
Panicle length 8.55 9.20 6.13 227 85.97 460.80 16.34
Panicle width 10.10 11.90 9.80 5.83 71.88 145.08 17.63
Leaf area 6.63 11.95 16.84 747 30.77 2384.87 7.57
Panicle exersion 29.11 33.64 28.34 12.78 74.87 421.82 51.88
Panicle yield 22.4 27.69 22.12 16.90 65.43 3165.63 37.32
Grain yield 6.79 833 6.87 4.77 66.54 4897.61 11.42
Hundred seed weight 13.12 14.85 9.37 727 77.98 624.64 23.86

GCV = genotypic coefficients of variation, PCV = phenotypic coefficients of variation, ECV = environmental coefficients of
variation, GECV = genotypic by environmental coefficients of variation, H2 = heritability, GA = genetic advance and GAM (%) =
genetic advance as a percentage of the mean.

The medium to high PCV and GCV values indicated that the variation observed among genotypes for these traits
was more due to genetic differences rather than environmental influences. This indicates that simple selection may
be effective and that phenotypic expression of these genes is a good indication of genetic potential, as different
genotypes can provide materials for a sound improvement program. The higher estimate of PCV than of the
corresponding GCV indicated the relative effects of the environment (to some degree) on the expression of the traits.
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The genotype by environmental coefficient of variation (GECV) ranged from 1.71 for days to 50% flowering to 16.90
for panicle yield. The highest GECVs were recorded for panicle yield per plant (16.90), panicle exertion (12.78) and
stay green (10.55). The environmental coefficients of variation (ECVSs) and genotype by environmental coefficients
of variation (GECVSs) were greater than the genotypic coefficients of variation (GCVs) for days to maturity, stay
green and leaf area.

This indicated that the phenotypic expression of these traits, rather than their genetic makeup, is highly influenced
by environmental conditions. Hence, improving these traits of interest based on a stability test would be effective
because selection for such traits should be environmentally specific. However, days to flowering, plant height (cm),
panicle length (cm), panicle width (cm), panicle exertion (cm), grain yield per hectare and 1000-seed weight (g)
revealed greater genotypic coefficients of variation (GCVs) than genotypic by environment coefficients of variation
(GECVs) and environmental coefficients of variation (ECVs). However, the high GCV recorded alone is not sufficient
for the determination of the extent of genetic advance to be expected by selection.

3.4. Estimation of Broad-sense Heritability and Genetic Advance

The broad sense heritability (H?) values ranged from 8.99% for days to maturity to 95.63% for plant height,
whereas the genetic advance as percent of mean (GAM) values ranged from 0.33% for days to maturity to 51.88%
for panicle emergence (Table 4). The heritability values were high for plant height (95.63%), panicle length (85.97%),
1000 seed weight (77.98%), panicle exertion (74.87%), panicle width (71.88%), grain yield per hectare (66.54%) and
panicle yield per plant (65.43%), whereas days to 50% flowering (58.31%), stay green (35.00%) and leaf area
(30.77%) exhibited moderate heritability. These results indicated that genetic make-up played a major role in the
expression of these traits, and the close correspondence between the genotypic and phenotypic traits was ultimately
due to less environmental influence on the phenotypic expression of these traits, which is good for crop improvement
through simple selection.

Therefore, breeders could select promising genotypes based on the phenotypic expression of these traits. A
similar finding was reported by Abraha et al. (2015) on the high heritability recorded for yield and yield-related
characteristics. The lowest heritability was observed for days to maturity (8.99%), indicating that this trait does not
respond to phenotypic selection. Thus, in the present study, high mean GA% values were recorded for panicle exertion
(51.88%), plant height (45.39%), panicle yield per plant (37.32%) and 1000-seed weight (23.86%), and moderate
mean GA% values were recorded for panicle width (17.63%), panicle length (16.34%), stay green (12.03%) and grain
yield per hectare (11.42%), whereas low mean GA% values were recorded for days to maturity (0.33%), days to
flowering (3.09%) and leaf area (7.57%).

A high magnitude of heritability coupled with high genetic advance as a percentage of the mean was obtained
for plant height (95.63 and 45.39%), 1000 seed weight (77.98 and 23.86%), panicle exertion (74.87 and 51.88%), and
panicle yield (65.43 and 37.32%), whereas high heritability coupled with moderate genetic advance as a percentage
of the mean was obtained for panicle length (85.97 and 16.34%) and grain yield (66.54 and 11.42%) in the same
order. Moderate heritability with moderate genetic advancement as a percentage of the mean was also observed for
the stay green trait. These results indicated that plant height, 1000-seed weight, panicle exertion and panicle yield are
controlled by additive gene action. Similar findings were reported by Sharma (2006) and Ranjith et al. (2017) on high
heritability coupled with high to moderate genetic advance as a percentage of the mean for 1000-seed weight and
plant height, respectively. A moderate magnitude of heritability, along with a low genetic advance as a percentage of
the mean, was obtained for days to 50% flowering and leaf area. The studied traits were controlled by nonadditive
gene effects, and heterosis breeding can be successfully exploited to improve these characteristics.

4. CONCLUSION

Among abiotic factors, drought is the primary cause of crop yield loss, and it is a major problem in Ethiopia,
leading to food shortages. However, sorghum is a relatively drought-tolerant crop, but drought is still the major
constraint for its production. Therefore, knowledge of the genetic variability of drought-related traits is the key
component in selecting genotypes that withstand drought for future breeding programs. This study identified the
presence of variation among genotypes with respect to drought-related traits. The considerable variation in the genetic
materials implied the possibility of improving the genotypes with simple selection for the studied traits. The highest
mean grain yield was obtained from the genotype 4x14 (6.32tha*), followed by the genotypes 8x15 (5.92tha™?), 1x15
(5.88that), 13x14 (5.78tha) and 6x15 (5.57tha™).

The estimated phenotypic coefficient of variation for all studied traits ranged from 1.76 for days to maturity to
33.64 for panicle exertion, whereas the genotypic coefficient of variation values ranged from 0.52 for days to maturity
to 29.11 for panicle exertion, whereas high heritability with high genetic advance as a percentage of the mean was
obtained for plant height (95.63 and 45.39%), 1000 seed weight (77.98 and 23.86%), panicle exertion (74.87 and
51.88%), and panicle yield (65.43 and 37.32%). This indicated that different genetic variability parameters, namely,
the genotypic coefficient of variability, phenotypic coefficient of variability, heritability and genetic advance for
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yield-attributing traits, are major concerns for crop improvement programs. High heritability and high genetic advance
for plant height, 1000-seed weight, panicle exertion and panicle yield traits indicate that these traits are governed by
additive gene action and, therefore, provide the most effective conditions for selection.

Generally, the present investigation showed the existence of genetic variation among genotypes with respect to
the traits considered, indicating an opportunity to improve sorghum yield through simple selection. The high
magnitude of the genotypic coefficient of variation and genetic advancement indicated the existence of a broad genetic
base that facilitates improvement through selection. The magnitude of heritability was high for most quantitative
traits, which implied a high contribution of genotype to the phenotype, and substantial improvement can be made
using standard selection procedures. Therefore, sorghum genotypes could be improved through simple selection and
heterosis breeding involving the crossing of different genotypes. The most promising and potential genetic materials
were identified based on mean yield performance, genotypic coefficient of variation, heritability and genetic
advancement. Hence, traits that had high heritability coupled with high genotypic coefficients of variation in the
present study can be improved by conventional breeding through selection breeding. In conclusion, the genotypic
coefficients of variation, along with heritability estimates, provide a reliable estimate of the amount of genetic advance
to be expected through phenotypic selection. The genotypes 4x14, 4x15, 8x14, 8x15, 11x14 and 11x15 were found
to be the most promising potential genetic materials and could be exploited after critical evaluation for their
superiority and yield stability across locations over several years.
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