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Abstract

The presences of genetic variation in the germplasm provide a better opportunity for trait enhancement through
selection. The study aimed to assess the extent of genetic variability, heritability, and genetic advance for sixteen
agro-morphological traits and to identify promising genotypes for future sugarcane breeding programs. A total of
187 sugarcane genotypes were evaluated at Kessem and Metahara Sugar Estates in Ethiopia, using an alpha-
lattice design with two replications. The analysis of variance (ANOVA) revealed highly significant variation
(p<0.001) among the genotypes for all measured traits, indicating that the genotypes are genetically diverse.The
estimates of genetic variability, heritability, and genetic advance indicated the presence of notable genetic
diversity in sugarcane genotypes and the extent of selection response for these traits in the population to develop
superior genotypes for sugarcane improvement. Several traits had high to moderately high broad-sense heritability
(h?%;) and moderate genetic advance as a percent of mean (GAM): number of sprouted buds (h?; = 63.55; GAM =
19.00), number of tillers (h?; = 75.80; GAM = 14.55), cane yield (h%; = 52.66; GAM = 13.04), millable cane count
(h% =70.15; GAM = 12.09), internode length (h?; = 72.73; GAM = 10.86), single cane weight (h%; = 66.67; GAM
= 11.73), and estimable recoverable sugar % (h%; = 84.51; GAM = 10.11). These results indicate that these traits
are influenced by additive gene, and selection based on these traits could effectively achieve the desired genetic
improvements. The sugarcane genotypes with the highest sugar yields are B630-5, B58230, B57150, FG06787,
FG08533, FG05414, 26-Woniji, C132/81, and B516-60. Thus, these genotypes require additional multi-location
and multi-season testing to verify their stability, and suitability for breeding and commercial release at the
Metahara and Kessem sugar estates in Ethiopia.
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INTRODUCTION

Modern sugarcane (Saccharum spp.) cultivars have
been emerged from the interspecific hybridization
of the wild species Saccharum spontaneum and the
cultivated species Saccharum officinarum. This
process, which began in the early 1900s (D'Hont et
al. 1996; Cuadrado et al. 2004, and Lu et al. 2024),
initially  involved  backcrossing the  first
interspecific hybrids with S. officinarum using the
"nobilization" technique. This technique was aimed
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to enhance the desirable high sugar-producing
characteristics of S. officinarum while mitigating
the negative traits associated with S. spontaneum
(Sreenivasan and Ahloowalia, 1987). This process
improved cane yields, ratooning capacity, and
resistance to biotic and abiotic stressors (Anna et al.
2015, and Govindaraj et al. 2014).

Sugarcane is geographically distributed and
cultivated in tropical and subtropical climate
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regions (Flack-Prain et al. 2021; Cordeiro et al.
2007), and it plays a pivotal role in the global
economy (Ali et al. 2024). It ranks third among the
plant-based  calorie  sources for  human
consumption, following wheat and rice (Rathna et
al. 2019). Moreover, sustainable sugarcane
cultivation can promote ecosystem health (Filoso et
al. 2015). Its high yield per area makes it an
efficient crop for land use, eco-friendly farming
practices can enhance soil fertility and reduce
erosion (Tabriz et al. 2021; Adeel and Jadhav,
2025). In Ethiopia, sugarcane was utilized as a food
source for humans and as fodder for livestock
before the establishment of commercial sugar
production (Tena et al. 2016; Coote, 1987).

Commercial sugar production in Ethiopia
commenced in 1951 after a concession agreement
between the Ethiopian Empire and the Dutch
company Handels Vereeniging Amsterdam, which
led to the establishment of a sugar estate at Wonji
(Kassie, 2022). This initiative began with the
development of a 5,000-hectare sugarcane
plantation, laying the foundation for the country’s
modern sugar industry. In 1962, a second sugar
factory was commissioned at Wonji Shoa,
supported by an additional 2,000 ha sugarcane
plantation (Mohammed, 1969; Kebede et al. 2011).
Subsequent expansions included >10,000 ha at
Metahara (1969) and >8,000 ha at Finchaa (1998)
(Tafesse & Haile-Michael, 1970). In 2009, the Arjo
Diddessa Sugar Factory manages over 16,000 ha.
Omo-Kuraz Il and 111 exceed 40,000 ha, at present,
Kesem Sugar Factory (20,000 ha) is suspended
because of the earthquake (Lewi et al. 2025). Tana
Beles Sugar Factory covers 20,000 ha, and Welkait
Sugar Factory planned~20,000 ha close due to war
(Zikargie et al. 2022). Generally, Ethiopia
cultivates 105,000 ha of sugarcane and produces
400,000 tons of sugar annually (Tena et al., 2023).

In Ethiopia, the average annual sugar consumption
has increased from 3.6 kg to 10 kg per person.
However, only 7 kilograms are produced locally per
person; therefore, the remaining amount of sugar
must be imported from abroad to satisfy national
demand (Hamza et al. 2017). The sugar industry in
Ethiopia is currently facing several challenges,
among which declining cane yield represents a
major challenge. A major factor contributing to this
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issue is the lack of improved sugarcane varieties
that are better suited to the various agro-ecologies
and growing conditions of the country's sugar
plantations (Kebede et al. 2011). Evidence from
major sugar estates indicates a substantial reduction
in cane yield per hectare over time. Between the
1998 and 2019 harvesting seasons, productivity at
Finchaa Sugar Estate declined from 166 to 84 t ha™,
at Wonji from 140 to 101 t ha™', and at Metahara
from 165 to 157 t ha™' (Tolera et al. 2023).
Therefore, improving sugarcane productivity
through the development of high-yielding varieties
is essential for mitigating sugar shortages by
maximizing sugarcane yield per unit area.

Sugarcane vyield is a complex quantitative trait
governed by multiple genes and strongly influenced
by both genetic and environmental factors (Hoarau
et al. 2022). Because vyield represents the
cumulative expression of several yield-related traits
and generally exhibits low heritability, direct
selection for high yield alone may be inefficient for
genetic improvement (Singh, 2000). In contrast,
yield-contributing traits in sugarcane typically
display simpler inheritance and less affected by
environmental variation; therefore, selection based
on these component traits can be more effective
(Gatti et al. 2005). Thus, improvement in sugarcane
yield can be achieved through indirect selection for
traits with high heritability and strong associations
with cane and sugar yield (Jackson, 2005).

Assessment of genetic variability, broad-sense
heritability (h%s), and genetic advance as a percent
of mean (GAM) provides a reliable basis to
determine the extent of exploitable genetic diversity
in populations, which is crucial for effective
breeding, crop enhancement, and selecting superior
genotypes (Sandhu et al. 2022, Xu et al. 2023). An
estimate of phenotypic and genotypic coefficients
of variation (PCV and GCV) also helps to identify
genetically diverse parents for hybridization,
thereby maximizing variability in successive
generations (Ram et al. 1990; Singh and Singh,
1999). Breeding success depends on the magnitude
of genetic variability, as greater variation increases
the possibility of selecting superior genotypes
(Cobb et al. 2013). Selection efficiency is primarily
determined by heritability and expected genetic
advance, while sustained genetic variability
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supports long-term genetic improvement (Fasoula
and Fasoula, 2002).

Previous studies have reported promising outcomes
where  broad-sense  heritability is  high,
accompanied by  considerable  genotypic
coefficients of variation and high estimates of
genetic advance expressed as a percentage of the
mean (Tolera et al. 2023). Such conditions indicate
that selection for traits such as millable cane
number and single-cane weight can lead to
significant improvements in cane yield (Jamoza et
al. 2014; Gilles et al., 2022). For effective single-
trait selection, genotypes should be prioritized
based on traits exhibiting moderate to high
heritability coupled with considerable genetic
advance (Gallais, 1984; Yin et al. 1996; Merrick et
al. 2022).

The heritability of various agro-morphological
traits in sugarcane has been extensively quantified
in previous studies. For example, Tena et al. (2023);
Tolera et al. (2023) estimated heritability coupled
with genetic advance expressed as a percent of
mean using 400, and 196 sugarcane genotypes,
respectively, originating from diverse geographic
regions. Morphological markers, as simple and
direct indicators of phenotypic expression,
facilitate rapid and cost-effective assessment of
genetic diversity and thereby support large-scale
screening and selection in breeding programs
(Kumar et al. 2024).

The present study examined 187 sugarcane
genotypes introduced from various countries,
including 102 newly imported hybrid seeds (Fuzz)
from Barbados, 39 genotypes from CIRAD, 12
local landraces, and 34 older collections of
uncharacterized genotypes. The main objective of
this study was to estimate the phenotypic
variability, heritability, and genetic advance as a
percentage of the mean for various agro-
morphological quantitative traits for effectively
selecting sugarcane varieties for commercial
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purposes and identifying potential
genotypes for future breeding programs.

Sugarcane

MATERIALS AND METHODS
Experimental Sites

The experiments were conducted during 2021-2022
cropping season at the Kessem and Metahara Sugar
Estates of Ethiopian. Kessem Sugar Estate is
located in Awash Fentale and Dullecha districts,
zone three of the Afar Regional Government State,
250 km from Addis Ababa and 52 km from
Metahara town. Its latitude and longitude are 90 26
‘N and 400 30 'E, respectively, at an elevation of
700-150 masl. The maximum and minimum
temperatures are 38 °C and 15 °C, respectively, and
the average annual rainfall is 569 mm. Metahara
Sugar Estate is located 8 km south of Metehara
Town, in the Eastern Shewa Zone of the Oromia
Regional Government State, 200 km from Addis
Ababa. Its latitude and longitude are 8° 51'N and
39° 52'E, respectively, and its elevation is 950 masl.
The maximum and minimum temperatures are
32.6°C and 17.5°C, respectively, and the average
annual rainfall is 554 mm (Ambachew, 2005).

Experimental Materials

The study involved 187 sugarcane genotypes, of
which 175 were introduced genotypes from many
countries, including F1 hybrid genotypes derived
from true botanical seed (fuzz), 12 genotypes were
local landraces. The experimental materials were
selected through random sampling techniques from
the existing germplasm pool, taking into account
their year of introduction, countries of origin, and
seed types. All the experimental materials were
sourced from the germplasm collections at the
conservation garden of the Ethiopian Sugar
Industry Group Research Centre. The commercial
standard varieties NCo-334 and B52-298 were used
as controls. Comprehensive details about
genotypes, including their origins of country and
years of introduction, are presented in the Table 1.
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Table 1. List of 187 sugarcane genotypes based on country of origin and year of introduction grown
at the Metahara and Kessem Sugar Estate in Ethiopia during 2021/22 cropping season.

Name of the genotypes

Number of
genotypes

Country of
origin

Year of
introduction

FG03104, FG05088, FG05221, FG05404, FG05405, FG06-87,FG06790,
FGO07320, FG03447, FG05045, FG05-256, FG05-387, FG05414,
FG06680, FG07004, FG07252, FG04356, FG05300, FG05360,
FGO05450, FG04333, FG06787, FG07210, FG03097, FG08109,
FGO07018, FG08971, FG08755, FG08758, FG07188, FG06544,
FG06691, FG07338, FG08096, FG08177, FG08355, FG08533,
FG08747, FG08-763

39

France

2014

5-Yhabesha shenkora, 8-Kay Shenkora, 13-Kay Shenkora, 19-BUS, 26-
Wonji, 3-Kay Shenkora, 42-kay Ageda Shenkora, 46-Wotete, 92-YE
Bako Shenkora, 158-Ancha, 183-Alaa, 189 Erero

12

Ethiopia

2011

B153-5, B154-1, B358-1, B358-2, B489-5, B489-6, B491-2, B491-12,
B491-13, B498-4, B498-5, B498-14, B516-1, B516-10, B516-11, B516-
20, B516-21, B516-31, B516-40, B516-41, B516-50, B516-51, B516-60,
B516-61, B517-6, B517-15, B517-16, B517-25, B517-26, B517-35,
B517-36, B517-45, B517-46, B519-5, B519-6, B519-16, B527-5, B527-
6, B527-15, B527-16, B528-5, B528-15, B528-16, B528-26, B528-5,
B528-6, B528-15, B528-16, B546-5, B546-6, B546-15, B546-16, B549-
5, B549-6, B549-15, B549-25, B552-16, B552-25, B556-5, B556-6,
B556-15, B556-16, B558-15, B558-16, B563-6, B563-15, B563-16,
B563-25, B56326, B564-5, B564-6, B566-5, B566-6, B566-15, B566-16,
B566-26, B568-5, B568-6, B572-5, B572-15, B572-16, B594-5, B628-5,
B630-5, B635-5, B635-6B651-5, B658-15, B658-16, B658-25, B644-5,
B644-6, B644-15, B644-16, B688-5, B688-6,B690-6, B691-5, B691-6,
B694-5, B694-6, B694-15

102

Barbados

2011

B52-298, B53164, B60-267, B49224, B41227, B59212, B52290,
B49388, B52158, B4425, B58230, B50210, B60191, B52313, B51410,
B5490, B4906, B39250, B4681, B522107,B5116, B5736, B57371,
B51131, B57150

25

Barbados

1962

NCO-334, N 14

South Africa

1968

CP961029

USA

NA

C132/81

Cuba

NA

Co680

India

NA

Mex54/245

Mexico

NA

MPT96261, MPT97004, MPT981832

(I =Y =N E=N] N

Philippines

NA

Experimental Design

The experiments were arranged in an alpha lattice
design with two replications across 11 blocks, each
block comprising 17 plots. Each plot constituted an
area of 21.75 m2. The planting materials, which
come from seven-month-old canes, are cut into
two-budded sets and planted in an end-to-end
arrangement within three furrows, each plot
measuring 5 m in length and 1.45 m in width. The
plots were spaced 1.45 m apart, with 2 m between
blocks and 3 m between replications. All ftrial
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entries were managed according to the standard
crop management practices of the respective sugar
estates. Urea was applied two months after planting
at rates of 400 kg/ha at Metehara Sugar Estate
(Tena et al., 2018) and 200 kg/ha at Kessem Sugar
Estate (Ayele et al., 2023).

Data Collection

Agro-morphological traits were assessed according
to USDA-ARS descriptor protocols (GRIN, 2004).
Sixteen quantitative traits were recorded at different
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growth stages. The number of sprouted buds (NSB)
was counted 45 days after primary shoot
emergence. Tiller counts were recorded at three
(TC3MAP) and five (TC5MAP) months after
planting, while hand-refractometer Brix (HR-
Brix7MAP) was measured at seven months after
planting. At harvest, data were collected on the

number of millable cane (MC), single-cane weight
(kg), number of internodes per stalk, internode
length (cm), stalk diameter (cm), and stalk length
(m). Stalk diameter was measured using a vernier
caliper and stalk length using a tape measure. Cane
yield per hectare (CYPH) was calculated as
follows:

Cane yield t/ha = Number of millable cane per hectare x single-cane weight (kg) @

Juice quality traits, including Brix%, pol%,
purity%, and ERS%, were evaluated from
composite juice samples collected 21 months after
planting at the Metahara and Kessem Research
Stations. Juice was extracted from ten randomly
selected stalks per genotype using a Jeffco cane
crusher. Brix% was determined as total soluble
solids using a precision refractometer calibrated at
20°C following the method of Meade and Chen

(1977). Filtered composite juice samples
(Whatman No. 91 filter paper with Kieselguhr)
were used for Brix determination. Pol% was
measured using Horne’s dry lead acetate method, in
which a 300 mL juice sample treated with lead
acetate (1 g per 100 mL) was filtered and polarized
at 20°C. Purity% was calculated as the ratio of pol%
to Brix%, while ERS% was estimated using the
Winter—Carp formula (Sukhchain et al., 1997):

ERS% of cane = [Pol% — (Brix% — Pol %) x 0.7] x 0.75 (2)

Where 0.75 represents the correction factor
between theoretical yields of molasses mixed juice
as established by milling test at Metahara and
Kessem sugar factories, and 0.7 designates the
quantity of sucrose lost in the final processing.

Finally, sugar yield per hectare was calculated by
multiplying cane yield per hectare by the estimated
recoverable sucrose percentage, following the
method described by Tesfa and Ayele (2018).

SY (t/ha) = Cane yield (t/ha) x ERS% of cane 3

STATISTICAL ANALYSIS

Analysis of Variance (ANOVA)

Data were screened to verify compliance with
ANOVA assumptions for each gquantitative trait
across locations. Homogeneity of error variances
among locations was tested using Bartlett’s test,
and normality was evaluated using the Shapiro -
Wilk test. For combined analysis, variance
homogeneity was further evaluated using Hartley’s
F-max test by comparing the largest and smallest
mean square errors (MSE) from individual-location

analyses. Error variances were considered
homogeneous when the MSE ratio was < 3. Upon
satisfying these assumptions, combined ANOVA
across locations was performed using PROC GLM
in SAS version 9.4 under a linear model, treating
locations as random. Mean squares for blocks,
replications, genotype X location interaction, and
residuals were appropriately pooled. Genotype
effects were tested against the genotype x location
interaction mean square, and interaction effects
against the residual mean square. The statistical
model used for the analysis of variance (ANOVA)
in an alpha lattice design is as follows:

Yijkm = p + i + Aj+ (t)ij + pk(j) + pm(jk) + eijkm (@)
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Where; Yijkm: The phenotypic observation of the
i-th genotype, in the m-th incomplete block, of the
k-th replication, at the j-th location. p: The overall
population mean. ti (or gi): The random effect of
the i-th genotype (i=1,2,...,187). Aj: The random
effect of the j-th location (j=1,2 [Kessem and
Metaharal]). (tA)ij: The random interaction effect of
the i-th genotype and the j-th location (GxL). pk(j):
The random effect of the k-th replication nested
within the j-th location (k=1,2). The (j) in the
subscript mathematically denotes this nesting.
Bm(jk): The random effect of the m-th incomplete
block nested within the k-th replication at the j-th
location. The (jk) demonstrates it is nested inside
both layers. eijkm: The residual of intra-block
experimental error.

o’p= 6%g +(c"2 gl)/1+(c"2 e)/1l
o’g= (MSg - MSgl)/r
[ o) ~2gl= (MSgl - MSe)/r

o’e=MSe s

Where; o2p is phenotypic variance; 62g refers to
genotypic variance; c2gl is genotype by location
interaction variance; o2e is environmental
variance; MSg is the mean square for genotype;
MSgl is the mean square for genotype by location
interaction; MSe is the mean square for error; | is
the number of locations; g denotes the number of
genotypes; and r indicates the number of

Estimation of variance components

Variability among 187 sugarcane genotypes was
estimated using rang, and an average values, as well
as phenotypic (82p), genotypic (82g), genotype X
location (082gl), and error (62e¢) variances. The
results of the variance component were used to
compute the phenotypic and genotypic coefficient
of variation as well as heritability in a broad-sense
(h2b), and genetic advance as a percent of mean.
The phenotypic, genotypic, genotype X location
interaction and error variances were estimated
following the method described by Falconer and
Mackay (1996) using the following formulas:

®)

(6)
(")

(8)

Estimation of Genotypic
coefficient of variation

The genotypic coefficient of variation (GCV) and
phenotypic coefficient of variation (PCV), were
calculated using the formula described by Singh
and Chaudhury (1985). The estimations of
variations were classified as low when values were
less than 10%, medium when values were between

and phenotypic

replications. 10 and 20%, and high when values were greater
than 20% (Allard, 1960).
Phenotypic coefficient of Variation: PCV (%)= V(c”2 p)/X * 100 9)

Genotypic Coefficient of Variation: GCV (%)= V(62 g)/X * 100

Where x represents the trait mean, o2p is the
phenotypic variance, 62g is the genotypic variance,
and o2e is the environmental variance. PCV and
GCV are the phenotypic and genotypic coefficients
of variation, respectively.

Estimation of Heritability
Broad-sense heritability (h2b) is estimated as the
ratio of genotypic variance to phenotypic variance
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(10)

and expressed as a percentage, following the
procedure described by Falconer (1989).
Heritability estimates were classified according to
the criteria proposed by Allard (1960) as low (0-
30%), moderate (30-60%), and high (>60%). The
broad-sense heritability was calculated using the
following formula:

Gezahagn et al., JSD, 14(1) 2026



Journal of Science and Development, JSD Vol. 14 No. 1

2026

h2b=(c?g)/(c? g+ (o2 gl)/1 + (c? €)/rl)x 100

Where; h?b is heritability in a broad sense; 6%g is
genotypic variance; 6°gl is the genotype by location
interaction variance; | is the number of locations; r
is the number of replications; and oc% is
environmental variance.

Estimation of Genetic Advance

The expected genetic advance (GA) for each trait at
5% selection intensity (k = 2.06) was estimated
following the method of Allard (1960). Genetic
advance as a percentage of the mean (GAM) was
calculated to compare predicted selection responses

GA = kx(\(6? p) (6% / 6%p) = kx (\N(62 p) X h?b =k x 6% h%b

The genetic advance as a percent of mean (GAM)
is calculated using the following formula:

GAM= GA/X * 100

Where GA = is the genetic advance; K = is the
standardized selection differential at 5% selection
intensity (k = 2.06); Vo?p is the square root of
phenotypic variance; h?b is heritability in a broad
sense; GAM is the genetic advance as a percent of
mean; and X is the mean of the population in which
selection is employed.

RESULTS AND DISCUSSIONS

Analysis of Variance (ANOVA)

The combined analysis of variance (ANOVA) is
presented in Table 2. The studied genotypes
showed very highly significant (P < 0.001)
variation for all measured traits. This indicated that
the existence of genetic variation among the tested
sugarcane genotypes. This marked variability
suggests excellent opportunities for further genetic
enhancement through selective breeding. These
findings align with previous reports of significant
variation among sugarcane genotypes by Tesfa et
al. (2024), Todd et al. (2016), and Tolera et al.
(2024).

Similarly, most traits, including NSB TC3MAP,
TC5MAP, HR-Brix1OMAP, IN. IL, SL, NMC,
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(11)

among traits using the formula of Comstock and
Robinson (1952). According to Johnson et al.
(1955), GAM values are classified as low (0-10%),
moderate (10-20%), and high (>20%). GA was also
expressed as a proportion of the overall mean to
facilitate comparison of traits for potential
improvement through selection, following Johnson
et al. (1955). The genetic advance (GA) is
calculated as:

(12)

(13)

SCW, SD, CYPH, Brix%, pol%, purity%, ERS%,
and SYPH, showed highly significant (P < 0.001)
location effects. Of the 16 traits evaluated, 15 were
significantly influenced by location, indicating
substantial environmental differences between the
two locations, likely due to variations in soil and
climatic conditions. These results highlight the
importance of multi-location testing for identifying
stable and high-performing genotypes (Khan et al.,
2004; Chang, 1996). Similar findings were reported
by Ftwi et al. (2017) and Tena et al. (2016).

The genotype x location (GxL) interaction was
highly significant (P < 0.001) for all measured traits
except stalk length (SL). Significant GXL effects
were observed for NSB, TC3MAP, TC5MAP, HR-
Brix7MAP, IN, IL, NMC, SCW, SD, CYPH,
Brix%, pol%, purity%, ERS, and SYPH. These
results indicate that genotype performance varied
across locations, reflecting differences in
environmental responses. Such interactions hinder
the identification of consistently superior
genotypes, highlighting the importance of multi-
location testing to identify stable and widely
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adapted genotypes. Similar findings have been
reported by Ftwi et al. (2016) and Seife and Tena
(2020).

Table 2. Combined analyses of variances (ANOVA) for 16 Agro-morphological traits of 187
sugarcane genotypes grown at the Kessem and Metahara Sugar Estates of Ethiopia.

Traits Replication | Block(Rep) | Location Genotype GxL Error CcVv R?
(€)) (10) () (186) (186) (363) (%)

NSB45DAP 43.31* 7.25ns 187.00*** 81.07*** 34.64*** 8.65 14.03 | 0.89
TC3MAP 225.83 ns 129.06 ns 1318.24*** 506.72*** 175.66*** 73.80 11.74 | 0.85
TC5MAP 3.61ns 54.33 ns 3396.83*** 690.77*** 308.83*** 83.83 12.31 | 0.87
HR-Brix7TMAP | 0.048* 0.017 ns 1.187*** 0.010*** 0.001*** 0.004 8.16 [0.73
NMC 2.95ns 51.68* 13.63 ns 341.96*** 123.50*** 23.49 6.78 | 0.92
IN (count) 9.20 ns 15.79 ns 4630.10*** 48.46*** 15.85*** 10.14 11.08 | 0.82
SD (cm) 0.001 ns 0.074* 0.603*** 0.113*** 0.055*** 0.029 6.13 | 0.76
IL (cm) 0.190 ns 0.943 ns 25.214*** 5.494*** 1.658*** 0.971 9.85 [0.80
SL (m) 0.011 ns 0.108* 9.240*** 0.123*** 0.051 ns 0.046 8.07 [0.71
SCW(kg) 0.243 ns 0.017 ns 8.458*** 0.266*** 0.175*** 0.086 16.84 | 0.75
CY t/ha 2515.27ns 452.2397ns | 76823.70*** | 3397.81*** 1756.41*** 913.83 | 18.34 | 0.76
Brix % 0.043 ns 0.878 ns 16.992*** 7.889*** 1.394*** 0.567 400 |0.90
Pol % 0.049 ns 0.870 ns 17.07*** 7.855*** 1.390*** 0.557 446 | 0.90
Purity % 0.019 ns 0.392 ns 5.414*** 3.266*** 0.601*** 0.247 056 |0.89
ERS % 0.028 ns 0.481 ns 9.615*** 4.408*** 0.782*** 0.310 481 |0.90
SY t/ha 61.98 * 9.304 ns 2048.98*** 56.08*** 31.53*** 14.18 20.18 | 0.78

NSB = number sprouted buds per plot; TC3MAP and TC5MAP = Tiller count 3 and 5 months after planting per plot;
NMC10MAP/P = number of millable cane 10 months after planting per plot; HR-Brix7MAP = Hand refractometer
Brix reading 7 months after planting; SCW = Single cane weight (Kg); NI = Number of internode; IL = Internode
length (cm); SL= Stalk length (cm); SD = Stalk diameter (cm); = CY t/ha = Cane yield ton per hectare; SY t/ha =
Sugar yield ton per hectare; Brix% = Brix percent; Pol % = Pol percent; Purity% = Purity percent; SR% = Sugar
percent; G x L = genotype-by-location interaction; Block(Rep) = Block nested under Replication; Rep (Loca) =
Replication nested under location; DF = Degree of freedom; *** = p < 0.001 Very highly Significant; ** = p < 0.01:
Highly Significant; * = P <0.05 significant; ns = p > 0.05 non-significant.

Range and Mean performance analysis

The minimum and maximum mean values, along
with the range of sixteen quantitative traits
evaluated across 187 sugarcane genotypes, are
presented in Table 3. The mean number of sprouted
buds per plot at 45 days after planting was 21.00,
ranging from 7.00 in genotype FG08755 to 35.00 in
genotype B635-6, indicating substantial phenotypic
variability. Higher sprouted bud counts were
predominantly observed in genotypes derived from
Barbados (fuzz), reflecting considerable genetic
diversity for this trait. This suggests that germplasm
from France and Barbados (fuzz) possesses broad
variability in sprouted bud number. Therefore, by
selecting the best genotypes, such as B635-6, from
the tested fuzz genotypes, it is feasible to develop
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sugarcane genotypes with improved potential for
sprouted bud counts. In alignment with the current
findings, Tolera et al. (2023) evaluated 196
sugarcane genotypes and found that the average
number of sprouted buds per plot was 20.86, with a
range of values from 4.74 to 48.85. Three months
after planting, the average tiller count per plot was
72.87, with recorded values ranging from 42.75 for
genotype FG05360 to 103.00 for genotype C0680.
Five months after planting, the average tiller count
per plot was 77.00, with recorded values ranging
from 42.75 for genotype 158-Ancha to a maximum
of 103.00 for genotype B546-15. Higher tiller
counts were observed in genotypes derived from
Barbados and USA, considerable genetic diversity
for this trait.
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Table 3. Estimates of range and mean performance for 16 Agro-morphological traits of 187
sugarcane genotypes grown at the Kessem and Metahara Sugar Estates of Ethiopia during 2021/22

cropping season.

Trait — Range -

Minimum Maximum Mean
Number of sprouted buds 45 days after planting 7.00 35.00 21.00
Tiller number at four months after planting 42.75 103.00 72.87
Tiller number at five months after planting 40.75 113.25 77.00
Hand Refracto-meter Brix reading 7 months after planting 0.73 1.00 0.87
Number of millable cane per hectare 45.75 97.25 71.50
Internode number per stalk 19.00 43.00 31.00
Stalk diameter (cm) 2.10 3.30 2.70
Internode length (cm) 7.51 13.66 10.58
Stalk length (m) 2.04 3.14 2.59
Single cane weight (kg) 1.14 2.44 1.79
Cane yield ( t/ha) 122.02 241.66 181.89
Brix % 14.46 21.61 18.03
Pol % 12.35 19.47 15.91
Purity % 84.21 90.92 87.56
Estimable recoverable sugar percent (%) 8.30 13.65 10.97
Sugar yield (t/ha) 9.94 30.12 20.03

Genotype from USA and Barbados possesses a  genotype B154-1. Both the minimum and

broad variability in tiller count. Genotypes C0680
and B546-15, which produced the highest tiller
counts, are promising candidates for tiller
improving ability through selection. These findings
are consistent with reports by Tena et al. (2018) and
Tolera et al. (2023).

Hand Refractometer Brix (HR-Brix) is a convenient
tool for estimating sugar content at the early growth
stage of sugarcane. In this study, HR-Brix values
ranged from 0.73 in genotype 5-YE Habsha
Shenkora to 1.00 in genotype B527-6, with a mean
of 0.87, indicating variation among genotypes
during the early maturation stage. However, HR-
Brix is an indirect measure of sugar content and is
influenced by environmental factors such as soil
conditions, climate, and crop management practices
(Swapna et al., 2012). Therefore, while the
observed variation may reflect genetic differences,
definitive conclusions regarding genetic variability
require additional sugar quality assessments and
consideration of environmental effects, as noted by
Ram et al. (2022) and Senthilkumar et al. (2022).

The tested sugarcane genotypes exhibited a mean
millable cane count of 72.87, with values ranging
from 45.75 in genotype B690-6 to 97.25 in
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maximum millable cane counts were recorded
among the fuzz genotypes introduced from
Barbados. This wide range of variation indicates
substantial genetic diversity in stalk production
capacity among the evaluated genotypes. Such
variability provides considerable opportunities for
the genetic improvement of sugarcane through the
selection and breeding of high-performing
genotypes with superior stalk populations, such as
B154-1. These findings are consistent with Tena et
al. (2016), further reinforcing the potential for
enhancing sugarcane breeding programs.

Stalk diameter (SD) were varied significantly
among genotypes, ranging from 2.10 cm in B154-1
(thinnest) to 3.30 cm in FGO05-25 (thickest), with a
mean of 2.70 cm. The thinnest and thickest
genotypes originated from Barbados (fuzz) and
France, respectively. Sugarcane stalk diameters are
categorized into five categories, according to
Abdul et al. (2017): thin (2.0 cm), medium thin (2-
2.5 cm), medium (2.5-3.0 cm), medium thick (3.0-
3.5 cm), and thick (>3.5 cm). Based on these
criteria, the FG0669 genotype from CRAD, with
diameters of 3.30 cm, was categorized as medium-
thick. By selecting the best genotypes for this trait,
it may be possible to develop thicker-stalked
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cultivars, as there is significant variability among
different sugarcane genotypes. In line with this
finding, (Tolera et al., 2023), noted that sugarcane
stalk diameters ranged from 1.93 to 3.42 cm with a
mean value of 2.65 cm.

A wide range of genetic diversity was observed in
internode length (IL) and stalk length (SL) among
the tested genotypes. The mean value recorded for
IL was 10.58 cm, while the mean value recorded for
SL 2.59 m. For IL, 5-YE Habsha Shenkora had the
smallest value at 7.51 cm, whereas 46-Wotete
exhibited the largest value at 13.66 cm. Both the
shortest and longest internode lengths were found
in Ethiopia. Regarding SL, genotype B564-6 had
the shortest value at 2.04 m, while genotype FG05-
256 had the longest value at 3.14 m. The shortest
stalk length was registered from Barbados, while
the longest originated from France. Therefore, the
study confirmed substantial variation in internode
length among genotypes at Barbados and France,
while stalk length variation was noted in Ethiopian
landrace genotypes. Prior studies by Tolera et al.
(2023) emphasized variability in internode and
stalk length; however, (Tena et al. 2016) also
observed variability in internode length.

Single cane weight (SCW) was varied considerably
among the evaluated genotypes, ranging from 1.14
kg in genotype B39250 to 2.44 kg in genotype 183-
Alaa, with a mean value of 1.79 kg. The lowest
SCW was recorded in a genotype originating from
Barbados, whereas the highest SCW was observed
in a genotype derived from Ethiopian landraces.
This pronounced variation among genotypes
highlights the potential for improving single cane
weight through the selection of superior genotypes,
particularly 183-Alaa, from Ethiopian sugarcane
landraces. Comparable ranges and mean values for
SCW have been reported by Tolera et al. (2023) and
Tena et al. (2016), who documented SCW values
ranging from 0.95 to 2.86 kg, with an average of
1.67 kg.

Cane vyield (CY, t/ha) exhibited substantial
variation among the evaluated genotypes, ranging
from 122.02 t/ha in genotype FG05045 to 241.66
t/ha in genotype B630-5, with a mean value of
181.79 t/ha. The lowest-yielding genotypes were
introduced from France, whereas the highest-
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yielding genotype originated from Barbados,
indicating marked differences in cane yield among
genotypes from different countries of origin. This
variability underscores the potential for yield
improvement through the selection of superior
genotypes, particularly B630-5. Similar variability
in cane yield has been reported in previous studies
(Tolera et al, 2023; Kumar et al., 2018),
corroborating the results of the present study.

Brix% ranged from 14.46% (B52313) to 21.61%
(CP961029), with a mean of 18.03%, while pol%
varied from 12.35% (B52313) to 19.49%
(MPT96261), averaging 16.73%. Juice purity%
ranged between 84.21% (FG05360) and 90.92%
(C0680), with a mean of 87.56%, and ERS% varied
from 8.35% (B52313) to 13.64% (MPT96261),
averaging 10.99%. The pronounced variability
observed in Brix%, pol%, purity%, and ERS%
demonstrates significant potential for genetic
improvement through selection. Identifying
genotypes with superior mean performance for
these traits offers valuable prospects for developing
sugarcane varieties with enhanced sugar quality and
yield. Genotype MPT96261, exhibited high pol%
and recoverable sucrose%, can be considered a
promising parental line for future breeding
programs. These findings are consistent with earlier
reports (Ashagre and Khan, 2020; Abu-Ellail et al.,
2020; Tena et al., 2018; Tolera et al. 2023).

Estimated sugar yield (t/ha) showed substantial
variation among the evaluated genotypes, ranging
from 9.94 t/ha in genotype B549-6 to 30.12 t/ha in
genotype B4425, with a mean value of 20.03 t/ha.
Both the lowest and highest sugar yield values
among Barbados-introduced fuzz genotypes reflect
a wide genetic base and pronounced variability for
this trait. Such variability is highly desirable in
breeding programs, as it provides opportunities for
effective selection and genetic gain. The superior
performance of genotype B4425 highlights its
potential as an elite parent or candidate variety for
enhancing sugar yield in future sugarcane
improvement. These findings are consistent with
earlier reports of variability in sugar yield among
fuzz genotypes (Tolera et al., 2023), further
emphasizing the value of exploiting this genetic
diversity for yield-focused breeding program.
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Estimation of variance components

Genetic variance is a critical parameter, as it
guantifies the extent of genetic variability present
for a specified trait and reinforces the potential for
genetic improvement through selection (Houle,
1998). The study revealed that phenotypic variance
(o?p) was higher than the corresponding genotypic
variance (c%g), and G x L interaction variance
(o?gl), for all measured traits (Table 4). The greater
magnitude of phenotypic variance indicates a
substantial contribution of environmental factors to
the total observed variation and reflects the

influence of environmental conditions on trait
expression. These findings are consistent with Tena
etal. (2016), who reported that phenotypic variance
exceeded both genotypic and interaction variances
for all evaluated traits in sugarcane genotypes.
However, genetic variance (o?g) was highest for
NMC, ERS %, SY t/ha (Table 4), indicating lower
environmental influence on these traits. Similarly,
Tesfa et al. (2026) reported the highest genetic
variance for NMC.

Table 4 Variance Components, Coefficients of Variation, Heritability, and Genetic Advance as a
Percent of the mean for 16 Quantitative Traits evaluated in 187 Sugarcane Genotypes

Trait o’p o’g o’gl o’ GCV | PCV | H2(%) | GA | GAM
NSB45MAP 1728 | 1161 13 8.65 1623 | 19.79 | 67.18 | 7.23 | 34.43
TC3MAP 12668 | 82.77 | 5093 | 73.8 1248 | 1545 | 6534 | 1518 | 20.83
TC5MAP 17269 | 9549 | 1125 | 83.83 | 12.69 | 17.04 | 5529 | 1497 | 19.45
HR-Brix7MAP | 0.003 | 0.002 | 0.001 | 0.005 5.43 64 | 7211 | 0.085 | 9.69
NMC 855 5462 | 5001 | 2349 | 10.34 | 12.94 | 63.88 | 12.22 | 17.09
IN 114 8.15 286 | 10.14 9.21 109 | 7148 | 4.99 16.1
SD (cm) 0027 | 0015 | 0.010 | 0.029 454 608 | 5556 | 0.188 | 6.98
IL (cm) 1.37 0.96 034 | 0971 926 | 11.08 | 69.92 | 1.68 | 15.89
SL (m) 0038 | 0018 | 0.002 | 0.046 5.22 678 | 5935 | 0215 | 8.29
SCW(kg) 0066 | 0.024 | 0042 | 0.086 866 | 1442 | 36.09 | 0.193 | 10.76
CY tha 849.7 | 41035 | 421.29 | 913.83 | 11.14 | 16.03 | 4829 | 4159 | 22.87
Brix % 1.97 1.62 0412 | 0567 7.04 779 | 8210 | 2.38 132
Pol % 1.97 1.62 0.417 | 0557 8.00 881 | 8194 | 243 | 1525
Purity % 0815 | 0665 | 0177 | 0247 0.93 103 | 8160 | 151 172
ERS % 1.04 0.90 0.23 0.31 8.68 93 | 86.79 | 182 | 16.63
SY tha 11.83 6.14 868 | 1418 | 1237 | 1718 | 5191 | 17.18 | 5191

o%g = Genotypic variance; 6°p = Phenotypic variance; % = Environmental variance; s?gl = Genotypic by location

interaction variance; PCV = Phenotypic coefficient of variation; GCV = Genotypic coefficient of variation;
h2b=heritability in broad sense; GA=Genetic advance; GAM=Genetic advance as percent of mean

Estimation of Genotypic, and Phenotypic
Coefficients of Variation

Estimates of phenotypic (PCV) and genotypic
coefficient of variation (GCV) for 16 quantitative traits
are presented in Table 4. PCV values were higher than
the corresponding GCV values for all traits, indicating
that the observed variation was influenced not only by
genetic factors but also by environmental effects. The

72| Page

GCV ranged from 0.93% to 16.23%, and PCV varied
from 1.03% to 19.79%. The purity percentage was
exhibited the lowest GCV (0.93%), while the number of
sprouted buds per plot showed moderate GCV (16.23%).
These results indicate differences in the magnitude of
genetic variability and environmental influence among
traits. Similar findings were reported by Tolera et al.
(2023) and Tena et al. (2016) who observed low GCV
and PCV values for purity percentage.
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Moderate genotypic (GCV) and phenotypic (PCV)
coefficients of variation were observed for sprouted
buds, tiller counts (3 and 5 months), millable canes,
cane yield, and sugar yield. While the higher PCVs
reveal environmental influence on these traits, the
moderate GCV values indicate sufficient genetic
variability to allow for effective improvement through
selection. These results revealed considerable genetic
variability among the evaluated genotypes, indicating
good potential for improvement through selection.

Sprouted buds (GCV =16.23%, PCV =19.79%), tiller
count at 3 months (GCV = 12.48%, PCV = 15.45%)
and 5 months (GCV = 12.69%, PCV = 17.04%),
millable canes (GCV =10.34%, PCV = 12.94%), cane
yield (GCV = 11.14%, PCV = 16.03%), sugar yield
(GCV = 12.37%, PCV = 17.18%), and internode
length (GCV = 15.38%, PCV = 19.03%) exhibited
moderate GCV and PCV values, indicating
substantial genetic variability and good potential for
selection. Similar moderate variability for millable
canes, cane yield, and sugar yield was reported by
Tena et al. (2016) while comparable results for stalk
length were reported by Tesfa et al. (2026).

Number of internodes (GCV = 9.21%, PCV =
10.90%), single cane weight (GCV = 8.66%, PCV =
14.42%), exhibited low GCV and moderate PCV
values. However, internode length (GCV = 5.22%,
PCV = 6.78%), HR-Brix (GCV = 5.43%, PCV =
6.40%), and stalk diameter (GCV = 4.54%, PCV =
6.08%), Brix % (GCV = 7.04%, PCV = 7.79%), Pol
% (GCV = 8.00%, PCV = 8.89%), purity% (GCV =
0.93%, PCV = 1.03%), exhibited low GCV and PCV
values, indicating limited genetic variability. The
relatively low GCV and higher PCV indicate that
environmental factors had a greater influence on the
expression of these traits than genetic factors, limiting
their potential for improvement through direct
selection. Enhancing these traits may therefore
require broadening the genetic base through the
introduction of diverse germplasm or other breeding
approaches that increase genetic variation. Similar
findings for Pol%, purity%, and Brix% were reported
by Belwal and Ahmad, (2020) for Brix% and purity%
by Tesfa et al. (2023) and for purity% by Shimelis
(2018).

Estimation of heritability in broad sense (h2b)

According to Wright (1921), the integration of the
genotypic coefficient of wvariation (GCV) with
heritability provides a more reliable prediction of
expected genetic gain under phenotypic selection.
Heritability, in this context, represents the proportion
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of total phenotypic variation that is attributable to
genetic factors and is therefore fundamental in
predicting the response to selection (Vidadala et al.,
2024). Based on the classification proposed by Allard,
broad-sense heritability (H?) is categorized as high
(>60%), moderate (30-60%), and low (<30%). In the
present study, broad-sense heritability (H2) ranged
from 7.09% to 82.00%, with HR-Brix% exhibiting the
lowest estimate and ERS% the highest. The estimates
of broad-sense heritability for the evaluated sugarcane
traits are presented in Table 4.

High heritability estimates (> 60%) were observed in
most juice quality traits, such as brix (82.10%), pol
(81.94%),), purity (81.60%),), and estimable
recoverable sugar (86.79%). In addition, yield
component traits, such as the NSB (67.18%),
TC3MAP (65.34%), NMC (63.88%), NI (65.34%),
and IL (71.48%), also confirmed high heritability
values. This suggests that environmental or non-
genetic factors have a limited impact on these trait
expressions, making these traits suitable for selection.
High heritability values for all juice quality
(biochemical) traits such as brix%, pol, purity %, and
estimable recoverable sugar % and NSB, TC3MAP,
NMC, NI, and IL were reported by Tena et al. (2016),
Abu-Ellail et al. (2020).

Moderately high heritability estimates (30—60%) were
observed for several traits, including SL (59.35%), SD
(55.56%), SCW (36.09), CYPH (48.29%), and SYPH
(51.91%). These values suggest that, although genetic
factors contribute substantially to the variation
observed, environmental or other non-genetic factors
also play a considerable role in the expression of these
traits compared with traits exhibiting higher
heritability. The moderate heritability levels further
imply that the phenotypic expression of these traits is
influenced by non-additive genetic effect. Thus,
genetic improvement through direct selection for
these traits may occur at a relatively slower rate than
for traits with higher heritability estimates. Moderate
heritability estimate for NI, SD, SCW, CYPH, and
SYPH was reported by Tolera et al. (2024)

Juice quality traits generally exhibited high
heritability, indicating strong genetic control and
suitability for improvement through phenotypic
selection. As noted by Johnson et al. (1955),
knowledge of genetic variability and heritability is
essential for effective trait selection. In this study,
Brix%, Pol%, purity%, estimable recoverable
sugar%, NSB, TC3MAP, NMC, NI, and IL showed
high heritability and substantial potential for genetic
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gain. Likewise, the number of sprouted buds, tillers,
stalks, and internode length emerged as reliable
selection criteria due to their genetic stability and
breeding value for improving sugarcane yield and
juice quality.

Estimation of Genetic Advance

Effective crop selection relies heavily on a
combination of high heritability and genetic advance
as a percent of mean (GAM) (Alam et al. 2017), with
the latter predicting the expected genetic gain per
selection cycle (Hodge, 1992). Here, estimated GAM
values showed considerable diversity, ranging from
1.72% (purity) to 51.91% (SYPH) (Table 4). This
wide variation indicates excellent potential for
improving specific traits in these sugarcane
genotypes. Following the classification by Johnson et
al. (1955) where GAM is partitioned into high
(>20%), moderate (10-20%), and low (<10%)
categories these findings provide a reliable indicator
of the genetic progress achievable through future
breeding efforts.

High genetic advance as percentage of the mean
(>20%) was observed for NSB (34.43%), TC3MAP
(20.83%), SYPH (22.87%), and SYPH (51.91%).
These High GAM values indicate considerable
genetic gain and the predominance of additive gene
action, suggesting that phenotypic selection can
effectively improve these traits. Similar results have
been reported for NSB, TC3MAP CYPH, and SYPH
Tolera et al. (2023), Shimelis (2018).

Moderate genetic advance as percentage of the mean
(10-20%) values for the traits TCSMAP (19.45%),
NMC (17.09%), NI (16.10%), IL (15.89%), SCW
(10.76%), Brix % (13.20%) ERS % (16.63), were
recorded (Table 4). This suggests that these traits can
be improved through selection across successive
generations; however, the expected rate of genetic
gain is relatively lower than that of traits exhibiting
high genetic advance. Similar moderate GAM
estimates were reported by Tesfa et al. (2026) for stalk
diameter, single cane weight, and internode number
and by Tolera et al. (2023) for internode length, Brix%
(13.20%), and estimated recoverable sugar%
(16.63%). These shared findings indicate moderate
expected genetic gains, suggesting these traits can be
effectively improved through selection.

Low genetic advance as percentage of the mean
(<10%) was observed for HR-Brix7MAP (9.69), SD
(6.98), SL (8.29), and Purity % (1.72), indicating
limited potential for genetic improvement through
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selection. The low GAM values suggest a greater
influence of non-additive gene action and/or
environmental factors on trait expression. Similarly,
low GAM estimates for purity% have been reported
by Tenaet al. (2016), Tolera et al. (2023), and Jamoza
et al. (2019). In contrast, the low GAM observed for
stalk length (SL) in the present study differs from the
moderate values reported by Tena et al. (2016) and
Tolera et al. (2023).

Following Johnson et al. (1955), combining high
heritability in broad sense (h?b), GCV, and GAM
allows for accurate genetic gain predictions. In this
study, cane yield, sugar yield, and early bud/tiller
traits (NSB, TC3MAP) showed high heritability
paired with high GAM and moderate GCV.
Meanwhile, later tillers (TC5MAP), millable cane
(NMC), and remaining quality/yield traits (NI, SCW,
CYPH, Brix%, Pol%, and ERS%) displayed
moderate-to-high heritability and GAM alongside
moderate GCV. Finally, these joint metrics reveal that
additive gene actions largely regulate the expression
of all these evaluated traits. Because the phenotypes
directly reflect their genetic potential, breeders can
reliably develop improved genotypes using simple,
straightforward phenotypic selection techniques
aligning with previous findings by Tolera et al. (2023)
and Abu-Ellail et al. (2017).

CONCLUSION

The research findings showed a wide range of genetic
variability in the different genotypes of sugarcane that
were evaluated. The values for GCV, h%;, and GAM,
which measure genetic variability, ranged from 0.93%
to 16.23%, 36.09% to 86.79%, and 1.72% to 51.91%,
respectively. Several traits, such as the number of
sprouted buds, number of tillers at three months after
planting, cane yield (t/ha), sugar yield (t/ha), exhibited
moderate to high values for GCV, h%;, and GAM. The
results indicate that additive genetic effects play a
substantial role in these traits, and phenotypic
selection may improve them. Consequently, the top
5% of sugarcane genotypes with the highest sugar
yields (t/ha) are B630-5, B58230, B57150, FG06787,
FG08533, FG05414, 26-Wonji, C132/81, and B516-
60. These sugarcane genotypes could be selected as
potential parent genotypes for crossbreeding and
further enhancement of these specific traits.
Additionally, the sugarcane genotypes with high
sugar yield (t/ha) should undergo testing at multiple
seasons and locations to evaluate their stability and
suitability for commercial use at the Metahara and
Kessem sugar estates and similar agro-ecological
zones.
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